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An  economic  crisis  can  be  measured  from  different  perspectives.  A  very  commonly  used  measure  is
that  of  a country’s  economic  growth.  When  growth  is lower than desired,  the  economy  is  assumed  to
be  near  stagnation  or in  an  economic  recession.  This  paper  connects  entrepreneurship  and  economic
growth  in  decision-making  problems  assessed  with  modern  aggregation  systems.  Aggregation  tech-
niques  can  represent  information  more  comprehensively  in  uncertain  and  imprecise  environments.  This
paper suggests  several  practical  aggregation  operators  for  this  purpose,  such  as  the  ordered  weighted
conomic growth
ntrepreneurial group decision making
ggregation systems
ncertainty

average  and  the  probabilistic  ordered  weighted  averaging  weighted  average.  Other  aggregation  systems
based  on  macroeconomic  theory  are  also  introduced.  The  paper  concludes  with  an  application  in an
entrepreneurial  uncertain  multi-criteria  multi-person  decision-making  problem  regarding  the  selection
of optimal  markets  for creating  a  new  company.  This  approach  is based  on the  use  of economic  growth
as  the  fundamental  variable  for determining  the  preferred  solution.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

An economic crisis is a situation where a country or a region’s
conomy is near stagnation or has a negative economic growth
ate. Currently, the world is in the grips of a severe economic cri-
is that has affected most of the developed countries for several
ears. In this environment, creating a new company or business is
ot an easy task as expected profits will be lower than foreseen,
nd where sometimes the initial investment are lost since the mar-
et does not provide enough income. Therefore, the incentives for
mbarking in entrepreneurship are low and analysis is required to
nd the most appropriate markets for entrepreneurial activities by
ither individual [1,2] or corporate entrepreneurs [3]. Prolonged

conomic crises tend to modify the cultural and institutional con-
ext of entrepreneurship [4–6] and, in such case, instruments that
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ystems, University of Chile, Av. Diagonal Paraguay 257, 8330015 Santiago, Chile.

E-mail addresses: jmerigo@fen.uchile.cl (J.M. Merigó), mperis@doe.upv.es
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C. Rueda-Armengot).
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568-4946/© 2016 Elsevier B.V. All rights reserved.
facilitate entrepreneurial action are needed to compensate for the
negative environment.

A useful methodology for identifying optimal markets for
entrepreneurship is to analyze a country’s expected growth rate.
If a country’s economy is expected to expand the next year, it is
assumed to be a good place for entrepreneurial activities and vice
versa. The information used to develop such forecasts is usually
affected by a wide range of imprecisions and uncertainties, and
various criteria and attributes may  influence the expected results.
Thus, aggregation systems are required to assess the information
[7,8].

A very popular aggregation operator in uncertain environments
is the ordered weighted average (OWA) [9]. This aggregation oper-
ator provides a parameterized family of aggregation operators
between the minimum and the maximum. Since its appearance, it
has been studied by many authors [10,11]. A practical generaliza-
tion of the OWA  operator is integration with the weighted average.
Several authors have studied this issue, including Torra [12] with
the introduction of the weighted OWA  (WOWA) operator, Yager

[13] with the importance of OWA  and Xu and Da [14] with the
hybrid average. Recently, Merigó [15] has suggested a new general-
ization that integrates the OWA  operator and the weighted average
considering the degree of importance that each concept has in the
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ggregation. He called it the ordered weighted averaging weighted
verage (OWAWA).

When dealing with imprecise environments an additional issue
f interest is that the information cannot be assessed with exact
umerical values, although other techniques can be used such as

nterval numbers [16], fuzzy systems [17,18] and linguistic vari-
bles [19,20]. The main advantage of interval numbers is that they
epresent numerical information that takes into account the min-
mum, the maximum and the most likely results. From this it is
ossible to develop uncertain aggregation operators [21–23] such
s the commonly used uncertain OWA  (UOWA) operator: an exten-
ion of the OWA  operator to an uncertain environment that can
e assessed with interval numbers. It is also possible to extend
he OWAWA  operator to an uncertain environment forming the
ncertain OWAWA  (UOWAWA) operator.

This paper presents a new approach for analyzing an economy’s
conomic environment. It introduces several aggregation systems
hat analyze the expected economic growth rate of a country or

 region. Several types of OWAWA  operators are used to assess
he information, considering subjective opinions and analysts’
ttitudes in the specific problem considered. Various properties
nd particular cases of this approach are presented, including
n extension for situations where several experts provide their
wn opinions in order to form the decision. We  introduce some
xamples including the economic growth OWA  (EG-OWA) and the
conomic growth OWAWA  (EG-OWAWA) operator. Observe that
ome other extensions are considered with uncertain information
hat can be assessed with interval numbers and the UOWAWA
perator.

An illustrative example is presented that analyzes the opti-
al  market for new entrepreneurial activities. It is assumed that

 key variable for such activities is the economic environment of an
conomy that can be analyzed with a country’s economic growth
ate. Several scenarios and expert opinions are considered to pro-
ide indicative results regarding an economy’s expected economic
rowth rate. Obviously, if the economic growth rate is positive, it
hould be easier to implement new entrepreneurial activities and
onversely, if the rate is negative, it should be more difficult. There-
ore, the optimal decision will be to select the market with a higher
xpected growth rate for the next period. However, it is worth not-
ng that many other variables should be considered in the problem.
n this example, the objective is to present a general overview of
ow a decision-maker should analyze the decision to develop new
ntrepreneurial activities in a new market according to a country’s
r a region’s economic environment.

The paper is organized as follows. Section 2 reviews some basic
reliminaries regarding aggregation operators, economic crises
nd economic growth. Section 3 develops a new framework for
nalyzing economic growth with aggregation systems. Section 4
ntroduces a multi-criteria multi-person decision-making problem
or entrepreneurship assessed with economic growth. Section 5
resents an illustrative example and Section 6 summarizes the
ain conclusions of the paper.

. Preliminaries

.1. Interval numbers

Interval numbers [16] are a very useful simple technique for
epresenting uncertainty. They have been used in a wide range of
pplications and can be defined as follows.
efinition 1. Let a = [a1, a2] = {x | a1 ≤ x ≤ a2}, then a is called an
nterval number. Note that a is a real number if a1 = a2.

Interval numbers can be represented in different ways. For
xample, assume a 4-tuple [a1, a2, a3, a4], and let a1 and a4 rep-
puting 47 (2016) 141–150

resent the minimum and the maximum of the interval number,
and a2 and a3 the internal values with the highest possibility of
occurrence. Note that a1 ≤ a2 ≤ a3 ≤ a4. If a1 = a2 = a3 = a4, the inter-
val number is an exact number. If a2 = a3, it is a triplet, and if a1 = a2
and a3 = a4, it is a simple 2-tuple interval number.

We review some basic operations below. Let A and B be two
triplets, where A = [a1, a2, a3] and B = [b1, b2, b3].

1. A + B = [a1 + b1, a2 + b2, a3 + b3].
2. A − B = [a1 − b3, a2 − b2, a3 − b1].
3. A × k = [k × a1, k × a2, k × a3], for k > 0.
4. A × B = [min (a1 × b1, a1 × b3, a3 × b1, a3 × b3), a2 × b2, max

(a1 × b1, a1 × b3, a3 × b1, a3 × b3)], for R.
5. A/B = [min (a1/b1, a1/b3, a3/b1, a3/b3), a2/b2, max  (a1/b1, a1/b3,

a3/b1, a3/b3)], for R.

The intervals are sometimes difficult to rank because it is not
clear which interval number is higher, so we must establish an addi-
tional criterion for ranking interval numbers [24]. For simplicity
reasons, we use the following method throughout the paper. For 2-
tuples, calculate the arithmetic mean: (a1 + a2)/2. For 3-tuples and
above, calculate a weighted average that yields more importance
to the central values: (a1 + 4a2 + a3)/6. For 4-tuples, we  calculate:
(a1 + 4a2 + 4a3 + a4)/10, and so on. In the case of a tie between the
intervals, we select the interval with the lowest difference, i.e.,
(a2 − a1). For 3-tuples and above odd-tuples, we  select the interval
with the highest central value.

The main advantage of this method is that we can reduce the
interval number to a representative exact number of the interval.
As a general framework for dealing with ranking processes, let us
assume the following methodology for two intervals A = [a1, a2] and
B = [b1, b2]:

1. If a1 > b2, then, A > B always.
2. If not, then it is not 100% clear which interval is higher and one

of the ranking methods explained above must be used. To sim-
plify matters, a simple or weighted average of the intervals is
recommended.

3. If there is still a tie, this implies that the interval provides similar
values and more subjective methods are required. In this case, it
is recommended to consider the highest interval as the one with
lowest imprecision, i.e., A > B if (a2 − a1) < (b2 − b1).

Note that other operations and ranking methods could be stud-
ied [16], but in this paper the focus is on those discussed above.

2.2. Aggregation systems

When analyzing information, it usually becomes necessary to
deal with a wide range of different aspects that have to be col-
lected and displayed in simple results. Aggregation operators can
collect different information and provide a single or a practical
summarized result. Aggregation systems can be seen as a gen-
eralization of the aggregation operators representing the entire
structure involved in the aggregation process that may involve a
wide range of aggregation operators. The literature contains many
different types of aggregation operators [7,8,25]. Among others, the
weighted average and the ordered weighted average (OWA) are
some of the most popular ones [9]. The OWA  operator provides a
parameterized family of aggregation operators between the min-
imum and the maximum. It can collect information and provide

the box-plot with interval numbers as outputs or similar results
[26]. Moreover, the information can be represented so that it can
be under- or overestimated, considering the decision-maker’s atti-
tudinal character. This can be defined as follows.
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efinition 2. An OWA  operator of dimension n is a mapping OWA:
n → R that has an associated weighting vector W of dimension n
ith

∑n
j=1wj = 1 and wj ∈ [0, 1], such that:

WA  (a1, a2, ..., an)=
n∑

j=1

wjbj (1)

here bj is the jth smallest of the ai.
The OWA  operator is commutative, monotonic, bounded and

dempotent. It is commutative because OWA  (a1, a2, . . .,  an) = f (e1,
2, . . .,  en) where (a1, a2, . . .,  an) is any permutation of the argu-
ents (e1, e2, . . .,  en). It is monotonic because if ai ≥ ui, for all ai,

hen, OWA  (a1, a2, . . .,  an) ≥ OWA  (u1, u2, . . .,  un). It is bounded
ecause the OWA  aggregation is delimitated by the minimum and
he maximum. That is, Min{ai} ≤ OWA  (a1, a2,. . .,  an) ≤ Max{ai}. It is
dempotent because if ai = a, for all ai, then, OWA  (a1, a2,. . .,  an) = a.
t includes a wide range of particular cases including the minimum,
he average and the maximum. Since being introduced, it has been
tudied by many authors [11,27,28].

Sometimes, the available information is imprecise and cannot be
ssessed with usual exact numbers. These situations need another
pproach, such as the use of interval numbers to represent impre-
ise information considering minimum and maximum potential
esults. Some very well-known approaches are the uncertain aver-
ge (UA), the uncertain weighted average (UWA) and the uncertain
WA (UOWA) operator [14,29]. The UWA  operator can be defined
s follows.

efinition 3. Let  ̋ be the set of interval numbers. A UWA  operator
f dimension n is a mapping UWA: ˝n →  ̋ that has an associated
eighting vector W of dimension n with wi ∈ [0, 1] and

∑n
i=1wi = 1,

uch that:

WA  (ã1, ã2, ..., ãn) =
n∑

i=1

wiãi (2)

here ãi is an interval number.
Some other interesting aggregation operators are those that

nify the weighted average and the OWA  operator. In the literature,
here are many approaches in this context including the weighted
WA  (WOWA) operator [12], the hybrid average [14], the impor-

ance OWA  [13] and immediate weights [30]. Recently, Merigó [15]
as suggested a new approach that unifies both aggregations con-
idering the degree of importance of each concept in the analysis.
e calls it the OWA  weighted average (OWAWA). When dealing
ith uncertain information that can be assessed with interval num-

ers, it becomes the uncertain OWAWA  (UOWAWA) operator. It is
efined as follows.

efinition 4. Let  ̋ be the set of interval numbers. A UOWAWA
perator of dimension n is a mapping UOWAWA: ˝n →  ̋ that has
n associated weighting vector W of dimension n such that wj ∈ [0,
] and

∑n
j=1wj = 1, according to the following formula:

OWAWA (ã1, ã2, ..., ãn)=
n∑

j=1

v̂jbj (3)

here bj is the jth largest of the ãi, each argument ãi has an associ-
ted weight vi with

∑n
i=1vi = 1 and vi ∈ [0, 1], v̂j = ˇwj + (1 − ˇ)vj
ith � ∈ [0, 1] and vj is the weight (WA) vi ordered according to bj ,
hat is, according to the jth largest of the ai.

As we can see, if  ̌ = 1, we obtain the UOWA operator and if  ̌ = 0,
he UWA. Note that if the weighting vector is not normalized, i.e.,
puting 47 (2016) 141–150 143

W =
∑n

j=1wj /= 1, or V =
∑n

j=1vi /= 1, the UOWAWA operator can be
formulated as follows:

UOWAWA (ã1, ã2, ..., ãn) = 1

V̂

n∑
j=1

v̂jbj (4)

For practical simplification, it is assumed that the  ̌ parameter
and the weights W and V are exact numbers. Nevertheless, it is
also possible to consider situations where they are imprecise and
represented with interval numbers.

Note that in this paper, the main assumption is that information
is very uncertain and can only be assessed with interval numbers.
However, it is possible to use other tools when dealing with impre-
cise and complex environments including fuzzy numbers [31] and
linguistic variables [32]. By using fuzzy numbers, the operators
used would be the fuzzy weighted average (FWA) [33], the fuzzy
OWA  (FOWA) [31] and the fuzzy OWAWA  (FOWAWA) operator
[33]. The mathematical formulation is straightforward by looking
at the UWA  and UOWAWA operators.

2.3. Economic crisis and economic growth

Economic crisis can be defined as a scenario where a region’s
economic situation is considered to show lower than desired or
negative growth. Usually, this is assumed when the gross domestic
product (GDP) growth rates are near stagnation or negative over
time. Economists consider that an economic crisis can be consid-
ered significant when the GDP contracts for more than a half year.
Throughout history, the world has experienced many economic
crises and the current financial crisis has been severely affecting
developed economies since 2007–2008 [34].

Using a mathematical notation, let us assume that a region is
in an economic crisis if GDPt < GDPt−1, where GDPt represents the
GDP for year t and GDPt−1 for year t − 1. There are obviously many
explanatory factors. Before making a brief mathematical analysis,
let us look into the concept of economic growth. Note that here we
have assumed only one year for the analysis but it is possible to
consider two  (t − 2) or more (t − n).

Economic growth (EG) is an economic variable that represents
the evolution of the economy over time. It analyzes the increase or
decrease in economic output over different periods of time. It can
be studied for a wide range of entities including countries, regions,
cities and companies. It is usually measured as the percentage rate
of increase in the real GDP. That is:

Economic growth=
(

GDPt

GDPt−1
− 1

)
× 100 (5)

GDPt > GDPt−1 indicates that EG > 0 and thus it is positive. An
economy is usually assumed to be experiencing economic expan-
sion if EG is well above 0. If GDPt < GDPt−1 growth is negative and
thus the economy is in recession.

The literature contains many studies of EG by economists [35],
especially since the mid-1950s when Solow [36] introduced his
growth model. Since then, many economists have studied a wide
range of different variables and methodologies in order to under-
stand growth theory. Some of the key assumptions of growth are
based on the inputs of capital, labor and technological develop-
ment.

EG also depends on the levels of GDP and can therefore be ana-

lyzed from the variables that shape GDP [37]. Usually, it is assumed
that the GDP in an open economy is formed by:

GDP(Y) = C + I + G + X − M (6)
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here C is consumption, I investment, G government spending, X
xports and M imports. Therefore, all these variables can be ana-
yzed in order to understand EG. That is:

conomic growth=

(
(C + I + G + X − M)t

(C + I + G + X − M)t−1
− 1

)
× 100 (7)

The equation above can be sub-divided by introducing in each
ariable the transformation Ct−1/Ct−1, It−1/It−1, and so on, in order
o find the main changes in the observed period. Thus, EG becomes:

G =
(

Ct−1

GDPt−1

(
Ct

Ct−1
− 1

)
+ It−1

GDPt−1

(
It

It−1
− 1

)
+ Gt−1

GDPt−1

(
Gt

Gt−1

It could be represented by a non-monotonic weighted average
38] as follows:

G =
(

WAC

(
Ct

Ct−1
− 1

)
+ WAI

(
It

It−1
− 1

)
+ WAG

(
Gt

Gt−1
− 1

)
+ W

here WA is the weighted average for each considered variable.
t is worth noting that it is nonmonotonic because it has a nega-
ive weight in the imports. Note that each WA  should be calculated
ccording to the importance of the variables in the GDP. For exam-
le, it could be calculated considering the GDP from the previous
ear or the expected GDP for the next period but other situations
an also be considered in order to make different types of fore-
asts. Note that if the degree of importance is not known, some
ype of OWA, OWAWA  or POWAWA aggregation [9,15,39] can be
sed in order to under -or -overestimate the expected results. Fur-
hermore, any other type of aggregation operator could be used
epending on the information available for the specific problem
nder consideration.

GDP can also be determined by the income method [40] that
onsists in adding up the total income earned by all domestic house-
olds and firms. Thus:

DP(Y) = WS  + CP + OI (10)

here WS  are wages and salaries, CP corporate profits and OI other
ncomes. In this case, it is possible to use a similar methodology to
hat used for EG. That is:

conomic growth=

(
(WS  + CP + OI)t

(WS  + CP + OI)t−1
− 1

)
× 100 (11)

The equation can also be divided using the transformations
St−1, CPt−1 and OIt−1 as follows:

G =
(

WSt−1

GDPt−1

(
WSt

WSt−1
− 1

)
+ CPt−1

GDPt−1

(
CPt

CPt−1
− 1

)
+ OIt−1

GDPt−1

(
O

Thus, we could use the weighted average (WA) in order to sim-
lify the equation as follows:

G =
(

WAWS

(
WSt

WSt−1
− 1

)
+ WACP

(
CPt

CPt−1
− 1

)
+ WAOI

(
OIt

OIt−1
−

Furthermore, if the weights are not known, other aggregation
perators such as the OWA  and the POWAWA operator can be used.
ote that the use of this type of aggregation operators becomes

elevant when working with future forecasts where the degree of
mportance of each variable is not known, such as in t + 2, t + 3 and
o on. See Section 3 for the explanation.

Finally, it is worth noting that there are many other approaches
or analyzing GDP, such as the output method [40]. The usefulness

f the aforementioned equations is that they can identify which
ariables have been strongly affected by an increase or decrease.
ut from a microeconomic perspective, other issues could be taken

nto account because many other variables may  affect the problem.
puting 47 (2016) 141–150

)
+ Xt−1

GDPt−1

(
Xt

Xt−1
− 1

)
− Mt−1

GDPt−1

(
Mt

Mt−1
− 1

))
× 100 (8)

(
Xt

Xt−1
− 1

)
− WAM

(
Mt

Mt−1
− 1

))
× 100 (9)

− 1
))

× 100 (12)

)
× 100 (13)

3. Aggregation systems in the analysis of economic growth

Economic growth (EG) is a fundamental variable for measuring
economic situations. Positive growth is usually assumed to indicate
an economy in expansion and negative growth one in recession. As
mentioned in the previous section, EG can be studied from different
perspectives. In this Section, the focus is to present the use of a wide
range of aggregation systems in EG in order to form more efficient
measures for assessing the information.

First, let us look into the use of simple aggregation operators
in EG. EG can be affected by attributes, criteria, states of nature
and experts’ opinions. Thus, EG may  differ depending on the cri-
teria considered. Therefore, in order to consider all the available
information, aggregation operators are needed:

EG(EG1, EG2, ..., EGc, ..., EGn=
n∑

c=1

wcEGc (14)

where EGc is the economic growth according to the cth criterion
and wc the cth weight that represents the importance of each
criterion such that wc ∈ [0, 1] and

∑n
c=1wc = 1. Moreover, more

variables can be included in the problem such as the opinions of
several experts. In this case, Eq. (14) can be generalized as follows:

EG
(

[EG1
1, ..., EG1

m], ..., [EGn
1, ..., EGn

m]
)

=
n∑

c=1

m∑
e=1

wcve
cEGe

c (15)

where EGc
e is EG according to each cth criterion and eth expert,

wc the cth weight with the importance of each criterion such that
wc ∈ [0, 1] and

∑n
c=1wc = 1, and vc

e the weight for each expert e

and criterion c such that vc
e ∈ [0, 1] and

∑m
e=1ve

c = 1.
Further generalizations could be developed by adding additional

interpretations in the formula such as additional attributes, objec-

tives and so on. Moreover, if the available information is imprecise,
it is possible to use interval numbers. Thus, the expected economic
growth could be denoted by an interval as EG = [EGMin, EGMax] and
so on for any considered sub-variable according to criteria and
experts.

Note that Eqs. (14) and (15) assume an aggregation process
using the weighted average. However, many other types of aggre-

gation operators can be used, including the OWA, the OWAWA,
the POWAWA, the PWA  and the UAO operator. Note that the OWA
operator is useful when we  do not know the importance of each
variable but wish to aggregate them. Therefore, we may consider
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)
+ POWAWAX

(
Xt+3 − 1

)
+ POWAWAM

(
Mt+3 − 1

)  )
× 100 (18)

w
˛
(

Table 1
Available information.

Variable t − 1 t t + 2 t + 3

GDP 100 105 115 120
C  65 68 73 75
I  12 13 15 16
G  18 19 21 22
X  15 16 18 20
M  10 11 12 13

tance (  ̌ = 0.5).
Note that EG-C is formed by using PWAC × (Ct+3/Ct+2), EG-I with

PWAI × (It+3/It+2) and so on.
J.M. Merigó et al. / Applied S

any methods for dealing with uncertainty such as the minimum,
he maximum and the average. Hence the following expression:

G-OWA(EG1, EG2, ..., EGc, ..., EGn =
n∑

j=1

wjbj (16)

here bj is the jth lowest expected EG and wj is the jth weight
hat represents the attitudinal character (degree of optimism) such
hat wj ∈ [0, 1] and

∑n
j=1wj = 1. Note that if wn = 1 and wj = 0 for

ll j /= n, the EG-OWA becomes the Maximum, that is, the most
ptimistic EG. If w1 = 1 and wj = 0 for all j /= 1, the EG-OWA becomes
he Minimum, that is, the most pessimistic EG.

More in general, other approaches could be used such as the
WAWA  operator. By using the OWAWA  it is assumed that the

nformation is aggregated with two different sources of information
ased on attitudinal character and subjective belief regarding the

mportance of the variables. Hence the following formulation:

G-OWAWA(EG1, EG2, ..., EGc, ..., EGn =
n∑

j=1

v̂jbj (17)

here bj is the jth lowest expected EGc , wj is the jth weight that rep-
esents attitudinal character (degree of optimism) such that wj ∈
0, 1] and

∑n
j=1wj = 1, each argument EG has an associated weight

i with
∑n

i=1vi = 1 and vi ∈ [0, 1], v̂j = ˇwj + (1 − ˇ)vj with  ̌ ∈ [0,
] and vj is the weight vi ordered according to bj , that is, according
o the jth lowest EGc .

Observe that with the OWAWA  operator it is also possible to
onsider many particular cases such as the minimum, the maxi-
um  and many others [15,41], in particular the following:

Maximum: wn = 1 and wj = 0 for all j /= n and  ̌ = 1.
Minimum: w1 = 1 and wj = 0 for all j /= 1 and  ̌ = 1.
Arithmetic mean: wj = 1/n  for all j and pi = 1/n  for all i.
Max-WA: wn = 1 and wj = 0 for all j /= n.
Min-WA: w1 = 1 and wj = 0 for all j /= 1 and  ̌ = 1.
OWA: If  ̌ = 1.
Weighted average: If  ̌ = 0.

Additionally, it is possible to extend this framework to uncertain
nvironments with imprecise data assessed with interval numbers.
his would form the economic growth UOWAWA (EG-UOWAWA)
nd the economic growth UOWA (EG-UOWA) operator, respec-
ively.

Now let us look at the aggregation process when considering
hat economic growth is affected by the different constituent eco-
omic variables. As explained in Eq. (5), EG can be calculated using
he GDP of the present year t and the previous period t − 1. Thus, it is
lso possible to introduce Eq. (5) in Eqs. (16) and (17). Furthermore,
y decomposing GDP into consumption, investment, government
pending, exports and imports as shown in Eq. (6), it is also possible
o introduce it in Eq. (16) and (17).

Following the transformations shown in Eqs. (8) and (9), it is
lso possible to study an additional aggregation framework when
ealing with EG. For example, if the objective is to analyze EG in the
ime period t + 3, that is, three years in the future, this can be studied
ith different types of aggregation operators. In these situations,

he degree of importance of each variable that constitutes the GDP
s often not known or only partially known. Therefore, an OWA  or

 POWAWA operator can be used:

G =
(

POWAWAC

(
Ct+3 − 1

)
+ POWAWAI

(
It+3 − 1

)
+ POWAWAG

(
Gt+3 − 1
Ct+2 It+2 Gt+2

here POWAWA is weight v̂i = ˛1pi + ˛2vi + ˛3wi, with ˛1, ˛2 and
3 being the degree of importance that the initial information

probability), subjective beliefs and attitudinal character (OWA)
Abbreviations: t = time; GDP = gross domestic product; C = consumption;
I  = investment: G = public spending; X = exportations; M = importations.

have in the specific aggregation considered, and wi is the OWA
weight wj ordered according to the initial position i. It is worth
noting that this type of aggregation is a nonmonotonic-POWAWA
operator because it uses one negative weighting vector in the
imports: V̂ = (V̂C, V̂I, V̂G, V̂X, −V̂M) and the sum of the weights is
equal to one. For further information on non-monotonic aggrega-
tions see Yager [38].

Note that the POWAWA operator seems to be more practi-
cal because the present weighted average regarding the degree of
importance of each variable (seen as the probabilistic information)
can be used and adjusted with some type of OWAWA  that repre-
sents our belief concerning its future importance and our degree
of optimism or pessimism that under- or overestimates the infor-
mation. Following Merigó [42], the probabilistic weighted average
(PWA) could be used assuming that the probabilistic information is
the known information and the WA is our beliefs about the future.
In this case, an OWA  aggregation that assumes optimistic or pes-
simistic information is avoided. Furthermore, any particular type
of POWAWA operator could be studied in the problem depend-
ing on the assumptions made in the analysis [39]. More complex
structures could also be constructed considering expert opinions,
criteria, attributes and so on. Note that this analysis could be run for
any economy including supranational states, countries, enterprises,
cities and any other type of region.

In order to show the usefulness of the POWAWA operator, let us
look at a simple example.

Example 1. Assume that a country is analysing its economic
growth three years in the future. The available information they
have for the future is shown in Table 1.

With this information, the degree of importance for each vari-
able is formed for year t using Ct−1/GDPt−1 and so on. Experts on the
country produce a new weighted average for year t + 3 according to
the weights found in year t and their beliefs regarding the increas-
ing or decreasing importance of each variable. Note that the reason
for doing so is that they are not sure that the first screening shown
in Table 1 is strictly correct. Moreover, since imports are negative
in the equation, the weighting vector is nonmonotonic [38]. The
results are shown in Table 2.

Note that P is calculated from Table 1, while V is obtained as
an approximation from t + 2 and t + 3. These results and the PWA
operator, a particular case of the POWAWA, provide the follow-
ing results shown in Table 3. The probabilistic information and the
weighted average are assumed to have the same degree of impor-
Xt+2 Mt+2
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Table 2
Available information for the weighting vectors.

Variable C I G X M GDP

P = % t − 1 0.65 0.12 0.18 0.15 −0.10 1
V  = % t + 2 0.62 0.13 0.19 0.16 −0.10 1
PWA  0.635 0.125 0.185 0.155 −0.10 1

The abbreviations are available in Table 1 except for: P = ({C, I, G, X,
M}t −1/GDPt −1) × 100; V = ({C, I, G, X, M}t +2/GDPt +2) × 100.

Table 3
Aggregated results with the PWA  operator.

Variable EG-C EG-I EG-G EG-X EG-M EG �EG

PWA  0.652 0.133 0.193 0.172 0.108 1.042 4.2%

Abbreviations: EG − {C, I, G, X, M} = part of the economic growth coming from the
consumption, investment, public spending, exportations and importations.

Table 4
Aggregated results with the POWAWA operator.
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Z of dimension p with z = 1 and z ∈ [0, 1] and a weighting
Variable EG-C EG-I EG-G EG-X EG-M EG �EG

POWAWA 0.606 0.16 0.199 0.17 0.089 1.046 4.6%

The OWA  operator is introduced in the problem. Since the infor-
ation is very uncertain, the OWA  is used to represent different

cenarios that may  occur, from that which is the most pessimistic
o that which is the most optimistic, and to select that which is in
losest accordance with our interests and attitudes. This is a non-
onotonic OWA  aggregation with the weights W = (0.5, 0.2, 0.2,

.15, −0.05). Note that this weighting vector is implicitly condi-
ioned by the initial information shown in Table 1 and we  assume
hat it is equally as important as the weighted average and the
robability. A simple average between them is used. The results
re shown in Table 4.

As we can see, it is possible to construct intervals for each
ariable that represent all potential scenarios, from the minimum
pessimistic) to the maximum (optimistic). As no information is
ost, this approach provides more comprehensive information that
an be assessed more efficiently. In order to make decisions, note
hat the results found with the POWAWA operator should be
ur final assumption regarding the expected result for each vari-
ble. Therefore, it is an aggregated result that considers the initial
egrees of importance of the variables, beliefs about the future
nd the degree of optimism or pessimism in the specific problem
onsidered.

Similarly, this approach could also be extended to other meth-
ds for constructing the GDP. Thus, for the income method, EG for
he time period t + 3 is analyzed as follows:

G =
(

POWAWAWS

(
WSt

WSt−1
− 1

)
+ POWAWACP

(
CPt

CPt−1
− 1

)
+ P

This equation can be used in analyses similar to Example 1.
mong others, it is worth noting that we could use it in any of

he particular cases of the POWAWA operator [39] including the
eighted average, the OWA  and the OWAWA  operator.

. Using economic growth in entrepreneurial multi-person
ecision-making

Economic growth analysis is useful when applied on a wide
ange of problems, including general information on an econ-
my, commercial policies with other countries, influences on

ther sectors including investment strategies and government poli-
ies. This section focuses on a group decision-making problem
egarding entrepreneurial strategies. When new entrepreneurial
ctivities are going to be developed, the different variables that
puting 47 (2016) 141–150

WAOI

(
OIt

OIt−1
− 1

))
× 100 (19)

may  affect this process must be studied. Economic growth is a
fundamental variable for these studies because it determines the
environment of an economy, and consequently is a very impor-
tant piece of information when searching for the most appropriate
place for entrepreneurial activities. Several studies have analyzed
entrepreneurial group decision-making problems [43–45]. This
paper focuses on the analysis of the optimal place for creating a
new company based on the economic environment. The analysis
is performed by observing the expected economic growth in sev-
eral countries. The country with the highest economic growth is
assumed to be the optimal place for entrepreneurship. Note that
this example considers a decision problem [46–48] with imprecise
information that can be assessed with interval numbers. However,
many other methodologies could be applied [49–51], including
many other types of imprecise information [52,53]. In order to do
so, let us present a procedure for entrepreneurial uncertain multi-
criteria multi-person decision-making as follows:

Step 1: Let A = {A1, A2, . . .,  An} be a set of finite alternatives,
T = {T1, T2, . . .,  Tn} a set of finite states of nature (or attributes), form-
ing the payoff matrix (ãgi)p×n. This matrix is formed for each criteria
CR = (Cr1, Cr2, . . .,  Crx). All these criteria are aggregated through the
weighting vector Y = (y1, y2, . . .,  yh) with

∑h
e=1ye = 1 and ye ∈ [0,

1].
Step 2: Let E = {E1, E2, . . ., Ep} be a finite set of decision-makers.

Let Z = (z1, z2, . . .,  zp) be the weighting vector of the decision-makers,
such that

∑p
k=1zk = 1 and zk ∈ [0, 1]. Each decision-maker provides

his/her own payoff matrix (ãgi
(k))m×n. Use the weighted average to

aggregate the information of decision-makers E using the weight-
ing vector Z. The result is the collective payoff matrix (ãgi)m×n. Thus,

ãgi =
∑p

k=1zkã
k

gi
.

Step 3: Calculate the weighting vector W and V to be used in the
UOWAWA aggregation and the  ̌ parameter. Note that W = (w1, w2,
. . .,  wn), such that

∑n
j=1wj = 1 and wj ∈ [0, 1] and V = (v1, v2, . . .,

vn), such that
∑n

j=1vj = 1 and vj ∈ [0, 1].
Step 4: Calculate the aggregated results using the UOWAWA

operator explained in Eq. (3). Consider different particular manifes-
tations of the UOWAWA using different expressions as explained
after Eq. (17).

Step 5: Make decisions according to the results found in the pre-
vious steps. Select the alternative/s that provide(s) the best result/s.
Rank the alternatives from the most to the least preferred alterna-
tive.

This approach uses several key components in order to build the
decision process as shown in Fig. 1.

Furthermore, this decision-making process explained in the
previous paragraphs can be summarized using the following aggre-
gation system.

Definition 5. Let  ̋ be the set of interval numbers. An
MC-MP-EG-UOWAWA operator of dimension n is a mapping MC-
MP-EG-UOWAWA: ˝n × ˝p × ˝h →  ̋ that has a weighting vector∑p
k=1 k k

vector W of dimension n with
∑n

j=1
wj = 1 and wj ∈ [0, 1], such

that:
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Table 5
Initial strategy.

Objective Analysis

A1 Create a new company in
Poland

Economic growth in
Poland

A2 Create a new company in
the Czech Republic

Economic growth in the
Czech Republic

A3 Create a new company in
Hungary

Economic growth in
Hungary

A4 Create a new company in
Romania

Economic growth in
Romania

A5 Create a new company in
Bulgaria

Economic growth in
Bulgaria

Table 6
Expert 1—criteria 1.

S1 S2 S3 S4 S5

A1 [6, 7] [7, 8] [5, 7] [3, 4] [1, 2]
A2 [7, 8] [6, 7] [3, 5] [2, 4] [1, 3]
A3 [5, 7] [5, 8] [4, 6] [3, 4] [2, 3]
A4 [3, 5] [6, 7] [4, 5] [2, 3] [1, 2]
A5 [4, 5] [7, 9] [6, 7] [3, 4] [2, 3]

Table 7
Expert 1—criteria 2.

S1 S2 S3 S4 S5

A1 [5, 6] [8, 9] [5, 6] [3, 5] [1, 3]
A2 [6, 7] [7, 8] [5, 7] [3, 5] [1, 2]
A3 [6, 8] [4, 7] [3, 6] [2, 4] [1, 3]
A4 [7, 8] [5, 8] [5, 6] [4, 6] [3, 5]
A5 [6, 7] [5, 9] [4, 7] [2, 7] [1, 5]

Table 8
Expert 1—criteria 3.

S1 S2 S3 S4 S5

A1 [6, 8] [7, 8] [5, 7] [4, 5] [3, 4]
A2 [7, 9] [6, 7] [5, 8] [3, 5] [2, 4]
Fig. 1. Illustrative representation of the new approach.

(
(ã1

1, ..., ãp
1), ..., (ã1

n, ..., ãp
n

)
=

n∑
j=1

v̂jbj (20)

here bj is the jth smallest of the ãi, each argument ãi has an associ-
ted weight vi with

∑n
i=1vi = 1 and vi ∈ [0, 1], v̂j = ˇwj + (1 − ˇ)vj

ith  ̌ ∈ [0, 1], vj is the probability vi ordered according to bj , that

s, according to the jth smallest ãi, and ãgi =
∑p

k=1zkã
k

gi
where ãgi

k

s the argument variable provided by each expert after having con-
idered the different criteria, ãk

i
=

∑h
ek=1yek

ãek
i

, aek
i

is the argument

rovided by each expert for each criterion and Y is a weighting
ector of dimension h with

∑h
ek=1yek

= 1and yek ∈ [0, 1].

Note that many properties and particular cases of the MC-
P-EG-UOWAWA operator could be studied following the usual

iterature on aggregation operators. Furthermore, more complex
ituations can be considered using other aggregation operators
nstead of the weighted average in the aggregation of the experts
nd the criteria.

. Numerical example

In order to understand the procedure explained in Section 4, let
s look at a numerical example regarding the use of the UOWAWA
perator in an uncertain entrepreneurial multi-criteria multi-
erson decision-making problem using economic growth analysis.
he literature contains a wide range of other decision-making
ethods [54–57], including problems assessed with linguistic

25,58,59] and fuzzy information [60]. Note that the aim of the
xample is to show numerically, how the new approaches sug-
ested in the paper can be implemented. Therefore, it does not focus
n the real world although the ideas mentioned in the example have
trong connections with reality. The main reason for this is that the
eal world would include additional variables that would make it
ore difficult to understand the ideas suggested in the paper. Thus,

he example is strictly focused on the ideas of the paper.
Step 1: Assume an investor wishes to develop entrepreneurial

ctivities by opening a new company. However, the investor has not
et decided where to invest. After an initial screening, the investor
onsiders five potential alternatives where he/she needs to analyze
ach country’s expected economic growth as shown in Table 5.

In order to assess the problem, the investor uses two  experts.
hey consider that the key variable, which will determine the suc-
ess of the investment, is the economic situation of the country
easured by the expected economic growth for the next period.

nvestment is advisable in countries with the most positive eco-
omic growth. Since the information is very uncertain, as experts
ave to develop forecasts for the next period, they use interval num-
ers to assess the information. Also note that experts could have

sed fuzzy numbers in order to better represent the information
onsidering the possibility that the internal values would occur. In
his example, the assumption is that the information is very uncer-
ain and it is not easy to calculate the values between the minimum
A3 [2, 8] [1, 7] [1, 5] [0, 4] [0, 3]
A4 [5, 8] [6, 7] [4, 6] [3, 5] [2, 5]
A5 [6, 8] [5, 6] [4, 7] [3, 5] [2, 4]

and the maximum. After careful analysis of the variables that may
affect the problem over time, they assume that the information can
be summarized in three criteria:

• Cr1: European Union economic environment.
• Cr2: World economic environment.
• Cr3: Other variables.

The experts assume that five potential states of nature may  occur
in the general economic environment:

• S1: Very good economic situation.
• S2: Good economic situation.
• S3: Fair economic situation.
• S4: Bad economic situation.
• S5: Very bad economic situation.

For each criterion, the experts formulate the expected economic
growth for each country. The results for the first expert are given
in Tables 6–8. They are presented in the form of interval numbers,
where the left value indicates the lowest value that can occur and

the right value shows the highest result that this scenario could
bring about. The numerical data represent evaluations given by the
experts from 0 to 10 where 0 is very low benefits and 10 is very
high.
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Table 9
Expert 1—collective results.

S1 S2 S3 S4 S5

A1 [5.7, 6.9] [7.3, 8.3] [5,6.7] [3.2, 4.5] [1.4, 2.7]
A2 [6.7, 7.9] [6.3, 7.3] [4,6.2] [2.5, 4.5] [1.2, 2.9]
A3 [4.7, 7.5] [3.9, 7.5] [3.1, 5.8] [2.1, 4] [1.3, 3]
A4 [4.6, 6.5] [5.7, 7.3] [4.3, 5.5] [2.8, 4.3] [1.8, 3.5]
A5 [5,6.2] [6,8.4] [5, 7] [2.7, 5.1] [1.7, 3.8]

Table 10
Expert 2—criteria 1.

S1 S2 S3 S4 S5

A1 [6, 9] [7, 8] [6, 7] [4, 5] [1, 3]
A2 [5, 7] [6, 7] [5, 6] [3, 4] [1, 3]
A3 [7, 8] [6, 7] [5, 6] [4, 5] [2, 4]
A4 [6, 9] [5, 8] [4, 6] [4, 5] [3, 4]
A5 [6, 7] [6, 7] [5, 6] [4, 5] [4, 5]

Table 11
Expert 2—criteria 2.

S1 S2 S3 S4 S5

A1 [7, 8] [5, 7] [4, 7] [4, 5] [2, 4]
A2 [6, 9] [6, 7] [5, 6] [5, 6] [1, 3]
A3 [8, 9] [5, 8] [4, 6] [4, 5] [3, 5]
A4 [7, 8] [6, 7] [4, 6] [4, 5] [3, 4]
A5 [6, 8] [6, 7] [3, 7] [3, 6] [2, 4]

Table 12
Expert 2—criteria 3.

S1 S2 S3 S4 S5

A1 [6, 8] [6, 8] [4, 6] [4, 5] [1, 3]
A2 [5, 9] [6, 7] [4, 5] [4, 5] [1, 3]
A3 [7, 8] [5, 7] [3, 6] [4, 5] [1, 4]
A4 [6, 9] [6, 8] [4, 6] [3, 5] [3, 4]
A5 [5, 8] [6, 7] [2, 7] [3, 5] [1, 5]

Table 13
Expert 2—collective results.

S1 S2 S3 S4 S5

A1 [6.3, 8.3] [6, 7.7] [4.6, 6.6] [4, 5] [1.3, 3.3]
A2 [5.3, 8.4] [6, 7] [4.6, 5.6] [4, 5] [1, 3]
A3 [7.3, 8.3] [5.3, 7.3] [3.9, 6] [4, 5] [1.9, 4.3]
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Table 14
Collective results.

S1 S2 S3 S4 S5

A1 [6, 7.6] [6.65, 8] [4.8, 6.65] [3.6, 4.75] [1.35, 3]
A2 [6, 8.15] [6.15, 7.15] [4.3, 5.9] [3.25, 4.75] [1.1, 2.95]
A3 [6, 7.9] [4.6, 7.4] [3.5, 5.9] [3.05, 4.5] [1.6, 3.65]
A4 [5.45, 7.6] [5.7, 7.5] [4.15, 5.75] [3.2, 4.65] [2.4, 3.75]
A5 [5.3, 6.95] [6, 7.7] [4.1, 6.85] [3, 5.2] [1.95, 4.25]

Table 15
Aggregated results.

Min  Max  UA UWA  UOWA  UOWAWA

A1 [1.35, 3] [6.65, 8] [4.48, 6] [4.70, 6.27] [3.95, 5.5] [4.32, 5.88]
A2 [1.1, 2.95] [6,8.15] [4.16, 5.78] [4.31, 5.85] [3.67, 5.26] [3.99, 5.55]
A3 [1.6, 3.65] [6,7.9] [3.75, 5.87] [3.69, 5.89] [3.31, 5.44] [3.5, 5.66]
A4 [2.4, 3.75] [5.7, 7.5] [4.18, 5.85] [4.22, 5.86] [3.85, 5.47] [4.03, 5.66]
A5 [1.95, 4.25] [6,7.7] [4.07, 6.19] [4.16, 6.44] [3.66, 5.84] [3.91, 6.14]

Table 16
Ranking of the investments.

Ranking Ranking

Min  A }A }A }A }A UWA  A }A }A }A }A

ship and economic growth in decision-making processes where
entrepreneurs look for the optimal market and it is important to
A4 [6.3, 8.7] [5.7, 7.7] [4, 6] [3.6, 5] [3, 4]
A5 [5.6, 7.7] [6, 7] [3.2, 6.7] [3.3, 5.3] [2.2, 4.7]

Expert 1 aggregates this information to form his/her collective
esults as shown in Table 9. He/she assumes that the criteria have
he following degree of importance: Y1 = (0.5, 0.3, 0.2).

A similar methodology is used for expert 2. He/she assumes
hat the criteria can be represented with the following degrees of
elevance: Y2 = (0.3, 0.3, 0.4). The results are shown in Tables 10–13.

Step 2: After forming the collective results for each expert, both
pinions can be integrated into another collective structure. It is
ssumed that both experts are equally important, that is, Z = (0.5,
.5). The results are presented in Table 14.

Step 3: This general matrix represents the expected economic
rowth considering the different criteria and opinions of the two
xperts. In order to make decisions, the information must be aggre-
ated according to the different states of nature that may  occur. The
OWAWA operator is used for this purpose as it considers subjec-
ive opinions on the possibility that each state of nature will occur
nd the attitudinal character of the decision-maker. The follow-
5 4 3 1 2 1 5 2 4 3

Max  A1}A2}A3}A5}A4 UOWA A5}A1}A4}A2}A3

UA A1}A5}A4}A2}A3 UOWAWA A1}A5}A4}A2}A3

ing weighting vectors are assumed: W = (0.1, 0.2, 0.2, 0.2, 0.3) and
V = (0.1, 0.2, 0.4, 0.2, 0.1).

Step 4: With this information, the aggregated results can be
calculated using the UOWAWA operator and some of its main
particular cases. It is assumed that  ̌ = 0.5. This example uses the
minimum, the maximum, the average, the UWA, the UOWA and
the UOWAWA operator. The results are shown in Table 15.

Step 5: As we can see, the optimal choice is A1. That is, develop
entrepreneurial activities in Poland. However, due to uncertainty,
the future is not perfectly known. Therefore, in some exceptional
and unexpected situations some other alternative may  be optimal.
In order to see the different alternatives that could be optimal,
we present a ranking of all the alternatives for each aggregation
method. The rankings are shown in Table 16.

Although A1 appears to be the optimal choice for the maximum,
UA, UWA  and UOWAWA, A5 (Bulgaria) may  be optimal when con-
sidering pessimistic scenarios such as the minimum and the UOWA
operator (with pessimistic weights). Therefore, an important issue
when dealing with uncertainty is to be aware that the calculations
provide results that recommend an alternative, but many other
decisions could be taken depending on events that occur in the
future. The main advantage of the new approach presented in this
paper is that it provides a broader picture of all the scenarios that
may  appear in the future and it recommends a particular alterna-
tive according to the attitudinal character and subjective beliefs of
the decision-maker.

6. Conclusions

This paper has presented a new approach for dealing with
entrepreneurship under uncertain environments that can be
assessed by a country’s economic growth. A main assumption is
that positive economic growth is very helpful for entrepreneurial
activities because it indicates that the market is expanding.
The approach proposed relates the concepts of entrepreneur-
detect countries in which a higher economic growth is expected.
Since the information is uncertain and nobody knows exactly what
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he future will bring, several methods have been presented for
orecasting economic growth using a wide range of aggregation sys-
ems. A key method for doing this is by using the classical methods
vailable in macroeconomic theory. The main formulation com-
ares GDP in one year with the previous year in order to calculate
conomic growth. It has been demonstrated that decomposing GDP
nto its main variables can provide a new framework for assessment

ith aggregation systems. Several aggregation methods have been
resented including a wide range of POWAWA operators. Their
ain advantage is that they include as particular cases the classical
ethods based on the arithmetic mean and the weighted average.

herefore, the new methods presented in this study can always
e reduced to the classical framework if the problem considered is
imple. However, in complex environments with a lot of uncertain-
ies, this approach is more complete than the classical ones because
t can represent the information in a more complete way.

A different approach, focused exclusively on the end result of
conomic growth has also been suggested. This analysis has proven
o be very similar to the common methodologies used when deal-
ng with averaging aggregation operators, such as the OWA  and
he OWAWA  operator. Therefore, it is possible to analyze a wide
ange of possible future scenarios, from the most pessimistic to
he most optimistic. The use of aggregation systems in this con-
ext has also proven to be very efficient, as they provide a more
omplete overview of the problem. A more general application
n multi-criteria multi-person decision-making has been devel-
ped forming the MC-MP-EG-UOWAWA operator. This approach
as been applied in an entrepreneurial decision-making problem
egarding the selection of the optimal market for entrepreneur-
hip. Moreover, it has been linked with economic growth, assuming
hat economic growth stands as a key variable that stimulates
ntrepreneurship. Obviously, from a general perspective, it seems
etter to create new companies when economic growth is expected
o be positive, as it implies that the market is expanding and there-
ore easier to consolidate and make profits.

This work has been able to link aggregation systems with
ntrepreneurship and economic growth by using decision-making
rocesses. However, there are several limitations to be considered.
irst, the use of economic growth is a key variable that conditions
ntrepreneurship from a theoretical point of view. But many other
ariables should be considered in order to assess the problem from

 more comprehensive real-world perspective. Furthermore, this
ink may  sometimes not be directly found due to the company’s
osition and strategy. For example, in a long-term strategy, it may
e better to invest during a period of negative economic growth
ecause it will be cheaper to establish the company. Then, after
ome years, the market will expand again and it will be easier for
he company to make profits. Therefore, in this context, it is impor-
ant to highlight that the new approach presented in this paper
s expected to be very helpful for analyzing these problems. Yet
t is important to recall that the real world is very complex and

any variables and strategies may  condition the optimal solution
n a different way. In future research, we expect to develop more
ggregation systems focused on these and other economic vari-
bles and by using a wide range of techniques commonly used in
oft computing.
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