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1. Introduction

Team development in software engineering requires the 
application of team-oriented methods for project manage-
ment. Team roles are an important factor that affects the 
success of projects in the field of software engineering [1].

One of the practical tools for a project manager when 
forming a team is the analysis of the Belbin’s team roles, who 
in his work tried to answer the question on why projects 
are successful or unsuccessful [2]. He demonstrated that 
effective work of a team is connected to its balance in terms 

of team roles of members of the team. Although the original 
work dealt with the overall project management, it was 
demonstrated [3] that it is relevant, in particular, for the area 
of software engineering.

In general, observing the behavior of representatives of 
particular team roles made it possible to identify strong and 
weak features of each of the roles, as well as general patterns 
of interactions between roles. All this is of significant inter-
est for the field of software engineering. Taking into account 
the peculiarities of separate team roles, both at the stage of 
forming and in the process of work, allows overcoming the 
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difficulties associated with the shortcomings linked to the 
team imbalance, maximizing individual efficiency and pre-
venting possible sources of conflict within the team.

2. Literature review and problem statement

An ability to build effective teams is very important 
for many organizations in the software development [4]. 
As stated in [5], an important factor in ensuring the team 
of developers’ best results for the projects is the formation 
of team from members with correct roles and appropriate 
characteristics. This issue is particularly relevant for small 
and medium-sized enterprises because they operate under 
limited budget and cannot select employees from a large pool 
of candidates when forming the teams for specific projects.

Many researchers paid attention to the fact that the for-
mation of teams in the industry of software development is 
expedient to perform with regard to the theory of team roles 
by Belbin. In particular, article [6] argues that the distribu-
tion of team roles between participants has the importance 
for determining the structure of the team equal to the dis-
tribution of knowledge and skills. Paper [7] presents results 
of empirical studies that confirmed the relationship between 
successful fulfillment of particular technical tasks and the 
peculiarities in the behavior of team members.

Based on the numerical observations of group work and 
the means for measuring success of the teams, Belbin identi-
fied eight team roles that describe the needs and capabilities 
of both the teams and their individual members. Article [8] 
demonstrated that the full set of team roles provides for the 
largest probability of success of the team, although certain 
situations and problems mostly fit to individual roles. Let us 
consider briefly the attributes of each of the roles.

Implementer (IMP) turns concepts into working proce-
dures, has rather narrow and deep professional competences, 
high level of discipline, persistence and the ability to plan all 
activities. Completer-Finisher (CF) manages completing all 
launched plans, strives to and actually finds unmet needs of 
the team and takes on the tasks that others trying to avoid. 
Shaper (SH) is the versatile loner who may potentially fulfill 
the entire project independently, with strict rules of motiva-
tion, which ensures the implementation and completion of 
the tasks. Plant (PL) is the source of creative and original 
ideas for the team who deals with complicated challenges 
and problems. Monitor-Evaluator (ME) is the analyst, with 
a strategic vision who steers the team away from conceptual 
errors and reveals the flaws in the plan before they adversely 
affect the execution of the project. Resource Investigator 
(RI) provides a team with external resources as well as the 
Plant – with internal ideas and resources. Coordinator (CO) 
is the positive motivator for the team who knows well the 
competences of all team members, who organizes them to 
achieve a common goal. Team Worker (TW) is a member of 
the team that smoothes contradictions in the team and helps 
participants to collaborate successfully.

Roles can be grouped by different characteristics [8]. For 
example, by the direction of major efforts, we can distinguish 
between the groups of managing (Resource Investigator, 
Coordinator and Team Worker), executive (Shaper, Imple-
menter, and Completer-Finisher) and mental (Plant and 
Monitor-Evaluator) roles.

One of the most important results, formulated by Belbin, 
is the assertion that the groups balanced in terms of team 

roles demonstrate better performance and more success than 
the non-balanced groups. That is, for effective work of the 
team it is necessary for every its participant to possess own 
strong traits that do not repeat strong features of other mem-
bers of this team. This is confirmed by the numerical studies. 
In particular, paper [9] presents statistical data to confirm 
that the balance of the team positively affects quality of the 
processes within the team. Article [10] demonstrated that 
the more complete the set of team’s roles is, the higher the 
team’s capability to solve the tasks it faces, especially at the 
initial stages of the project.

One should consider a perfectly balanced team to be the 
team in which all team roles are presented at the same level, 
while an ideally imbalanced team is the team in which all the 
participants represent one role. There are, however, studies 
that criticize assertion about the balance. For example, arti-
cle [11] noted that the software development project teams 
require two roles – Shaper and Plant. Usually, the role of 
Shaper matches the leader of the team, and the role of Plant 
suits the rest of the team members. It should be noted that 
the authors of this study do not prove that only these two 
roles are sufficient for teams. That is why, it is more correct 
to say that the team of software developers should be bal-
anced and the presence of participants with the team roles of 
Shaper and Plant is obligatory for it. 

To define the team roles, a Self Perception Inventory 
questionnaire is usually used, which was proposed by Belbin 
for measuring the behavioral characteristics demonstrated 
by team members. This questionnaire assesses the degree of 
individual susceptibility to each of the roles. Article [12] es-
tablishes that the questionnaire on self-perception yields sat-
isfactory results to be used in the formation of project teams.

Contribution of each participant to the teamwork is 
described by primary and secondary roles. A primary role 
is the behavior demonstrated by participant under normal 
circumstances. He may take on a secondary role, for exam-
ple, under condition of special need of the team in the role 
that is not primary for any team member. The reason for the 
transition can also be due to a conflict of interests between 
two participants with the same primary roles.

Therefore, to establish effective balance in the existing 
team, it is necessary not only to encourage the team mem-
bers to recognize and utilize their strong traits but to assist 
some team participants in taking on secondary roles. This 
allows preventing the duplication of roles, meeting the needs 
of the team or solving certain problems. Transitions between 
roles may also be needed in order to help participants expand 
their skills and the range of team roles.

One should pay attention to the fact that most studies 
into the balance of team roles with the attributes of the 
team were conducted using the observations over artifi-
cially or naturally created teams and statistical processing 
of results of the research. Although the application of 
mathematical methods may also yield useful results. For 
example, article [13] proposed a mathematical model for 
the balanced team. Applying this model simplifies consid-
eration of interrelations between the roles when forming a 
balanced team.

As for the attributes of transitions between primary and 
secondary roles for the purpose of balancing the project 
team, then all the explanations and conclusions were pro-
duced verbally and are not confirmed by either theoretical 
or empirical research. The reason for this, obviously, is the 
complexity of designing the experiments under real condi-
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tions. One possible means to overcome the difficulty is the 
application of computational experiments.

3. The aim and tasks of the study

The aim of the conducted study is to verify, based on 
computational experiments, a nature of balancing the team 
roles when performing a software development project.

To achieve the set aim, the following tasks were for-
mulated:

– to build a model of transitions between team roles and 
to define parameters of the model;

– to conduct computational experiments to examine the 
attributes of transitions between team roles when executing 
a project and to analyze obtained results.

4. A method for constructing the model of transitions 
between team roles

In the system of project management, people are the most 
changeable and unpredictable components. A reaction of the 
team members towards control actions is always uncertain 
to some extent. Therefore, we can say that the process of 
transitions between team roles is a random process. Human 
behavior, in addition to inherent properties (for example, pri-
mary and secondary team roles), is defined by internal and 
external factors that influence every day and by the combi-
nations, which changed on a daily basis. That is why we can 
state that the reaction of a team member towards control ac-
tions depends only on the condition under which he happens 
to be now, and does not depend on what happened before. 
That is, a Markov random process is the adequate model 
for the process of transitions between team roles. Since the 
transition between team roles occurs as a reaction to control 
actions, then one should choose as the basis for a model that 
is being developed a discrete Markov chain [14].

In the proposed model, the Markov chain states corre-
spond to individual team roles: S1 – implementer, S2 – com-
pleter-finisher, S3 – shaper, S4 – plant, S5 – monitor-evalu-
ator, S6 – resource investigator, S7 – coordinator, S8 – team 
worker.

A modeling of transitions between the roles is carried 
out by introducing ties between states S1 – S8, which make 
it possible to determine quantitative characteristics for the 
states and transitions between them. Each tie corresponds 
to a transition between roles whose opportunities and prob-
abilities are defined based on results of the self-perception 
questionnaire and experts’ survey. All transitions from state 
Si form a complete group of events, that is, the probability of 
occurrence of these events is equal to unity:

{ }
=

= ∀ ∈∑ 
8

ij
j 1

p 1, i 1, 2, , 8 , 			   (1)

where pij is the probability of transition from state Si to 
state Sj. 

Since the primary and secondary roles are determined 
by personal characteristics of the team members, then the 
probability of transitions between states do not change over 
time, that is, a Markov chain is uniform [15]. 

Probability Pі(k) of state Si corresponds to the probabili-
ty of corresponding team roles in step k. By step k we under-

stand a certain control action, which made a team member 
change the role. The sum of probabilities of all states Pі(k) at 
each step k is equal to unity:
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where Pі(k) is the probability of ith state in step k.
For a uniform Markov chain, determining the probabil-

ities of states in (k+1)th step is performed in a general case 
by formula of total probability:
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After constructing a structural model for the transitions 
between roles in the form of a Markov chain, it is necessary 
to perform parametric identification of the model. 

First, using the self-perception questionnaire, we define 
initial probabilities for each of primary roles Pi(0), as well as 
the possible transition frequency for specific pairs of roles.

Next we run a group expert evaluation of probability 
values pii for that a team participant will not change his role 
after control action. Accordingly, the probability of changing 
a team role is ( )− ii1 p .  In order to obtain the probabilities of 
transitions to specific roles, this magnitude should be divided 
in proportion to the transition frequency defined previously. 

A parameterization of the model allows us to reflect by 
using a Markov chain a conventional behavior of software 
development team members.

5. Results of modeling the transitions between team roles

To identify the possibilities and probabilities of transitions 
between team roles, by using self-perception questionnaires, 
a survey of 119 persons was conducted, different in age (from 
22 to 36), gender, work experience (students-interns, junior, 
middle and senior staff) and job responsibilities (developers 
or teams leaders). Using the self-perception questionnaire, all 
participants independently defined their primary and second-
ary roles. As a result, we received 119 vectors of team roles 
<r1, r2, …, r8>, where ri takes the value of 1 if Si corresponds to 
the primary role, it takes the value of 2 if Si corresponds to the 
secondary role, and it takes a value of 0 for the rest of the cases. 

Based on the obtained vectors of team roles, we defined 
initial probabilities of each of primary roles as

( ) == ir 1
i

N
P 0 ,

N
					     (4)

where =ir 1N
 
is the number of vectors in which ith role is the 

primary one, N is the total number of analyzed vectors. The 
results obtained are shown in Fig. 1.

In addition, the vectors of team roles were used to define 
the structure of a Markov chain. The existence in one vector 
of combination ri=1 and rj=2 reveals the possibility of transi-
tion in one step from state Si to state Sj. Accordingly, taking 
into account all vectors, we can also calculate a transition fre-
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quency between states. Determining the probability of transi-
tions is not possible until there remains uncertain probability 
of maintaining the same state, that is, the probability that the 
role will not change following a control action. 

Fig. 1. Values of initial probabilities of team roles of 
implementer (IMP), completer-finisher (CF), shaper (SH), 

plant (PL), monitor-evaluator (ME), resource  
investigator (RI), coordinator (CO) and team worker (TW)

To visualize the received model, we shall represent all 
states of the system and the transitions between them as a 
weighted directed graph. Vertices of the graph correspond to 
the states of the system, arrows – to possible transition of the 
system from one state to another in a single step, scales – to 
appropriate transition probabilities (Fig. 2).

A group assessment of determining the probabilities of 
transitions between roles included as experts successful team 
leaders and project managers from the companies engaged in 
product or outsourced software development. In these compa-
nies, the number of employees does not exceed 100 persons and 
so the question of effective team building is relevant for them. 

As a result of parameterization of the model, we received 
the following matrix of transition probabilities:

=

0,85 0,10 0,05 0 0 0 0 0

0,20 0,70 0,10 0 0 0 0 0

0,05 0,05 0,80 0 0,05 0 0 0

0 0 0 0,60 0,20 0,20 0 0
P .

0 0 0,05 0,15 0,65 0,15 0 0

0 0 0 0,10 0,10 0,75 0,05 0

0 0 0 0 0 0,05 0,85 0,10

0 0 0 0 0 0 0,10 0,90

Expression (3) provides for the possibility of performing 
practical calculations for the model. Simulation results are 
shown in Fig. 3.

a 
 

b 

c 
Fig. 3. Change in probabilities P(k) of  

team roles according to steps k:  
a – a set of management roles; b – a set of executive roles; 

c – a set of mental roles

As was noted above, the necessary roles for software 
development teams are those of Shaper and Plant. Let us 
consider using mathematical modeling what happens if a 
team lacks representatives of these roles. For this purpose, 
we shall run two experiments in which, in the beginning 

of modeling (k=0), we take the according prob-
ability, P3(0) for the role of Shaper and P4(0) 
for the role of Plant, as equal to zero. Note that 
probability Pi(k)=0 indicates that in kth step the 
system will not enter state Si. Modeling results 
are shown in Fig. 4.

Fig. 4 shows that, under such conditions, there 
is a probability of transition of some persons to 
their secondary roles, in order to compensate for 
the lack of key skills and characteristics in the 
project team.

 

 
Fig. 2. Marked graph of a Markov chain for the simulation of transitions 

between team roles in software development projects
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a 

b 
Fig. 4. Change in probabilities P(k) of roles:  

a – Shaper; b – Plant

6. Discussion of results of modeling the transitions 
between team roles

In the course of running the model experiments, we ver-
ified two working hypotheses:

H1 – it is natural for a software development project 
team to strive for the balance in team roles; 

H2 – when representatives for the necessary roles are 
missing, their substitution is carried out within the team.

As noted above, it is a desirable pattern that a project 
team includes representatives of all the roles, that is, there 
is a balance of team roles. In terms of state probabilities of 
the Markov chain, a perfectly balanced team is matched by 
a situation where the probabilities of all states are the same. 
However, right from the start, the probabilities of states dif-
fer significantly (Fig. 2). If hypothesis H1 is valid, then the 
difference between the probabilities of states in the Markov 
chain, that is, of corresponding team roles, will decrease over 
the course of the project.

Fig. 3 shows that in the process of project execution, 
probability values are drawn together, that is, hypothesis H1 
is true and team members will swap team roles to balance the 
influence of different roles in the team. 

In addition, to verify hypotheses H1, we shall analyze a 
change in the value of probability dispersion in the first steps 
of the project implementation (Fig. 5).

As can be seen from Fig. 5, the dispersion in the first five 
steps is reduced almost by two times, which also allows us to 
render hypothesis H1 true. 

Fig. 4 shows the validity of hypothesis H2 is true, 
where one can see that, already in the first step, the 
probabilities of corresponding states are non-zero. Addi-
tionally, we shall consider how the probability for each of 

the necessary roles changes under different initial condi- 
tions (Fig. 6).

Fig. 5. Change in probability dispersion of team roles:  
k – steps, Disp is the probability dispersion

a 

b 

Fig. 6. Increment in the value of probabilities in the presence 
(series 1) and absence (series 2) of representative of the role 

in a team from the start of the project: a – for the role of 
Shaper; b – for the role of Plant

As can be seen from the performance of series 1 and 2  
in Fig. 6, the nature of increment in the probabilities is 
significantly different. If, from the start, the team has 
representatives of appropriate roles, a change in the value 
of probability is stable. In the absence of representatives 
of appropriate roles, their substitution occurs as early as 
possible, which is why the magnitude of increment in the 
value of probabilities is the largest on the first step (k=1), 
and then gradually decreases. 

Thus, both hypotheses should be considered true but 
some of the results would require further research into de-
termining their causes.

a
 

a
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7. Conclusions

1. Based on a discrete Markov chain, we constructed 
a model for the transitions between team roles. A parame-
terization of the model is performed using data obtained as 
the result of a survey using a self-perception questionnaire 
and group expert assessment. The parameterization makes 
it possible to adjust a Markov chain to configure the sim-
ulation of transitions between team roles in the specified 
projects.

2. Using the devised model, we performed modeling of 
transitions between team roles in the course of execution of 
the project. Results of the modeling were applied to verify 
two hypotheses concerning a change in team roles during ex-
ecution of the project. It is demonstrated that under different 
initial conditions, it is natural for a software development 
project team to balance the team roles. It is expedient to 
continue the studies in order to examine the changes in team 
roles in the teams built of professionals of different age and 
various experience.
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