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3a pesyavmamom meopemuunozo aAHANI3Y 6i00MUX MA WUPOKO
3acmocoeanux 6 NpaxmuuHii 0iAALHOCMI CMAHOApPmMi8 3 Ynpasuin-
HA AKICMIO Ma npoexmmnozo meneodycmenmy, mooeaei OUiHKu opeami-
3auiinoi 3pinocmi npouecie euoxpemaeno 13 K0M0BUX PU3UK-OOMI-
HYytouux paxmopis, AKi NOMEHYIUHO 6NIAUBAIOMb HA 3PINICMb NPOUECIE
ynpaeninna axicmio npoexmis. Po3podaeno memoouxy enopaoxyeanns
pusux-dominyrouux paxmopis, aki 6 HAUOINLUOMY CMYneHI0 6NIUBA-
10Mb HA OpPeaHI3AUIUHY 3PINICIMb NPOUECI8 YNPABIIHHS AKICMIO 8 NPoeK-
max. B ocrnosy pozpodaenoi memoouxu noxnadeno excnepmuuii memoo
Henvpi. Ha 6iominy 6i0 mpaoduuiiinozo memoody, enopaoxkyeanms Qax-
mopie 3anpononosano 30HCHI08amMu 6 00UH MYP 3A60AKU 3ANYHEHHIO 00
eKcnepmHnozo OuiHIBaHHs 060X UibosUX epyn: <Bukonasuyis npouecy»
ma <«3amoenuxise pesyavmamie npouecy ma npedCmasHuKie auixaesie-
Hux cmopin>. Biominnoro ocobausicmio memoouxu € ompumanis 6no-
PAOK0BAHOT HOMEHKIAMYPU KAIOUOBUX PUSUK-00MInYytouuUx (axmopie
3 YpaxyeanHsam KomMnemeHmHocmi excnepmie y neenii eaay3si. Cucmemmne
HAYK060-00TpYyHMOSane 6nopaA0KYEaAHHA PUIUK-0OMIHYIOUUX (Pakmopie
Y 810n06i0HOCHI i3 3ANPONOHOBANOI0 MEMOOUKOIO CRpUsMUMe 06 €Kmue-
HOMY OUIHIOBAHHIO NOMEHUIANY NPOUECI8 YNPAasaiHHA AKICMIO 6 Npo-
exmax, nidGuwWeHHIO UMOBIPHOCME OMPUMAHHA OUIKYBAHUX Pe3ybma-
mie npouyecie. Bnposaodicenns 3anpononosanoi memoouxu 00360auns
susnauamu npiopumemu ceped HANPAMIE pocmy U 0P2aHi3auitinux 3min
npouecie 0nsa 00CAZHEHHA ULNLOBUX PIGHIE 3pinocmi. 3anpononoeana
Memoouka moxce bymu peanizoeana 6 npoueci cepmuixauii, camooui-
nroseanns ma ayoumax CYA.

IIposedeno npaxmuuny anpodauito 3anponono8anoi memoouxu Ha
npuxaai npouecy <«3anyck npoexmys. 3a pe3yiomamamu eKxcnepmuo-
20 oyintoeanus <«Bukonasuie npoyecy» ecmarnoeneno nacmynue. B dino-
WOMY CMYneHio Ha 3Piaicmb 00CaI0HCYEAH020 NPOUECY 6NAUBAE (Pakmop
«Cmyninv doxymenmosanocmi npouecy >, a 6 MeHwomy cmyneni — gak-
mop «Cmyninb 3acmocosHocmi pesyasmamie ouinku 0iceocmi npouecie
0151 ix 600CKOHANEHHS>. 3 Pe3yTbmamamu eKxcnepmnozo OUiHI06aHHS
<«3amoenuxie pesyromamy npouecy ma npeoCmMAGHUKIE 3aUiKABIEHUX
cmopiny> eécmanosneno nacmynie. B Ginvuwomy cmynenio na 3pinicmo
docnidicysanozo npouecy enausae paxmop <«Cmynino Mmoxcaueocmi
iHmezpauyii npouecy 3 THUUMU SHYMPIWHIMU MA 308HIUHIMU NPOUeca-
Mus>, a 6 menuomy cmyneni — paxmop <Ilogedinka euxonasuie npoue-
cy». Bcmanosneno sucoxuii cmynins nozoodcenocmi ouinox excnepmie
ecepeduni KoIiCHOL 2pynu, ma Midc OUuiHKamu 080X 2pYn excnepmie

Kmouosi caosa: pusux-dominyrouuil paxmop, ynpaeainns axicmio
npoexmis, opeanizayiiina 3piaicms npouecie, excnepmHe OUiHIO6aAHHS
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1. Introduction

Quality management principles of the national standard
DSTU ISO 9001 [1] (harmonized with [2]) should be imple-
mented with systematic evaluation and improvement of the
quality management system (QMS) processes. Herewith, the
strategic goal of improving the processes is to achieve their
desired level of organizational maturity [3—6]. In accordance
with the national standard DSTU ISO/IEC 33001 [7] (in
harmony with [8]), organizational process maturity is «the
degree to which an organizational unit consistently performs
processes in a specific area that promotes business needs».
While developing this concept, the term <organizational
maturity of the project quality management process» is un-
derstood by the author as the characteristics of the quality
management process reflecting the degree of its suitability,
adequacy, and effectiveness. Such an approach to the defini-

tion of this concept is due to the appropriateness of harmoni-
zation with the requirements of the standard [1].

It is known that the Process Maturity Levels concept was
formed at the Software Engineering Institute (SEI) at the
Carnegie Mellon University in the 1990s. This concept was
first developed to support analysis of the maturity of the pro-
gramming process capabilities (Capability Maturity Model,
CMM). Its final version is the Capability Maturity Model
Integrated, CMMI [5, 6]. This model has been generalized for
a wide range of processes of organizations of various indus-
tries; therefore, it can be used to analyse the organizational
maturity of QMS projects.

It is obvious that for proper consideration of the or-
ganizational maturity of QMS projects, it is necessary to
have appropriate objective information. It concerns, among
other things, information on the priority of the influence of
risk-dominant factors on the organizational maturity of the
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system processes. The availability of such information will
help make reasonable management decisions on the form,
means and methods of ensuring the organizational maturity
of QMS processes. Eliminating less influential risk-dominant
factors and allocating resources to enhance the impact of
prioritization factors will potentially contribute to increas-
ing the organizational maturity of QMS projects’ processes.
Thus, the issue of ranking risk-dominant factors on the prio-
rity of their impact on the organizational maturity of QMS
projects is quite important. The solution of this issue will be
facilitated by the development of a formalized methodology
for ranking risk-dominant factors.

Among the traditional approaches to organizing the
investigated alternatives in terms of the degree of manifes-
tation of quantitative or qualitative features, a well-known
and widely implemented approach is ranking [9—11]. The
ranking of alternatives of a quantitative feature is based on
comparing numbers among themselves and does not cause
significant difficulties in practical implementation. In con-
trast, the ranking of alternatives, in particular, risk-dominant
factors, which are mainly compared on a qualitative basis,
is impossible without the participation of highly skilled
professionals. In this case, an increase in the objectivity of
the result of a ranking can be achieved by involving, in the
evaluation of alternatives, two target groups of specialists
who have different interests regarding the results of the pro-
cess performance. That is, it requires observing the principle
of taking into account the interests of the implementers of
a QMS project process and the parties interested in the re-
sults of the process [12].

It should be noted that the issue of ranking alternatives
within the framework of solving various managerial tasks has
been considered in a significant number of studies [13—-15].
However, at present, there is a lack of a formalized, quanti-
tative methodology for assessing the priority of the influence
of risk-dominant factors on the organizational maturity of
QMS projects’ processes. This situation is explained by the
need for evaluation, as a rule, under poorly structured inputs
and information constraints, often in the absence of suffi-
cient experience and competence. Under these conditions,
the practical value of collective expert knowledge [16] and
the effectiveness of applying the method of collective expert
evaluation [9—11] become more essential for solving the
problem of ranking risk-dominant factors.

It is known that a significant advantage of the method
of collective expert evaluation in comparison with the indi-
vidual assessment consists in the greater objectivity of the
result [9, 17, 18]. At the same time, the process of its imple-
mentation is connected with the need to solve a number of
problems. These problems are conventionally divided into
two groups [19]. The first group should include problems
associated with the structure of the process of collecting ex-
pert data. Traditionally, it includes the choice of an approach
to organizing and evaluating alternatives, defining the rules
for the coordination of expert assessments, and selecting the
resulting ranking. The second group should include problems
associated with the resources of an expert system. The tradi-
tional problems of this group are the justification of the array
of alternatives that need to be ranked, the level of expertise
of experts, etc. Taking into account the above, the task of
developing a methodology for ranking risk-dominant factors
based on an improved method of collective expert assessment
with regard to the competence of experts is important and
needs to be addressed.

2. Literature review and problem statement

The practical experience of ranking the alternatives,
which is reflected in published papers [13—15], convincingly
demonstrates that this process is multistage. The sequence
and contents of the steps are related, preferably, to the ranking
and properties of the object under study. As a result of ana-
lysing previous research findings [9—11] and the practical
experience of expert evaluation in the field of QMS projects,
the following six typical stages of ranking alternatives are
singled out:

1. Identify the problem area of the research object and
ascertain the key alternatives that need to be arranged.

2. Choose the approach to the organization of expert
evaluation and the means of obtaining expert assessments.

3. Choose the optimal quantitative and personal compo-
sition of an expert group.

4. Receive and process expert opinions.

5. Determine the degree of agreement among expert
opinions.

6. Determine generalizing ranking of alternatives and
analyse the obtained results.

Each of the isolated stages has its own peculiarities, rela-
ted to solved tasks, applied instruments, etc.

Thus, at the first stage of ranking, the choice of the range
of risk-dominant factors can be made, for example, by the
method of «brainstorming» [9—11]. In this case, the source
of the choice argumentation can be the practical experience
of the experts, the results of the theoretical analysis of stan-
dardized requirements for the QMS [1, 20, 21] and project
management [22], and approaches to assessing the maturity
of processes. One of the approaches to assessing the maturity
of processes has been standardized to some extent and given
in [23, 24]. Another modern approach is provided in [25].

After identifying the overall risk-dominant factors, the
question arises as to their optimal number, since an excessive
number of ranking alternatives tends to affect the objectivity
of ranking [9—11]. As a result of analysing published scien-
tific findings, it has been established that for obtaining an
objective resultant ranking it is necessary to select, as a rule,
no more than 20 alternatives [18, 26].

At the second stage of ranking alternatives, it is necessary
to choose the approach to the organization of expert assess-
ment and the means of obtaining expert assessments. Accor-
ding to many scholars, among the methods of collective expert
evaluation, the Delphi method is one of the most widespread
and promising [27-30]. The usefulness of the method is due
to its properties, among which the essential features are the
possibility of implementing the method in any field, the ano-
nymity of experts, a regulated feedback during the interview,
and obtaining a group assessment [10, 11]. The algorithm for
implementing the Delphi method is well-known and has been
studied in detail [30]. The experience of successful practical
implementation of this method for solving the problem of
ranking alternatives in various fields of research is reflec-
ted in many scientific papers [9—11]. However, despite the
significant advantages of the Delphi method, the analysis of
research findings has shown that the implementation of the
method does not always take into account the competence of
experts, inorganic and technical. Thus, some studies [9, 17]
emphasize the need for conducting at least five rounds of
examination. Thus, optimization of the number of expert
assessment tours can be justified as one of the ways of im-
proving the Delphi method. Such an optimization can be



accomplished, for example, by conducting an examination on
the principles of taking into account the interests of the im-
plementers of a project’s QMS process and those interested
in the results thereof [12]. That implies conducting an expert
examination in one round by two expert groups that have dif-
ferent interests regarding the results of ranking alternatives.
This approach helps avoid the multistage procedure.

At the third stage of ranking alternatives, it is necessary
to solve one of the important problems of the theory and
practice of expert research. This is a problem of making
a reasonable choice of the optimal quantitative and personal
composition of the expert group. The analysis of the scientific
findings on this issue has shown that the optimal number of
experts involved in the expert group depends on many fac-
tors. Among such factors are the purpose and the availability
of evaluation possibilities, the importance of the problem
under investigation, the competence of the experts, the pre-
dicted level of the error of expertise, etc. [27]. The analysis of
scientific publications has shown that different approaches to
determining the number of experts are based on the conside-
ration of some of these factors.

Thus, in [31], the proposed methodology for determining
the number of experts is based on the Kendall’s coefficient
of concordance as well as on the normal and gamma-ratio
random variables. The analysis of the proposed approaches
has shown that the use of the coefficient of concordance to
determine the minimum number of experts for a reliable exa-
mination is limited. This is due to the fact that the number of
experts needed to bring about a unanimity of opinion is less
necessary than to bring about divergences. In accordance
with another approach [31], the minimum number of experts
is proposed to be calculated as the root of the number of ob-
jects under study. The advantage of this approach is the ease
of calculating the minimum number of experts. However, at
the same time, the calculated minimum number of experts
may not be objective because it does not take into account
their competence.

Paper [32] proposes an approach to determining the
number of experts based on calculating the ratio p*/c*. The
study concludes that an acceptable number of experts in an
expert group is 11 specialists provided that p?/c*=0.1. This
approach to determining the number of experts is justified,
since it is based on mathematical statistics methods. How-
ever, it would be advisable to determine not the total accept-
able number of experts in an expert group but the minimum
number of experts with which the results of the examination
can be objective [31].

According to another approach [33], the minimum num-
ber of experts is calculated as the root of the ratio of the
maximum acceptable standard error of the predicted expert
estimation to the standard deviation of expert estimates.
It should be noted that in order to calculate the minimum
number of experts under this approach, it is necessary to
have information on the law on the distribution of expert
assessments or to accept the hypothesis regarding the nature
of the distribution. This may cause some difficulties in imple-
menting the proposed approach.

The most appropriate approach is to determine the mi-
nimum number of experts, depending on the level of error of
expertise, which is given in paper [34]. In accordance with
this approach, a group expertise should involve at least 4 to
7 specialists, provided that the level of error of expertise is
10 %. This approach can be used to determine the optimal
number of experts to rank risk-dominant factors.

Thus, the results of analysing the above-mentioned ap-
proaches and the experience of carrying out an examination
in the field of QMS projects have shown that the minimum
acceptable number of experts in an expert group is from 7 to
15 specialists. Involving an excessively small number of ex-
perts (fewer than 7 specialists) in an examination may result
in a non-objective assessment. However, the involvement of
an overly large number of experts (more than 15 specialists)
in the examination may cause difficulties of organizing an
expert survey.

Another problem of the practical implementation of this
phase is the assessment of the competence of experts involved
in the regulation of risk-dominant factors. The analysis of
published scientific findings on this issue has shown that
in spite of the uniqueness of each expert examination, the
normative basis of universal approaches and criteria for
evaluating the competence of experts have been formed in
the theory of expert evaluation.

Thus, among the widespread approaches to assessing the
competence of experts, self-esteem and mutual evaluation
should be noted [9-11, 35]. Despite certain advantages, the
assessment of competence in these approaches is predominant-
ly subjective and depends on the influence of psychological
factors on an expert, the personal qualities of the subject of
evaluation, etc. The analysis of the scientific studies has shown
that the element of subjectivity in the process of competence
assessment can be minimized by taking into account the
personal qualities of an expert [36]. It should be noted that
according to some experts, self-assessment of their own capa-
bilities is often misleading [37]. The limitation of the approach
based on the mutual assessment of the expertise of experts by
members of an expert group or a separate working group is
mainly due to the lack of knowledge of experts about one ano-
ther’s professional capabilities. The analysis of the scientific
findings has shown that it is possible to partially eliminate the
disadvantages of the considered approaches and obtain the
most objective results by a generalized assessment of compe-
tence, which includes self-esteem and mutual evaluation [38].

It is known that the problem of evaluating the com-
petence of experts is primarily related to the problem of
measuring knowledge, which is directly connected with
the object of expertise [35]. At present, the most common
approaches that allow such measurements are attestation
and testing [9]. Practical experience convincingly demon-
strates that it is inappropriate to consider attestation as an
effective approach to competence assessment. Its results are
usually formal and related to the general scientific level of
an organization. On the other hand, a test approach aimed at
solving test questions by experts, reflecting the specifics of
the subject matter of expertise, allows solving the problem of
competence assessment more objectively [11, 39]. However,
the application of this approach may be limited by its labour
intensity. Testing requires a considerable amount of time and
reasonable similarity of test tasks with those that will have to
be addressed in practice [35].

Another approach to competence assessment is based on
objective documented expert characteristics [10, 11]. De-
spite the sufficient objectivity of the approach, the process
of «curtailing» the documentary characteristics of an expert
as the indicator of competence can be implemented very sub-
jectively [33, 40]. The analysis of the scientific findings has
shown that documentary characteristics of an expert often
have signs of his or her formal professional status: position,
degree, overall work experience, etc. [41—44]. Obviously,



such an approach will contribute to the formation of a pro-
fessional expert group with extensive practical experience in
a certain field [45]. However, the application of this approach
alone does not always fully reflect the degree of competence
of an expert in a particular area. Taking into account the
above, it is expedient to assess the competence of an expert
by an integrated indicator of competence.

Thus, the analysis of previous studies has shown that the
simplest approaches involve finding an integrated compe-
tence based on two components. Such components can be the
degree of argumentation and expert acquaintance with the
problem [44, 46]; the degree of argumentation and awareness
of the problem [47]; the degrees of qualification and argu-
mentation [48]. When implementing such an approach, the
coefficient of argumentation is determined by self-assessment
of the degree of using such arguments as theoretical and
practical experience in the field of expert assessment, intui-
tion, etc. The application of such an approach, based on the
subjective assessment of the expert, cannot fully guarantee
the objectivity of the result. Therefore, it seems appropriate
to combine this approach with approaches based on the do-
cumentary statistical characteristics of an expert. An exam-
ple of such a combination is given in [49]. In this work, when
determining the characteristics of the quality of an expert,
five estimates with different weight coefficients are taken
into account. Among these assessments are three heuristic
(self-esteem, mutual evaluation, evaluation by the working
group) and two statistical (deviations from the average and
reproducibility of the result). The problem in this direction
is the definition of the nomenclature of essential criteria of
experts’ competence in assessing the priority of the influence
of risk-dominant factors. Let us consider the generalized ap-
proaches to the definition of such criteria.

Thus, in [32] it is proposed to assess the competence of an
expert by taking into account equally five aggregate factors.
These factors include: the coefficient that reflects the level of
professional training and awareness of the i-th expert (Kj);
the coefficient that reflects the basic level of argumentation
of the i-th expert when making a decision (Kjy); the coeffi-
cient that reflects the personal qualities of the i-th expert and
is calculated by self-evaluation (Kj3); the coefficient reflec-
ting the personal qualities of the i-th expert and calculated
by expert colleagues (Kj;); the coefficient that reflects the
level of coordination of the actions of the i-th expert with the
members of the working group (Kijs).

According to another approach [50], the definition of the
competence coefficient of the i-th expert is carried out by
taking into account equally four aggregates. These factors re-
flect the level of professional training and awareness (K;i); the
level of basic argumentation when making a decision (Kj»);
personal qualities (Kj3); the level of coordination with the
members of the working group while doing the test (Kis).

An example of a successful combination of different
approaches to assessing the competence of an expert is also
presented in [35]. The essential components of an expert
competence in accordance with this approach are the ex-
pert’s knowledge, reasoning, qualification, assessment by the
working group, assessment of qualitative competence, assess-
ment of professional competence, and lack of conformism.

It should be noted that, in accordance with the considered
approaches, the competence of experts can be assessed on the
basis of rating scales, questionnaires [9—11], and the like. How-
ever, at present, the method of pair comparison (matching)
is most used [51-55].

Thus, a certain set of criteria is used to assess the com-
petence of an expert, so there is a need for some integral
estimation. At the same time, it should be taken into account
that the choice of the system of criteria for the competence
of an expert is complicated by the need to meet partially con-
tradictory requirements: completeness, minimality, absence
of loss-making, operational, and measurability [11].

In [56], it is demonstrated that the generalizing expert
judgment depends, in particular, on the method of processing
individual expert assessments. Therefore, to implement the
Jfourth stage of the ranking of alternatives, let us consider the
advantages and disadvantages of existing methods.

Thus, the method of direct evaluation [10, 11, 57] is at-
tractive, since it helps obtain a numerical evaluation of an
alternative. However, the probability and accuracy of this
assessment is often low due to the weakness of the structured
alternative that is being evaluated. In addition, this method
cannot be used in case of incomplete knowledge of the expert
about the properties of the alternative.

Methods that use fuzzy, linguistic and interval expert eva-
luations [58, 59] can be applied in conditions of fuzzy input
data to evaluate qualitative alternatives. However, this me-
thod is limited because of the considerable subjectivity in the
process of choosing membership functions and the formation
of fuzzy rules; moreover, it requires to use special software.

The disadvantage of the method of pair comparison [60, 61]
is its bulkiness. It is known that increasing the number of
alternatives increases the number of comparison pairs. The
procedure of pairwise comparison of alternatives, which is
the basis of the hierarchy analysis method (HAM), generates
a number of shortcomings that directly affect the effective-
ness of the method [62—64]. It should be noted that the
method of pairwise comparisons is used in cases where the
differences between alternatives are so small that direct esti-
mation or ranking does not ensure their reasonable arrange-
ment. A distinctive feature of the method of pair comparison
is a considerable labour intensity, which is offset by a greater
objectivity of the result obtained by comparison with the
ranking method.

In the process of implementing the ranking method [10, 57],
each expert is invited to place alternatives in accordance
with their influence on the object under study. In this case,
the scale is formed automatically: from 7 to N, where N is the
number of identified alternatives that need to be ranked. After
the ranking procedure, the rank number of an alternative in
the selection is called a rank. Averaging for all experts, we
get an average rank. Averaging by the number of ranks, we
receive an assessment of the priority of the impact of a par-
ticular alternative on the investigated process. The method
is easy to understand and does not cause difficulties in the
implementation process. At the same time, the accuracy
of the ranking depends to a large extent on the number of
alternatives to rank. The main disadvantages of the ranking
method should also include the loss of information about the
alternatives that are evaluated as a result of ranking them
only on the basis of their relative location without taking
into account their essential features.

It should be noted that the fundamental difference bet-
ween the first two methods is that they are based on an
independent evaluation of each alternative outside of its
connection with other alternatives. The other two methods,
on the contrary, are aimed at identifying the place of a par-
ticular alternative among other alternatives, regardless of the
absolute values of the characteristics of the alternative itself.



Thus, it seems expedient to use the ranking method to rank
risk-dominant factors, provided that the optimal number of
evaluated alternatives is optimized.

The lack of consensus among experts within the group
may be a serious aspect that limits the study of any problem.
Therefore, at the fifth stage of the ranking of alternatives, it
is necessary to assess the degree of coherence of expert as-
sessments within the group. For the quantitative assessment
of the degree of consistency, the Kendall and Babington
Smith coefficient W [65—-67] is traditionally used. The va-
lue of the coefficient of concordance is in the range from 0
to 1 (0<W<1), where W=0 denotes the complete opposite
of the rankings, and W=1 means the complete match of the
rankings. In practice, coincidence is considered acceptable
if the fulfilled condition is W >0.7. It should be noted that
Kendall’s concordance factor does not indicate the degree
of agreement of expert opinions for each alternative. It only
shows the correlation of expert conclusions.

Obviously, in the case of involving different experts in
the evaluation of the same alternatives, as a rule, a set of al-
ternative ranking is obtained. Therefore, at the sixth stage of
ranking, it is necessary to obtain a generalizing ranking of al-
ternatives and to carry out an analysis of the results obtained.
As a result of the analysis of scientific sources, it becomes
clear that the method of arithmetic mean, median method,
and the Kemeny’s median method are widely used for solving
the problem of obtaining general ranking. The most common
are the methods of arithmetic mean points and the median
method |9, 68]. The first method is not sufficiently correct,
since the scores are measured in the order of magnitude. It is
more reasonable to use medians as average points. However,
ignoring the average arithmetic points is inappropriate be-
cause of their habit and prevalence. Therefore, in accordance
with [68], it is expedient to use both methods simultaneously.
Such an approach is in harmony with the general scientific
concept of sustainability, which recommends applying diffe-
rent methods for the processing of identical data in order to
distinguish common conclusions [69].

In addition to the above, a final ranking is the one the
amount of distances from which to each individual ranking is
minimal [70]. This approach is based on the Kemeny’s median
method [70—74]. Tt should be noted that this method satisfies
four of Arrow’s five conditions. At the same time, among the
shortcomings of the method restricting its practical applica-
tion are the complexity and labour intensity of calculating
Kemeny’s median.

3. The aim and objectives of the study

The study is aimed at proposing and implementing
a practical testing of the methodology of scientifically sub-
stantiated ranking of risk-dominant factors that to a large
extent influence the organizational maturity of project qua-
lity management processes.

To achieve this aim, the following objectives are solved:

— to identify and form an incoming set of key risk-domi-
nant factors that potentially affect the organizational matu-
rity of project quality management processes;

— to distinguish the typical stages of ranking risk-domi-
nant factors and to analyse the peculiarities of each stage;

—to conduct the practical testing of the proposed me-
thodology using the example of a specific quality manage-
ment project.

4. Development and practical testing of risk-dominant
factors’ ranking techniques

4.1. Development of a method of ranking risk-domi-
nant factors

In the course of the study, a methodology has been de-
veloped for ranking risk-dominant factors that influence the
organizational maturity of project quality management pro-
cesses. In accordance with the developed methodology, the
organization of risk-dominant factors is proposed in six stages.

The first stage. Highlighting the key risk-dominant factors
that have the greatest impact on the maturity of a particular
project quality management process. To distinguish the range
of risk-dominant factors of influence on the organizational
maturity of QMS processes, it seems appropriate to define
the «space» of the functioning of these processes. As a result
of analysing the standards [20-22], it is concluded that the
«space» of project management processes encompasses three
areas. Thus, the first direction is the management group of
processes (Initiating, Planning, Implementing, Controlling,
and Closing). The second direction is the subject group of
processes (Integration, Stakeholders, Scope, Schedule, Cost,
Quality, Risk, Resource, Procurement, and Communications).
The third direction is the stage of the life cycle of the design (for
example, pre-design proposals, input data collection, the «Pro-
ject» stage, the «Work Documentation» stage, author’s super-
vision, etc.). Within this «space», the nomenclature of quality
management processes is traditionally formed on the basis of
a standard [1] or standards [20, 21]. The application of this or
that approach depends on the strategic goal of implementing
a QMS, resource constraints, level of knowledge and aware-
ness of the personnel in terms of quality, etc. Thus, according
to the approach outlined in [1], grouping of processes is carried
out in such areas as leadership, planning, support and opera-
tion, performance evaluation, and improvement of the QMS.
This approach is universal and widespread in world practice,
but it has not been adapted to the design industry. Instead,
in studies [75, 76] a more effective, from the author’s point of
view, approach is proposed to distinguish the range of QMS
processes in projects, which is based on the integration of re-
quirements of standards [1, 21, 22] and the key requirements
of project management. Risk-dominant influence factors in
accordance with this approach are located on the plane «Re-
sponsibility Management — Planning — Functioning — Main-
tenance — Effectiveness Evaluation — Improvement».

To further distinguish key risk-dominant factors, it seems
appropriate to consider the aspects (criteria) that are used to
assess the organizational maturity of processes. In particular,
the study focuses on the approach based on the principles of
standards [23, 24] and the process maturity model as well as
the Process and Enterprise Maturity Model [25].

Thus, with the approach in accordance with standard [23],
which is harmonized with [24], and the process possibilities
are evaluated on a six-digit scale. The scale of the properties
of the processes has a gradation N, P, P~ L*, L, F from the
lower zero level «Unfinished Process» to the upper fifth
level «Innovative Process». At the same time, nine process
properties (PA — process attribute) demonstrate its affilia-
tion to the appropriate level of capabilities, namely:

— PA1.1 »Process Effectiveness» — characteristic for Le-
vel 1, «Process Implementations;

— PA2.1 »Performance Management» and PA2.2 «Pro-
cess Result Management» — characteristic for Level 2, «Ma-
naged Process»;



— PA3.1 »Process Definition» and PA3.2 «Process Deploy-
ment» — characteristic for Level 3, «Established Process»;

— PA4.1 »Quantitative Analysis»> and PA4.2 «Quan-
titative Control» — characteristic for Level 4, «Probable
Process»;

— PA5.1 »Process Innovation» and PA5.2 «Implementa-
tion of the Process Innovation» — characteristic for Level 53,
«Innovative Process».

It should be noted that each subsequent level of process
capabilities includes features of the process of a previous
level to a greater extent. The analysis of the investigated
approach has made it possible to conclude that a number
of risk-dominant factors are located in the plane «Process
Implementers — Process Owners — Means and Methods of
Process Formalization — Means and Methods of Planning
and Evaluating the Process — Factors».

The author of another approach [25] suggests five aspects
that measure the maturity of a process. In this case, for each
aspect, the following areas of analysis are defined:

1) design (the presence of goals of constructing a process,
the degree of integrating the process with other processes of
the organization and external processes, and the degree of
documenting the process);

2) implementers (knowledge, skills, behaviour);

3) owner of the process (person, activity, authority);

4) infrastructure (information systems, personnel ma-
nagement);

5) factors (definition, use).

It should be noted that in the PEMM model, each crite-
rion for evaluating the process is characterized by one of four
levels of maturity, as opposed to the first approach:

— level Pr-1 — a reliable and predictable process;

— level Pr-2 — the process provides better results on the
interfunctional level;

—level Pr-3 — the process provides optimal results at the
interfunctional level, and it is integrated with other processes
of the organization;

— level Pr-4 — the process is improving, going beyond the
organization and extending from suppliers to consumers.

Thus, the theoretical analysis of standards [1, 20—22]
and approaches to maturity assessment [23, 25] has helped
determine the plane in which key risk-dominant factors are
located. As a result of the analysis, it is concluded that these
factors are located in the plane «Process Design — Process
Implementer — Process Owner — Infrastructure for Imple-
menting a Process — Factors for Determining and Using
a Process». Next, a group of 20 qualified specialists was selec-
ted. The team included representatives of senior management
and quality service, implementers and owners of QMS pro-
jects, internal auditors of three design institutions. The group
was tasked with the «brainstorming» method to identify the
range of key risk-dominant factors affecting the organizatio-
nal maturity of the QMS projects in a given plane. The group
recognized 13 key risk-dominant factors (m,,i=1,13): my —
the existence and essence of the objectives of constructing
a process; my — the degree of the possibility of integrating the
process with other internal and external processes; m3 — the
degree of documenting the process; m; — knowledge of process
implementers; ms — skills of process implementers; mg — be-
haviour of the process implementers; m; — personality of the
process owner; mg — the activity of the owner of the process;
mg — authority of the process owner; myy — the degree of use
of information technology in the operation of the process;
mqy — the current system of hiring, training, remuneration;

mqy — certainty and transparency of indicators of process effi-
ciency; my3 — the degree of applicability of the results of eval-
uation of the effectiveness of the process for its improvement.

The second stage. Choosing the approach to the orga-
nization of expert assessment and the means of obtaining
expert opinions. In the framework of the proposed metho-
dology, expert evaluation is organized according to the Delphi
method. However, the distinguishing feature of the proposed
methodology is the involvement of two expert groups in the
examination. In the first group of experts, it seems appropriate
to involve process implementers, and in the second group —
the consumers of the process results and stakeholders. This
approach to the formation of expert groups is based on obser-
vance of one of the principles of the standard [1] — «Consumer
Orientation» and is the key to obtaining a balanced ranking
of risk-dominant factors, taking into account the interests of
process participants and stakeholders. Comparing the results
of ranking the factors derived from these expert groups will al-
low the owner of the process to make a sound management de-
cision on the directions for its improvement. In implementing
this stage, it should be taken into account that the composition
of the expert groups to evaluate different processes may vary.

The third stage. Making a reasonable choice of the optimal
quantitative and personal composition of the expert group to
rank risk-dominant factors. In the framework of the proposed
methodology, the minimum number of experts 7y, is pro-
posed to be calculated by the formula [34]:

0 :0.5x(3+5], )
g

where g is the possible error of the examination results
(0<g<1). If we assume that the value of the reliability of
the obtained result is equal to 85 % (that is, the magnitude
of the error is 15 %), then according to formula (1) for expert
evaluation, it is necessary to involve 7y, =12 experts. The
data obtained do not contradict the data obtained by the
approach given in [31].

Within the framework of the developed methodology for
assessing the competence of the expert Kj, it is suggested to
use the formula:

K=3BK;, )

where Kj is the coefficient reflecting the objective component
of the competence of the i-th expert; Kjy is the coefficient re-
flecting the level of professional knowledge of the i-th expert;
K3 is the coefficient reflecting the level of professional skills of
the i-th expert; K4 is the coefficient reflecting the level of the
basic argumentation of the expert assessment of the i-th expert;
K5 is the coefficient reflecting the level of managerial compe-
tence of the i-th expert; Kjg is the coefficient reflecting the level
of communicative competence of the i-th expert; Ki7 is the co-
efficient reflecting the personal qualities of the i-th expert, and
B, are the weight coefficients of the individual coefficient Kj;.
The determination of the coefficient reflecting the objec-
tive component of competence (Kj;) can be accomplished by
self-assessment of the criteria given in [41]. These criteria
include: education and a scientific level in the field of science
and technology; overall work experience; experience in the
relevant field of science and technology; work experience of
an expert in the field of science and technology; work in the
position. The criteria are evaluated on a 9-point scale.



The coefficient reflecting the level of professional know-
ledge (Kj2) can be estimated by testing experts. To do this, it
is first necessary to distinguish the areas of special profession-
al knowledge that should be assessed in order to decide on
the professional competence of an expert in the field. Profes-
sional knowledge in the field of study includes the following:

1. Professional knowledge in terms of scope, identifica-
tion, resources and communication of the investigated pro-
cess with other processes.

2. Professional knowledge about the stages of the life
cycle of the QMS process (planning, operation, monitoring
and evaluation of the process).

3. Professional knowledge that reflects the main aspects
of analysing and evaluating the risks and opportunities that
arise during the operation process.

4. Professional knowledge that reflects the main aspects
of identifying the critical control points needed to manage
the risks and opportunities of the process.

5. Professional knowledge that reflects the main aspects
of implementing corrective actions and opportunities for
management at critical control points in the process of occur-
rence of inconsistencies.

To conduct testing, it is necessary to form test questions
in accordance with the identified areas of professional know-
ledge and response to them. Test questions should be gene-
rated by analysing the QMS documentation that governs
the evaluated process. The formation of such issues requires
the involvement of specialists qualified in the field. Such
specialists may include internal auditors, quality service
personnel, etc. The testing scale is as follows: 40 % of tasks
are correctly performed — 1-3 points; 41-69 % — 4—6 points;
70-89 % — 7-8 points; 90—100 % — 9 points.

The coefficients reflecting the level of professional
skills (Kj3), managerial competence (K;5) and communicative
competence (Kjs) are determined by self-assessment. Thus,
in determining K3, the experience of conducting analy-
sis and solving organizational and systemic problems that
arose during the operation of QMS processes of projects is
evaluated. In designating Kjs; practical skills in planning,
organizing, monitoring, and evaluating QMS projects are
assessed. In determining Kjg, business communication skills
are assessed in the course of performing QMS projects. The
scale for estimating these coefficients has the following form:
very superficial — 0 points; superficial — 1-3 points; not very
deep — 4-6 points; deep — 7-8 points; very deep — 9 points.

To calculate the Kj; factor, it is first necessary to deter-
mine the sources of reasoning that relate to the investigated
sphere of expert evaluation. As a result of the analysis of
scientific findings, point assessments of the proposed sources
of argumentation in the field of study have been deter-
mined (Table 1).

The coefficient that reflects the level of the basic argu-
mentation of the expert assessment (Kj) is determined by
self-assessment in the following way. The candidate for an
expert is given a table without figures. The expert determines
which source of argumentation he or she evaluates with
grades B, C, and H. After applying an expert table to Table 1,
the number of points is counted for all sources of reasoning.

The determination of personal qualities of the i-th ex-
pert (coefficient Ki7) is carried out on the basis of self-as-
sessment (coefficient K;;) and mutual evaluation by other
experts (coefficient K;,) by the formula [38]:

K., =0.4K’+0.6K;, (3)

Table 1

The benchmark for estimating the argumentation factor

The degree of influence
of the source of reasoning

Source of argumentation on the expert assessment

B C H
(high) | (medium) | (low)

The presence of personal practical
experience in the functioning of the 04 03 0.2
process both within the organization ’ ’ ’
and beyond its borders
Presence of personal practical expe-
rience within the organization rela- | 0.3 0.2 0.1
ted to the process
A theoretical analysis of both inter-
nal and external documentation that | 0.15 0.1 0.1

regulates the process is carried out

A theoretical analysis of the internal

documentation that regulates the| 0.1 0.05 0.05
process is carried out

O‘Fh_er sources of argumentation (in- 0.05 0.05 0.05
tuition, etc.)

Total 1.0 0.7 0.5

Among the personal qualities of the expert that deter-
mine the level of his or her competence, according to [32, 50],
the accepted ones are the following:

— the desire for professional growth and continuing edu-
cation in a particular and related fields;

— the ability to quickly evaluate the situation and make
effective decisions;

— the ability to timely implement the decisions;

— the ability to create a normal psychological climate in
the workforce;

— discipline and organization.

Besides the personal qualities of an expert in the field
of study, the ones that should be added are such qualities
as objectivity and analyticity, systematicity, and dynamism
of thinking. An expert determines the degree of manifesting
each of the identified personal qualities — both by him/her or
colleagues — by using the verbal-digital scale (4;): always —
1.0, almost always — 0.9, very often — 0.8, often — 0.7, oftener
than on average — 0.6, on average — 0.5, rarer than on aver-
age — 0.4, rarely — 0.3, very rarely — 0.2, sometimes — 0.1, and
never — 0.0. The coefficient K;7* is determined according to
the formula [32, 50]:

Kp=—2> A, (4)

=

where N=7 is the number of personal qualities of an expert.

Similarly, the coefficient of mutual evaluation of the
personal qualities of the expert is determined by other ex-
perts (Ki7%).

The definition of the vector of the priority of the cri-
teria of competence of experts in the investigated field is
proposed to be carried out by the hierarchy analysis method
(HAM) [60, 61]. This method determines that professional
knowledge is perceived by experts as a more significant
criterion of competence (B,=0.22765). Next, the criteria
for competence were distributed as follows: an objective
component of competence (B, =0.19752); professional skills
(B, =0.18328); the level of basic argumentation of the



expert evaluation (B,=0.15347); managerial competence
(B;=0.11553); communicative competence (B;=0.0676);
personal qualities (B, =0.05495). The fourth stage. Obtai-
ning and processing expert assessments. For this, the factors
selected in the first stage of the methodology are assigned
a rank in accordance with the views of experts regarding the
degree of influence of a particular factor on the organiza-
tional maturity of a particular process. Ranking is based on
the principle that the lower the rank, the greater the extent
to which the factor affects the organizational maturity of the
process. Thus, rank «1» has a factor with the highest degree
of influence. If an expert recognizes several factors as equiva-
lent, then these factors are assigned the same associated
rank — the arithmetic mean rank of the places occupied by
such factors. In addition, experts are invited, if necessary, to
add factors that, in their opinion, have a significant effect on
the organizational maturity of the investigated process and
have not been included in the provided questionnaires.
Next, in order to obtain a group expert assessment, it
is necessary to apply the method of arithnietic mean ranks.
For this purpose, the sum of the ranks ZRij (where 7 is
j=1
the number of experts interviewed and R; ]is the rank of the
i-th factor, assigned by the j-th expert) is calculated by each
factor and divided by the number of experts n. Then, the de-
viation A is calculated from the average sum of the ranks for
each of the factors according to the formula [68]:

n 1 m n
AfZ’%ﬁ;ZZR@w ®)
Jj=t

i=1 j=t

where A; is the deviation of the sum of ranks of the i-th factor

from the average sum of ranks; m is the number of factors;

lz Zsz is the average number of ranks.

m iz =

It is proved [68] that in order to obtain objective in-
formation, in addition to the method of arithmetic mean
ranks, it is advisable to use the median rank method, which
corresponds to a more precise averaging in the ordinal scale.
Therefore, within the framework of the developed metho-
dology, the ranking of factors is proposed to be carried out by
two methods: the method of arithmetic mean and the method
of median ranks.

Based on expert survey data, a composite matrix of ranks
is formed and factors are ranked according to the rank ratings
of expert groups.

The fifth stage. Evaluating the degree of coherence of
expert opinions within the group. For this purpose, tradi-
tionally, the Kendall and Babington Smith coefficient of
concordance (consistency) W is used, which is calculated by
the formula [65—67]:

n 2
122(1;—%n(m+1))
i=1
m lk

n*(m* —m)—nzz‘(t,fj )

k=1 j=t

W= (6)

where [, is the number of groups of equal ranks, introduced
by the k-th expert; #; is the number of small ranks in the j-th
(j=1,,) group introduced by the k-th expert; 7; is the sum
of ranks assigned to the i-th alternative; m is the number of
comparative alternatives; n is the number of experts. The
coefficient of concordance varies in the range 0<W <1.
When W=0, the consensus of expert opinions is absent, and

at W=1, the concordance is complete. With the value of the
obtained coefficient, we can conclude that there is a chance
or non-random agreement in expert assessments. Consisten-
cy is sufficient if W>0.7.

It is then necessary to evaluate the statistical significance
of the coefficient of concordance. The significance of the
coefficient of concordance W is verified traditionally by the
Pearson consistency criterion (%*). In the presence of related
ranks, the calculated formula has the form [67]:

n 2
122(r,. —%n(m+1))
Keate, = = [ ok ) )
nm(n+1)——m ZZ(tfj —ty)
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The calculated value of %* is compared with the tabular
value for the number of degrees of freedom (m—1) and at
a given level of significance o (as a rule, it is sufficient to set
the level of significance o in the range from 0.005 to 0.05).
If the obtained value of %>, is not less than of the table 2,
G = %), then the coefficient of concordance W is statis-
tically significant. Otherwise, it is necessary to organize an
additional round of examination.

The sixth stage. Determining a generalized ranking of
alternatives and analysing the results. At this stage, the ar-
rangement of the factors of the matrix of the expert survey
must be reformatted into a matrix of transformed ranks by
the formula [68]:

Sij = xmax - xij’ (8)

where X, is the maximum assigned rank. On the basis of the
amount received, it is necessary to calculate the weighting
features of risk-dominant factors.

The generalizing ranking of the priority of risk-domi-
nant factors R; in terms of competence is determined by the
formula:

m
K comi r;'j

R=2

J
n;

 J=1m, )

where K, is the coefficient of competence of the i-th ex-
pert, 77 is the estimate given to the j-th alternative by the
i-th expert; m; is the number of experts who rated the j-th
alternative.

Next, it is necessary to sort the risk-dominant factors by
the rank value from greater to smaller and to construct a dia-
gram of the ranks. Thus, we obtain a nomenclature of ranked
factors, where the serial number of a factor determines the
degree of its influence on the organizational maturity of the
researched process.

In the end, it is necessary to assess the degree of correla-
tion of the assessments of the two expert groups. The tools
for such an estimation may be the Kendall or Shukeni-Froly
coefficients. Thus, the Kendall tau rank correlation coeffi-
cient T can be used as one of the criteria for evaluating the
relative rating of two rank variables and the relationship bet-
ween risk-dominant factors’ ratings between the two expert
groups. It is calculated by the formula [66]:

_2xX(K=Q)

X (n=1) (10)



or by simplified the formulae [66, 67]:

1:1_&, 11
nx(n—-1)
TZ&—L (12)
nx(n-1)
where

n—1

Q=3 X [IE<E1#[y, <y

i=1

the number of inversions formed by the values of y;, placed
in an ascending order of the corresponding X;; K is the sum
of numbers, which shows how many ranks of the rank row Y
exceed the first, second, and so on n-th rank; Q is a similar
amount, which shows how many ranks of the row Y are below
the first, second, and so on n-th rank.

If among the values of X and Y there is a coincidence
value (E;=E, at i#0 or y,=y, at j#v), then they are as-
signed average ranks. In this case, the coefficient 1 is cor-
rected as follows [66]:

(K-Q)

T= )

(13)
\/%n(n—D—T\/%n(n—D—U

where

q
T:izzl(ti -1)
243
and

/
U= %zu(u —1);

w=1

Q is the number of combined ranks of X; ¢; is the number of
unified ranks in the i-th association on X; f is the number of
united ranks of Y; u,, is the number of combined ranks in the
w-th association on Y.

In order to check, at a given level of significance o, the
zero hypothesis of the zero equation of the general coefficient
of Kendall’s rank correlation in the competing hypothesis
that H, :t#0, it is necessary to calculate the critical point
by the formula [66]:

T -z 2x(2n+35) ,
Ixnx(n—1)

where n is the sample size; Z,, is the critical point of a two-
sided critical area, which is found by the table of the Laplace
function by the equation:

(14)

D(z,)=(1-a)/2. (15)

If 1| <T,, there is no reason to refute the null hypothesis.
The rank correlation between the factors is insignificant. If
|1|<T,, the null hypothesis is denied. There is a significant
correlation between the factors. In the general case, the
coefficient T takes the value of the segments [-1;+1]. The
value T=+1 indicates the straight linear dependence and the
maximum tightness of the connection, and t=-1 indicates

the reverse dependence. If T=0 or close to 0, this indicates
a lack of connection.

Another tool for assessing the consensus of experts’ opi-
nions of two expert groups may be the Shukeni-Froly con-
cordance coefficient [77]. Let the two groups of experts with
the membership numbers m and n each set the task of ranking
k objects. Let us denote by R}(i=1,...m; j=1,....k) the ranks

proposed by the m experts of the first expert group and
by R;(i=1,..--n;j=1, ,,,,, k) the ranks proposed by the n ex-

perts of the second expert group ( R} = Z R;_ and R]? = 2 Rif).

According to these data, the Shukeni-Froly L statistics is
calculated according to the formula [11, 67, 77]:
k
L=Y RIR. (16)
=1

In this case, the value of the Shukeni-Froly L statistics
is within:

mnk(k+1)(k+2) <I< mnk(k+1)(2k+1) a7
6 <L< .

6

Taking into account the above, the general Shukeni-
Froly coefficient of concordance W is calculated according
to the formula [11, 67, 77]:

L-M(L)
L —M(L)

‘max

W= (18)

where the average value of M(L) is calculated by the for-
mula [77]:

mnk(k+1)*

M(L)==—,

(19)

In this case, of course, the variance D(L) is calculated by
the formula [77]:

mn(k—1)k(k+1)*

b)= 144

(20)

If the result of calculating the value of W is close to +1,
then this situation shows a high degree of consensus within
both groups of experts and between groups. Close to —1
means a high degree of consensus within groups and a high
degree of inconsistency between expert groups. Close to 0
means either non-consistency within expert groups or con-
sensus within expert groups in case of inconsistency between
them. Given the many advantages of this approach, it should
be noted that it has its drawbacks. Thus, the limiting distri-
bution of the Shukeni-Froly coefficient, which differs from
the normal one, is not convenient to use [11].

Thus, the proposed method helps determine and organize
the risk-dominant factors of influence on the organizational
maturity of QMS projects, taking into account the compe-
tence of experts in the field. The application of the metho-
dical outline of the article will help avoid a poor selection of
experts and will make a transparent procedure for ranking
of factors, which in turn will lead to expert-informed expert
evaluations.



4. 2. Practical testing of the method of organizing risk-
dominant factors

Practical testing of the developed methodology for
ranking risk-dominant factors, which to the greatest extent
influence the organizational maturity of the process, was car-
ried out on the basis of the «Project Launch» process.

First, based on theoretical research, practical experience
and the approach outlined in the first stage of the developed
methodology, 13 factors were selected which, to a large ex-
tent, influence the organizational maturity of the «Project
Launch» process.

Second, formula (1) determined the optimal number of
two expert groups — 12 experts. This minimum number of
experts does not contradict the amount determined by other
approaches [31] — 4 and 7 experts.

Then, according to the third stage of the developed
methodology, the competence of the candidates for experts
was estimated according to the integrated competence indi-
cator by formula (2), and their optimal number was selected.
12 experts were involved in the first group of experts, with
the integrated competence factor K, 20.83. The second
group involved 12 specialists whose integrated competence
coefficient was K, 20.87. As the determined level of com-
petence of the experts was more than the acceptable level
proposed from [50] (K, 20.67), it was expedient to involve
the selected experts in order to rank risk-dominant factors.

At the next stage of approbating the developed method,
two expert groups in the number of m=n=12 experts conduc-
ted a ranking of m=13 risk-dominant factors. The results of pro-
cessing the rank evaluations of experts are shown in Tables 2, 3.

Table 2
The matrix of the results of processing expert assessments from the «Process Implementers»
o | S, (155 | Rk | | e TR | comabie | weigh
= == by 3R, medians ranks
j=t
m 132.5 11.04 11.00 48.5 2,352.25 1 1 23.5 0.025
my 30.5 2.54 3.00 -53.5 | 2,862.25 3 3 125.5 0.134
ms 17.5 1.45 1.00 -66.5 | 4,422.25 1 1 138.5 0.148
my 71.0 5.95 5.50 -13.0 169.00 6 5 84.5 0.090
ms 96.5 8.04 7.50 12.5 156.25 9 8 59.5 0.064
meg 118.0 9.79 10.0 34.0 1,156.00 10 10 38.5 0.041
my 94.0 7.83 7.50 10.0 100.00 8 8 62.0 0.066
ms 80.0 6.71 6.25 —4.0 16.00 7 7 75.5 0.081
my 63.5 5.29 4.00 -20.5 420.25 4 4 92.5 0.099
mio 26.0 2.16 2.00 -58.0 | 3,364.00 2 2 130.0 0.139
myy 70.0 5.87 5.75 -14.0 196.00 5 6 85.5 0.091
myy 139.0 11.58 12.00 55.0 3,025.00 12 12 17.0 0.018
mys 153.5 12.83 13.00 69.5 | 4,830.25 13 13 2.0 0.002
Total 1,092 - - - 23,069.5 - - 934.5 1
Table 3
The matrix of the results of processing expert assessments from the «Consumers of the process results and stakeholders»
n k n T .
b | SR SSS | Rank ||| ek TR | comertle | weight
= =t =t ' by 3 R, medians ranks
j=1
my 76.5 12.00 12.00 -7.5 56.25 7 7 79.5 0.084
my 19.0 1.58 1.50 —-65.0 4,225.0 1 1 137.0 0.145
ms 22.0 1.83 1.75 -62.0 3,844.0 2 2 134.0 0.141
my 73.0 4.88 5.00 -11.0 121.00 6 6 83.0 0.087
ms 146.0 6.08 6.00 62.0 3,844.0 12 12 12.0 0.012
meg 152.0 6.38 6.75 68.0 4,624.0 13 13 6.0 0.006
my 124.0 10.33 10.50 40.0 1,600.0 1 11 32.0 0.034
ms 116.0 9.67 10.00 32.0 1,024.0 10 10 40.0 0.042
my 58.5 8.92 9.00 -25.5 650.25 5 5 97.5 0.103
myo 41.0 8.58 8.00 -43.0 1,849.0 3 3 116.0 0.123
myy 52.0 12.5 13.00 -32.0 1,024.0 4 4 105.0 0.111
oy 105.0 3.33 3.00 21.0 441.00 8 8 53.0 0.056
mis 107.0 4.25 4.00 23.0 529.00 9 9 49.0 0.051
Total 1,092 - - - 23,831.5 - - 944 1




Further, during the approbation, the degree of agreement
of expert assessments in each of the two expert groups was
assessed. For this purpose, coefficients of concordance W
were calculated according to formula (6) (relative to related

ranks):

S 12:<23,069.5 089, o
12°(13° —13)-12x12
12x23,831.5 @2

22137 13)—12x10

Thus, the obtained values of the concordance coefficients
W1=0.89 (for the first group of experts) and W,=0.91 (for
the second group of experts) show a high degree of agreement
of the expert opinions within each group.

At the next stage, the statistical significance of the de-
termined concordance coefficients according to Pearson’s
criterion of agreement was analysed by formula (7):

o= 12x23,069.5 o7 o3
12x13(13+1)— x12
13-1
o= 12x23,831.5 _atsa 20
12x13(13+1)— x10
13-1

Since the values of 32, ,=127.46>y>,. =21.02607 and
Wonen =131.54> %2, =21.02607 (at a given level of signi-
ficance a=0.05 and k=12 as the number of degrees of
freedom) have been calculated, the obtained coefficients of
concordance W1=0.89 and W;=0.91 are observed as statis-
tically significant.

Then we calculated the coefficients of weight A of risk-
dominant factors, taking into account the competence of
experts by formula (9).

In this case, the matrix of the experts’ survey was refor-
matted into a matrix of transformed ranks by formula (8).
The distribution of the weighting factors of the risk-
dominant factors A for the two expert groups is presented in
Tables 2, 3.

At the next testing stage, the risk-dominant factors were
sorted by the value of the sum of the ranks received from
smaller to greater. Thus, a nomenclature of the ranked fac-
tors has been obtained, where the serial number of the factor
determines the degree of its affect. Thus, the risk-dominant
factors by the rating of the impact on the maturity of the
«Project Launch» process are estimated by the «Process
Implementers» as follows:

m3 <ty <mp<mg<mqy <m4<mg<m;<

<ms<mg<my<mMmyy<mMy3.

(25)

The record m, <m,, and so on indicates that the risk-
dominant factor ms has a greater influence on the maturity of
the investigated process than the my factor.

At the same time, unlike the ranking of factors from the
first expert group, according to the estimations of «Consu-
mers of the results of the «Project Launch» process and stake-
holders», the following ranking of the factors was obtained:

Mo <m3z<mqio<myg <myg<my<mq<

<mqy<myz3<mg<mz<ms<mg

(26)

Given the expertise of the experts, no significant diffe-
rences between the two rankings are observed. The analysis
is given in clause 5.

At the final testing stage, the degree of correlation bet-
ween the two groups of experts was estimated by the value
of the Kendall’s rank correlation coefficient t, which was
calculated by formulae (10)—(12), respectively:

= M =0.62, 27)
13x(13-1)
*c=1—4X715=0.62, (28)
13x(13-1)
t:&—1=0.62. (29)
13x(13-1)
Further, formula (15) was used to calculate ®(z,):
Dd(z,)=(1-0a)/2=(1-0.05) /2=0.475. (30)

Laplace’s table was used to find z, =1.96. For the ob-

tained data, a critical point was calculated according to
formula (14):

T =196 |- 2X2X13%5) g4y
: 9x13x(13-1)

Because |1|<T,,, there is no reason to refute the null hy-
pothesis. The rank correlation between the estimates of the
two groups of experts is significant. The conclusion is also
confirmed by formula (16), calculated by the Shukeni-Froly
coefficient of concordance (W =0.72).

(31)

6. Discussion of the results of the practical testing of the
methodology for ranking risk-dominant factors

As a result of the practical testing of the developed meth-
od of ranking risk-dominant factors for the visual display of
the degree of influence of isolated factors on the maturity of
the «Project Launch» process, the ranks diagram was con-
structed. For the studied process, the diagram of the ranks is
given, respectively, for the two groups of experts in Fig. 1, 2.
The diagrams are constructed as follows: on the abscissa axis,
the risk-dominant factors i=1,13 are placed in order of in-
creasing the sum 01; the ranks, and on the ordinate — as to the

sum of the ranks » R,.
=1

As can be seeri from the diagram (Fig. 1), risk-dominant
factors are estimated by the «Process Implementers» accor-
ding to the degree of influence on the maturity of the «Pro-
ject Launch» process in accordance with (25).

That is, to a greater extent, the maturity of the investiga-
ted process is influenced by the factor ms «The degree of do-
cumenting the process,» and to a lesser extent, by the factor m3
«The degree of applicability of the results of evaluation of the



effectiveness of the process for its improvement». From the
point of view of the process implementers, clear and transpa-
rent documentation of the process and the use of information
technology in its performance are the factors that most affect
the organizational maturity of the investigated process. In
addition, a functioning effective system of hiring, training
and remunerating in combination with the widely practiced
activities of the process owner will ensure the interest of the
implementers of the process in obtaining the desired results.
At the same time, unlike the second group, the first group is
least concerned about the degree of applicability of the results
of the process efficiency for its improvement. This may be due
to the fact that the experts of this group consider potentially
unacceptable any change in the process functioning.

m3 ml0 m2 m9 mll m4 m8 m7 m5 m6 ml ml2ml3

The risk-dominant factors

Fig. 1. A ranks diagram from the first group of experts
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Fig. 2. A ranks diagram from the second group of experts

On the other hand, as can be seen from the diagram (Fig. 2),
the risk-dominant factors are estimated according to the eva-
luations of the «Consumers of the Process Results and Stake-
holders» according to the degree of influence on the maturity of
the «Project Launch» process in accordance with (26).

That is, according to the results of the expert evaluation
of «Consumers of the Process Results and Stakeholders», it
was established that to a greater extent the organizational
maturity of the investigated process is influenced by the
factor my «The degree of integration of the process with
other internal and external processes,» and to a lesser extent,

the factor mg «Behaviour of the process implementers». The
results of the expert evaluation show that the interests of the
second expert group are aimed more at the harmonious com-
bination of the process with other processes of the system.
The priority direction for consumers of the process results is
transparency and adaptability of the considered process with
other system processes as well as mutual understanding and
established transparent relations with process implementers.
At the same time, the activity and personality of the process
owner, the skills and behaviour of the process implementers
are not the key-priority risk-dominant factors. This result
may be explained by the fact that parties that are interested
in the result of the process operation are mainly concerned
about the organizational maturity of the QMS of the pro-
ject as a whole but not about the organizational maturity of
a separate process. Besides, technical issues related to the
operation of the process are not their object of interest in
contrast to process implementers.

At the same time, it should be noted that, as estimated by
both implementers and consumers of the investigated pro-
cess, a clear documentation of the process will contribute to
increasing the desired level of organizational maturity.

In addition, as a result of practical testing, attention
should be paid to the fact that the rank correlation between
the assessments of the two expert groups is significant. The
assessments of the two groups of experts are mutually agreed
(taking into account the expertise of the experts). Given this,
we can conclude that in general, the ranking of risk-dominant
factors takes into account the interests of the two groups of
experts.

It should be noted that among a number of advantages of
the proposed methodology, for example, the reformatting of
experts’ assessments from qualitative into quantitative, ca-
pacity and transparency of implementation in practice, there
are a number of shortcomings. Among the shortcomings of
the proposed methodology, it is necessary to note the subjec-
tive nature of expert assessments. However, one of the tools
that will partially help overcome this disadvantage may be
the involvement of qualified experts in the approach outlined
in the proposed methodology.

7. Conclusion

1. Based on the theoretical analysis of standards for qua-
lity management and project management, well-known and
widely applied in the practice of maturity modelling, 13 key
risk-dominant factors have been identified, which potentially
affect the organizational maturity of project quality manage-
ment processes. It is concluded in the study that these factors
are located in the plane «Process Design — Process Imple-
menter — Process Owner — Infrastructure for Implementing
a Process — Factors for Determining and Using a Process».

2. The methodology of ranking risk-dominant factors,
which to the greatest extent influence the organizational
maturity of quality management processes in projects, taking
into account the competence of experts, has been developed.
The basis of the developed methodology is the expert me-
thod. A distinctive feature of the methodology is to obtain
an orderly list of key risk-dominant factors by involving two
target groups, «Process Implementers» and «Consumers of
the Process Results and Stakeholders» in expert evaluation.
A systematic scientifically-based ranking of risk-dominant
factors in accordance with the proposed methodology will



facilitate an objective assessment of the potential of quality
management processes in projects. In addition, application
of the developed methodology in practical activity will help
determine the priorities among the directions of growth and
organizational changes of processes for reaching the target
levels of maturity. The proposed methodology can be imple-
mented in the process of certification, self-evaluation and
auditing of a QMS, as proven by the results of its practical
testing using the example of the «Project Launch» process.
3. Practical testing of the proposed methodology was
carried out on the example of the «Project Launch» process.
According to the results of the expert evaluation of the «Pro-
cess Implementers», it has been established that the factor
«The degree of documenting the process» is influenced more
by the maturity of the investigated process. In this case, the
factor «The degree of applicability of the results of evaluation

of the effectiveness of the process for its improvement» is
influential to a lesser extent. Based on the results of expert
evaluation of «Consumers of the Process Results and Stake-
holders», the following has been established. To a greater
extent, the maturity of the investigated process is influenced
by the factor «The degree of the possibility of integrating the
process with other internal and external processes.» At the
same time, the factor «Behaviour of the process implemen-
ters» affects to a lesser extent. According to the calculated
coefficient of concordance, a high degree of agreement of
experts’ opinions within each group was determined (0.89 for
the first group of experts and 0.91 for the second group of
experts). At the same time, there is a significant correlation
between the estimates of the two groups of experts by the
calculated coefficients of concordance according to Kendall
(1=0.62) and Shukeni-Froly (W =0.72).
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