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Abstract— To develop a strategy for an organization it is
important to understand the organization and its
surrounding environment. Strength, Weakness,
Opportunity, Threat (SWOT) analysis is a famous tool to
perform this task precisely by showing the strength,
weakness of the organization and the external factors,
opportunities and threats that affect its success. SWOT
analysis is commonly used by business; however, non-profit
organizations also use SWOT analysis for decision-making
and strategy evaluation. The limitation of SWOT analysis is
that it does not give weight for the factors and there is no
guantified result from the analysis. The methods introduced
in this paper are Sugeno lambda measure and Choquet fuzzy
integral. Sugeno lambda measure is used for aggregating the
importance of characteristics and Choquet fuzzy integral is
used for the overall analytical evaluation of strength,
weak ness, opportunity and threat of a specific organization.
The methods discussed in this paper provide a way to
guantitatively evaluate SWOT analysis of an organization,
without having to worry about dependencies among
characteristics. A case study has been conducted for a
currency exchange office and the region of Pardubice, Czech
Republic (CR) to explain the application of the proposed
approach for profit and non- profit organizations.
Keywords— Choquet fuzzy integral, Strategy evaluation,

Sugeno fuzzy integral, Sugeirmeasure, SWOT analysfsizzy
membership functior¥ager’s ranking indices

1. I ntroduction

Preparing a strategy for any organization shouttlide a
process to help identify and understand certaitakbes
such as the purpose of the organization, its firénc
status, competitors, its environment and its future
Strategy evaluation is an essential process oteglya
planning. Strategy evaluation process is ongointpag
as the organization exists. Generally the resultaof
strategy evaluation include answers to questioms: the
objectives of the enterprise appropriate?, Are rtiggor
plans and policies appropriate to achieve the tibEs?,
Do the results confirm that? and so on. It shoddbted
that strategy evaluation is used or should be ns¢dnly
for profit organizations but also for non-profiting
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organizations. Different tools and methods are used
understand the aforementioned variables; this paper
particularly focuses on SWOT analysis. The SWOT
analysis is a preferable way to understand thetipnsof

an organization with respect to its environment].[16
order to improve the success of an organizatiofs it
important to understand What the organization is\glo
right?, If what the organization is doing right is
important?, What the organization is doing wrong/hat
obstacles the organization faces? and What opptetsin
the organization should exploit?. SWOT analysisais
famous tool to shade light on these questions. dJsin
SWOT analysis the strength, weakness, opportumity a
threats of an organization could be explained.

The objective of this paper is to provide methdust t
quantitatively evaluate SWOT analysis of an orgatidn.
Sugeno lambda measure and Choquet fuzzy integral we
used to numerically analyse characteristics and sub
characteristics of SWOT analysis.

2. Literaturereview

As briefly mentioned in the introduction SWOT argsy

is used for analysing an organization's strength,
weakness, the opportunities at its disposal andhteats

it is facing. These variables should be identifieg
experts since this is the corner stone of the whnhdysis.
After a selected group of experts choose SWOT sub
characteristics and their priorities, the evaluatid how

the organization is doing on these selected cheniatits

is collected based on the status of the organizatio
Finally, Sugeno lambda measure and Choquet fuzzy
integral are used to analytically evaluate thesabtes.

21 SWOT analysis

SWOT analysis is used for identifying the importarof
sub characteristics in order to choose the beatesty for
an organization. However, this practice does novige
analytical means to evaluate importance of charatitss.
Some authors have proposed methods to quantifytsesu
of a SWOT analysis: analytic network process toetlgy
an evaluation method for SWOT analysis [23],
application of a quantification SWOT analytical imed
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[3], application of fuzzy analytic network process
SWOT analysis[16], [9].

Businesses perform SWOT analysis when entering a
new market, to evaluate their strategy or whilentzhing
a new product. SWOT stands for Strength, Weakness,
Opportunity, and Threat [10], [11]. Strength anchkeess
are most often viewed from the organization’s paht
view whereas opportunities and threats are corsidas
external environmental factors. Strength is what an
organization has or what it can offer that othdrisotype
do not. Weakness in opposite is what an organizataes

Strength Weakness

hat does your organization
better than others? What a
your unique selling points?|
What is your company’s
competitive edge?

Which parts of your compal
add a little or no value? Wh3

your market perceive as yo
weakness?

not have or does not offer others of its type do.
Opportunities are advantages in the environmerit dha
organization could use. Threats are situations 1n a
organization’s environment that could compromise th
organization’s success. The SWOT analysis can laso
used for non-profit organizations, governmentatsiand
for individuals for decision-making situation whem
desired objective has been defined [1], [8], [19WOT
sub characteristics and their priorites are highly
dependent on the type of organization [3], [10]]{123]

the figure (Fig. 1) below shows the general desoripof
SWOT characteristics in a hierarchical structure.

Figure 1 SWOT analysis and some questions its sub charsiitsrshould address (Source: Process based on

(10], [11])

What is proposed in this paper is fuzzy integratirod,

if Choquet fuzzy integral method is used theredseed

to consider dependencies among SWOT sub
characteristics and additional effect of each sub
characteristic on the overall performarafea strategy is
evaluated. This method is used for quantitatively
evaluating arorganization’s strategy and its effectiveness,
based on importance of characteristics and the
productivity or profit of the organization.

Expert opinion should be used to identify imporeoé
sub characteristics. The status of the organizatam be
used to find actual value that shows in which pénts
organization is doing well and where the stratelgyutd
focus more in the future.

2.2 Fuzzy integrals

Fuzzy integrals are interesting tools to summaaitehe
pieces of information provided by a function iniagte
value; this value could be a sort of average of the
function, in terms of the underlying fuzzy measurezzy
integrals permit the aggregation of information end
different assumptions on the independence of the
information sources. In particular, to model sitoias in

which sources are independent as well as in sitositin
which such independence cannot be assured. Many
authors have used fuzzy integrals, among are: Mig@su
Software Product Quality with ISO Standards based o
Fuzzy Logic Technique [22]. Authors in China hawed
fuzzy integrals for comprehensive framework for
measuring the performance of an organization regour
planning [21] and other researchers have used fuzzy
integrals for handwritten signature verification/Jland
many others [2], [19], [20].

Fuzzy integrals use the term fuzzy measure whiasdo
not require additivity. Fuzzy measure can be defias

Let X be a finite index set X = {1, ..., n}.

Definition 1: A fuzzy measur@ defined on X is a set
function p : P(X)—[0,1] satisfying the following axioms
[5][18]: p(0) =0,u(X)=1, and AIB = u(A) < u(B).

The P(X) indicates the power set of X, i.e. thedfedll
subsets of X.

A fuzzy measure on X needs' 2oefficients to be
defined, which are the values of for all the different
subsets of X. Fuzzy integrals are integrals of al re



Int. ] Sup. Chain. Mgt

174

Vol. 5, No. 3, September 2016

function with respect to a fuzzy measure, by analwigh
Lebesgue integral which is defined with respectato
ordinary (i.e. additive) measure. There are several
definitions of fuzzy integrals, among which the mos
representatives are those of Sugeno fuzzy intdd&il
Choquet fuzzy integral [4].

Choquet fuzzy integral was chosen over Sugeno fuzzy
integral for this paper since the Sugeno methodased
on min and max, such integral calculation can only
determine interval at which the measured values are
possibly located, unlike Choquet fuzzy integral,iahh
provides a unique solution.

Definition 2: Letp be a fuzzy measure on X. The
discrete Choquet fuzzy integral of a function f-¥R+
with respect tqu is defined by

n
)
i=1

Where i indicates that the indices have been peranut
so that f(0)< f(x1) < ... < f(x,) < f(1). Also A = {x;, ...,
Xn}, and f(0) = 0.

Definition 3: Letie(-1, «0) and let X = {x, Xa, ..., X}
be a finite set. If (X, P(X)) is a measurable spaicé if set

function g: P(X)}—[0,1] satisfies the following
conditions, then ;g is denoted by a Sugeriomeasure
and g(0)=0, 9(X)=1; ANB=0O, AUB#X
G(ANB)=g.(A)+0:(B)* 13.(A)0:(B) that
n
/‘+1=|—|i:1(1+/]9A(Xi))v/‘>—1 2

where g¢(x;) is fuzzy measure.

Definition 4: Let set function g: P(X%}[0,1] be a fuzzy
measure on measurable space (X,P(X)), and-h{0{]
be a measurable function on X. If RO h(x) < ... <
h(%), Ai={Xi, X1, ..., %} then [4],[6]

n
£9ef = [hage =n(a)a(ar)+ " (hix) -hbsi-2)a(s)
i=2

Where E® denotes the overall function, k(is viewed
as the performance of sub characteristic »f the
organization at a specific time. gjAexpress the grade of
importance for the subset Ai. The fuzzy integralh@k)
with respect to g denotes the overall evaluation.

®)

3. M ethodology

The limitations of SWOT analysis, i.e. not provigin
analytical analysis could be solved by using thezyu
measure and fuzzy integral methods discussed in the
above section. By using Eq. (3) discussed in sed@i@,
the overall evaluation for each, Strength, Weakness
Opportunity and Threat is obtained. From these

aggregated values, status of an organization veisipeact

to its environment is determined. The organizatiam
use the output for amending a strategy and/or for
developing a new strategy based on the numberinebta
from the fuzzy aggregation. The method can alsodesl

to compare different strategies.

The following are the main steps in evaluating tetyg
and its effectiveness:

1. Change the importance values to decimal
values between 0 and 1
2. Change the performance values (weight) to
decimal values between 0 and 1
3. Calculate forx for each level
A+1= L+ Ag) (SD)(A+AgA (SD)(1+Ag)(SI), A >~-1(4)

4. Calculate the combined effect of sub
characteristics using the formula
91(AB)=g4(A)+ 91 (B)+ 194 (A)ax (B) (5)

and so on until all sub characteristics at this
level are analysed

5. Calculate evaluation value for higher level
according to Eq. (3).

The result from this analysis is aggregated peréomce
of the strength of the organization; the same plores
are used to determine Weakness, Opportunity and
Threats. Based on the result we can evaluate mgyisti
strategy and decide whether to keep the strategy or
propose a new one.

4, Discussion and Result

This paper describes how to use Sugeno lambda meeasu
and Choquet fuzzy integral to analytically analyse
characteristics and sub characteristics of the SWOT
analysis. The importance of higher characteristies
evaluated based on sub characteristics. The higcatc
structure of SWOT analysis represents sub chaisiitsr

of the SWOT analysis for each characteristics drel t
success of a strategy is valuated based on theriamoe
and weight of these sub characteristics. An evioaif a
strategy of an organization is highly subjectived an
uncertain; hence, it is appropriate to use fuzzysoee
instead of traditional additive measures. Fuzzggrdls
consider the worth of each sub characteristic dradr t
performance as an input. It is considered that rfepe
organization is strong, has overcome all its weakes,
exploited all the possible opportunities and hashneats.
Although that is impossible, an organization’s &gy is
expected to have a higher value for strength and
opportunity and a lower value for weakness andathre

The Sugend.-measure applied in this paper is one of
fuzzy measures used widely, and has plenty apitat
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recently, including pattern recognition. SWOT sub
characteristics for a specific organization coulé b
selected and prioritized based on expert opinions o
experience of the organization. After obtaining the
individual importance and performance of the sub
characteristics, fuzzy integrals are applied taod fithe
overall performance of the characteristics (Strengt
Weakness, Opportunity and Threats).

The main procedures applied in the proposed method
for evaluating SWOT characteristics and their
effectiveness for a currency exchange office and fo
analyzing the region of Pardubice, CR are discuss#ie
following sub sections.

41 Application of proposed method for

foreign currency exchange office

There are many currency exchange offices in Pragoe

of these offices buy and sell foreign currencigsafemall
difference and they make their profit by buying and
selling a large amount of foreign currencies per dhile
others make a better profit from each unit of couckethey

buy and sell and make significantly less amount of
transaction. The currency exchange company, studied
here, uses the second method and has more than five
offices each making a small amount of transactiday

The data shown in the following table (Table 1) was
gathered from one of these currency exchange seffice
This data was used only as an empirical exampbtatify

the application of the discussed methods. The S\War
characteristics were selected and assigned impeartand
performance (weight) value by the staff of the camp
based on their experience in that office and inganson

of their other exchange offices located in Pragije [

The sub characteristics are defined by the follgwin
way: S1 is Location of the exchange, S2 is Customer
service and S3 is Promotion for Strength; W1 the
exchange share the same main door with a mini rharke
hence too many people come through the door , W2 is
Reserved money in the exchange and W3 is Not astour
center for Weakness; O1 is there are restauraxisto
the exchange, O2 is No direct VAT and O3 is the Ipeim
of hotels and hostels around the exchange for
Opportunity; T1 is Changing to euro, T2 is autordate
teller machine (ATM) and T3 is there are two more
exchange places for Threats. The following tablet@ios
the data after it was transformed in to [0,1] scale

As shown in the table below (Table 1), strengthhig
company is the location, customer service and ptimmo
The importance of a location of an exchange offie
evaluated to be 0.6 out of land the location of thi
particular exchange is very good since it is lodaie the

building right next to a traffic light, 0.9 out df. They
also have a good customer service, which they \relig
0.9 out of 1 and the importance of good customerice
for the success of the exchange is evaluated t0.b4e
The importance of promotion is also 0.4 for excleaagd
they have a Very good promotion.

Table 1. Input data from experts and calculated

Characteristics | Importance | Weight A
S1 0.6 0.9 -0.69
Sz 0.4 0.¢
S3 0.4 1
w1 0.2 0.2 -0.46
w2 0.5 0.7
W3 0.5 0.8
o1 0.6 0.4 -0.97
02 0.2 0.7
03 0.7 0.9
T1 0.8 0.3 -0.92
T2 0.5 0.4
T3 0.t 0.t

It is important to note that this experiment was
only done for one branch of the exchange company
to explain the application of the method.

The step by step procedure to evaluate the SWOT
analysis performed for the exchange office is shown
below

1. A was calculated for each level
A+1=(1+19,(SD)(1+ 19, (S2))1+ g, (S3I),
A>-1
A+1=(@1+064))(1+041)(1+041),1>-1

for Strength (S)
2. The data was arranged accordindife,) < h(x,)

< ...<h(xy)

9,(S1,$3)= 083 g, (S2,S3) = 069
g, (sLs2,53)=1

3. Combined effect of sub characteristics was
calculated using fuzzy measure

The same procedure is used for W, O and T
4. The aggregated value for each characteristics was
calculated using Eq. (3)

The same procedure is used to find the valueshier t
rest of the characters. The result of the evalnai®
shown in the following table (Table 2):
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Table 2. Evaluated value for strength, weakness,
opportunity and threat

Weakness
0.25

Threat
0.44

Strength
0.94

Opportunity
0.54

Based on these results the company over all had goo
strength but they also have weakness they couldovep
their weakness more by reserving more money ang the
could change their offices to a more tourist cesiace
the combined effect of these two sub charactesistc
significant. The opportunity at their disposal i54) these
are the factors the company could not control,ibuhe
future they could choose a place in an area wheseet
are more hostels and restaurants in order to iserteeir
success. Finally the threat is that they worry altbe
country changing the currency to Euro and that make
them cautious to invest more in the business aad th
many people are using credit cards, unfortunatedy tan
not do anything about that.

4.2 Application of proposed method for

analyzing Pardubiceregion

Pardubice region is among the smallest region ®fGR,
both of area or population, which is reflected is i
economic performance, which moves among average,
below average or mild zones in comparison with othe
regions. For example, the formation of the NatidBedbss
domestic product Pardubice region accounts for dfty
which is the third lowest contribution in CR. Oretbross
value added (GVA) to the region's central rolenidustry,
whose share in GVA in 2011 amounted to 36.9% (which
is about 25% more than the national average). Many
factors contribute to this result; processing and
manufacture, followed by sub-sectors of the sesvice
sector (service sector contributes more than halftotal
mostly on the structure of GVA). Among the serviees
outstanding logistics services - transport, storagel
communications followed by trade and repair of anot
vehicles and products. The region has excellenbréxp
performance, contributing 7.7% to the total exprCR

(4th place among the regions). Pardubice region has
diversified and managed to keep a relatively strong
industrial base. Regional innovation and reseaysiem

of the region in the CR is on the average leve] [63],
[14].

The aggregated quantized SWOT analysis was
calculated based on the evaluation of experts opiand
using Sugenokl-measure Choquet fuzzy integral. The
experts opinion is used to determine how stronthés
region’s strength, how weak is its weakness, how
effective are the opportunities at the region'pdsal and

how well are they being exploited and how bad is th
Threat the region is facing and how eminent it is.

The sub characteristics are defined by the follgwin
way: S1 is the industrial tradition and proportio
manufacturing industry in the creation of gross detit
product (GDP), S2 is Share of exports of medium and
high-tech industries from the region, S3 is Thershaf
innovative enterprises in the manufacturing indysi is
Activity of regional innovative companies in theeusf
public programs to support research and development
(R&D) purpose and infrastructure, e.g. the TIP,@mnd
Prosperity program, and S5 is Simplification of
administrative burden for recipients of public sagpfor
R & D (Public Procurement Act, etc.) for the Stréng
For the Weakness: W1 is Level of gross fixed edpit
formation (ie. low investment activity entities ithe
region, and so on), W2 is Innovative infrastruefu/3 is
Interest of key actors in R&D and regional and loca
political representation on the implementation xiseng
RIS and promote the knowledge economy, W4 is Barrie
to the development of cooperation between the pusid
private sectors, W5 is Participation iri" Framework
program (FP7) in comparison to other regions but
significantly below average in international comipan
with EU-15.

For the Opportunity: O1 is Geographical locatéord
transportation access, 02 is Process preparation of
Structural Fund 2014+ that will lead to an open
partnership and cooperation between different actor
R&D and regional and local authorities, O3 is The
attractiveness of the region for foreign directastment
(FDI) in medium and high-tech manufacturing indiesty
04 is Use of capacity of the research centers irerot
regions for innovative businesses, and O5 is New
technologies in education and popularization ofeBceg,
Technology, Engineering and Mathematics. For
Threats: T1 is Continued disinterest in the issUB&D
in relation to strengthening the competitivenessthaf
region within the framework of regional and local
authorities, T2 is Key manufacturing industries and
spending during economic crisis, T3 is The aging
population and the impact on the labor market, aoci
network and educational system, T4 is the largd3t F
investment in high-tech medium tech manufacturing
industries and largest employers in this sectod, &b is
Positions of many companies (mostly small and nradiu
enterprises ) in the Global value chains. The gashown
in Table 3.

the



Int. ] Sup. Chain. Mgt

177

Vol. 5, No. 3, September 2016

Low Medium __ Hig

Figure 2. Trapezoidal membership function representing
the linguistic values of performance variable

Importance is the importance of characteristicstiier
success of the region on the scale 0 to 1. Theesdlor
the current performance of the region on the listed
characteristics were collected using linguisticiaales.
The linguistic variables from the weight column wer
presented using trapizoidal membership functiomshio
the figure above (Fig. 2); which were then transfed to
crisp values using Yager's ranking indices [11]e ®ame
membership functions were used for Weakness,
Opportunity and Threat.

Table 3. Input data from experts and calculaked

Characteristics | Importance | Weight A

S1 0.8 0.95 -0.989
Sz 0.5 0.9t

SX 0.6 0.5t

S4 0.6 0.55

S5 0.4 0.95

W1 0.5 0.5¢ -0.94¢
W2 0.6 0.15

W3 0.4 0.55

W4 0.5 0.9t

W5 0.3 0.55

o1 0.5 0.55 -0.963
02 0.5 0.15

03 0.6 0.9t

04 0.4 0.5t

05 0.5 0.55

T1 0.5 0.15 -0.933
T2 0.6 0.5t

T3 0.3 0.9t

T4 0.4 0.55

T5 0.4 0.55

Using the same steps as discussed in the prevases c
(currency exchange office) the overall performarde
Strength, Weakness, Opportunity, and Threat was
evaluated. The results are presented in the fatiguable
(Table 4)

Table 4. Evaluated value for strength, weakness,
opportunity and threat

Strength | Weakness | Opportunity | Threat

0.93 0.72 0.77 0.64

Based on the result table above (Table 4) Strenfth
the of Pardubice region on the economic charatsis
discussed in this section is 93% which, could be
considered a success. The weakness of the regit2fts
which is not good for the region, the opportunibe t
region is currently exploiting is 77% and the thrédze
region is facing is 64%. These results show thanev
though the region has a really good strength buthal
opportunities are not being exploited and the wea&n
and the treats need to be eliminated, especiaflyoties
with high importance in order to increase the sescaf
the region.

5. Conclusion

Strategy evaluation is the most crucial part otsfyic
management life cycle; SWOT analysis is one ofttioés
used in strategy evaluation to understand an arg#an
with respect to its internal and external environtne
However, SWOT analysis does not provide a way to
analytically analyse and evaluate a strategy. Aigo
some multiple criteria decision methods have bessa wo
analytically analyse the importance of SWOT sub
characteristics for comparing different strategiebat is
discussed in this paper is fuzzy integral methedsgre
considering dependencies is not an issue and thieothe
can also be applied to evaluate an organizatidrégeg)y.
The result from this method could be used as artépo
stakeholders on how an organization is performidg.
using fuzzy integral methods, organizations willdixe to
evaluate their current strategy and its effectigsneith
respect to the status of the organization. Thet #&e how
effective the strategy they are applying is, andtwthey
should change in the future. The expected resoit) the
above method is a numerical value on how the ctrren
strategy is doing in driving the organization todsits
goal, and which part of the strategy should the
organization improve.

These methods can also be applied to compare
strategies for bigger organizations, profit or noofit. In
that case, it is recommended to use the lingwistiables
and fuzzy defuzification methods, discussed in gaper,
to record the performance of selected variablesesit is
difficult to exactly quantify performance of sub
characteristics for big organizations.
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Although applying fuzzy integral methods will prdei
a way to quantitatively evaluate a strategy, SWOT
analysis is an expensive and time-consuming tagk an
cannot be done as often, and does not guaranteessuc
since some effects of a strategy may not be visibla
certain time. Using expert systems like reasonirgjesns
to continuously monitor and record effects of atstgy is
recommended for further work.
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