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Abstract: In this work we focus on the obtaining of an integrative measif Corporate Social Responsibility which does not rezjuir
a unique precise definition of this concept. The proposedadkewill allow the ranking of firms based on this integrativeasure
which will incorporate all the available information fronifférent sources. Moreover, a Soft Computing method wilbbelied based
on interval-valued fuzzy sets reflecting the uncertain,reajse and fuzzy nature of social performance criteria.rtfeoto illustrate
the proposed method a real case study is presented.
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1 Introduction concerns into their activities and into their relationship
with their stakeholders. In order to respond to the needs
The issues surrounding Corporate Social Responsibilityof investors and to contribute to the growth of SRI,
(CSR) have led, in recent years, to a growing interest orseveral tools have been developed: codes of conduct,
the part of various parties: researchers, consumers, civitertifications and social and environmental ratings. The
servants, NGO'’s, governments, the media, socialUnited Nations, with its Principles for Responsible
networks, etc. The succession of various world summitdnvestment (PRI), has also reinforced the growth of this
(i.e. Rio in 1992, Kyoto in 1997, Johannesburg in 2002, movement (see http://www.unpri.org).
Copenhagen in 2009 and Rio in 2012) demonstrates the
central role of social and environmental issues in the Nevertheless, despite the remarkable growth and the
world of business. For several decades, many investorabundance of research around the concept of Corporate
whether individuals or institutions, have tried to select Social Responsibility, this is still an evolving concept
those enterprises who are socially responsible or whosith imprecise formulations1,9,17]. There is currently
activities conform to their values. Recent environmentalno universal definition or consensus on the extent of the
crises (i.e. Exxon in 1989; BP in 2010), financial crises concept of the firm’s Corporate Social Responsibility. The
(i.e. Enron in 2001; WorldCom in 2002) and social crisesissues surrounding this concept have become increasingly
(i.e. Nike in 1997; Wal-Mart in 2005) have reinforced this large and this has resulted in a proliferation of different
trend of Socially Responsible Investment (SRI). In fact, measures of social performance. These measures vary
the volume of SRI at the end of 2011 was 11.23% of theboth, conceptually and operationally. From the proposed
33.3 trillion of total assets under management in the U.S.measures in the literature we can find: pollution indices
[24]. The recent engagement of investors, especially thos§2,3], indices of reputation 10,20], the amount of
from institutions, in adopting responsible practices has,charitable donations}23,28], environmental scored b,
amongst other consequences, allowed SRI to become 27] and measures from specialized rating agencies |
credible means of investment, and has made the socidl6,21,25,26]. The diversity of these measures poses a
performance of a company an indispensable componerroblem in terms of comparability and generalization of
of its extra-financial evaluation. Companies have, nowthe results. Certain measures used in earlier studies would
more than ever, to integrate social and environmentahot be appropriate to assess the current social practices,
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others would not be justified theoretical®J and others Valuation of
would measure only partially the social performargje [ the firm i

Nowadays, several independent agencies try to supply from Rating
transparent and credible information about the social, Valuation of Agency 2 Valuation of
labour and environmental performance of companies I — TN —
throughout the world. Some examples are the MSCI ESG from Rating from Rating
STATS (known under the name of KLD Research & Agency 1 Agency 3
Analytics Inc.) database (http://www.msci.com), Ethibel
(http://forumethibel.org), Vigeo (http://www.vigeo.en, @Consensual
Oekom Research, SAM (Sustainable Asset Management) Valuation of
or EIRIS (http://www.eiris.org). However, and as will be firm i

shown in section 5, each rating agency uses its own social
performance measures for a different set of social criteria
In this context a company could have different social
ratings depending on source database. Fig. 1: Consensual valuation of a firm.

The aim of this work is to obtain an integrative
measure of CSR which does not require a unique precise
definition of this concept. The proposed method will
allow the ranking of firms based on their social Definition2.1.Let X be a reference set, an interval-valued
performance incorporating all the available information fuzzy set inX is an expression given by
from different sources. Moreover, a Soft Computing .
method will be applied based on interval-valued fuzzy A? ={(x uf(x), xe X} 1)
sets reflecting the uncertain, imprecise and fuzzy nature
of social performance criteria. The ranking will rely on where the functiory/g> : X — DJ[0,1], given by pz(x) =

the definition of an ideal firm and on the definition of the [ak’ a;(J] € D[0,1], defines the degree of membership of an
similarity degree of each firm with this ideal firm. elementx to A. The expressiol [0, 1] denotes the set of

The rest of the paper is organized as follows: in gJ| the closed subintervals on the interj@l1]. In general,
section 2 interval-valued fuzzy sets are obtained for theyhen the reference set is finit¥, = {c1,Cp,...,Cn}, the

social performance criteria including all the available jnterval-valued fuzzy set has the expression

information from the rating agencies. Next section

describes the construction of the interval-valued fuzzy A= {(cj, a(cj)), 1<j<n}. (2

sets for the ideal firm. In section 4, for a given exigency

level, the similarity degree between the firms and the In order to obtain interval-valued fuzzy sets for each

ideal firm is obtained. Section 5 includes a real examplesocial criterion we will follow the process described in

illustrating the application of the proposed method andFigure2.

finally, the main conclusions are presented in section 6. First step consists of the attainment from the external
expert of the interval number valuation of each social
criterion based on the precise score provided by the rating

2 Obtaining the interval-valued fuzzy sets for  agencies. Intervals will be expressed as follows:

the social criteria
o [ el +ef] 1<i<ri<j<ni<k<p (3
Let us consider firms, {R}{_,, each of them evaluated
on n social performance criteri& = {c1,Cp,...,Cn}, by
p experts (independent rating agencies). Our objective i
the attainment of a ranking of the firms based on their
consensual evaluation (Figutg

The independent rating agencies usually provide a
precise score for the performance of each firm on each
social performance criterion. Nevertheless, social Gate  Table 1: Example of the valuation of firms by two agencies.
are by nature characterized by uncertainty, vagueness ~ExPERTS VALUATION BASED ON RATING AGENCY1
and/or imprecision. Therefore, in this work valuations of Firm 1
social criteria will be handled by means of interval-valued ) o1 1 P R
fuzzy sets constructed with the help of an external to the ~ FiIM2 [~ &3, +&n]  [C52— &32,C2 + €22l
rating agencies expert in CSR (se&,7 for an EXPERTS VALUATION BASED ON RATING AGENCY2
application to the Human Resources Management ~ Eim1 (2, — €2, +€2)]  [2y— 2,2+ E2)]
problem).

Interval-valued fuzzy sets are a generalization of Fuzzy
Sets introduced by Sambuc in 197222[5].

é/vherec}‘j is the center angf is the radius. Tablé displays
an example of the valuation of two firms in two criteria
based on the ratings of two different agencies.

11 1, .1 11 1, .1
[c11—&11,C11H &1l [Clo— €12 Clo T i)

Firm 2 [C%l - 8221, c%l + 5221] [ng - 5222> C%2+ 5222]
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Expert’s valuation of each 4 )
criterion with interval numbers =
for each Rating Agency =
g1
. c |
Construction of an n-tuple of o
LR-fuzzy numbers g
representing the criteria 3 G
g5 & \—V,
5 c 2
2 @ o2
< o ' w w w
Exigency level o in [0,1] 01 02 03 04 05 06 07 08 09 1
_ Valuations of a criterion )

Fig. 3: Membership function of the fuzzy trapezoidal numivr
Construction of an n-tuple of constructed from three intervals.

interval-valued fuzzy sets

Fig. 2: Scheme for the construction of the interval-valued fuzzy Definition 2.3.If the inverse functions of andR exist,
sets. thea-cuts of a LR-fuzzy numbevl are defined as:

M(a) = [M"(a), MR(a)] =

= [m-—d'L"Y(a), M+ "R (a)], ael01].

Second step consists of the construction of LR-fuzzy
nhumbers from previous intervals. The LR-fuzzy num.berSRemark 2.2. In particular, whenL and R are linear
will contain all the available information from the rating

functions, we have:
agencies. Dubois and Prade define a LR-fuzzy number as

follows [12]. ) M(a) = [MY(a),MR(a)] =
Definition 2.2. A fuzzy numbeM is said to be a LR-fuzzy = [m-—dta,mR+3Ra], a<l0,1].
number LRl s
= 4
" , ( _’ LRLPITS . _ “) Therefore, following the above described process we
if its membership function has the following form: can obtain the following trapezoidal fuzzy number for
i{rx) if x < -, criterion j and firmi (Figure4):
() =< 1 if mt < x<nR (5) &j = (my,mf, 35,081, (6)

R(X—;;I,ﬁ) if x> R,

where L,R : [0, +o[— [0,1] are strictly decreasing in
supM) = {x € X : uy(x) > 0} and upper semi-

where

m; = mincf, mff = max(c:‘], Mfs = mink(c:‘J e,'j)

continuous functions such thiat0) = R(0) = 1. MR = maX((CE‘j + gﬁ), = ”h Mh’ 5R - "ﬁ

Remark 2.1. If the support ofM is a bounded set, being @)

m- — & the infimum andm® + 6R the supremum in that If we repeat the process for each social criterion and

set, then functiont andR are defined o1i0,1] and they  for each firm, we will obtain am-tuple of LR-fuzzy

satisfy thatL(1) = R(1) = 0. When L(z) = R(2) = numbers {€, &2, --,En} which will include all the

max{0,1—z}, M is said to be a fuzzy trapezoidal number available mformatlon about the firms provided by the

with supporm-, mR] and corgM", MR]. rating agencies.

Proposition 2.1.We consider a family ofi intervals Once the criteria are defined by fuzzy numbers, we can
state the desired exigency level and, for each fiamd for

{ [ck— ak,ck+£k} , 1<k< h} each valuex ¢ [0,1], we build the interval-valued fuzzy

set (Figureb)

and two functiond., R [O +o[— [0,1]. The LR-fuzzy
number M = (m-,mR &% 6%) r is obtained in the
following way (Flgure3) R?={(&j.[&(a).&(a)]).1<j<n}. (8)

L min ok R — K ML — prin (oK ok _ _
M- = min ¢, M = maxc’, M~ = min(c* — £°), If the referential functions of the fuzzy numbers

MR = max(ck+ £¥), 8- =mt — ML, SR=MR—nR. {€i1,Ci2,--- ,Cn} are linear, the criteria are given by the
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Expert 1 [Cill'ailh 4 i]ﬂ'aill]

Expert 2 [Cizl-ﬁ,zh cite le] J

A/

Criterion 1

Expertp [chef, cire ]

Expert 1 [cleh, cltel]

Social performance criteria
i2 \ valuations for the i-th firm
{Cxly Cipy=ees Cin}

Expert2 [cheh, chre ]

A/

Criterion 2

Expert p [Gg'eig, chred

1
Expert 1 [Cxln'gi]m Ciln+£|n]

Expert 2 [Cizn-E,%\, ciren]H

Criterion n

Y/

Expertp [cfep, cire )]

Fig. 4: Scheme for the construction of the social performance

LR-fuzzy numbers for theth firm.

LR-fuzzy social
criteria valuations
for the i-th fim

= o =
{Cn,Ciz’"', Cin}

v

For each
o in [0,1]

v

Interval-valued fuzzy set for
the social criteria in the it firm

Rloy={(&slej@,af@]), 1<j<

Fig. 5: Scheme describing the construction of interval-valued

fuzzy sets from the LR-fuzzy numbers.

following interval-valued fuzzy sets:

PP = { (&1, [ + (mh =M@ MF + (mf —M)a ).
1<j<n ae [0,1]}.
9)

3 Obtaining the interval-valued fuzzy sets for
the ideal firm

Table 2: Example of the construction of the ideal intervals for
each criterion.

RATING AGENCY k

Criterion1  Criterion2 ---  Criterionn
Firm 1 o %, e
Firm 2 ok, s, e ok,
Firm r o) %, e K
Max. Clr(naxl Ch"la)g Ch"la)(<
Min. Cﬁ"linl Clr<nin2 T Cﬁ"lir‘k

Ideal

Kk k k k k Kk
Interval [cminl, Cmax1] [cminz, cmax_,] [cmim, cma)h]

Table 3: Ideal intervals for each rating agency.
Criterion1  Criterion2 ---  Criterionn

Agency 1 prjhinlv eri"|a>q] [C?'ninzv eri1a>g] [Cﬁm, erham]
Agency 2 pﬁ"linlv C%"la)q] [C?ninzv C%"la&] [C?ninn’ C%"lam]

Agency p E?,Pninly Cﬁwa)q] [Cﬁqmz, Cﬁwa&] [Cﬁm, Cﬁwa)h]

representing the valuations of the ideal social criteria as
described in Tabl@ and Tables.

For each ideal interval number we obtain its cemfer
and radius&:lk and we express the intervals as follows:
{f -l +el], 1<k<a}.

The following propositions will allow us to properly
compare the interval-valued fuzzy set for the i-th firm with
the interval-valued fuzzy set for the ideal firm.

Proposition 3.1.We consider a family ofi intervals
{[I¥—ef 1k +ef], 1<k<h}

and two functionsL,R : [0,4c[— [0,1]. Given the
values:

wh = mavgc, wR = sup{max.cX, 2 5, (K + X))},
Wh =150 (cK—eX), WR=max(c+e
St=wt—Wt  SR=wWR_wR

W = (W-,wR 8%, 3R r is the LR-fuzzy number and the
intervalsw-, wR| and [Wh,WFR] are the core and support,
respectively, oV.

With Proposition 2.1 a fuzzy number with higher
membership degree in the central part of the intervals is
constructed (in our case, the fuzzy numbers for the
valuation of social criteria for the — th firm). With

The process described in section 2 will be followed for Proposition 3.1 a fuzzy number is obtained with the
the construction of the interval-valued fuzzy sets for thehigher membership degree for the right-hand side part of

ideal firm. For each rating agenkyintervals are obtained

the intervals (our ideal fuzzy numbers). In fact, taking
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into account that, by construction, can be used that distance verifies suitable properties for
this problem:

Definition 4.1. Given a reference s& = {c1,C»,...,Cn}
and two interval-valued fuzzy set&® and B?, whose
membership functions are respectively

wt>nt wR>mR wh>ME S WR> MR (10)

and applying Definition 2.3, it is easy to prove the
following result (Figures):

Proposition 3.2. If the numbersM, W of the previous o, [ .R 0 L vR .
propositions have the same functions L and R, then: Hx(cp) = {acj,acj} » Hg(c) = [bCJ bCJ:| » I=j=n
a)For eactu € [0,1], thea-cuts verifyM(a) <W(a). Hamming's normalized distance is defined as:
b)For eacha € [0,1], there arek, k' € {1,2,...,h} such 10
K_ ok K oK X0 B
thatck — ek < M(a) andc® +&X > W(a). d(A?,BY) = - > ug(ci) —ué”(cj)‘ =
With these values and applying Proposition 3.1, we 1J:ﬁ (13)
now construct the trapezoidal fuzzy number ==y (’a'c- — b, ) :
[} = (Wh,wR, 8%, %) r. If we proceed in this way with 2n &
each of the cr|ter|a we obtainratuple of fuzzy numbers _
{i1,12,---,In}, and from them, for each value < [0, 1], As we have seen previously, for eadhe [0,1] we
we have the interval-valued fuzzy sets: haver interval-valued fuzzy setsPi"’(a), 1 <i<r,which

represent each of the firms, and another di{er), which
L R . represents the ideal firm. The goal is to measure the
19(a) = {(1}, [If (@), 17 (@)]), 1< i<n}. (A1) gistance or the similarity of each of the firms with the

With the aim of simplifying, in this work linear ideal firm

functions L and R will be considered although any other
type of function is also possible. Therefore, the fuzzy

numbers{iy, I, --- Iy} are represented by the following ) ) . .
interval-valued fuzzy sets: whered represents Hamming’s distance. Figdmisplays

the followed process.

di(a) =d (R“’(a),l“’(a)) L 1<i<r,  (14)

) = { (1 [0+ (o ~Wh ) W+ (-] ).

1<j<n, ael01];. Social criteria Social criteria
(12) valuations for the valuations for the
i-th firm ideal firm
{al,aZy""an} {i{ ,I~2 ""sINn}
A ~ ~
MM W

.—
o'

n S
<IHII Q g;z (L
A=
= Q

. Bl ~{ (6 [, el 1< j<

T = {( i s [ @), I} @)), lgjgn}

Fig. 6: Membership functions of the fuzzy numbdfsandW.

<IHIII

d(Blw,Tw)
4 Measuring firms’ similarity to the ideal
firm Fig. 7: Scheme for the comparison of the firms with the ideal

firm.
Once interval-valued fuzzy sets have been obtained for
the firms and the ideal firm, we will study the similarity
degree between each firm and the ideal firm using Several works have studied similarity between
Hamming’s distance11,13]. Although other distances interval-valued fuzzy sets1B 19]. In this paper, we

(@© 2015 NSP
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present the simplest similarity degree obtained directly An illustrative example
from Hamming’s distance (see, for instanckl]).

Definition 4.2. We call similarity degree betweek? and ~ The previously presented algorithm has been applied to

B? to the following measure: the ranking of 10 firms (Tablé&). For this illustrative
o o example, two different sources providing expert
SimA? B?) = 1—-d(A% B?). (15)  valuations on CSR have been considered: the MSCI ESG

STATS (known under the name of Socrates KLD
Definition 4.3. A firm r is said to be preferred or Research & Analytics Inc.) database and HggITICcS®
equivalent,=, to a firms for a given exigency levetr, database from Vigeo. In both cases, the rigor in the
and we denote it aB (o) >~ Ps(a), if firm r has a higher valuation of the firms’ social performance is considered
similarity degree with the ideal firm (i.e. if distance of the as equivalent for all the database users. The 10 considered
firm r with respect to the ideal is smaller than the distancefirms have been valued by both rating agencies.
of the firmsto the ideal firmd; (a) < ds(a)). The KLD system allows American companies to be
rated according to 7 social performance dimensions that
are related to key stakeholders and are evaluated on the
basis of two criteria, namely strengths and concerns
(Table6).

When the set of real numbefsli(a)}_; is ordered
from lower distance to the ideal to higher, the firms are
ordered for the exigency levedr. If this process is
repeated for differentr € [0, 1], an order of the firms will
be obtained for each considered exigency level

R.(a) = R,(a) = --- = R,(a), (16) Table 5: Example of the construction of the ideal intervals for
where the sefiy, iy, ....ir} is the result of re-ordering the eic_h C”tTe_;:on' =
set{1,2 rl. irm Title ector .
In general, it is possible to obtain different rankings ; ég(lze;ttg-rISaLla?élive o BLL:JS)(IE?SZE(L)JSS%ItCSC)ZrF\T/':gﬁzs
of firms for different levels of exigency < [0,1]. In this 3 Deliqa Al ' Travel??lLTourism
work vye wil ConS|de'r: very low, low, medium, high and 4 Johnson & Johnson Pharmaceutical & Biotech.
very high levels of exigency (Tabig. 5 JPMorgan Chase & Co. Banks
6 Kellogg Co. Food
7 Nike Inc. CIB Specialised Retalil
Table 4: Rankings of the firms for different exigency levels. 8 PepsiCo Inc. Beverage
Exigency a-value Ranking 9 Whirlpool Corp. Technology-Hardware
Very Low 0 P.(0) =P, (0) = = B_(0) 10  Yahoo! Inc. Software & IT Services
Low 025 R,(O. 25) ~ PR (o 25) = ...~ B (0.25)
Medium 0.5 R,(0.5) = P,(0.5) > 5 R, (0.5)
High 0.75  R,(0.75) = PZ(O 75) = p, (0.75)
Very High 1 R.(1) = R.(1) = R.(1) The EQuUITICS® database developed by Vigeo

considers 38 criteria grouped in 6 clusters. They measure
the companies’ levels of commitment with different
stakeholders at three levels: leadership, implementation
In case two firms obtain the same valuation theand results. In this example we will use the aggregate
analysts can decide which one is the most sociallyscores for the 6 clusters provided bguiTicS® database
responsible using additional criteria (more detailed(Table 6). In order to obtain a common set of social
information and/or other social indicators) and relaying criteria we will group KLD’s Employees and Diversity
on their level of expertise. criteria under the label Human Resources and we will
The proposed approach is able to consider as mangonsidereQuiTics® dimensions. We thus have = 6
corporate social dimensions as desired by the decisiomriteria,k = 10 firms andp = 2 experts (rating agencies)
maker as it works witm-dimensional vectors where each who value the social performance of the firms with
component is the valuation of a corporate socialrespect to each social criterion and g=1 external expert
dimension. The proposed ranking is based on the distanc&ho based on the precise scores from the rating agencies
of the vector describing the fuzzy performance of eachprovide the intervals valuations.
firm with respect to each corporate social dimension to  For each strength and concern applied to a company,
the vector representing the ideal firm. So, with the KLD attributes it with a score of 1 if the criterion applies,
proposed model there is no aggregation among thend a score of 0 in the opposite case. They do not
dimensions. Moreover, they are handled independentlyaggregate strengths and concerns. Nevertheless, the
during all the steps of the model. This overcomes anmajority of the scientific works, based primarily on the
important discussion among practitioners and academicsKLD database, use as an approximate measure of the
the convenience or not of the aggregation of differentfirms social performance an aggregate index of KLD
CSR dimensions within a uniqgue measure. strengths and concerns. Some authors subtract the sum of

(@© 2015 NSP
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Table 6: Rating agencies social performance criteria.

KLD (Socrates) Vigeo (Equitics)

Common Criteria

Community
Environment

Governance

Products

Human Rights

Employees
Diversity

Community Invest.
Environment
Corp. Governance

n=1 Community Invest.

n=2 Environment

each agency in the following way:

[(1—-p1)cij, (1+p2)cij], p1,p2 € [0,1],

n=3 Corp. Governance where p;,p, are tolerance levels. In this example, the

Clients & Suppliers n=4 Clients & Suppliers expert fixes equal 15% upper and lower deviations,
n=5 Human Rights

Human Resources  n=6 Human Resources Centerck and radius¥ are obtained. An example of the

Human Rights

= pp = 0.15. Then, for each of these intervals, the

obtamed intervals for firmn= 1 is displayed in Tabl&.

Table 8: Example of the construction of the ideal intervals for

concerns score from the sum of strengths score for eacbach criterion.

dimension obtaining in this way the total score associated ~Sogcial
with each KLD dimension. Other transform concerns into

strengths taking complementary binary values (e.g. if the
firm is assigned the value 1 for a concern then the value
zero is assigned for the corresponding strength in that
criterion) and finally, some authors consider separately
strengths and concerns. In this work we have chosen to

transform concerns into strengths.
On the other hand, Vigeo's databas@®uiTics®

provides aggregated scores rated from 0-100, for each

Expert’s valuation Expert’s valuation
Criterion (based on Vigeo) (based on KLD)

1 _ .1 1.1 2 2
Cij—&  C1jté& f— & C%j_gl

j i i

n=1 0.587 0.794 0.230 0.311
n=2 0.289 0.391 0.459 0.621
n=3 0.451 0.610 0.391 0.529
n=4 0.417 0.564 0.323 0.437
n=5 0.332 0.449 0.485 0.656
n=6 0.255 0.345 0.544 0.736

social criterion. In order to be able to compare the ratings,

the scores from both

indicators used in the rating process (see Tahle

rating agencies have been
normalized dividing them by the total number of

The valuations of social performance criteria for the
ideal firm are displayed in Tabk

Table 7: Rating Agencies valuations of the firms social Table 9: Social performance interval valuations for the ideal

performanced)
n=1l n=2 n=3 n=4 n=5 n=6
Firm 1 Vigeo 0.69 0.34 053 049 0.39 0.30
KLD 0.27 054 046 0.38 0.57 0.64
Firm 2 Vigeo 0.29 0.46 0.45 0.53 043 0.36
KLD 0.27 054 046 0.63 0.57 0.55
Firm 3 Vigeo 0.23 0.39 045 040 0.33 0.80
KLD 0.36 054 054 050 0.57 0.36
Firm4 Vigeo 0.39 0.56 0.47 0.33 0.38 0.22
KLD 0.45 0.69 0.46 0.38 0.57 0.59
Firm5 Vigeo 0.36 0.42 0.39 0.48 0.33 0.15
KLD 055 054 0.38 0.13 0.43 0.55
Firm6 Vigeo 0.79 0.30 046 0.38 0.39 0.29
KLD 0.36 0.62 0.46 0.63 0.57 0.41
Firm 7 Vigeo 0.29 0.33 048 041 050 0.19
KLD 0.64 0.77 054 0.38 0.57 041
Firm 8 Vigeo 0.70 0.37 055 0.50 0.55 0.33
KLD 0.27 054 054 0.25 0.57 0.64
Firm 9 Vigeo 0.12 0.22 042 0.37 0.34 0.70
KLD 055 062 046 0.63 057 041
Firm10 Vigeo 0.74 0.37 0.44 0.26 042 0.13
KLD 0.36 054 0.46 0.38 0.43 0.59

firm.
Social Ideal valuations Ideal valuations
Criterion (based on Vigeo) (based on KLD)
Cli—fj Cijtel G- Gl
n=1 0.12 0.79 0.27 0.64
n=2 0.22 0.56 0.54 0.77
n=3 0.39 0.55 0.38 0.54
n=4 0.26 0.53 0.13 0.63
n=5 0.33 0.55 0.43 0.57
n=6 0.07 0.36 0.36 0.64

The fuzzy numberst; = (mj,nf, 35,00 R are
obtained from the intervals valuat|ons Tah]@ contains
an example of the trapezoidal fuzzy numbers obtained for
firmi=1.

The fuzzy numbersl; = (mb,m¥, 30, 6= are
obtained from the mtervals valuat|ons dlsplayed in Table
9 and are shown in Tablel

Interval-valued fuzzy sets are obtained for different
exigency values. Tabld?2 displays the interval-valued
fuzzy sets obtained for one of the firms (i=1) and for the
ideal firm for a fixed exigency levet = 0.25.

Based on the precise scores from the rating agencies an Figure 8 shows as an example, the interval-valued
external expert on CSR from the academic field providesuzzy setc;; for the social criteriom = 1 and for the firm
intervals valuations for each social criterion, each fird an i = 1.
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Table 10: Trapezoidal fuzzy numbers for firim= 1. Table 13: Distances and similarity degrees between firm i and
Social the ideal firm fora = 0.25.
Criterion mh mff  &f 3t M} MR Fiims di(a) Sim(a) Firms di(a) Sim(a)
n=1 0.27 0.69 0.0405 0.1035 0.2295 0.7935 1 0.0647 0.9353 6 0.0771  0.9229
n=2 0.34 0.54 0.0510 0.0810 0.2890 0.6210 2 0.0956 0.9044 7 0.0848  0.9152
n=3 0.46 0.53 0.0690 0.0795 0.3910 0.6095 3 0.1169 0.8831 8 0.0636  0.9364
n=4 0.38 0.49 0.0570 0.0735 0.3230 0.5635 4 0.0816 0.9184 9 0.1053  0.8947
n=5 0.39 0.57 0.0585 0.0855 0.3315 0.6555 5 0.0984 0.9016 10 0.0805 0.9195
n=6 0.30 0.64 0.0450 0.0960 0.2550 0.7360

Table 11: Trapezoidal fuzzy numbers for for the ideal firm. distances. As it can be observed the obtained ranking

Social varies depending on the exigency level. However, the
Criterion  wf  wf& o  &F w- wf results are quite robust: firfy is for all exigency levels
n=1 046 0.71 0.26 0.08 0.20 0.79 the first or second in the ranking switching positions with
n=2 0.65 066 0.27 0.10 038 0.77 firm P for exigency values medium, low and very low.
n=3 0.47 054 0.08 0.01 0.39 0.55 Firm Ps appears first one for a high and very high
n=4 040 058 020 005 019 063 exigency levels appearing for lower levels always within
nzg 050 056 012 0.01 038 057 the first four positions in the rankings. FirRs, Py andPs

n=

050 050 028 014 022 0.64 occupy last positions for all exigency levels. These ranks
incorporate the available information from the two
considered rating agencies.

Table 12: Interval-valued fuzzy sets for an exigency level=

0.25.
Social Firm i=1 Ideal Firm Table 14: Rankings of firms.
Criterion  cf;(a)  cfj(a)  1f(a) IR(a) avalue Ranking
n=1 0.2396 0.7676 0.2610 0.7708 0 PP 2P 2P P XX PP
n=2 0.3018 0.6008 0.4479  0.7431 025 P3=XP=XPs=P=P/ P =Po=<P =P <P
n=3 0.4083 0.5896 0.4080 0.5486 0.5 PP PRI R RBP
n=4 0.3373 05451 0.2431  0.6131 075 B XRBR PR RBRP =Pk
n=5 0.3461 0.6341 0.4095 0.5688 1 PP PR <RI P=RK
n=6 0.2663 0.7120 0.2876 0.6023
In order to compare our rankings with the rating
; . agencies’ based rankings we have calculated an aggregate
1 measure of their precise social performance scores and
calculating the distance of each firm from the ideal firm
o which in this case is considered to reach the maximum
[, o] value of 1 in all social criteria. Tabld5 displays the
e rankings obtained for each of the rating agencies:
0 >

0.6 0.7 0.9 1 . ) . ,
Table 15: Rating agencies ranking of firms.

Agency Ranking
Vigeo Ry =XP3=XRB=XP P =XPo=RIRKP =R
KLD B =XPoR PPk RF

Fig. 8: Interval-valued fuzzy set.

Next step consists of calculating the distance between
each firm and the ideal firm. As an example, the distance ) , , )
and similarity of each firn®} with respect to the ideal firm, corr;r;?lgté@/nlgﬂfge?edn?rggs/v;?r:ntg:;n raﬂlrc])gvea:/ge?n?/igse g,rse

) — d(P? i ; _ . ,
idsl(cggp;a?/é% iE’\a'I)'galb(plgt%))’ foran exigency levedr = 0.25 ranking is quite similar to our ranking. Firni, P, and
) Ps; are placed in the first positions and firfiag P; andPy

Table 14 displays rankings for different exigency occupy the last positions. Thus, even considering the

levels. The rankings are based on the previously obtainedame social criteria rankings from the rating agencies can
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be different as the used social performance measureld0] P. Cochran, R.A. Wood, Academy of Management Journal,
differ as well as the available information from the firms. 27, 42-56 (1984).
[11] D. Dubois, H. Prade, Fuzzy sets and systems: theory and
applications. Mathematics in Science and Engineerimy,

; Academic Press Inc., New York, 1978.
6 Conclusions [12] D. Dubois, H. Prade, Fuzzy Sets and SysteB)s31-48
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motion of elementary particles.
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