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Abstract—Team roles play significant impact in determining
the project success. In order to ensure that team can work
together, it is essential to ensure that the team members are
assigned to the right role with the right characteristics. One of
the prevalent team roles is Belbin team role. The team role can
guide project manager to form effective team. However,
assigning the correct team role is very challenging. Thus, this
study demonstrates the use of fuzzy technique to form a software
team based on Belbin team role. By using this technique, it can
help decision maker to form effective team that have balance
characteristics. In order to validate the proposed technique,
future works will be carried out by using empirical data in
industrial setting.

Index Terms—Belbin Team Role; Fuzzy Technique; Software
Team; Team Formation.

. INTRODUCTION

Team roles an important role in determining the project
success in software engineering field [1,2]. To ensure the
optimal outcome of the project the team is working on, it is
essential to ensure that the team comprises of the members
with right roles and right characteristics [3]. Assigning correct
role to correct team members can be challenging for project
managers. The difficulty in executing this in correct way
usually stems from the manager’s inexperience in assigning
the roles to team members [4,5]. According to Belbin [6], a
good performance of a team is connected with balanced team
in terms of team roles among the members.

The concept of team roles is not new. Early researchers such
as Benne and Sheats in (1940-1950), identified some roles
such as Harmoniser, Initiator-contributor and Energiser [7].
Nowadays one of the popular team roles is Belbin team role,
the theory is centred on the team roles and how they should be
matched in order to avoid conflicts and build sound teams that
are optimally managed, team role defined as the predisposition
to behave, contribute and interrelate with others in a specific
way [8].

Several researchers have examined team formation and how
groups progress into efficient teams through selection of group
processes the accomplishment of assigned tasks [9] [10]. For
example, in [10], team formation model highlights the four
sequential phases to include: forming, storming, norming, and
performing. In this context, the first phase of forming denotes
a period at which members of a team determine their
positions, procedures to follow, and the rules to be guiding the
group, the next phase called storming commences when

conflict occurs as a team member resists the influence of the
group and rebels against accomplishment of the task. Norming
phase commences as the group forms cohesiveness and
commitment to its responsibilities, decides fresh ways to work
together to accomplish the common goals and sets norms for
suitable behaviors. Performing as the final phase occurs when
the team achieves proficiency in working together to attain its
goals and attains more flexibility in applying the procedures
for working together. Since the success of the task depends on
all the stages in the sequence, the first stage is the most
important, as it is a precondition for all subsequent ones. For
this reason, this study only focuses on the forming phase by
focusing on how team members are assigned to a specific role
based on specific characteristic using a specific technique.

Il. BACKGROUND OF THE STUDY

Forming effective team members is essential for many
software organizations, especially those of small and medium
size, as they operate with tight budgets and have fewer
individuals to consider when forming teams for specific
projects. On the other hand, in larger organizations, with many
employees, it is much easier to ensure that the individuals
possess diverse experience, which can be matched to the
constraints and skill requirements of each project. Clearly,
success or failure of software product mostly depends on the
development team. Thus, when deciding on its composition,
three major team formation methods— self-formation,
random-formation, and instructor-formation—can be adopted
[11,12].

However, in industrial settings, team formation is typically
responsibility of the manager, who uses his/her experience and
judgment when determining team composition, while this is a
prevalent approach, empirical evidence has shown that it does
not always yield optimal results [13] . Failures typically occur
when time and cost are the main constraints and the available
employee pool comprises of individuals with mixed types of
expertise [13, 14, 15]. Thus, in such circumstances, a
systematic mechanism must be adopted and utilized in
ensuring that the optimal team selection is consistently made.

Many researchers have argued that for the Team Roles
formation to be achieved in software development, nine roles
have to be taken into consideration, including Shaper, Plant,
Resource Investigator, Evaluation Monitor and Coordinator
[16, 17, 18]. Others are Complete Finisher, Team Worker,
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Specialist and Implementer [19, 17, 18, 20]. However,
previous studies have revealed that the Shaper and Plant Team
Roles in software engineering [19, 17, 18, 20].

In this study, the Shaper and Plant in Belbin Team Roles
were chosen based on the research and experiments that
different researchers made in the field of software engineering
with Belbin Team Roles. The roles of Shaper and Plant in
Belbin Team Roles are significant to the software engineering
team; hence the Shaper role is used for the leader while the
Plant role is used for other member [21, 22, 23].

During team formation, there are several techniques that can
be considered to form teams, for instance Analytic Hierarchy
Process, Case-based Reasoning, Multi-Attribute Utility
Theory and Fuzzy technique [9]. However, several researchers
like [10, 24, 25] have provided other various techniques to
team formation, such as the use of multi-dimensional trust
revealed that the reliable evaluation has a considerable value
in solving the problem of team formation. Nevertheless, [26]
opined that such techniques still require some other qualities,
like the potential team members’ proficiency, characteristics
of project, and the team members’ tasks.

Fuzzy technique has gained popularity, because it allows
analysing imprecise data and classifying selected criteria.
Initial evaluation of this technique showed that it can indicate
whether every team possesses equal distribution of the key
criteria. By incorporating this technique into the chosen team
formation method, each team can enhance its chances of
performing effectively. In particular, this technique can
facilitate decision makers when forming highly productive
project teams. However, at present, studies that demonstrate
the applicability of this technique in forming software team
members are limited [3]. In particular, there is a significant
gap in the knowledge on the factors determining a balance of
team members based on Belbin roles. Thus, this study will fill
this gap by providing a team formation method based on
Belbin team roles by using a fuzzy technique.

I1l. TEAM FORMATION TECHNIQUES

Different techniques have been developed for team
formation. Selecting a proper technique for team formation is
based on the kinds of issues being dealt with, the attributes of
the method of team formation, and the aims of the teams [27].
According to [28], the common team formation techniques
include fuzzy, data development analysis (DEA), ELimination
and Choice Expressing REality (ELECTRE), goal
programing, and Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS). Within the remainder
of this section, the authors give an overview of each of these
techniques.

A. Fuzzy

Fuzzy is an extension of classical set theory, which allows
for solving many problems related to dealing with imprecise
and uncertain data. It has many advantages, including
considering insufficient information and the evolution of
available knowledge, allowing imprecise input, and allows for
a few rules to encompass problems with great complexity.
Some disadvantages of this technique include the fact that
fuzzy systems can sometimes be difficult to develop and, in

many cases, they can require numerous simulations before
being suitable for use in the real world [29].

Fuzzy is an established technique that has been used in
engineering, economic, environmental, social, medical, and
management problems. Many of these types of problems take
advantage of the availability of imprecise input. These types
of applications favour a method that embraces vagueness and
can be tested numerous times before real-world application
[30].

B. DEA

DEA uses a linear-programming technique to measure the
relative efficiencies of alternatives [31]. It rates the
efficiencies of such alternatives against each other, with the
most efficient alternative receiving a rating of 1.0, with all
other alternatives receiving ratings of a fraction of 1.0. DEA
has several advantages, including being capable of handling
multiple inputs and outputs, efficiency can be analysed and
quantified, and it can uncover relationships that may be in
hidden with other techniques, an important disadvantage is
that it does not deal with imprecise data and assumes that all
input and output data are exactly known. In real-world
situations, however, this assumption may not always be true
[32]. The results can be sensitive, depending on the inputs and
outputs. DEA is used wherever efficiencies must be compared.
This technique is commonly used in economic, medical,
utilities, road safety, agriculture, retail, and business problems.
These categories are especially useful because they contain
precise data that could be utilized for input, which bypasses
one of the method's major deficiencies [30].

C. ELECTRE

ELECTRE, along with its many iterations, is an outranking
technique based on concordance analysis. Its major advantage
is that it takes into account uncertainty and vagueness. One
disadvantage is that its process and outcomes can be difficult
to explain in layman’s terms. Further, due to the way
preferences are incorporated, the lowest performances under
certain criteria are not displayed, the outranking method
causes the strengths and weaknesses of the alternatives to not
be directly identified, and results and impacts are not verified
[33]. ELECTRE has been used in energy, economics,
environmental, water management, and transportation
problems. Like other methods, it also considers vagueness and
uncertainty, which many of the previously-mentioned
applications appear to need [30].

D. Goal Programming

Goal programming is a pragmatic programming technique
that is able to choose from an infinite number of alternatives.
One of its advantages is that it can handle large-scale
problems. Its ability to produce infinite alternatives provides a
significant advantage over some methods, depending on the
situation. A major disadvantage, however, is its inability to
weight coefficients. Goal programming has been applied in
production planning, scheduling, healthcare, portfolio
selection, distribution system design, energy planning, water
reservoir management, timber harvest scheduling, and wildlife
management problems. Many of these applications have been
used in combination with other methods to accommodate
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proper weighting. Finally, by doing so, it eliminates one of its
weaknesses while still being able to choose from infinite
alternatives [30].

E. TOPSIS

TOPSIS is an approach to identify an alternative which is
closest to the ideal solution and farthest from the negative
ideal solution in multi-dimensional computing [34]. It has
numerous advantages, including being easy to use and
programmable, and the number of steps remains the same
regardless of the number of attributes [35]. A disadvantage is
that its use of Euclidean Distance does not consider the
correlation of attributes. It is difficult to weight attributes and
keep consistency of judgment, especially with additional
attributes. TOPSIS has been used in supply chain management
and logistics, design, engineering and manufacturing systems,
business and marketing management, environmental
management, human resources management, and water
resources management. This is another method where its ease
of use has kept its application popular. Its simplicity and
ability to maintain the same number of steps regardless of
problem size has allowed it to be utilized quickly to review
other methods or to stand on its own as a decision-making tool
[30].

IV. PROPOSED METHOD

In this paper, software team formation method based on
Belbin team role using fuzzy technique was used to determine
whether each team has equal team role. Applying fuzzy
technique involves three main steps which are; 1)
Fuzzification, 2) Fuzzy Inference and 3) Defuzzification [36].
As discussed in Section 2, only two roles are significant in SE
team based on Belbin team roles, which are Shaper (Sh) and
Plant (PI) roles. Thus, the two roles are the input parameters.
The two input parameters were used to monitor the score of
the roles, whereas the output representing the optimal weight
for team members. Figure 1 shows the framework for this
research.

XX
=

Shaper Team

XX

Plant

(mamdani)

output!

Figure 1: Main research framework

A.  Membership Function for Input Parameters

The input parameters represented the roles for team
members (Shaper and Plant). These two roles were
determining the membership functions. Each role was
classified into three levels, which were ‘Low’, ‘Normal’ and
‘High’. These three level classified adapted from previous
work such as [37]. Figure 2 shows the representation of
membership function for roles.

Low haper Normalanaper H|gl‘|31aper

Figure 2: Membership function

Figure 2 represents two axes which are (X and Y), X-axis
represent the inputs value, since the value between (0-100),
and Y-axis represent the fuzzy number which lay between (0-
1).

B. Fuzzy Rule-Based Construction

During this stage, rules construction was developed by
calculating the mean value of the roles for each member in the
team. A fuzzy rule was constructed based on three levels,
which were, ‘Low’, ‘Normal’ and ‘High’. Figure 3 shows the
constructed rules calculated according to member’s roles. In
this study, 14 rules were constructed. The rules were
constructed according to the roles value after classified them
to the levels (High, Normal, and Low). In addition, the levels
of the membership for each member determine the optimal
weight for the members in the team. The rules were processed
using Mamdani-style inference in Matlab toolbox in order to
get crisp output. Mamdani was used because this method is
widely accepted for capturing expert knowledge, and it allows
us to describe the expertise in more intuitive, more human-like
manner.

1. If (input! is Low_Shaper) and (input2 is Low_Plant) then (output! is Low_Membership) (1)

2. If (input1 is Low_Shaper) and (input2 is Normal_Plant) then (output! is Low_Membership) (1)

3. If (input is Low_Shaper) and (input2 is High_Plant) then (output is Normal_Membership) (1)

4 If (input! is Normal_Shaper) and (input2 is Low_Plant) then {output! is Low_Membership) (1)

5. If (input! is Normal_Shaper) and (input2 is Normal_Plant) then (output! is Normal_Membership) (1)
6. If (input1 is Normal_Shaper) and ({input2 iz High_Plant) then {output1 is High_Membership) (1}

7. If (input! is High_Shaper) and (input2 is Low_Plant) then (output! is Normal_Membership) (1)

8. If (input! is High_Shaper) and (input2 is Normal_Plant) then {output! is High_Membership) (1)

9. If (input! is High_Shaper) and (input2 is High_Plant) then (output! is High_Membership) (1)

10. If {input is Normal_Shaper) or (input2 is Normal_Plant) then (output! is Normal_Membership) (1)
11. If {input is Normal_Shaper) or (input2 is High_Plant) then (output! is High_Membership) (1}

12. If {input1 is High_Shaper) or {input2 iz Normal_Plant) then (output! is High_Membership) (1)

13. If {input1 is High_Shaper) or {input2 iz High_Plant} then (outputi is High_Membership) (1)

14. If {input1 is High_Shaper) or (input2 iz not High_Plant) then (output! is High_Membership) (1)

Figure 3: The Constructed Rule

C. Defuzzification

The final part of applying fuzzy is converts the fuzzy result
into crisp value, crisp values refer to real number. In this
study, the real number refers to the inputs roles value. This
step focuses on the membership functions used. The output
will be converted to crisp values in accordance with the three
triangular membership functions, “low”, “normal” and “high”

in Figure 4.

D. Distributing members among the teams

After determining the optimal weight for each member
according to the roles value by using fuzzy technique, the
members will distribute among the teams randomly, the
members in each of the teams would be added together and
compared the summations to each another. The process of
distributing the leader and members among the teams is
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illustrated in Figure 5. In this figure, L represents the leader,
and M represents the other team members.

Ln\.'.fMe 'nnersllﬂlp N'nrrnalvelmh-ersnllp Inghmn:--n bers|

1

L1 + XMn — L2 + XMn — L3 + ZMn

Figure 5: Distributing member’s process

If the total weight for the teams equal, the process moves to
the next step. Otherwise, the process going to change between
the members until having a balance weight for all teams,
whereas balance refer to, that all teams have optimal equal
weight with existing both roles (Shaper and Plant).

V. CONCLUSION AND FUTURE WORKS

The main aim of this study is to apply fuzzy technique to
form software team based on Belbin team role. The technique
is used to ensure that the team member has an equal team role.
When the team has an equal team role, the team will exhibit
balance characteristics that can help to achieve successful
teamwork. Future works will focus on the validation of the
proposed method by using empirical data from industrial
setting.
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