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Abstract: An effective knowledge transfer (KT) process is a key factor in
achieving the competitive advantage that is critical for software development
companies seeking to maintain their existence and improve their performance.
However, there do exist obstacles to the achievement of effective knowledge
transfer. Companies often face difficulties in identifying those barriers that
have the great impact on KT as well as the best solutions with which to address
them. Through a systematic literature review and interviews conducted with 15
experts, we identified 21 KT barriers and 12 KT solutions. The barriers were
classified into three categories: team, project, and technology. Then, using the
fuzzy analytic hierarchy process, the identified KT barriers and solutions were
ranked. The result of this research is a list of ranked KT barriers and solutions
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relevant to software development. Poor communication and interpersonal skills,
lack of management direction, and challenges to transactive memory systems
topped the list of team-, project-, and technology-related barriers, respectively.
It was further found that an additional weekly meeting is the best solution with
which to overcome the barriers to KT.

Keywords: Knowledge transfer; Knowledge transfer barriers; Knowledge
transfer solutions; Fuzzy; Analytic hierarchy process; AHP; Fuzzy AHP;
Software development
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1. Introduction

Having recognized the significance of technology in relation to maintaining a competitive
advantage and expanding business opportunities, today’s organizations focus their
investment on technology (Carmel & Abbott, 2007). Coupled with the rapid development
of technology, this increased level of investment has propelled the growth of the software
industry. Indeed, Gartner, Inc stated that the worldwide software market increased by
4.8% in 2013. This has led to a growing number of start-ups. Among the many emerging
software start-ups, numerous enterprises have experienced failure prior to achieving
success. Forbes stated that nine out of ten start-ups failed to survive in the business world
(Patel, 2015). In Indonesia alone, only approximately 10-20% of start-ups survive for at
least two years. This means that about 80-90% of start-ups are unable to remain in
business. The principal reasons for this failure are a lack of market demand for their
products, lack of funds, and poor competitive advantage (Cheng, Yeh, & Tu, 2008).
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Furthermore, it has been stated that the rapid development of technology and pressure
due to global competition have caused knowledge to become the key factor in business
success (Cheng, Yeh, & Tu, 2008).

Zou, Kumaraswamy, Chung, and Wong (2014) as well as Argote, Beckman, &
Epple (1990) reported that one of the critical success factors (CSF) in terms of the
management of a company is the effective exchange of information or knowledge (i.e.,
knowledge transfer), so that information can flow properly, and a coherent understanding
can be developed within the company. In particular, knowledge transfer (KT) in the field
of software development is vital because software development is an activity that is both
collaborative and knowledge-intensive, with the creation of ideas, know-hows, and the
exchange of information being critical during the process of designing and building
software (Ghobadi, 2015).

To facilitate effective KT, it is necessary to choose the right strategy for
overcoming the barriers that result in ineffective KT (Vizcaino et al., 2013). In order to
establish effective KT, companies must first identify the barriers that exist within the KT
process. Hence, previous research studies have attempted to identify the barriers to
creating an effective KT process (Kukko, 2013; Nidhra, Yanamadala, Afzal, & Torkar,
2013; Patil & Kant, 2014; Riege, 2005). After identifying the barriers, it is necessary to
also identify the best solutions for overcoming them. Zhao, Zuo, and Deng (2015) and
Osterloh and Frey (2000) identified solutions for overcoming barriers to KT in general,
while other solutions can be found in the work of Lacity and Rottman (2009) and Patil
and Kant (2014). However, relatively few studies have been able to identify a solution
based on the actual problems faced by an organization, especially organizations
specializing in software development, since the challenges obviously vary from one
organization to another, both in terms of internal issues such as social and cultural issues
(Chau & Maurer, 2004; Ghobadi, 2011), technical issues (Baleghi-Zadeh, Ayub,
Mahmud, & Daud, 2017; Budiardjo et al., 2017; Fitriani et al., 2016; Hidayanto, Limupa,
Junus, & Budi, 2015; Shihab, Anggoro, & Hidayanto, 2016), distributed locations (Chua
& Pan, 2008), and issues related to communications with external stakeholders (Conboy,
Coyle, Wang, & Pikkarainen, 2010; Pook, Chong, & Yuen, 2017).

Due to the critical impact of knowledge transfer barriers on the success of
software development, this research study aimed to identify the barriers faced during
software development and find solutions to overcome those barriers by using the fuzzy
analytic hierarchy process (fuzzy AHP). The AHP is a well-known method for selecting
alternatives based on certain criteria. Decision makers are asked to rate pairwise
comparisons of criteria/alternatives using the Saaty scale (range: 1-9) (Saaty, 1977).
However, their answers contain uncertainty, since in reality they might have a value
somewhere in-between the scale boundaries. Therefore, a more advance technique is
required that accommodates the fuzziness of decision-makers’ answers using a technique
known as fuzzy AHP. This study is intended to contribute to helping companies
effectively manage knowledge transfer, which can in turn help them in improving their
competitive advantage. In many prior studies, the fuzzy AHP method has proved to a
very useful method, and it is widely used in decision making. For example, Patil and
Kant (2014) used fuzzy AHP to rank solutions for overcoming the obstacles that arise
during the implementation of knowledge management in a supply chain. In another study,
Chen, Hsieh, and Do (2015) used fuzzy AHP as a method for assessing the performance
of teaching in order to improve the quality of education. The fuzzy AHP method has also
been used for risk assessment (Shafiee, 2015; Wang, Chan, Yee, & Diaz-Rainey, 2012).
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2. Literature review

2.1. Knowledge transfer

Knowledge Management (KM) can be defined as the process of creating, capturing,
codifying, and transferring knowledge between the people in an organization in order to
achieve a competitive advantage (Becerra-Fernandez & Sabherwal, 2014). Becerra-
Fernandez and Sabherwal (2014) stated that KM focuses on managing existing
knowledge so that such knowledge is well organized and available when needed.
Processes that are important in relation to KM include knowledge discovery, knowledge
organization, knowledge transfer, knowledge reuse, knowledge creation, and knowledge
acquisition (Lin & Lee, 2005). The most important process related to KM is knowledge
transfer (Nidhra et al., 2013).

Knowledge transfer, which is sometimes referred to as knowledge sharing, is not
only concerned with the exchange of knowledge between the parties, but also with
ensuring that the transferred knowledge is only used if it is relevant and necessary.
According to Duan, Nie, and Coakes (2010), KT can be defined as the exchange or
transfer of knowledge within and between individuals, teams, group, or organizations.
Meanwhile, according to Szulanski (1996), KT is a process that consists of two sub-
processes namely sending and receiving knowledge. Other definitions of KT have been
provided in the studies by Zhao et al. (2015) and Argote and Ingram (2000).

The KT process can be classified into a structured process and unstructured
process. The structured process is the transfer or exchange of knowledge with a certain
pattern that has been planned and standardized, for example, work progress meetings held
on a monthly basis. Meanwhile, the unstructured process is the transfer or exchange of
knowledge that is performed spontaneously and without any prior planning, for example,
during unofficial daily conversations (Chen, Sun, & McQueen, 2010).

Within organizations, KT has a positive impact on team’s performance (Argote &
Ingram, 2000; Choi, Lee, & Yoo, 2010) whereas an individual’s ability to absorb and
apply knowledge acts as an important catalyst (Kanawattanachai & Yoo, 2007).
Additionally, Nonaka and Takeuchi (1995) found that an organization’s capacity to
create, identify, transfer, and implement knowledge can directly affect its competitive
advantage. Therefore, the success of KT can be measured through the changes in
performance that occurs following the application of KT.

2.2. Knowledge transfer barriers and solutions in relation to software
development

In the field of software development, knowledge and collaboration among members of
the team are indispensable. Indeed, each member is key player in effective KT (Prencipe
& Tell, 2001). Members need to exchange ideas and information as well as solve
problems collectively in order to develop effective KT (Turban, Volonino, McLean, &
Wetherbe, 2010). To ensure the efficacy of the KT process in relation to software
development, it is necessary to overcome the barriers to KT that are inherent in software
development.

The barriers to KT can be classified into several categories. For instance, Riege
(2005) and Kukko (2013) grouped the barriers to the growth of an organization into three
categories: individuals, organizations, and technology. Patil and Kant (2014) divided the
barriers into five categories: strategy, organization, technology, culture, and people.
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Further, Nidhra et al. (2013) classified the barriers to KT in relation to global software
development into three categories: personnel, projects, and technology. This study
applied the categories developed by Nidhra et al. (2013).

Table 1 and 2 present the lists of barriers and solutions, respectively, relevant to
KT in the field of software development. The lists were validated by 15 experts, seven of
whom came from a project management office (PMO), while eight were developers who
worked for a software development company. These experts were asked to validate the
list of barriers and solutions to knowledge transfer as well as to provide additional input
regarding any missing barriers and/or solutions. During the interviews, an additional
barrier to KT in software development arose based on the experts’ opinions that were not
covered in the literature, namely work overload. Thus, we included it as a barrier in the
team category. The experts also suggested including one additional solution that was not
covered in the literature, namely conducting joint training for a new system.

Table 1
List of barriers to KT

Code Sub-categories  Description Reference
Category: Team
HT1 The difference Differences in culture or ethnic background could Kukko, 2013;
in ethnic become an obstacle to the effectiveness of the KT Nidhra et al., 2013;
backgrounds process due to causing differences in beliefs and Riege, 2005.
norms. For example, in Indonesia, there are certain
tribes that who speak in high tone, which is
considered rude by other tribes who speak ina much
lower tone.
HT2 Distance of the Employees can work in different time zones and Chua & Pan, 2008;
team members locations, which can cause a delay in transferring Nidhra et al., 2013.
(it is difficult to information.
access tacit
knowledge)
HT3 Low level of A low level of awareness of the importance of the Kukko, 2013;
awareness about  possessed knowledge and the associated benefits can Riege, 2005.
the benefits of also limit the effectiveness of the KT process.
the possessed
knowledge
HT4 Differences in Differences in educational background and Kukko, 2013;
experience and experience can cause reluctance in relation to Nidhra et al., 2013;
educational exchanging knowledge. Riege, 2005.
background
HT5 Lack of time to A lack of time for team members to interact with each  Riege, 2005.
interact other represents a significant barrier, as disclosed by
the experts.
HT6 Poor Communication and interpersonal skills have a Nidhra et al., 2013;
communication significant influence on the KT process, since most of  Riege, 2005.
and the existing knowledge is delivered in the form of
interpersonal daily conversation (tacit knowledge). If a person does
skills not have good communication skills, then he/she
would experience difficulty in receiving or
communicating knowledge. This obstacle was
recognized by all the experts.
HT7 Age difference The experts stated that an age difference between Riege, 2005.
team members affects the effectiveness of the KT
process.
HT8 Lack of social The experts validated that a lack of social interaction Kukko, 2013;
networks and networks can be the cause of poor KT Riege, 2005.

performance.
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HT9

HT10

HT11

HT12
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Lack of trust
among team
members

Individual
Personality

Manager's
tolerance of
employees'
mistakes

Overloaded with
tasks

Category: Project

HP1

HP2

HP3

HP4

Lack of
leadership and
management
guidance in
project
execution

Lack of
infrastructure or
adequate
facilities

Vendor change
(should adapt to
the new features
of KT from the
new vendor)

Pressure from
project deadline

Category: Technology

HTel

HTe2

HTe3

Challenges to
the transactive
memory system
(TMS)
Difficulties in
the codification
of tacit
knowledge

Reluctance to
use the existing
system because
of feeling
unfamiliar

A low level of trust among team members was
identified as a crucial obstacle. Although the
knowledge possessed had a high value, the KT
process could not occur if the team members did not
trust each other. The expert stated that trust was a
significant factor in relation to the KT process.

A person's personality affected the KT process. If a
person had a likeable personality, then he would be
more active in receiving or giving knowledge to
others.

The tolerance level of managers influences the
effectiveness of the KT process. Employees feel
reluctant to communicate with their manager if the
manager has a bad temper. Employees tend to keep
their opinions to themselves because of feeling afraid
of being ill-treated by the manager.

If an employee is overloaded by the projects assigned
to him/her, then he/she will not be able to effectively
participate in the KT process.

The success of a project was determined by good
leadership on the part of managers. All the experts
agreed regarding this barrier.

The facilities provided by the company or project
impact the KT process. Without adequate facilities,
such as a place to relax or meet or internet facilities, it
was more difficult for team members to conduct the
KT process.

During the implementation of projects, replacing a
vendor, for example, changing the cloud computing
service provider, can delay the KT process as the
team members would have to adjust to the new
system.

As the project deadline gets closer, the team members
will be busy finishing their work, which means that
there will be little time to exchange knowledge save
for that related to the project at hand. However, one
expert believed that the deadline was not always a
barrier to the KT process, but could also serve as a
motivating factor for KT.

A TMS is intended to simplify the KT process by
allowing individuals to receive and provide
knowledge at any time. Hence, difficulty in using the
TMS can inhibit the KT process.

Tacit knowledge is often difficult to be codified or
interpreted, since it exists with human minds, without
any real documentation. This causes knowledge to
disappear quickly and complicates its dissemination
to other people.

Feeling unfamiliar with the existing systems could
discourage team members from using that system,
although the system was intended to assist with their
work.

Riege, 2005.

Kukko, 2013;
Nidhra et al., 2013;
Riege, 2005.

Riege, 2005.

The result of expert
validation

Riege, 2005.

Nidhra et al., 2013;
Penrose, 1959;
Riege, 2005.

Alaranta &
Jarvenpaa, 2010;
Nidhra et al., 2013.

Chua & Pan, 2008;
Nidhra et al., 2013.

Nidhra et al., 2013;
Riege, 2005.

Wagner & Buko,
2005.

Riege, 2005.
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Table 2
Proposed solutions for overcoming barriers in KT

Code  Solution Description References

S1 Encouraging Encouraging individual motivation to Nidhra et al., 2013.
individual engage in KT or knowledge sharing.
motivation

S2 Fostering strong  Within a strong and trusting team, team  Ahmad & Daghfous,
and reliable members feel more open in sharing their ~ 2010.
teamwork knowledge.

S3 Implementinga  Senior or more experienced members Lacity & Rottman, 2009;
mentoring are encouraged to teach the less Nidhra et al., 2013.
system experienced.

S4 Proactive and A learning atmosphere in which team Chen, 2017; Chen, Sun,
peer-to-peer members are open to evaluating and & McQueen, 2010;
learning being evaluated by each other Nidhra et al., 2013.

S5 Educating IT More knowledge possessed by Nidhra et al., 2013; Park,
professionalsto  professionals Im, & Kim, 2011.
enhance their
ability

S6 Building a A group of people with similar interests  de Vrij, Helms, &
community of can exchange knowledge with each Voogd, 2006; Fitrianah et
practice (CoP) other. al., 2017; Griffith &

Sawyer, 2006; Nidhra et
al., 2013.

S7 Maintaining a Maintaining documentation discipline Nidhra et al., 2013; Reed
rigid from the beginning to the end of the & Knight, 2010; Taweel
documentation project. & Brereton, 2006.
culture

S8 Scheduling The additional meetings are aiming at Nidhra et al., 2013;
additional filling the knowledge gap. Taweel et al., 2009;
weekly
meetings

S9 Writing Producing detailed and clear report(s) so  Aurum, Daneshgar, &
complete that there are no missing data or Ward, 2008; Beecham et
documentation information. al., 2011; Lacity &

Rottman, 2009; Nidhra et
al., 2013.

S10 Using a Using the integrated documentation Nidhra et al., 2013.
document system to ease collaboration in
management producing documentation.
system

S11 Implementinga  Building an integrated and accessible Nidhra et al., 2013;
shared storage shared storage system Riege, 2005.
system or
forming a
virtual team

S12 Conducting Collaboration in studying new systems The result of expert

joint training
for new systems

makes it easier to deliver opinions.

validation
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2.3. Fuzzy sets

The presumptions of humans are often biased and difficult to represent using numbers,
which makes it hard to estimate or compare the value of existing assumptions (Zadeh,
1965). Decision making is difficult in an environment with a high degree of uncertainty.
To overcome this uncertainty, Zadeh (1965) proposed the fuzzy sets theory. A fuzzy set
is designed to represent the uncertainty and imprecise nature of human thought in a
mathematical form. Hence, fuzzy sets are widely applied in relation to managerial
decisions that involve uncertainty or inaccurate information (Ordoobadi, 2009).

A fuzzy set is defined by the membership function, which maps the membership
degrees of an element into an interval of [0, 1]. Zero (0) indicates that the element is not a
member of interval (zero membership), while 1 indicates that the element has a full
degree of membership in the interval. If the value is between 0 and 1, it means that the
element has certain membership degrees within that interval.

A fuzzy set A of the non-empty set X is characterized by its membership function,
with pa(x) € [0,1], where ua(x) = 1 indicates that x is a complete member of A, while 0
indicates that x does not completely belong to A.

A={(x, ua(x))lxeX} M)

where u(x) is interpreted as the degree of membership of element x in the fuzzy set A
for each x€X.

A triangular fuzzy number (TFN) is a fuzzy number represented by triangular
shape, which involves three points (I, m, u), where [, m, u are real numbers and I<m<u,
and they are defined as follows:

x-1
, 1<£x<m
m-1 @
u-Xx
u-m
0, otherwise

As can be seen in Fig. 1, in the triplet fuzzy or (I, m, u) where m (middle) is the
main value, [ and u are the lowest (lower) and the highest (upper) values, respectively. In
the figure, the (I, m, u) value is (1, 2, 3) where 2 is the main fuzzy value. Further, the
reciprocal value of (I, m, u) is (L/u, 1/m, 1/1).

a(x)

05 L f

] 1 15 2 2.5 3 4

s = (1.5, 2, 2.5)

Fig. 1. a-cut operation on a TFN
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Adamo (1980) proposed the a-cut method to rank fuzzy numbers, with o
representing the experts’ confidence level regarding their judgments. The a-cut of a fuzzy
set A in the non-empty set X is defined as:

A={xeX|ua(x)>a}, where a€[0,1] ©)
For example, setting o = 0.5, will yield a set aos = (1.5, 2, 2.5)

Given two TFNs, namely 4, = (I,,m,,u,)and 4. = (l..m.,u.), We can define the two
main operational laws on those TFNs as follows (Kaufmann & Gupta, 1991):

A@A =0+ Lomy + ma,uy + us) @)

A@A =, = lmy % ma,uy % us), forl,m;,u; = 0,i=1,2 (5)

2.4. Fuzzy AHP

The analytical hierarchy process (AHP) proposed by Saaty (1977) is multi-criteria
decision-making method that assists a decision maker when he/she is facing a complex
problem characterized by multiple conflicting and subjective criteria and alternatives.
The AHP is a well-known method for solving unstructured problem by means of
decomposing the problem into a hierarchical structure. Indeed, the AHP has been used in
many contexts, for example, in prioritizing the critical success factors involved in project
management (Kasayu, Hidayanto, & Sandhyaduhita, 2017) and evaluating software as a
service (SaaS) quality factors (Sucahyo et al., 2017).

Although the AHP can be used to capture knowledge derived from the experts,
the judgment provided by such experts can be uncertain and imprecise, which can affect
the result of the calculation (Kahraman, Cebeci, & Ulukan, 2003). In order to overcome
this weakness, an attempt was made to combine AHP with fuzzy logic, which has proven
to be effective in addressing uncertainty, imprecision, and subjectivity in expert
judgment. This combined process is known as fuzzy AHP.

In many studies, the fuzzy AHP method has been proven to be an effective and
useful part of the decision-making process. Patil and Kant (2014) used fuzzy AHP to rank
the solutions for overcoming the barriers that arise during the implementation of
knowledge management within a supply chain. Chen, Hsieh, and Do (2015) used fuzzy
AHP as a method for assessing teaching performance in order to improve its quality. The
fuzzy AHP method has also been used for risk assessment (Shafiee, 2015; Wang et al.,
2012). Other example of the implementation of fuzzy AHP can also be found in studies
by Somsuk (2014) and Zhang and Zhao (2009).

The difference between fuzzy AHP and regular AHP is that fuzzy AHP uses
fuzzy logic in conjunction with AHP. Fuzzy logic is applied to hierarchical problem with
multiple criteria in order to better capture the actual reality. According to the AHP, the
experts are asked to compare the intensity of importance of one variable to that of another
variable using the AHP scale (range: 1-9) as a numeric representation of the linguistic
variables that still contain uncertainty (see Table 3). When using fuzzy AHP, that
uncertainty is accounted by using the fuzzy logic that informs the TFN scale. The fuzzy
membership function for the linguistic variables is shown in Table 3. It can also be



226 W. C. Wibowo et al. (2018)

represented as a function, which is shown in Fig. 2. Please note that the TFN (1, 1, 1) is
used to represent “just equal” when comparing a variable with itself (the diagonal
elements of the pairwise comparison matrix).

Table 3
Triangular fuzzy numbers for the linguistic variables

Intensity of Importance Fuzzy number  Linguistic variable TFEN
1 1 Just equal 1,1,1)
Equally important 1,1,3)
3 3 Moderately important (1, 3, 5)
5 5 Strongly important 3,5, 7)
7 7 Very strongly (5,7,9)
important
9 9 Extremely important (7, 9, 11)
()
Equally Strongly Extremely
i 3 5 7 5
D
0.5 4o NN N

0 1 2 3 4 5 6 7 8 9 10 11

Fig. 2. Triplet fuzzy membership functions for the linguistic variables. Adapted from
Patil and Kant (2014)

Although fuzzy AHP has many advantages when compared to traditional AHP, its
implementation is rather complex. Hence, researchers have proposed different methods
for reducing the complexity of fuzzy AHP computation. Of the proposed methods,
Chang’s (1996) method has the lowest computation requirement and thus it has been
widely adopted in fuzzy AHP implementation (Buyukozkam, Kahraman, & Ruan, 2004).
Instead of using a standard number for the pairwise comparison, Chang’s (1996) method
uses triangular fuzzy numbers as well as the extent analysis method to determine the
synthetic extent values of the pairwise comparisons. This will be discussed further in
subsection 3.2.

3. Methodology

3.1. Research stages

In order to achieve our research objectives, this study was conducted in a number of
stages, including problem formulation, fuzzy AHP framework development, and
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solutions ranking. This study used both qualitative and quantitative methods by collecting
data literature study, interviews, and questionnaires. This study involved the following
stages:

a. Problem formulation

At this step, the problem was defined and formulated, as were the subjects and objects
involved in this research.

b. Literature review

This study applied a systematic literature study to uncover the problems faced by
software development companies regarding knowledge transfer as well as the strategies
used or recommended to solve them. From 744 initially identified studies, some 48
studies were considered relevant to this research study. The outcomes of this stage were
lists of the barriers and solutions to knowledge transfer in relation to software
development.

c. Data collection 1: Expert validation of literature review findings

The outcomes of the previous step were then validated by 15 experts, seven of whom
came from a project management office (PMO), while eight were developers who
worked for start-up companies in the field of software development. The experts were
asked to validate the lists of barriers and solutions to knowledge transfer in software
development as well as to provide additional input concerning any missing barriers
and/or solutions. The full lists of the identified barriers and solutions can be seen in
Tables 1 and 2.

d. Fuzzy AHP framework development

The proposed framework adapted the fuzzy AHP framework developed by Patil and Kant
(2014), which consists of four phases, namely the preparation phase, first phase, second
phase, and third phase, which can be seen in Fig. 3.

The preparation phase involved the literature review and the interviews conducted
with the experts in order to identify the barriers and solutions related to knowledge
transfer in software development. Phase 1 consisted of developing the decision hierarchy,
followed by calculating the knowledge transfer barriers’ weight in software development.
Phase 2 consisted of calculating the weight of the knowledge transfer solutions in
software development. The final phase involved prioritizing the solutions as well as
ranking the barriers to determine which ones may hamper software development.

e. Data collection 2: Fuzzy AHP framework application to rank the solutions to the
identified barriers to software development

After the framework was developed, data collection 2 was conducted. During data
collection 2, the lists of barriers and solutions related to knowledge transfer in software
development, which resulted from the interviews conducted during data collection 1,
were modified into a questionnaire. This questionnaire was then disseminated to the
experts.

The questionnaire consisted of six empties pairwise comparison matrices. The
first three matrices were pairwise comparison matrices for the barriers categories, namely
the team category matrix, project category matrix, and technology category matrix. The
other three matrices were the pairwise comparison matrix for the solutions to the
identified team category, project category, and technology category barriers, respectively.
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Preparation Phase

Systematic review: Identify the barriers and solutions to
knowledge transfer in relation to software development

Interview with the experts: Finalize the bamiers and solutions
to knowledge transfer in relation to software development

| 1.1 Creating a hierarchy of decisions |

!

I 1.2 Developing pairwise comparison matrices for the barriers Id—

v

| 1.3 Creating fuzzy assessment matrices for the barriers |

v

1.4 Combining the fuzzy assessment matrices into
representative matrices for the barriers

v

1.5 Checking the consistency of the representative matrices
for the barriers

| 1.6 Calculating the barriers’ weight |

Phase 2

A

| 2.1 Developing pairwise comparison matrices for the solutions {&—

v

I 2.2 Developing fuzzy assessment matrices for the solutions I
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Fig. 3. Fuzzy AHP framework development
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3.2. Proposed fuzzy AHP framework for ranking the solutions for overcoming the
identified barriers to KT

We adapted the steps proposed by Chen, Hsieh, and Do (2015) for calculating fuzzy
AHP, which can be summarized as follows:

Preparation phase

During this phase, we aimed to identify the barriers and solutions to knowledge transfer
in relation to software development. The barriers and solutions were identified by
conducting a systematic literature review, as was explained in the literature review
subsection. Furthermore, we conducted interviews with experts in order to validate the
identified barriers and solutions as well as to discover any additional barrier(s) and/or
solution(s) that were not found in the literature. The full lists of the identified barriers and
solutions can be seen in Tables 1 and 2.

Phase 1.1: Creating a hierarchy of decisions

In order to form a hierarchical structure of decisions, we first had to identify the problem
and then decompose it into criteria (in our case we refer as categories) and alternatives.
Furthermore, the hierarchy could be divided into four levels: primary goal in the first
level, categories in the second level, sub-categories or attributes in the third level, and
alternatives in the fourth level. Indeed, the proposed fuzzy AHP hierarchy of decisions in
our case consisted of four levels:

e  The first level concerned the objective of using fuzzy AHP, which was to rank
the solutions to the barriers to KT in software development.

e  The second level consisted of the barrier categories, namely the team, project,
and technology categories.

. The third level contained the barriers’ sub-categories, which consisted of the
divisions to the barriers that were made according to the three categories found
in the previous level.

e The final level featured the 12 KT solutions that had been validated by the
experts.

This hierarchy is illustrated in Fig. 4.
Phase 1.2: Developing pairwise comparison matrices for the barriers

After the hierarchy of decisions had been established, the next step involved creating the
matrices of the pairwise comparisons of the categories and the sub-categories. This was
achieved by asking each expert to determine the scale of relative importance of each
category/sub-category to other categories/sub-categories using the Saaty scale (fuzzy
number), as illustrated in Table 3. The diagonal elements will be set to 1 as the diagonal
elements reflect the comparison of a category with itself.

Phase 1.3: Creating fuzzy assessment matrices for the barriers

After the pairwise comparison matrices for the categories/sub-categories were created,
the fuzzy assessment matrix A could be formed by changing the elements in each
pairwise comparison matrix into a fuzzy AHP matrix using TFN (see Table 3). Equation
(6) indicates the change in the matrix elements from the Saaty scale to the fuzzy or TFN
triplet.



230

W. C. Wibowo et al. (2018)

| Level 1: Objective | |Leve1 2 Categon'es| | Level 3: Sub-Categories
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Fig. 4. Decision hierarchy for ranking solutions to the KT barriers

The fuzzy number representation in the fuzzy matrix 4, which was initially in the
form of a;j was changed into (1;;, my, uy), where I, m, and u are numbers in TFN triplet
and n is the number of elements being compared.

in (Iyomyguy)
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Phase 1.4: Combining the fuzzy assessment matrices into representative matrices for the
barriers

Each matrix formed by the experts represented each individual expert opinion. Therefore,
it was necessary to aggregate all the individual matrices into a fuzzy matrix representing
all the experts’ opinion. This step is known as the aggregation of individual judgments
(AlJ). Following the AlJ, the aggregate matrix is a new matrix containing the opinions of
the group of experts (Chen, Hsieh, & Do, 2015). The individual matrix can be aggregated
using a geometric mean operation, as in equation (7).

In a group of experts consisting of K people, each expert makes a pairwise
comparison yielding K matrices Ax=(aix), as in equation (6), where ayk=(Lijk, Mijk, Wijk)
represents the relative importance of element i to j according to expert k. By using the
geometric mean, the value of a;; for representative matrix related to the categories can be
calculated, thereby forming a fuzzy matrix that represents the opinion of K experts.

lij = miﬂ{{fi’k}

I p—
mi; = nJHE:LmI'_i'L' (7
u; = max ()

Phase 1.5: Checking the consistency of the representative matrices for the barriers

The consistency ratio (CR) is used to calculate the consistency of the pairwise
comparisons (Saaty, 1977). Prior to checking the consistency, the representative matrix of
categories must first be converted into a crisp matrix. If this crisp matrix is consistent,
then the fuzzy assessment matrix and the representative matrix are definitely consistent.
The method used to change the representative matrix into a crisp matrix is known as
defuzzification (Chang, 1996). By determining the confidence level of the expert opinion
(o) and the tolerance of the risk (1), the TFN (L, my;, ug;) can be changed into a crisp
number (defuzzification) using equation (8):

(af)t = [1.18% + (1 — Duf] 0= A=1, O<a<1 (8)

where 1% = (my;; — ;) % @ + [;; represents the left-end value of a-cut for aj while
uf = u;; — (uy; — my;) % o represents the right-end value of a-cut for ajj (see Fig. 1),
and the value of o and A are between 0 and 1. When a=0, the level of uncertainty is high
and the conditions are unstable. When o=1, the level of uncertainty is low and the
conditions are highly stable. The level of risk tolerance (L) can be defined as the degree
of optimism of an expert. When A=0, the expert has a very pessimistic opinion, while
conversely, when A=1, the expert is very optimistic about his/her opinion.

After all the elements of the representative matrix are transformed into crisp
numbers, the resultant matrix can be seen in equation (9).

@t e (af)?
@t=| . .. (9)
(am)* o (ama)*

The consistency index (CI) and CR of this crisp matrix can be calculated using equations
(10) and (11), respectively.
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E\-r — AHIE.‘\.'_" ﬂj{':l

ci
CR = RI(M)

(10

where Amax is the largest eigenvalue of the matrix, n is the size of the matrix, and RI (n) is
a random index (RI) in accordance with the size of the matrix (n). The RI values
according to the size of the matrix can be seen in Table 4.

Table 4
Random index (RI)

Size(n) 2 3 4 5 6 7 8 9 10 11 12
RI 0 058 09 112 124 132 141145149 151 1.48

If the consistency value is less than 0.1 (CR<0.1), then the consistency value is accepted.
However, if the consistency value is higher than 0.1, it is necessary to revise the
provision of the values in the pairwise comparisons.

Phase 1.6: Calculating the barriers’ weight

Chang (1996) developed a method for calculating the categories’ weight, which is known
as the extent analysis of fuzzy AHP method. According to Chen, Hsieh, & Do (2015),
this method does not require complex calculation. Therefore, Chang’s (1996) method is
now widely used.

Consider A = (&;{)m«n as a fuzzy matrix of pairwise comparisons where

d;; = (I mzug; ). The calculation of the fuzzy synthetic extent for each i is conducted
as follows (see equation (12)):

- ' -1
S =Ll My ® [T Bty My] (12)
where
Tma My = (Ej":l Iy Eisymy Lty u‘:,,}, i=1,2,..,n (13
Eal=1 E}It::l 'M.'_l' = (E:;: j'“=|.£|,|' EEI=:I ;“=1 rnl_l'EF::lET:l HE; “4]
n m -1 _ 1 1 1 -
[ t=18=1 M‘:’l] - (E:L:lEJm:Jhff‘lE?:lz?;[-'l‘ll:j:‘lz?=lg?l=[‘|!,l) “3]

§; is the synthetic extent value of the category i, or, in the matrix, row i. After the S; value
is determined, the values of each S; are compared to each other and the degree of
likelihood of 5; = (I;.m;,u;) = §; = (I;,my;.u;) is computed using equation (17). For
example, if there are Si, Sy, and Ss, then we have to compare S; and S, S; and Ss, and S,
and. Ss.

1 ifin; = m;
. ) 0 ]
V(S; = 5:) = height (5;n 5;) = ey ifl; = u; (16)

(mj—u;}-m-ip| others
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na(x)

V(s = S)

0 [j m; li d wom u;

Fig. 5. The intersection between Si and Sj. Adapted from Chen, Hsieh, and Do (2015)

Fig. 5 presents a representation of F{Si- =5) for a case
my; < I; < u; < my, where d is the value of the abscissa of the point of intersection
between S; and S;. In order to obtain the value of d of the respective comparison results of
Si and Sj , it is necessary to obtain the values of V(5; = 5;) and V(5; = 5;). The
minimum value of d can be computed as follows.

Vi§=5,.5.5,..5)=Vl(5=25)and (5 = §,) and ... (5 = 5,)] = min V(5 = §;)
17

Sothatd'(4,) = minV(5 = §;). wherei =1, 2, 3, ..., k. If there are §,.5,,and 5, then:
d'(1) = minV(5, = 5..54),
d'(2) = minV(5, = 5,,5;), and
d'(3) = minV(5, = 5, 5,

Then the weight vector can be defined as in equation (18).

W' =(d'(4,0d"(4,),...d" (4, 07 (18)

where 4; (i = 1,2, 3, ....n) consists of n elements according to the number of categories.

Finally, the weight vector is normalized in order to obtain the relevant weight of
each category (see equation (19)).

W= (W, W, ... W7 (19)
where W, W, ... W, are non-fuzzy numbers.
Phase 2.1: Developing pairwise comparison matrices for the solutions

During the second phase, each expert was initially asked to rate the appropriateness of a
given solution or alternative for overcoming the identified barriers on the Saaty scale that
can be seen in Table 5. This phase resulted in the solutions matrices that were later
completed by the experts.

Phase 2.2: Developing fuzzy assessment matrices for the solutions

The fuzzy assessment matrices for the solutions (matrix £), as shown in equation (20),
was formed from the solution matrices obtained during phase 1.2. The assessment of the
solutions in relation to the categories can be described as = (I;;. m;;, ug; ), Where:
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-ELL -1;1: J‘;Lr'
a_|*n Xz e Am (20)

vi"l 1 fi"l'.: ‘fi’l n
Table 5
Linguistic variables for the solutions
Linguistic Variable Fuzzy Number TEN
Very bad i (1,1,3)
Bad 3 1,3,5
Average g (3,5, 7)
Good i (5.7,9
Very good g (7,9, 11)

Phase 2.3: Combining the fuzzy assessment matrices into representative solution
matrices

Using the same process as that used for combining the fuzzy matrices of the barriers, the
fuzzy matrices of the solutions were also combined into a matrix that represents all the
experts’ opinions. The process of merging the solution matrices also used the fuzzy
geometric mean, as in equation (7). In the same way, the representative matrix of
solutions was processed further.

Phase 2.4: Checking the consistency of the representative matrix of solutions

The representative matrix of solutions also had to be checked for consistency. The steps
involved were the same as those used to check the consistency of the representative
matrix of categories.

Phase 2.5: Calculating the solutions’ weight

The calculation of the solutions’ weight was performed in the same way as the
calculation of the categories’ weight by using the fuzzy extent analysis. The calculation
also used equation (12) to determine the synthetic value (S;) for each row i of the matrix.
The value of each row was then compared with that of each other row by using equation
(17) to produce the value of d. Thus, the value d'(Ai) became the weight of the solution
vector. The solution vector was then normalized to obtain the relative weight of each
solution.

Phase 3: Ranking the barriers and the solutions

After the weights of all the barriers and solutions were determined, the barriers and
solutions were ranked based on their weights. This represented the end product of the
fuzzy AHP method. The greater the weight of a solution, the higher its priority will be.

4. Application of the framework

In the following subsections, we demonstrate the use of the proposed framework for
prioritizing the solutions to the identified KT barriers related to software development.
We hence explain the step-by-step operation of our proposed framework.
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4.1. Phase 1.1: Developing the decision hierarchy

The first phase involved formulating the decision hierarchy in order to reflect our aim of
prioritizing the solutions for overcoming the identified KT barriers related to software
development. The decision hierarchy was defined in Fig. 4.

4.2. Phase 1.2: Developing pairwise comparison matrices for the barriers

Each expert was asked to complete a total of three pairwise comparison matrices:
concerning the team category barriers, project category barriers, and technology category
barriers. Table 6 is an example of a completed pairwise comparison matrix for the team
category barriers.

4.3. Phase 1.3: Developing fuzzy assessment matrices for the barriers

The pairwise comparison matrices constructed during the previous step were then
converted into a fuzzy scale by using the TFN. The result of the transformation of the
pairwise comparison matrices into the fuzzy scale can be seen in Table 7.

4.4. Phase 1.4: Developing representative matrices for the barriers

Due to the number of experts involved, 15 different pairwise comparison matrices were
constructed. These 15 pairwise comparison matrices still represented the opinions of
individual experts and hence had to be combined into matrices that represented the
pairwise comparisons conducted by all the experts. By using the geometric mean, the
representative matrices shown in Table 8 to 10 were constructed.

4.5. Phase 1.5: Checking the consistency of the barrier matrices

In order to prevent a loss of consistency in the pairwise comparisons, the consistency was
checked by calculating consistency ratio of each representative matrix. If the consistency
value was less than 0.1, then the comparative matrix of the representative matrix was
declared valid. To check for matrix consistency, the representative matrix was first
converted into a crisp matrix. The preference value (o) and risk tolerance (L) were each
set to 0.5 in order to produce a crisp matrix. The crisp matrices for all the barriers can be
seen in Tables 11 to 13.

Next, the consistency of each matrix had to be computed. The consistency value
for the team category’s barrier matrix was 0.03, while project category’s barrier matrix
value was 0.02, and the technology category’s barrier matrix value was 0.04. As the the
consistency values of all the matrices were less than 0.1, then the matrices were
consistent and could hence be processed in the next step.

4.6. Phase 1.6: Barriers’ weight calculation

The calculation of the categories’ weight was conducted using the fuzzy synthetic
analysis process. By following the fuzzy synthetic analysis process, the S; value for each
representative matrix was calculated. The process for calculating the fuzzy synthetic
analysis of the technology category barriers is shown below.

S;= (1.23, 2.6, 17) ®(0.27, 0.1, 0.02) = (0.33, 0.25, 0.31)
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So= (1.23, 2.39, 15)®(0.27, 0.1, 0.02) = (0.33, 0.23, 0.27)
Se= (1.25, 5.27, 23) ®(0.27, 0.1, 0.02) = (0.34, 0.51, 0.42)

The values of S, Sz, and Ss were then compared to each other and the degree of
possibility of S>S; was determined. The value of S>S; comparison can be seen in Table
14. The d value of each S; can be determined by using Si=S;.

d'(1) = minV(5, = 5,.5,)=0.18
d'(2) = minV(5, = §,.5;) =0.07
d'(3) = minV(5, = 5,5)=1
Then, the weight vector can be determined as: W '=(0.18,0.07, 1)

After normalization, the relative weight vector of the technology category
barriers was found, and it was then used in the determination of priority.

W = (0.278, 0.165, 0.558)T.

Following the same procedure, the relative weight vector for each category was
obtained. Here, are the relative weight vectors for the team category barriers and the
project category barriers, respectively, were.

W = (0.005, 0.034, 0.102, 0.047, 0.142, 0.386, 0.032, 0.09, 0.01, 0.033, 0.023, 0.096).
W = (0.278, 0.112, 0.131, 0.142, 0.157, 0.18)"

Further, the relative weight vector for the general barriers can be obtained by
normalizing the combined relative weight vectors (Patil & Kant, 2014).

W = (W (Team), W (Project), W (Technology))

W’ = (0.005, 0.034, 0.102, 0.047, 0.142, 0.386, 0.032, 0.09, 0.01, 0.033, 0.023, 0.096,
0.28, 0.11, 0.13, 0.14, 0.16, 0.18, 0.14, 0.06, 0.8)

Thus, the relative weight vector of the barriers in general can be obtained.

W = (0.0007, 0.0046, 0.0137, 0.0063, 0.0191, 0.0519, 0.0043, 0.0121, 0.0014, 0.0044,
0.003, 0.0129, 0.0374, 0.015, 0.0177, 0.0191, 0.0211, 0.0242, 0.0191, 0.0078, 0.1076)"

Table 6
Example of pairwise comparison matrix for the team category barriers

HT1 HT2 HT3 HT4 HT5 HT6 HT7 HT8 HT9 HT10 HT11 HTI2

HT1 1 3 1/9 5 U7 1/9 1/5 ur ur 19 1/3 1/9
HT2 1/3 1 1/9 3 13 19 3 5 17 15 3 1/9
HT3 9 9 1 3 7 13 7 5 5 5 9 3
HT4 5 3 1/3 1 13 17 3 3 3 3 5 17
HTS 7 3 7 3 1 9 5 3 3 5 7 1/9
HT6 9 9 3 7 19 1 7 5 5 7 9 3
HT7 5 1/3 7 3 us 1v 1 u3 ur 13 3 1/9
HT8 7 5 1/5 3 13 1/5 3 1 3 3 5 17
HT9 7 7 1/5 3 13 1/5 7 1/3 1 5 7 1/5
HT10 9 5 1/5 3 1us 17 3 13 1/5 1 5 17
HT11 3 13 1/9 5 U7 19 13 5 17 15 1 1/9
HT12 9 9 1/3 7 9 1/3 9 7 5 7 9 1
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Table 7

Fuzzy assessment matrix for the team category barriers

HT1 HT2 HT12

HT1 1.00 100 1.00 1.00 3.00 5.00 0.09 011 o0.14
HT2 020 033 1.00 1.00 1.00 1.00 0.09 011 0.14
HT3 7.00 9.00 11.00 7.00 9.00 11.00 1.00 3.00 5.00
HT4 3.00 500 7.00 1.00 3.00 5.00 0.11 0.14 0.20
HT5 500 7.00 9.00 1.00 3.00 5.00 0.09 0.11 0.14
HT6 7.00 9.00 11.00 7.00 9.00 11.00 1.00 3.00 5.00
HT7 3.00 500 7.00 0.20 0.33 1.00 0.09 0.11 0.14
HT8 500 7.00 9.00 3.00 5.00 7.00 0.11 0.14 0.20
HT9 500 7.00 9.00 5.00 7.00 9.00 0.14 0.20 0.33
HT10 7.00 9.00 11.00 3.00 5.00 7.00 0.11 0.14 0.20
HT11 1.00 3.00 5.00 0.20 033 1.00 0.09 011 0.14
HT12 7.00 9.00 11.00 7.00 9.00 11.00 1.00 1.00 1.00

Table 8

Representative matrix for the team category barriers

HT1 HT2 HT12

HT1 1.00 1.00 1.00 0.09 0.69 7.00 0.09 0.23 5.00
HT2 0.14 1.43 11.00 1.00 1.00 1.00 0.09 021 1.00
HT3 0.14 3.60 11.00 0.20 1.84 11.00 0.09 062 7.00
HT4 0.09 2.17 9.00 0.11 0.87 7.00 0.09 036 7.00
HT5 0.14 485 11.00 0.11 2.26 11.00 0.09 0.77 11.00
HT6 0.09 430 11.00 0.14 3.32 11.00 0.09 0.83 9.00
HT7 020 226 9.00 0.14 0.87 7.00 0.09 0.18 5.00
HT8 0.20 3.17 9.00 0.20 1.23 7.00 0.09 062 7.00
HT9 0.20 5.01 11.00 0.20 4.55 11.00 0.09 134 9.00
HT10 0.20 391 11.00 0.20 3.38 11.00 011 0.73 7.00
HT11 0.20 292 11.00 0.20 0.83 7.00 0.09 030 5.00
HT12 0.20 4.30 11.00 1.00 4.85 11.00 1.00 100 1.00

Table 9

Representative matrix for the project category barriers

HP1 HP2 HP6

HP1 1.00 1.00 1.00  0.33 3.89 11.00 0.14 1.66 11.00

HP2 0.09 0.30 7.00 1.00 1.00 1.00 0.09 0.84 7.00

HP3 0.09 0.25 5.00 0.09 1.01 7.00 0.11 0.35 5.00

HP4 0.09 0.35 7.00 0.09 1.74 9.00 0.11 0.85 9.00

HP5 0.09 0.80 9.00 0.09 1.57 9.00 0.09 0.68 9.00

HP6 0.09 0.69 7.00 0.14 1.22 11.00 1.00 1.00 1.00
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Table 10
Representative matrix for the technology category barriers

HTel HTe2 HTe3
HTel 1.00 1.00 1.00 0.14 1.20 7.00 0.09 0.39 9.00
HTe2 0.14 0.83 7.00 1.00 1.00 1.00 0.09 0.56 7.00
HTe3 0.11 250 11.00 0.14 1.77 11.00 1.00 1.00 1.00

Table 11
Crisp matrix for the team category barriers

HT1 HT2 HT3 HT4 HTS5 HT6 HT7 HT8 HT9 HT10 HT11 HT12

HT1 100 2.12 192 278 1.88 289 150 140 137 140 145 1.39
HT2 3.50 1.00 154 229 249 192 236 169 138 141 188 0.38
HT3 458 372 100 228 275 199 328 261 207 233 374 208
HT4 336 221 264 050 249 244 261 279 197 153 226 195
HT5 521 391 329 278 100 3.08 480 334 3.12 213 3.00 3.16
HT6 492 4.44 394 278 356 100 453 466 2.76 342 493 2.69
HT7 343 222 203 179 190 142 100 144 137 142 200 136
HT8 3.89 241 209 178 201 192 387 100 154 2.07 236 208
HT9 531 508 3.62 279 352 297 521 3.74 1.00 3.10 445 294
HT10 4.75 4.49 323 280 350 252 451 360 258 1.00 241 214
HT11 426 221 197 229 312 139 362 222 192 317 1.00 142
HT12 495 543 359 279 342 276 545 359 313 296 445 1.00

Table 12
Crisp matrix for the project category barriers

HP1 HP2 HP3 HP4 HP5 HP6
HP1 100 478 438 393 361 3.61
HP2 192 1.00 331 3.06 3.09 219
HP3 140 228 100 337 1.99 145
HP4 195 314 269 100 335 270
HP5 267 3.06 393 270 1.00 261
HP6 2.12 340 3.73 285 350 1.00

Table 13
Crisp matrix for the technology category barriers

HTel HTe2 HTe3
HTel 1.00 2.39 2.47
HTe2 2.20 1.00 2.05
HTe3 4.03 3.67 1.00
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Table 14

Value of Si> Sj for technology category barriers

5, =5 Value 5 =5 Value 53 =5 Value
5125 1 Sy= 5 0.18 S3= 5 1

5, =5 0.18 S5, = 5, 0.07 53 =5, 1

4.7. Phase 2.1: Developing pairwise comparison matrices for the solutions
validated by the experts

Each expert was asked to complete a total of three pairwise comparison matrices, namely
the solutions to the team category barriers matrix, solutions to the project category
barriers matrix, and solutions to the technology category barriers matrix. Each expert
rated the importance of each solution to each barrier. Table 15 provides an example of a
completed pairwise comparison matrix for the solution to the team category barriers.

4.8. Phase 2.2: Developing fuzzy assessment matrices for the solutions

The pairwise comparison matrices constructed during the previous step were then
converted into a fuzzy scale by using the triangular fuzzy number. The results of the
transformation of the pairwise comparison matrix to the fuzzy scale can be seen in Table
16.

4.9. Phase 2.3: Developing representative matrices for the solutions

In accordance with the number of experts, there are 15 different pairwise comparison
matrices. The combined representative matrices of all the solutions were calculated as
described previously using the geometric mean, and the results can be seen in Tables 17
to 19.

4.10. Phase 2.4: Checking the consistency of the solution matrices

The representative matrices were then converted into crisp matrices. The resultant crisp
matrices can be seen in Tables 20 to 22. After being converted into crisp matrices, the
consistency value of the representative matrices could be obtained. The values were 0.06,
0.08, and 0.09 for the solutions to the team category barriers, project category barriers,
and technology category barriers, respectively. As all the values were less than 0.01, the
matrices were considered consistent, and they could then be processed further.

4.11. Phase 2.5: Calculating the solutions’ weight

The S;i value for each of the representative solution matrices could be calculated as
follows.

S;= (3, 10.66, 31) @ (0.03, 0.01, 0.003) = (0.08, 0.07, 0.08)
S, = (3, 9.4, 27) @ (0.03, 0.01, 0.003) = (0.08, 0.07, 0.07)

Ss= (3, 12.13, 33) @ (0.03, 0.01, 0.003) = (0.08, 0.08, 0.09)
S4= (3, 12.48, 33) @ (0.03, 0.01, 0.003) = (0.08, 0.09, 0.09)
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Ss=(3, 15.81, 33) ¢ (0.03, 0.01, 0.003) = (0.08, 0.11, 0.09)
Se = (3, 15.81, 33) ¢ (0.03, 0.01, 0.003) = (0.08, 0.1, 0.09)

S7=(3, 12.24, 33) iz {0.03, 0.01, 0.003) = (0.08, 0.09, 0.09)
Ss= (3, 11.22, 33) iz {0.03, 0.01, 0.003) = (0.08, 0.08, 0.09)
So=(3, 11.28, 33) ¢ (0.03, 0.01, 0.003) = (0.08, 0.08, 0.09)
S10= (3, 10.49, 33) & (0.03, 0.01, 0.003) = (0.08, 0.07, 0.09)
S11=(3, 10.03, 31) i@ (0.03, 0.01, 0.003) = (0.08, 0.07, 0.08)
S12=(3, 14.42, 33) i (0.03, 0.01, 0.003) = (0.08, 0.1, 0.09)

Then the d values could be calculated:

d(1) = 0.08
d(2) = 0.12
d(3) = 0.27
d(4) = 0.95
d(5) = 1.00
d(6) = 0.93
d(7) = 0.29
d(8) = 1.00
d(9) = 0.03
d(10) = 0.03
d(11) = 0.05
d(12) = 0.09

Hence the vector values of the solutions’ weight could be determined by using equation
(18) and (19) as follows:

W’ =(0.08, 0.12, 0.27, 0.95, 0.10, 0.93, 0.29, 1, 0.03, 0.03, 0.05, 0.09)

WT = (0.025, 0.019, 0.030, 0.087, 0.013, 0.085, 0.029, 0.091, 0.008, 0.009, 0.012,
0.011)7

Table 15
Example of a completed pairwise comparison matrix for the solutions to the team
category barriers

HT1 HT2 HT3 HT4 HT5 HT6 HT7 HT8 HT9 HT10 HT11 HT12

S1 1 1 3 3 1 3 1 3 3 3 1 5
S2 1 3 1 5 3 3 3 3 5 3 3 5
S3 3 3 5 5 5 5 5 3 7 7 3 3
S4 3 3 3 5 5 5 5 3 1 9 3 1
S5 1 1 3 3 1 1 1 1 1 3 1 5
S6 5 1 5 3 3 5 3 7 1 7 1 3
S7 5 1 1 1 1 1 1 1 1 1 1 3
S8 7 5 3 3 5 3 3 3 1 3 1 5
S9 5 1 1 1 1 1 1 1 1 1 1 5
S10 1 1 1 1 1 1 1 1 1 1 1 3
S11 1 3 1 1 1 3 1 1 1 1 1 3
S12 5 3 3 3 3 3 3 5 1 3 3 5
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Table 16
Fuzzy matrix for the solutions to the team category barriers
HT1 HT2 HT12

S1 1.00 1.00 3.00 1.00 1.00 3.00 3.00 5.00 7.00
S2 1.00 1.00 3.00 1.00 3.00 5.00 3.00 5.00 7.00
S3 1.00 3.00 5.00 1.00 3.00 5.00 1.00 3.00 5.00
S4 1.00 3.00 5.00 1.00 3.00 5.00 1.00 1.00 3.00
S5 1.00 1.00 3.00 1.00 1.00 3.00 3.00 5.00 7.00
S6 3.00 5.00 7.00 1.00 1.00 3.00 1.00 3.00 5.00
S7 3.00 5.00 7.00 1.00 1.00 3.00 1.00 3.00 5.00
S8 5.00 7.00 9.00 3.00 5.00 7.00 3.00 5.00 7.00
S9 3.00 5.00 7.00 1.00 1.00 3.00 3.00 5.00 7.00
S10 1.00 1.00 3.00 1.00 1.00 3.00 1.00 3.00 5.00
S11 1.00 1.00 3.00 1.00 3.00 5.00 1.00 3.00 5.00
S12 3.00 5.00 7.00 1.00 3.00 5.00 3.00 5.00 7.00
Table 17
Representative matrix for the solutions to the team category barriers

HT1 HT2 HT12
S1 1.00 2.43 9.00 1.00 1.00 3.27 1.00 5.10 11.00
S2 1.00 4.88 11.00 1.00 1.00 3.32 1.00 5.87 11.00
S3 1.00 4.49 11.00 1.00 1.00 2.27 3.00 6.73 11.00
S4 1.00 2.90 9.00 1.00 1.00 2.76 1.00 4.46 11.00
S5 1.00 1.93 9.00 1.00 1.00 2.73 1.00 3.11 9.00
S6 1.00 2.76 11.00 1.00 1.00 1.70 1.00 5.53 11.00
S7 1.00 1.72 7.00 1.00 1.00 2.15 1.00 3.70 11.00
S8 1.00 2.95 9.00 1.00 1.00 2.43 1.00 456 9.00
S9 1.00 1.91 7.00 1.00 1.00 1.93 1.00 3.04 11.00
S10 1.00 1.54 7.00 1.00 1.00 2.04 1.00 3.06 11.00
S11 1.00 1.97 9.00 1.00 1.00 2.07 1.00 3.42 11.00
S12 1.00 2.19 11.00 1.00 1.00 1.97 1.00 3.14 11.00
Table 18
Representative matrix for the solutions to the project category barriers

HP1 HP2 HP6

S1 1.00 3.18 9.00 1.00 1.89 9.00 1.00 3.27 11.00
S2 1.00 4.03 11.00 1.00 1.73 11.00 1.00 4.72 11.00
S3  1.00 4.43 11.00 1.00 1.91 7.00 1.00 5.94 11.00
S4 1.00 3.90 9.00 1.00 1.29 7.00 1.00 4.12 11.00
S5 1.00 3.34 11.00 1.00 2.58 9.00 1.00 3.02 11.00

S6 1.00 3.89 11.00 1.00 1.80 9.00 1.00 4.77 11.00
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S7 1.00 3.48 9.00 1.00 2.06 7.00 1.00 3.33 9.00
S8 1.00 5.88 11.00 1.00 2.02 9.00 1.00 5.74 11.00
S9 1.00 2.87 11.00 1.00 1.76 9.00 1.00 3.81 11.00
S10 1.00 2.78 11.00 1.00 2.40 9.00 1.00 3.44 9.00
S11 1.00 2.62 9.00 1.00 2.71 11.00 1.00 3.02 11.00
S12 1.00 3.20 11.00 1.00 2.07 11.00 1.00 3.02 11.00
Table 19
Representative matrix for the solutions to the technology category barriers
HP1 HP2 HP3

S1 100 271 11.00 1.00 224 9.00 1.00 571 11.00
S2 100 254 11.00 1.00 3.60 9.00 1.00 3.27 7.00
S3 100 3.85 11.00 1.00 534 11.00 1.00 294 11.00
S4 100 320 11.00 1.00 6.11 11.00 1.00 3.18 11.00
S5 1.00 5.28 11.00 1.00 5.05 11.00 1.00 5.49 11.00
S6 1.00 4.48 11.00 1.00 4.69 11.00 1.00 4.63 11.00
S7 100 4.28 11.00 1.00 4.61 11.00 1.00 3.34 11.00
S8 100 325 11.00 1.00 3.98 11.00 1.00 3.98 11.00
S9 100 4.38 11.00 1.00 4.46 11.00 1.00 2.44 11.00
S10 1.00 3.98 11.00 1.00 3.96 11.00 1.00 255 11.00
S11 1.00 3.04 11.00 1.00 4.26 9.00 1.00 2.73 11.00
S12 1.00 5.07 11.00 1.00 3.44 11.00 1.00 591 11.00
Table 20
Crisp matrix for the solutions to the team category barriers

HT1 HT2 HT3 HT4 HT9 HT10 HT11 HT12
S1 371 416 6.07 401 480 581 413 4.08
S2 544 551 379 448 726 515 466 6.04
S3 524 502 492 555 503 5.07 363 6.39
S4 395 489 513 476 481 507 338 525
S5 347 430 430 486 341 469 386 5.06
S6 438 464 493 5.00 439 417 335 4.98
S7 286 5.00 383 3.67 296 346 358 6.07
S8 398 564 520 448 524 386 371 6.52
S9 296 524 296 3.63 280 358 347 544
S10 277 496 310 2.96 289 292 352 518
S11 348 595 320 3.90 358 338 354 6.25
S12 409 394 476 597 370 368 348 5.86
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Table 21
Crisp matrix for the solutions to the project category barriers

HPL HP2 HP3 HP4 HP5 HP6
SL 409 345 376 515 511 4.63
S2 501 386 277 552 584 536
S3 522 296 417 427 449 597
S4 445 264 456 433 3.90 5.06
S5 467 379 461 484 502 451
S6 495 340 540 508 4.94 5.39
S7 424 303 564 474 483 4.16
S8 594 351 497 504 523 587
S9 444 338 500 381 3.86 4.90
S10 439 370 572 451 463 4.22
S11 381 436 427 469 457 451
S12 460 403 622 315 3.15 451

Table 22
Crisp matrix for the solutions to the technology category barriers

HTel HTe2 HTe3

S1 4.36 3.87 5.85
S2 4.27 4.55 3.64
S3 4.93 5.92 4.47
S4 4.60 6.31 4.59
S5 5.64 5.77 5.75
S6 5.24 5.60 5.32
S7 5.14 5.56 4.67
S8 4.63 5.24 4.99
S9 5.19 5.48 4.22
S10 4.99 5.23 4.28
S11 4.52 4.88 4.36
S12 5.54 4.97 5.95

4.12. Phase 3: Ranking the barriers and the solutions

The final phase involved ranking the barriers and the solutions using the relative weights
that had been computed previously (WT). The ranking of the solutions can be seen in
Table 23, while the ranking of the barriers in the team, project, and technology categories
can be seen in Tables 24, 25, and 26, respectively.
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Table 23
Ranking of the solutions
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wT

Solution

Ranking
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N =
m o

12

0.025
0.019
0.030
0.087
0.013
0.085
0.029
0.091
0.008
0.009

0.012
0.011

Encouraging individual motivation
Fostering strong and reliable teamwork
Implementing a mentoring system
Proactive and peer-to-peer learning

Educating IT professionals to enhance their ability

Building a community of practice
Maintaining a rigid documentation culture
Scheduling additional weekly meetings
Producing complete documentation

Using a document management system

Implementing a shared storage system or forming a virtual

team
Conducting joint training for new systems
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Table 24
Ranking of the team category barriers

wT

Team category barriers

Priority

HT1
HT2
HT3

HT4
HTS5
HT6
HT7
HT8
HT9
HT10
HT11
HT12

0.005
0.034
0.102

0.047
0.142
0.386
0.032
0.090
0.010
0.033
0.023
0.096

Difference in ethnic backgrounds
Distance of team members

Low level of awareness about the benefits of the

possessed knowledge

Differences in experience and educational background

Lack of time to interact

Poor communication and interpersonal skills
Age difference

Lack of social networks

Lack of trust among team members
Individual personality

Manager’s tolerance of employee’s mistakes
Overloaded with tasks

12
7

w
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Table 25
Ranking of the project category barriers

WT

Project category barriers

Priority

HP1
HP2
HP3
HP4
HP5
HP6

0.28
0.18
0.16
0.14
0.13
0.11

Lack of leadership and management guidance
Lack of infrastructure or adequate facilities
Vendor substitution

Pursuing a project deadline

Number of projects undertaken at a time

The absence of KT monitoring within projects

S OB WN
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Table 26
Ranking of the technology category barriers
i WT  Technology category barriers Priority
HTel 0.35 Challenges to the TMS or other integrated IT 1
systems
HTe2 0.30 Difficulties in the codification of tacit 2
knowledge
HTe3 0.35 Reluctance to use the existing system due to a 1

lack of familiarity or experience

5. Discussions and implications

5.1. Discussions

Based on the application of the fuzzy AHP method in order to rank both the barriers to
KT in relation to software development and their solutions, it was found that the highest
ranked team category barrier to KT was poor communication and interpersonal skills. If
an individual is not able to demonstrate good communication skills, then it would likely
be difficult for that individual to receive or provide knowledge. In terms of the project
category, the most influential obstacle was a lack of leadership and direction in relation to
the implementation of project management. This meant that if a project was well
managed, then the associated flow of knowledge also tended to be better, since the KT
process effectively influenced the success of the project. In the technology category, the
highest-ranking barrier was a reluctance to use existing systems due to feeling unfamiliar
with such systems. The existing technology is only useful if individual users are able to
use it effectively. If a system is difficult to use, then the technology will hinder the
effectiveness of the KT process.

In addition, the highest-ranking solution to the barriers to KT in relation to
software development, according to the results of this study, is the scheduling of
additional weekly meetings, followed by proactive and peer-to-peer learning. Patil and
Kant (2014) did not mention scheduling additional meetings as a solution in their
research. Further, they allocated medium priority to proactive learning rather than top
priority.

5.2. Implications

It is widely recognized that organizations face multiple barriers when seeking to
implement an effective KT process. The barriers to KT in the field of software
development as well as the associated solutions proposed in this study are expected to
help software development companies to identify both the factors that render KT
processes ineffective and the solutions capable of addressing those factors. It is
recommended that companies schedule additional meetings to avoid gaps in
understanding developing among team members. Companies are also expected to
implement proactive and peer-to-peer learning, wherein the companies encourage their
employees to be more active in terms of KT as well as to mutually evaluate each other, so
that the knowledge gained is more diverse. In the future, this research is expected to
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encourage other studies related to KT and hence the development of more approaches to
fostering effective KT within companies.

6. Conclusions

This study aimed to identify solutions for overcoming the barriers to knowledge transfer
that exist within software development organizations as well as how to prioritize those
solutions. By means of a literature review and interviews with the experts, this study
identified 21 barriers and 12 solutions to knowledge transfer in relation to software
development. The respective weights of the barriers to knowledge transfer and their
solutions were calculated using the fuzzy AHP method. Thus, the results of this study are
lists of ranked barriers to knowledge transfer and their associated solutions.

Twelve solutions to the identified knowledge transfer barriers were derived from
the literature study, which were then validated by the experts. A lack of communication
and interpersonal skills was ranked the highest out of the team category barriers, while a
lack of leadership and direction on the part of management was the top priority
concerning the project category barriers, and challenges on the TMS represented the top
priority among the technology category barriers.

In terms of the solutions to the knowledge transfer barriers, scheduling additional
weekly meetings so as to fill the knowledge gap among members was ranked as the
highest priority of 12 identified solutions, while producing a complete report emerged as
the lowest ranked solution. It can be concluded that in order to create an effective
knowledge transfer process within a software development environment, additional
weekly meetings represent the recommended solution for overcoming the identified
barriers to KT to reducing the knowledge gap among team members, which can, in the
long run, hamper the performance of a software development project.
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