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Abstract: This paper is a continuation and development of the same authors paper which has been published recently. The
presented paper pertains to the notion of quality of project team in traditional project management. A paradox is observed in
the state of art of the project team quality in project management. All specialists recognize the exceptional importance of the
parameter “quality” for the final result of the project. On the one hand, one can easily find definitions of project quality, quality
of product of the project, quality of the project management processes, and so on. On the other hand, a huge number of
bibliographical sources considers the project team functioning, as a sine qua non condition of the project success. The notion
“project team quality” is quasi absent in the literature. In this paper an approach is proposed to fill in this gap, in the form of a
proposal of the model, which defines the project team quality and allows to measure it. The main results of the previous paper
of the authors, particularly guidelines for the quality model of the project team, are briefly presented. The paper presented here
has a conceptual character. The main part of the paper are guidelines for the quality model of the project team: general
assumptions, measure of the quality of team — classical and with use of fuzzy numbers, based on Myers-Briggs method and
Belbin test, and finally, an impact of the quality of the project team on the team management is discussed. The objective of this
paper is to show the possibility to define the project team quality process, which ensures not only the optimal level of the team
quality, but also allows undertake valuable managerial decisions during the project life cycle.
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to the team, the concept of the quality appears only as
“relationship quality among team members” or “teamwork
quality”. This phenomenon is incomprehensible in
juxtaposition with the statements above.

This paper is a continuation — development of the recent
paper of the same authors, in which an attempt has been
made to fill in this gap — at least partially — in the form of a
proposal of the process, which defines the project team
quality and allows to measure this quality [1]. This paper has
a conceptual character. Its objective consists in show the
possibility to define the project team quality process, which
ensures not only the optimal level of the team quality, but
also undertake valuable managerial decisions during the
project life cycle, using fuzzy numbers apparatus.

Consecutively, have been presented:

A. Literature review of the success of project and success

of project management [2-7].
B. Project team work (team work, project manager and

1. Introduction

We are witnesses of an interesting phenomenon in the
project management science. All experts recognize and claim
the exceptional importance of the parameter “quality” for the
final result of the project. On the one hand, one can easily
find numerous definitions of project quality, product of the
project quality, or quality of the project management
processes quality management in projects, managing quality
in project and project quality management. On the other
hand, a large number of bibliographical sources consider the
human factor — project team functioning especially, as a sine
qua non condition of the project success. Favourite subjects
are: leadership, team work, relations, cooperation, synergy
effect, team climate, project team structures, motivation,
psychological abilities of the team members, and so one.
Extremely seldom appears the term “quality” with reference
to the project team. In the literature of the subject, in relation
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project team relationships, selection of the project team
members and project team dynamics, leadership,
selection of the project team members and project team
dynamics [8-16].

C.In the central section 3. Of the previous paper, the
Guidelines for the Quality Model of the Project Team
are presented: general assumptions, quality of team
measure — classical and with use fuzzy numbers, based
on Myers-Briggs method and Belbin test, and finally, an
impact of the quality of the project team on team
management is discussed [1]. The Guidelines are briefly
presented (cited) below, in the section 2. It is necessary
to show and understand the development of the model
presented here. The development mainly consists in
fuzzy numbers apparatus, introduced to measure the
quality of the project team.

2. Guidelines for the Project Team
Quality Model Development

2.1. Generalities

The standards of the project management have some
reference to quality management systems, but much less
attention is given to this issue than to processes in the project
life cycle. The reason for this is largely in the uniqueness of
project management [17]. ,,Quality” is of the exceptional
importance for the final result of the project. In the literature
there are many definitions of project quality, quality
management in projects, managing quality in project and
project quality management [18-21]. Secondly, many
publications are devoted to the human factor (a project team)
as a necessary condition for the project success. In
publications from the area of the project team, quality
appears e.g. in issues as teamwork quality and relationship
quality among team members [22-23]. From the very
beginning, the quality management gurus emphasized the
importance of the human factor as a quality dimension (also
for the manufacturing and service sectors) [24-28]. In ISO
9000: 2015 standard quality is defined as “the degree to
which a set of inherent characteristics of an object fulfils
requirements” [29]. The definitions of quality used in project
management literature are often also based on this definition.
For example PRINCE2 uses the ISO definition of quality that
sounds like: “the totality of features and inherent or assigned
characteristics of a product, person, process, service and/or
system that bear on its ability to show that it meets
expectations or satisfies stated needs, requirements or
specification” [30]. Project management uses the philosophy
of Total Quality Management, which can be defined as the
application of tools and techniques to understand, manage
and meet customer expectations [9]. The special
characteristics of projects require special tools and
techniques or applications of those tools adapted to projects.
To be able to successfully implement Total Quality
Management in project management, a project must be
client-focused, goal-directed, and people-oriented.

The differences between applying TQM to projects and
applying TQM to the manufacturing reflect the differences
between project management and general management.
Management skills are very important and necessary in both
the manufacturing and project environment. A good project
manager can adopt quality management approaches and
techniques to project. Projects offer some challenges that
require different skills, tools and techniques. There are many
differences between quality in project management and in
manufacturing. According to Darnall they are related to
customer, time (improvement process and team building),
focus, measurement, roles and responsibilities [9].

The project team doesn’t have the structure and
organization of a plant and this is why it needs to develop a
way to focus the project. It is very important to define very
clearly what the project team wants to achieve, who is
responsible for the various parts, and track progress toward
goals so the project manager knows if the project team is
making the right kind of progress. Defining what the project
team want to achieve is focus and tracking progress toward
goals is measurement.

The model is based on the following assumptions:

a) The model does not take into account technical
competences of the project team members; they are
supposed fulfilled.

b) The model consider currently recognized psychological
aspects of the project team quality only.

c) Project quality level depends growing on the project
management quality level

d) Project management quality level depends growing on
the project team quality level as well as on the quality
level of relations project manager-team.

e) Project team quality level as well as the quality level of
relations project manager-team, depends growing on
quality level of the members psychological profiles, set
down using MBTI and Belbin methods..

f) Quality parameters are measured classically (in percent,
e.g.). Nevertheless, it is also possible and useful
introduce the measurement using fuzzy numbers
apparatus [1].

It is very important to define the quality of project team,
because extremely seldom appears the term “quality” with
reference to the project team. It is worth adding that if it
cannot be defined, it cannot be measured, and if it cannot be
measured, it cannot be controlled and improved.

Using the above mentioned definition of quality contained
in the ISO 9000: 2015 standard, the quality of project team
can be defined as “the degree to which a set of inherent
characteristics of the project team fulfils requirements”.
Requirements mean the need or expectation which has, inter
alia, been established. The requirements often apply to
customers, but they may nevertheless be the requirements of
the organization itself. In this paper, requirements for the
project team are primarily the responsibility of the project
manager, who is responsible for the level of project
management quality, which is affected by the level of quality
of the project team and the level of quality of relations
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between the project manager and the team. The requirements
for the project team are also defined in cooperation with a
psychologist and PR expert. Together with PM, they decide
on the optimal proportions of roles at each stage of the
project.

According to the authors of the paper, “the quality of
project team” is the degree of adaptation of the quality level
of psychological profiles of the members of the project team
to the requirements of particular phases of the project and
requirements of PM, taking into account the nature of the
project. This is a refinement of the definition of quality taken
from the ISO 9000 standards [1].

2.2. Measurement of the Quality of Project Team

Let us imagine a project starting in a company. The main
challenge for the Project Manager (PM) and one of principal
factor of the project’s success is a valuable project team
building [8]. The model concerns psychological aspects only,
much more sophisticated and equipped always with some
level of uncertainty greater than the technical aspects of the
problem. The authors did not find any attempt, how the
project team quality could be measured. In the paper, the
quality of project team measurement is proposed as a
process, described below as the sequence of three steps.

Ist Step. Let us use MBTI first as the tool of a preliminary
selection. From among the set of all employs dispositional,
the group is selected, according to criteria: all sixteen types
of MBTI are represented, if possible equilibrated, each of
them represented by the people with his highest score of his
leading feature (in percent), of the MBTI test. Such group
will be called a Reference Resource Group (RRG), ensuring
the best quality of the project team, taking into account
existing people availability. Let us denote such ideal level of
the group quality as RQPT (Reference Quality of Project
Team). Let BPIQ; denotes the Best Personal Individual
Qualities levels (i=1, 2,... 16) for all sixteen psychological
types. Then let us define the RQPT level by (1).

RQPT = = YI¢ BPIQi (1)

2nd Step. There are three main applications of MBTI in
development of the project team [8]. It is used for the
personnel recruitment, diagnose of the psychological sources
of conflicts and improvement of interpersonal relations PM -
project team.

Project personnel recruitment. Every project is more or
less specific; there exist many different types of projects.
Moreover, in classical project management approach, the
project is divided into five stages: 1. initialisation, 2.
planning, 3. execution, 4. control and 5. closing [31]. Each of
these stages has its specificity and requires people with
different psychological MBTI. So, for each stage, a specific
recruitment should be done, taking into account stage’s
specificity and specificity of the project itself. Such
recruitment should be done by Project Manager, Psychologist
and HR expert, and the candidates be grounded in RRG. For
example, in the stage of planning, the dominant types should

be ENTIJ or INTJ (extravert or introvert, intuitive, thinking,
judging), and so one, for other stages of the project. For a
stage k (k=1, 2, 3, 4, 5), such team should be composed with
the people owning psychological types in proportions defined
by PM, Psychologist and HR specialist. Let STy be a specific
team for a project’s stage k (k=1, 2, 3, 4, 5). Its reference
quality — RQSTy — is given by (2).

RQST, = =

I, BPIQi, @)
where BPIQ; is the Best Personal Individual Quality of the
person 1, and n is the number of members of the specific team
for the given stage.

The real quality of such team is in reality inferior, because
of resources really available for a given stage. It is calculated
according to the formula like above, but the (Best) Personal
Individual Qualities (BPIQ;) are not the best, but the real
ones.

Diagnosis of the psychological sources of conflicts. MBTI
method is useful to diagnose reasons of conflicts, inevitable
during the life cycle of the project. There can be many
different sources of such conflicts and different people
involved with them — e.g. PM, his superiors, his workers,
customers. More the conflict’s reason is of psychological
nature, more effective turns out MBTI method to prevent and
often solve it. Such prevention and solution of conflicts
should be done using RQSTy, by PM, Psychologist and HR
specialist.

Improvement of interpersonal relations PM-Project Team.
The PM duties and scope of activities are different than those
of the project team members. Usually, the tasks of the project
team members are much more precisely defined than those of
PM. That’s why, very often the psychological type of PM and
his team members are essentially different. Project Manager
must know his own type, know the types of his people and
absolutely be conscious of their differences. It allows him to
understand better the differences, propose to the team and
undertake common actions which contributes to partially
compensate these divergences.

Third step. This is the final step of the project team
members selection. It relays on Belbin method, presented in
s. 3.3. The nine roles of Belbin are: Leader, Practical
organiser, Locomotive, Plant (strategist, visionary), External
Coordinator, Judge-Evaluator, Team-worker, Completer
Finisher, Specialist. Belbin team roles can be assigned to
persons as a result of special Test Belbin [15]. Belbin method
recommends the equal distribution of the roles among the
team members. However, not all are always required at the
same time, e.g. in consecutive phases of the project team
lifetime. The decision about the optimal proportions of the
roles in respective stages of the project is undertaken by PM,
Psychologist and HR expert.

These roles are attributed to the members of a specific
team (STy) for a project’s stage k (k=1, 2, 3, 4, 5) by PM,
Psychologist and HR specialist. Such team — Ty is optimal,
and its quality level is a reference — RQTy. Each other
composition of Ty (in the case of inaccessibility of all people
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desired), has a lower then reference final level of quality —
FQT,, calculated as a correction, which is a result of non-
optimal distribution of the roles. All three (PM as leader,
Psychologist and HR specialist) discuss the style and manner
of management of the team Ty with non-optimal distribution
of the roles. This situation is discussed in the next section.

3. Measurement of the Quality of Project
Team using Fuzzy Numbers

3.1. Fuzzy Numbers — Basic Notions

For some reasons, probabilistic methods are not always
sufficient for modelling unknown values. Two situations can
occur while estimating an unknown value of a parameter:

i. An expert, estimating an unknown value, gives different
degrees of possible realization for different, potentially
possible intervals.

ii. Among several experts estimating an unknown value A,
there are some who admit larger intervals of the
estimating value realization, and another ones propose
the intervals narrower.

In both cases, the estimation of an unknown value is not an
interval, but a set of intervals, called a fuzzy number [33].
For this paper objective, let us adopt definitions, properties
and dependencies below [32].

Definition 1

A fuzzy number A is a set of real closed intervals {A'}
(te [0,1]), accomplishing the following conditions:

t<r=>A'CA|
[S.0,1]= A™' =N, A"

Definition 2

For a fixed t € [0, 1], the interval A' is named t-level of a
fuzzy number A.

The level A'" corresponds to the opinion of the expert,
cautious at the degree t. If t < r, A" is the estimation of an
expert less reserved or better informed than the author of the
estimation A",

3.2. Application of Fuzzy Numbers to Model the Project
Team Quality

Our object of interest are the parameters, essential for
correctness of the final selection (Step 3., sec. 3.2) and
recruitment of project teams members in consecutive five
stages STy, k=1, 2,... 5 (sec. 3.2). According to sec. 3.2, the
situation ii. will only be taken into account. There are three
experts — PM, Psychologist and HR specialist, who estimate
the levels of nine parameters of Belbin. The parameters,
defining respective roles, are in fact a mix of various
psychological features/predispositions, and it is impossible to
attribute to each of them an exact value. The solution is
offered by fuzzy numbers apparatus. Let us denote the
parameters, defining respective roles, as fuzzy numbers
below:

Table 1. Belbin roles and their parameters as fuzzy numbers. Source authors.

BELBIN ROLE PARAMETER (FUZZY NUMBER)
Leader R1
Practical organiser R2
Locomotive R3
Plant (strategist, visionary) R4
External Coordinator RS
Judge-Evaluator R6
Team-worker R7
Completer Finisher RE
Specialist R9

Example: Let us admit the percentile scale of all possible
estimations of — for example — fuzzy number R1 values. For
the given person, expertl (PM) can, for instance, state that
his estimation of this parameter is [40%-70%] with level 0.8.
Expert 2 (Psychologist) can see another possibility — [20%-
80%] with level 0.5. The third one (HR specialist) estimates
this value as [20%-80%] with level 0.7. So, PM defines the
parameter Leader rather exactly ([40%-70%]), but with
relatively small degree of caution 1 - 0.8 = 0.2. It means that
he estimates R1 relatively exact, but with a big possibility
0.8, of mistake. The second (Psychologist’s) estimation is
less exact ([20%-80%]), but with average degree 0.5 of
caution. Finally, the third expert (HR specialist) proposes the
same interval as the Psychologist, but with caution 0.3. This
procedure is of course done also for other eight parameters
R2-R9.

How do three experts should proceed to manage
appropriately the team? This question is discussed in the next
sub-section.

4. Impact of the Quality of Project Team
on Team Management

Classical approach

Step 1 (MBTI): Reference Quality of Project Team level,
calculated by the Eq. 1., should be permanently keep at the
highest level possible. From point of view of PM it means
that at this stage, he should monitoring this level, and in the
case of its raising, react by adequate personnel decisions, by
substitution — if necessary — some members for another ones.

Step 2 (MBTI): STy is a specific team for a project’s stage
k (k=1, 2, 3, 4, 5). Its reference quality - RQSTy — is given by
the Eq. 2. Its monitoring and reaction of PM is necessary as
above.

Step 3 (Belbin — classical approach): Nine roles are
attributed to the members of a specific team (STy) for a
project’s stage k (k=1, 2, 3, 4, 5) by PM. Such team — T\, is
optimal from point of view of necessary roles proportions,
and its quality level is a reference one — RQT}. Each other
composition of Ty in the case of inaccessibility of all people
desired, should be quickly detected by PM, who should
undertake adequate decisions, concerning substitutions. In
fact, intending make proportion of roles in Ty the nearest
possible to the ideal — the RQT}, PM would like fulfil the
necessary, but not sufficient condition of the best level of the
team management. The main disadvantage of this step are,
arbitrary enough proposed by three managers, the personal
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roles in Ty. The roles depend of many factors; in practice,
each of the decision-makers estimates the ability of every of
team members to play a most appropriate role in Ty, taking
into account not only the Belbin tests results, but also his
own experience and personal acquaintance of members.
Their estimations can differ between them. It could be very
difficult to achieve a consensus on the roles attribution,
because of the fact that Belbin roles are based on different,

non-measurable and non-comparable, psychological features.
As useful appears fuzzy numbers apparatus.
Step 3 (Belbin, non-classical - fuzzy numbers approach)
Let us come back to the example, sub-section 3.2. The
estimations of three experts of the role of leader, are defined
by three levels of a fuzzy number R1. The situation is shown
in the Table 2.

Table 2. Estimations of parameter R1, source authors.

Estimations of R1 Caution level

Comments

PM [40%-70%)] 0.2
Psychologist [20%-80%] 0.5
HR Specialist [20%-80%] 0.3

Focused on small interval, little cautious or well informed
Big interval of estimation (inexact), cautious average
Big interval of estimation (inexact), cautious little

The differences between estimations could result from two
factors. First, from very equilibrate two or more leading roles
of the person (Belbin test). Secondly, from personal
differences between experts: professional experience,
personal acquaintance and subjectivity of perception.

The authors proposal is to organise a consensus meeting of
three experts. The consensus meeting consists in substantial
argumentation, using facts only [10]. It creates an
opportunity to explain the nature of differences between
estimations of the wvalues of the fuzzy number R 1,
representing the role of the leader. Let us notice the same
intervals of Psychologist and HR expert in the analysed
example, but different levels of caution. HR expert can e.g.
explain, that he knows well this person, because of common
work in several projects in the past. So, he is less cautious
than Psychologist and his estimation could be considered as
more valuable. The PM interval is twice smaller than two
other, but his experience as PM says that his Belbin result is
sufficient to attribute him such precise estimation of the role
Leader. So, the final result of such (simulated) consensus
meeting could be: the interval [40%-70%] and caution 0.3.

Both methods — MBTI and Belbin — were developed to
insure the optimal composition of the project team, but taking
into account different criteria. According to MBTI,
optimisation is done in the triple sense: personnel
recruitment, diagnosis of the psychological sources of
conflicts and improvement of interpersonal relations PM
project team. Application of MBTI as the tool of a
preliminary selection, allows to create the Reference
Resource Group (RRG), which is a set of people, potentially
the best fulfilling the psychological criteria of the method
(step 1, subsection 4.2). In the step 2, based on the RRG, ST
— specific teams for each of five project’s stage are selected.
It allows to diagnosis the reasons of conflicts and undertake
managerial decisions to prevent them. Moreover, the step 2
encourages PM to make efforts to neutralise, dangerous for
the project, differences between his profile and the profiles of
his team. Finally, Belbin method facilitates the next, very
important decision — the essence of the step 3. This is the
decision of optimal proportions of the roles in respective
stages of the project. It is impossible to attribute to each role
a real value. Therefore, the application of fuzzy number
apparatus makes possible to model the parameters, defining
respective roles, which depend on various psychological

features/predispositions. One can say that fuzzy numbers
apparatus opens the space of consensus deliberations on
psychological aspects of team work. On each stage, in the
case of decreasing of quality level, PM should be open and
creative to try raise this level. At all stages, managerial
decisions are undertaken by PM, assisted by Psychologist
and HR expert.

5. Conclusions

Quality is a very large notion, affecting many objects —
products, services, processes and other forms of human
activities. In technical area, definition and measure of quality
are evident and easy to formulate. In social sciences, the
challenge is much more sophisticated, because of the higher
level of differentiation/variation social of systems in
comparison with technical ones [10]. Project team is a social
group of affiliation, with its complicated structure, processes,
and interpersonal relations. The significant role of such team
in the project success or failure has inspired the authors to
develop an idea of project team quality. This development
has been presented in sections: 1 (introduction and theoretical
background), 2 (Guidelines for the Project Team Quality
Model Development), 3 (the central one - Measurement of
the Quality of Project Team using Fuzzy Numbers) and 4
(Impact of the quality of project team on team management).

Guidelines are presented in the form of the process. This
process is described by: general fundamentals of the project
team quality, assumptions of its validity, methods of quality
measurement, and impact of the quality of the project team
on team management. The process is based exclusively on
psychological parameters of MBTI for the preliminary
selection of the project team members, and Belbin method
for the final selection of them. For the final selection of the
project team members, the fuzzy approach of Belbin
parameters and quality measurement have been proposed and
justified.

This paper, in line with authors knowledge, is the first
attempt to the quality of project team. The authors are
conscious of its shortages. So, further research should be
done. Theoretical, focused on enrichment of a set of quality
psychological parameters by the new ones, analysis the
quality using particular cases of fuzzy numbers (triangular,
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trapezoidal), and introducing also fuzzy numbers of type 2 or
higher. Practical — research to test and improve the proposed
guidelines. And, finally, the similar study could be done on
project team quality in projects, managed according to not
classical, but agile methodologies, Scrum particularly [34].
Nowadays, quality is omnipresent in all areas of human
activities. So, in “projects age”, quality of project team is
entirely worthy of researchers and practitioners interest.
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