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a method of determining the weights of criteria in order to innovation risk assessment. The
weights are determined by 5 general criteria and 14 detailed criteria of innovation risk as-
sessment. The proposed method is an extension of the fuzzy AHP method. The extension
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chological conditions. The groups of experts have been chosen based on an elaborated form.
The form makes it possible to characterize the persons within the scope of different psycho-
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The paper presents also a comparison of results with the fuzzy AHP method without the
group decision making. The weights obtained by the proposed method are more diversified
and bring out the most important criteria.
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Introduction

The issue of innovation is very popular in the
business world and science [1–4]. For researchers, in-
teresting are topics associated with both economic
and technical aspects of innovation. The realization
of innovative projects is associated with the neces-
sity of analyzing potential dangers. This action re-
quires assessment of risk which should focus main-
ly on the minimization of innovation costs as well
as on the specifying detailed time of the investment
realization [5]. The issue complexity makes it nec-
essary to use a multi-criteria analysis. The litera-
ture on the subject-matter contains many methods
supporting the decision-making process, among oth-

ers [6–12]: ELECTRE, PROMETHEE, DEMATEL,
AHP and ANP, Data Envelopment Analysis (DEA),
fuzzy-logic methods.

The practice in the scope of applying specific
methods of supporting the decision-making process
indicates a multiple uses of the AHP (Analytic Hier-
archy Process) method in the context of innovative
solutions. The application of this method is usually
connected with the issue of choosing an innovative
project which should be realized. Such a situation
took place e.g. in Hewlett-Packard company. This
method has also been applied in another company in
the selection of new products [13, 14].

The assessment of criterion importance consti-
tutes a significant stage of a decision-making process.
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The choice of a certain method of stating the impor-
tance of criteria usually depends on the degree of the
method complexity, availability of data and the goal
which we want to reach. The aim of this paper is
to obtain universal weights of the criteria, which can
be used in the assessment of technological innova-
tion risk. The paper proposes the fuzzy AHP based
method in order to determine weights for the earli-
er defined evaluation criteria. The method takes into
consideration the choice of experts’ groups and its
evaluations of the psychological conditions. One of
the first examples of weights has been presented in
[15]. However, the previous studies do not take in-
to account a fuzzy group decision-making approach
and the choice of experts’ psychological conditions.
A set of used criteria has been suggested in [16]. The
criteria are divided into general ones (characterizing
the company) and detailed ones (characterizing the
innovation).

The paper is organized as follows. In the intro-
duction, the problem of assessment risk innovation is
presented. The psychological aspect in the evaluation
of innovative projects is given in the next section.
Further, the method of estimating the importance
of criteria with taking into consideration psycholog-
ical conditions of decision-makers is proposed. The
case study of estimating the importance of criteria
for the innovative projects evaluation is given in the
next section. The results and discussion for realized
studies are described in another part of the paper.
The conclusions of the research are in the final part
of this paper.

The psychological aspect

in the evaluation of innovative projects

Three attitudes towards the risk are known in
the theory of risk which are generally called aversion,
neutrality or willingness [17–19]. It is also possible to
find a different division in psychology, a division in-
to inner-directed and other-directed individuals. The
fact of making a decision concerning the implemen-
tation of innovations depends on the attitude of the
person responsible for the decision. Knowing certain
behaviors of decision-makers [20–23] makes it possi-
ble to create a proper group of decision-makers who
are able to assess innovation risk in a rational way.

The inner-directed individuals are convinced that
everything depends on their knowledge, competence
and acquired skills. On the other hand, the other-
directed individuals are convinced that they have an
influence on what is happening only by means of ex-
ternal factors. They see life as a roulette in which
one has either fortune or misfortune. They act focus-

ing on the behavior of other people and avoid fail-
ure. They are characterized by dogmatism, cognitive
conservatism, fearfulness, they are prone to frustra-
tion, impulsive in making decisions, chaotic and they
tend to think globally. They are prone to hesitate in
making decisions and are afraid of everything that is
new and unknown. However, the inner-directed in-
dividuals are focused more on themselves, open to
new experience, goal-oriented, willing to reach their
goal with big self-assurance and perseverance. They
are also oriented to analytic thinking, reflexivity in
the decision-making process and have a high level
of organization. On the basis of research concerning
the motivation of achievements and the approach to
risk, it has been stated that success-oriented peo-
ple choose undertakings of an average risk degree.
This action is thus characteristic for inner-directed
individuals, whereas decision-makers avoiding fail-
ure make decisions which are extremely careful or
extremely risky. This kind of behavior is similar to
the one of other-directed individuals because failure
is not interpreted by them as a lack of skills or com-
petence but only as a result of events [24–27].

In case of innovative undertakings, it is important
to have success-oriented people in the group of ex-
perts. They see the decision-making process from the
point of view of positive results and they then grad-
ually aim for the results. They are thus sure that
they have skills, sometimes they are proud and even
boast, they are independent in their actions, ambi-
tious and full of enthusiasm. Their contraries are peo-
ple who are not sure of their skills, who focus on ex-
ternal opinions, think of each failure as of their own
incompetence, set only short-term goals and with-
draw. This is why success-oriented individuals are
ideal candidates to perform actions in which inde-
pendent thinking and creativity are required. People
who tend to avoid failure are prone to make low-risk
decisions and make all decisions under conditions of
full certainty [24, 28].

The third aspect which should be taken into con-
sideration is the temperament of decision-makers.
According to psychological research, temperament
has a huge influence on making or avoiding risk.
People characterized by a strong need of stimulation
are created to work in situations full of stress and
risk, whereas people avoiding strong impressions are
great in situations where conditions of work are sta-
ble, require precise planning and analyzing. An in-
novative undertaking requires making many analy-
ses in order to achieve desired results. In this case,
it is worth finding a place for both kinds of experts
in the decision-makings’ group. The need for strong
stimulation can lead to making too risky undertak-

14 Volume 9 • Number 1 • March 2018



Management and Production Engineering Review

ings where the result is often determined by specific
cases. However, the expert who prefers low levels of
stimulation is able to react to real dangers, that in
turn increases the efficacy of the company’s opera-
tion [24].

The risk assessment process depends on a de-
cision-maker. This stage is marked by subjectivity
which in reality occurs in almost all stages of the risk
analysis. This is why the knowledge and experience
of a lot of experts are used in the paper to estimate
the weights for the criteria of evaluating innovative
projects. The choice of 7 experts was purposeful. The
following individuals were chosen for the group of ex-
perts:

• The inner-directed ones, because they aim at
achieving the best possible results. They are sure
of their competence and abilities, thus they repre-
sent a positive aspect of the risk assessment of a
given project. These are people who motivate to
achieve the best results and find the best solution.

• The success-oriented ones, those supporting inner-
directed individuals. It happens frequently that
inner-directed decision-makers also have the need
to succeed but not always. This is why it is
suggested to analyze these traits independently.
Moreover, including an external, success-oriented
expert to the group, makes it possible to balance
the level of risk in decisions which are made. The
willingness to succeed ensures persistence and con-
sistency in actions of the group.

• Those focused on avoiding impressions. They in-
troduce elements of rational decision making into
the group, as their decisions depend on the re-

sults and are not left to chance. Individuals char-
acterized by the need to have strong impressions
in risky situations feel happiness and a thrill of
emotion, thus prefer to choose more risky options.
A contrary situation takes place in the case of peo-
ple avoiding impressions.

The fuzzy method of estimating

the importance of criteria with taking

into consideration psychological

conditions of decision-makers

Multiple Criteria Decision Making (MCDM) with
the estimation of the importance of criteria are the
methods which are very often used in many evalua-
tion processes, decision-making processes, selection,
forecasting, diagnostics, development planning, etc.
In the case of an analysis of the conditions of uncer-
tainty, for non-structural problems or distant draw-
ing conclusions, the Fuzzy Multiple Criteria Decision
Making (FMCDM) methods are most often used.
These methods, contrary to the above-mentioned
ones, use fuzzy numbers instead of the crisp weights
for each criterion and the crisp evaluation of alterna-
tives in relation to the analyzed criteria. There are
several ways of finding the weights of criteria. One
of the frequently used approaches is the Fuzzy An-
alytic Hierarchy Process (FAHP), as a development
of the Saaty’s concept [29]. This approach uses fuzzy
numbers to create criteria of comparison matrices.
Chang [30], described the extent analysis method on
the fuzzy AHP, which calculates directly crisp values
from the fuzzy comparison matrix. Due to its little

Table 1
Stages of the estimating weights process.

Stage Description

1 Creating a structure of the general and detailed criteria for the problem of evaluating the innovation of projects.
The general criteria and the detailed ones do not form a hierarchical structure such as is normally created in AHP
methods. The cause of such a fact is the willingness of creating a universal tool to evaluate innovative projects
in which detailed criteria are chosen individually to the characteristics of an innovative project and the enterprise
realizing it. Therefore analyses for general and detailed criteria are performed separately.

2 The choice of the group of experts and making psychological forms in the group. Dividing the group of experts
into E groups, by psychological conditions of the examined individuals. Stating the importance of evaluation (the
importance of knowledge) for particular groups of experts by means of indicating a vector of subjective values of

weights w′e (e = 1, . . . , E), where
EP

e=1

w′e
= 1.

3 An individual linguistic evaluation of the importance of particular criteria for each expert.

4 Determination of an aggregated fuzzy matrix of comparisons for the general and detailed criteria. The stage is
realized separately for each group of experts, divided by psychological conditions.

5 Using the modified extent analysis method in order to state the importance of the general and detailed criteria by
means of assigning crisp values of weights to them. The stage is realized separately for each group of experts, divided
by psychological conditions.

6 Stating the final values of the importance of the general and detailed criteria by means of the weighted aggregation
of results received in particular groups of experts.
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calculation complexity, the method is often used in
the applications of multi-criteria evaluations. The ex-
tent analysis method has also some adversaries [31,
32], who indicate the wrongly evaluated weights. One
of the conditions of the method correctness is the
application of an appropriate normalization formula
for a set of the triangular membership function of
fuzzy weights [33]. In the following part of the sec-
tion, the modified extent analysis method is proposed
to estimate the importance of criteria for the assess-
ment of innovative projects with taking into consid-
eration psychological conditions of experts (decision-
makers). The process of estimating weights of criteria
is divided into the stages as in Table 1.

The realization of stages 3-6 requires a detailed
discussion with taking into consideration the applied
mathematical calculation.

Individual linguistic evaluation

of the importance of criteria

Due to a simple way of transferring knowledge,
experts are asked to express their opinion on the im-
portance of particular n criteria with taking into ac-
count the linguistic description: very low, low, medi-
um low, medium, medium high, high, very high. The
linguistic description indirectly expresses the eval-
uation of the importance of criteria in the 7-point
scale ck

i (i = 1, . . . , n) for k-expert (k = 1, . . . , K),
where ck

i = 1 for very low, . . . , ck
i = 7 for very high.

The task is realized separately for the general and
detailed criteria.

Determining an aggregated,

fuzzy comparison matrix

The comparison matrix of criteria Ak is calcu-
lated for the k-th expert on the basis of the point
difference of the i, j criteria importance evaluation
compared in pairs and the transformation of results
into a scale similar to the Saaty’s scale [29]:

∀k=1,...,K Ak =(ak
ij)n×n =




1 ak
12 · · · ak

1n

ak
21 1 · · · ak

2n

...
...
...
...

ak
n1 ak

n2 · · · 1




, (1)

where k stands for the expert’s number in the group
of K experts and ak

ij = 1/ak
ji for i, j = 1, . . . , n and

i 6= j. The values of the matrix Ak elements result
from the following dependencies:

∀i<j ak
ij =

{
bk
ij + 1, for bk

ij ≥ 0,

(−bk
ij + 1)−1, for bk

ij < 0,
(2)

bk
ij = ck

i − ck
j , (3)

where ck
i (c

k
j ) stands for the score of the i-th (j-th)

criterion in an importance scale provided by the k-th
expert. The triangular fuzzy comparison matrix Ã is
calculated as an aggregation of comparison matrices
Ak (k = 1, . . . , K), created on the basis of each ex-
pert’s knowledge in the group of K experts, divided
by psychological conditions:

Ã = (ãij)n×n

=




(1, 1, 1) (l12, m12, u12) · · · (l1n, m1n, u1n)
(l21, m21, u21) (1, 1, 1) · · · (l2n, m2n, u2n)

.

.

.

.

.

.

.

.

.

.

.

.

(ln1, mn1, un1) (ln2, mn2, un2) · · · (1, 1, 1)


,

(4)
where:

∀i<j lij = min{ak
ij , k = 1, . . . , K}, (5)

∀i<j mij = (a1
ij · a

2
ij · a

3
ij · . . . · a

K
ij )1/K , (6)

∀i<j uij = max{ak
ij , k = 1, . . . , K}, (7)

∀ij,i6=j ãij = (lij , mij , uij) = ã−1
ji

= (1/uji, mji, 1/lji) .
(8)

The geometric mean approach formulated as (6)
was mentioned in [34] as an efficient method to syn-
thesize the evaluations of K experts. What is more,
the geometric mean is, in contrast to the arithmetic
mean, less sensitive to extreme values. The values lij ,
mij , uij stand for parameters of the fuzzy number ãij

on R, which is defined as a set of pairs
{
x, µeaij

(x)
}
,

where µeaij
(x) stands for the membership function

determining as follows:

µeaij
(x) =





x − lij
mij − lij

, for x ∈ 〈lij , mij〉,

x − uij

mij − uij
, for x ∈ (mij , uij〉 ,

0, otherwise x ∈ R.

(9)

Because none of the methods for verifying the
consistency of a fuzzy comparison matrix has been
widely accepted [35], the problem of verifying the
consistency of fuzzy comparison matrices is circum-
vented in this stage.
The above-mentioned tasks (Stages 3-4) is real-

ized separately for the general and detailed criteria.

Determining the importance of the general

and detailed criteria with the use

of the modified extent analysis method

The modification of the extent analysis is based
on the application of the correct normalization for-
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mula [31] for triangular fuzzy weights. Particular
steps of this method have been presented below.
1. Summing-up of each row for the fuzzy compar-

ison matrix Ã (Eq. (4)) with the use of arithmetic
operations on triangular fuzzy numbers:

∀i=1,...,n SRi =

n∑

j=1

ãij =




n∑

j=1

lij ,

n∑

j=1

mij ,

n∑

j=1

uij



.

(10)
2. Standardization of sums in rows by means of

the formula [33]:

∀i=1,...,n Q̃i =
SRi

n∑
j=1

SRj

=




n∑
j=1

lij

n∑
j=1

lij +
n∑

g=1,g 6=i

n∑
j=1

ugj

,

n∑
j=1

mij

n∑
g=1

n∑
j=1

mgj

,

n∑
j=1

uij

n∑
j=1

uij +
n∑

g=1,g 6=i

n∑
j=1

lgj


.

(11)

3. Determination of the degrees of possibility
V , as the fuzzy number Q̃i = (li, mi, ui) is bigger

than or equal to fuzzy numbers Q̃j = (lj , mj, uj)
(j = 1, . . . , n; j 6= i) by means of the following de-
pendence [30]:

∀j=1,...,n,j 6=i V (Q̃i ≥ Q̃j)

=





1, for mi ≥ mj,

lj − ui

(mi − ui) − (mj − lj)
, for lj ≥ ui,

0, otherwise.
(12)

4. Calculating the least degree of possibility
V (Q̃i ≥ Q̃j) for the set Q̃i:

∀i=1,...,n V (Q̃i ≥ Q̃j |j = 1, . . . , n, j 6= i)

= min
j=1,...,n,j 6=i

V
(
Q̃i ≥ Q̃j

)
.

(13)

5. Determining the vector of criteria weights crisp
values W e = [we

1, . . . , w
e
n]T for e-th group of experts

(e = 1, . . . , E) on the basis of the following depen-
dency:

∀i=1,...,n we
i =

V (Q̃i ≥ Q̃j|j = 1, . . . , n, j 6= i)
n∑

g=1
V (Q̃g ≥ Q̃j |j = 1, . . . , n, j 6= i)

.

(14)
The above-mentioned steps of the method are re-

alized separately for the general and detailed criteria.

Determining the final value of importance

of the general and detailed criteria

The final value of weights determining the impor-
tance of the general (detailed) criteria results from
the weighted arithmetic mean of weights, obtained
in stage 5, made for theE group of experts. The re-
sulting vector of weights W = [w1, . . . , wn]T is thus
calculated by means of the following dependency:

∀i=1,...,n wi =

E∑

e=1

we
i × w′e, (15)

where wi stands for the final crisp weight of the i-th
general (detailed) criterion, i = 1, . . . , n, we

i – crisp
weights of the i-th general (detailed) criterion, deter-
mined on the basis of the experts’ knowledge from
the e-th group of experts, divided by psychological
conditions, w′e – weight concerning the importance
of knowledge for the e-th group of experts. A draw-
back of the extent analysis method is obtaining ze-
ro weights for less important criteria, what can lead
to erroneous conclusions. The weighted arithmetic
mean (contrary to the weighted geometric mean)
makes it possible to obtain positive weights, even
if one of the experts’ groups calculations indicates
a zero weight for a given criterion.

Case study: estimating the importance

of criteria for the innovative projects

evaluation

In this section, the modified extent analysis
method is proposed to estimate the importance of
criteria for the assessment of innovative projects with
taking into consideration psychological conditions of
experts (decision-makers).

Stage 1. Structure of the innovative projects

evaluation criteria

The analysis of general criteria (Table 2) aims at
determining a general degree of risk in the context of
the whole company which undertook to make a spe-
cific kind of investment. This is why the first criterion
concerns the size of the company. It specifies the pos-
sibility of coping with practical problems resulting
from the need of an additional engagement of a larger
number of employees in the process of innovations re-
alization and the possibility of using additional forms
of support (subsidies) which are connected with high-
ly developed projects. The scale of innovations is to
determine how developmental is a given undertaking,
the period of the applied technology is an additional
information and the time of the project realization
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places a given innovation in time both in the context
of its scale and the applied technology. The last cri-
terion concerns the project external financing that is
to determine the ability of the company to cope with
additional costs [16].
The second set of evaluation criteria (Table 3)

is characterized by the so-called specific innovation
features. It is not connected with the first stage in

any way, thus weights determined in this area are
elaborated and discussed in a separate stages. Each
criterion (we have 14 detailed criteria in the evalua-
tion) has a suggested set of risk factors inside, which
is not limited by anything. In further assumptions
of using weights to evaluate the risk, a company has
a possibility of choosing some dangers from a given
area which will have the same weight.

Table 2
The general criteria and individual experts’ evaluation of criteria importance [16].

Gr 1 Gr 2 Gr 3

Expert 1 2 3 4 5 6 7

General criteria Evaluation of criteria importance
in a 7-point scale

CG1 The company size 3 7 5 3 3 4 3

CG2 The scale of innovations 7 6 2 5 5 6 5

CG3 The period of applying the technology in the world 6 4 3 5 5 5 5

CG4 The period of the project realization 2 4 6 3 3 3 3

CG5 The relations of external sources of financing to the size of the whole
project

3 4 6 3 4 3 4

Table 3
The detailed criteria and individual experts’ evaluation of criteria importance [16].

Gr 1 Gr 2 Gr 3

Expert 1 2 3 4 5 6 7

Detailed criteria Evaluation of criteria importance
in a 7-point scale

CD1 Minimization of the negative impact on the environment 1 6 6 7 6 6 6

CD2 Minimization of procedural errors which can result in the lack of
permission to start production

6 7 7 6 6 6 7

CD3 The innovative solution’s competitiveness 5 6 6 5 5 5 5

CD4 The state of readiness for the realization of innovations 4 5 6 5 6 6 6

CD5 Minimization of solutions on the short market life of the product 3 5 3 5 5 5 5

CD6 Minimization of disturbances connected with the use of the product 4 4 6 5 4 5 5

CD7 Minimization of disturbances connected with the effective transfer
of materials/subcomponents, etc.

3 4 6 5 5 5 5

CD8 Minimization of disturbances in the process of the product accep-
tance and complaint management

2 4 6 5 5 5 5

CD9 Minimization of disturbances connected with the use of the product
of technologically non-developmental solutions

7 4 5 5 5 5 5

CD10 Minimization of disturbances connected with the use of the prod-
uct of mistakes connected with submitting erroneous construction
documents of the product

5 4 7 5 5 5 6

CD11 Minimization of disturbances connected with the use of the prod-
uct of dangers in the scope of creating technological data sheets, as
well as processing, mounting, control and cost calculation instruction
manuals

5 4 5 4 4 5 5

CD12 Minimalization of disturbances in the process of changing shapes,
dimensions, the surface quality or physical-chemical conversions of
the product

4 4 6 5 5 5 5

CD13 Minimization of disturbances connected with the use of the product
of dangers in the scope of mistakes formed as a result of joining parts
and components forming the whole product

4 4 7 5 5 5 5

CD14 Minimization of projects which do not meet the customer’s technical
and economical requirements

7 6 7 5 5 5 5
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Stage 2. The choice of experts’ groups

by their psychological conditions

Choice of the experts is based on psychological
conditions. A form was prepared in order to de-
termine expert’s individual traits. The form makes
it possible to characterize the decision-makers in
the scope of the group with different psychological
conditions (expert inner-directed or other-directed,
success-oriented or avoid failure and strong need of
stimulation or low levels stimulation). Exemplary
questions, included in the form, are presented in the
Table 4. Each expert had one option of two (state-
ment A or B), which he/she marked with X. The
form was composed of 15 questions.

Table 4
Personality form of an expert for chosen traits [36].

Statement A Statement B

The company finan-
cial results depend only
on market mechanisms
and behaviors of com-
petitors. Weak compa-
ny results are due to
bad luck.

The company’s prof-
it depends on exter-
nal factors but ade-
quate people (special-
ists) are able to have an
influence on the results
obtained by the com-
pany.

X

I prefer to solve dif-
ficult and complicated
problems, most often
requiring a long period
of time.

X

I feel better-accompli-
shing tasks in which it
is well known in ad-
vance that the solution
will certainly be found
and the time of their
accomplishment is rel-
atively short.

I like often changes and
novelties as they make
my work effective.

X

I think that the exist-
ing methods and tech-
niques of work used
in the company are
good and sufficient as
their efficacy has al-
ready been checked.

The result of research has shown the next type of
experts in the considered group of people: 6 inner-
directed individuals, 1 other-directed individual,
6 success-oriented individuals, 1 individual willing
to eliminate failures, 4 individuals with the need of
avoiding impressions, 3 individuals preferring stim-
ulation in action. Finally, 3 groups of experts have
been created, to which weights according to the char-
acteristics resulting from psychological traits have
been attributed (Table 5).

Stage 3. Individual linguistic evaluation

of the importance of particular criteria

for each expert

A further stage of the conducted research was to
elaborate a list of experts’ evaluations. In order to
do it, experts were asked to evaluate the importance
of particular criteria with the linguistic description.
The results of this research have been presented in
the Tables 2 and 3. These evaluations were converted
to 7-point scale.

Stage 4-5. Determination of the general

and detailed criteria weights in accordance

with the suggested method

The calculation of weights for 5 general criteria
and 14 detailed criteria in accordance with the pre-
sented methodology has been made separately for
three groups of experts (Group 1, Group 2, Group 3).
Calculations of pairwise criteria comparison matrix
have been illustrated with an example of results
obtained from Expert 1 (k = 1) from Group 1
(e = 1) for the general criteria (Table 6). The re-
sults have been presented as a matrix A1 = (a1

ij)5×5

(Eq. (2)).

Table 5
A characteristic of experts’ groups.

Number of group Characteristic The number of people Weight Comment

Group 1

The inner-directed individuals,
success-oriented and avoiding
strong impressions.

3 0.6

The most wanted group of experts,
potentially ensuring stable, reason-
able decisions.

Group 2

The inner-directed individuals,
success-oriented and preferring
stimulation in action. 2 0.3

Experts having the needed traits in
the scope of making strategic deci-
sions and at the same time having
an increased level of resistance to
stress.

Group 3

1 other-directed individual, suc-
cess-oriented and preferring stim-
ulation in action and 1 inner-
directed individual, preferring the
avoidance of failures and at the
same time, avoiding strong impres-
sions.

2 0.1

This is the most differentiated
group of experts. However, each of
them has the needed traits from
the point of view of the decision-
making process of an innovative
character.
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Table 6

An example of calculations of the matrix A1 for the general
criteria with taking into consideration the criteria importance
evaluations compared in pairs for Expert 1 (k = 1, e = 1).

General criteria – matrix

c1
j

CG1 CG2 CG3 CG4 CG5

3 7 6 2 3

CG1 3 1 0.2 0.3 2 1

CG2 7 5 1 2 6 5

c1
i
CG3 6 4 0.5 1 5 4

CG4 2 0.5 0.2 0.2 1 0.5

CG5 3 1 0.2 0.3 2 1

On the basis of the matrices Ak = (ak
ij)n×n,

k = 1, 2, 3, which have been created from subjective
evaluations of the importance of three experts, the

triangular fuzzy comparison matrix for Group 1 has
been calculated. Dependences (5)–(8) have been used
for this purpose. Addition of fuzzy numbers in rows
(Eq. (10)) and the further normalization of the ob-
tained results (Eq. (11)), makes it possible to present
objective, fuzzy weights of criteria, obtained on the
basis of the experts’ knowledge from Group 1. Fi-
gure 1 illustrates charts of normalized fuzzy weights
for the general criteria with the application of tri-
angular fuzzy numbers. The wide support of fuzzy
numbers demonstrates the differentiation of experts’
evaluations. In order to determine crisp weights, the
Eqs. (12)–(14) are used.

The presented procedure of calculating has been
repeated for the remaining two groups of experts
(Group 2 and Group 3). The list of results is pre-
sented in the Tables 7 and 8.

Fig. 1. Normalized fuzzy weights of general criteria.

Table 7
The final crisp weights for the general criteria.

All experts

Gr 1 Gr 2 Gr 3

3P
e=1

we
i
· w′e

w′1 w′2 w′3

Weights for groups of experts 0.6 0.3 0.1

w1

i w2

i w3

i

Weights for general criteria

CG1 0.2196 0.2067 0.3116 0.2249

CG2 0.3837 0.2571 0.1711 0.3245

CG3 0.2648 0.2571 0.0137 0.2374

CG4 0.0278 0.0724 0.2333 0.0617

CG5 0.1041 0.2067 0.2703 0.1515

Σ 1.0000
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Table 8
The final crisp weights for the detailed criteria.

All experts

Gr 1 Gr 2 Gr 3

3P
e=1

we
i · w′e

w′1 w′2 w′3

Weights for groups of experts 0.6 0.3 0.1

w1

i
w2

i
w3

i

Weights for detailed criteria

CD1 0.0633 0.0781 0.0302 0.0644

CD2 0.1083 0.0760 0.0634 0.0941

CD3 0.1087 0.0760 0.0648 0.0945

CD4 0.0741 0.0731 0.0924 0.0757

CD5 0.0558 0.0673 0.0000 0.0537

CD6 0.0819 0.0702 0.0430 0.0745

CD7 0.0327 0.0617 0.0430 0.0425

CD8 0.0125 0.0652 0.0648 0.0335

CD9 0.1050 0.0762 0.0424 0.0901

CD10 0.0683 0.0714 0.1209 0.0745

CD11 0.0683 0.0690 0.0753 0.0692

CD12 0.0500 0.0662 0.0924 0.0591

CD13 0.0429 0.0674 0.1209 0.0581

CD14 0.1283 0.0821 0.1466 0.1162

Σ 1.0000

Results and discussion

The comparison of weights for the criteria ob-
tained on the basis of the proposed method with the
division into groups of experts by their psychological
conditions and without the division into groups of
experts is presented in the Figs. 2 and 3.
As it is visible from the obtained results, after in-

cluding decision-makers in psychological forms, the
hierarchy of importance of criteria has been signifi-
cantly changed. It is caused by weights which have
been introduced for particular groups due to the vari-
ous traits of experts’ character. However, the first cri-
terion (the innovation scale) remained unchanged in
both methods. The other weights have changed. Us-
ing the earlier experience connected with the analy-
sis of innovative projects, it is possible to state that
weights determined in the division into groups of ex-
perts reflect more precisely the aspect of the projects’
innovative nature than conditions of the enterprise
operation.
The analysis in particular groups makes it pos-

sible to purposefully determine weights with keep-
ing the most needed decision-maker’s personality
traits. Moreover, the application of weights for a giv-
en group of experts causes that higher weights are
obtained for the most important criteria and signifi-
cantly lower ones for less important criteria. Such an
approach makes it possible to sharpen the evaluation
of the innovation project in the context of the most
important aspects.

Fig. 2. Weights of the general criteria calculated without
taking into consideration the division into groups of ex-
perts and with taking into consideration the division into

groups of experts.

Fig. 3. Weights of detailed criteria calculated without
taking into consideration the division into groups of ex-
perts and with taking into consideration the division into

groups of experts.
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Conclusion

In the paper, the method of determining weights
for the assumptive criteria with the use of fuzzy
logic and division into experts’ groups with specif-
ic personality traits has been proposed. Using the
proposed approach we expect more rational and ob-
jective scores of the criteria importance for the as-
sessment of innovative projects risk.

The way of choosing experts has guaranteed
the objective carrying out the study. The presented
method has improved process of weight calculation
and departed from the subjectivity, which appears
in the case of stating weights by the expert. The
use of particular personality traits of an expert has
caused introducing some elements of rationality into
a decision-making method. In the paper, only nec-
essary traits have been characterized. Moreover, an
application of this method makes it possible to em-
phasize the evaluation of the most important criteria
by means of stating each time a greater weight for
the most important criteria in comparison with the
weights which have been elaborated without taking
into consideration the purposeful choice of groups of
experts. The other advantage of the proposed ap-
proach is that the obtained weights are more diver-
sified. It causes that decision-making for innovative
projects or investments is less onerous.

This technique can be applied for determining the
weights in the innovation risk analysis. Furthermore,
the presented weights can be used to the assessment
of risk innovation in different production firms as an
alternative method of analysis new products. In the
future, it is planned to make the similar research in
service firms.
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