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Abstract

Performance appraisal is a process used for
some firms in order to evaluate the efficiency
and productivity of their employees for plan-
ning their promotion policy. Initially this pro-
cess was carried out just by the executive staff,
but recently it has evolved to an evaluation
process based on the opinion of different ap-
praisers, supervisors, collaborators, customers
and the employees themselves. In such a evalu-
ation process the appraisers evaluate some in-
dicators related to the employee performance.
These indicators are usually subjective and
qualitative in nature that implies vagueness
and uncertainty in their knowledge. Howev-
er, most of performance appraisal models force
appraisers to provide their assessments about
the indicators in an unique precise quantita-
tive domain. We consider this obligation drives
to a lack of precision in the final results. There-
fore in this contribution we propose a linguis-
tic evaluation framework to model qualitative
information and manage its uncertainty. Addi-
tionally due to the fact that there are different
sets of appraisers taking part in the evaluation
process that have different degrees of knowl-
edge about the employee, it seems suitable to
offer a flexible framework in which the apprais-
ers can express their assessments in different
linguistic domains according to their knowl-
edge. The final aim is to compute a global eval-
uation for each employee, easy to interpret and
understand by the management team to make
decisions regarding their personnel policy.
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1. Introduction

One of the main challenges of companies and
organizations is the improvement of productiv-
ity and efficiency. Performance appraisal is es-
sential for the effective management and evalu-
ation of corporations. Recently more and more
companies are trying to increase their produc-
tivity through the human performance mea-
surement. Performance appraisal is used for
the evaluation of employees estimating their
contribution to the goals of the organization,
behavior and results.

In classical performance appraisal methods
just supervisors evaluated employees. How-
ever, corporations are adopting new meth-
ods that use information from different peo-
ple (appraisers) connected with each evalu-
ated worker. In fact, 360° appraisal or inte-
gral evaluation is a methodology for evaluating
worker’s performance that includes the opin-
ions of supervisors, collaborators, customers
and employees themselves (see [5] and [11]).
Then, each appraiser from the different col-
lectives (supervisors, collaborators, customers,
employee) evaluates indicators used for mea-
suring the performance of the evaluated work-
er. Usually these indicators are qualitative in
nature and involve uncertainty. However most
of evaluation process force the appraisers to
provide their assessments in a unique quantita-
tive precise scale (see [2]). Finally the method
generates a global evaluation value according
to all the indicators and all the appraisers ag-
gregating their assessments.
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The use of a precise scale to assess quali-
tative information can produce a lack of pre-
cision in the assessments provided by the ap-
praisers due to the difficulty of expressing un-
certain knowledge in a precise way. In the liter-
ature the use of the Fuzzy Linguistic Approach
[13] to model and manage the qualitative and
uncertain information has provided successful
results [1, 4].

Taking into account the above problems we
propose in this contribution a model for per-
formance appraisal in a multi-granular linguis-
tic framework to model and manage apprais-
ers’ assessments such that they can express
their valuations about the workers in differ-
ent linguistic scales according to their degree
of knowledge. To deal with linguistic informa-
tion conducted in different linguistic term sets,
the model will unify it in an unique linguistic
domain by means of linguistic 2-tuples in or-
der to obtain a global valuation for the work-
er that supports the management team to de-
velop companies’ personnel policies. Thus, the
problem falls, in a natural way, into the collec-
tive decision making context.

The paper is organized as follows. Section
2 is devoted to introduce the terminology and
functions of the arisen problem. In Section 3
we introduce a multi-granular linguistic 360°
performance appraisal model. Finally, some
concluding remarks are included in Section 4.

2. Preliminaries

Before we introduce the performance ap-
praisal model proposed in the above section
some concepts and processes used in it are re-
vised to facilitate its comprehension.

2.1. Fuzzy linguistic approach

Information in a quantitative setting is usu-
ally expressed by means of numerical values.
However, there are situations dealing with un-
certainty or vague information in which a bet-
ter approach to qualify aspects of many activ-
ities may be to use linguistic assessments in-
stead of numerical values. The fuzzy linguistic
approach represents qualitative aspects as lin-
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guistic values by means of linguistic variables
[13]. This approach is adequate when attempt-
ing to qualify phenomena related to human
perception as in the problem we focus in.

We have to choose the appropriate linguistic
descriptors for the term set and their seman-
tics also an important parameter to be deter-
mined is the “granularity of uncertainty”, i.e.,
the cardinality of the linguistic term set used
to express the information.One possibility of
generating the linguistic term set consists in
directly supplying the term set by considering
all terms distributed on a scale on which a to-
tal order is defined. For example, a set of seven
terms S, could be:

S = {So: N7 S1: VL, S2: L, 83! M,
sa: H, s5: VH, s¢: P}

The semantics of the terms are given by
fuzzy numbers defined in the [0, 1] interval,
which are described by membership functions.
A way to characterize a fuzzy number is to
use a representation based on parameters of
its membership function [3].

2.2. Dealing with multi-granular linguistic
information

Due to the fact that we consider multi-
granular linguistic framework for our evalua-
tion model, we will have to accomplish com-
putations with this type of information. There
does not exist any computational model to op-
erate directly with it. Therefore, here we re-
view in short a process presented in [10] to
deal with such a type of information that con-
sists in the following steps:

1. To choose a linguistic domain called Basic
Linguistic Term Set (BLTS) to unify the
linguistic information

2. To conduct the linguistic information into
the BLTS by means of fuzzy sets.

3. To transform fuzzy sets in the BLTS into
linguistic 2-tuples.
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2.2.1. Chosing the BLTS

To deal with multi-granular linguistic infor-
mation, first it will be conducted in an unique
expression domain. This domain will be a lin-
guistic term set called BLTS that is selected
with the aim of keeping as much knowledge
as possible. Therefore this term set should
have the maximum granularity of the multi-
granular linguistic context.

2.2.2. Conducting
fuzzy sets

information into

Once the BLTS has been chosen in order to
accomplish processes of computing with words
with the multi-granular information. We will
conduct it in the BLTS by means of fuzzy sets.
To do so, we will use the transformation func-
tion presented in [10]:

Peﬁnition 1 Let S = {so,$1,...,5n} and
S = {50,51,...,5¢} be two linguistic term
sets, with h < g. The linguistic transforma-

tion function Tgg : S — F(S) is defined by:

Ts5(s5) = {(50,70), (51,71),- -, (Sg:79)}

with
7 = méx min {us; (y), ps, ()}, i=0,1,...,9

where F(S) is the set of fuzzy sets on S, and
ps; and us, are the membership functions of
the linguistic labels s; € S and 5; € S, re-
spectively.

The function Tgg is used for transforming
individual assessments over S into fuzzy sets
in the BLTS, S.

At this moment the information is conduct-
ed in one expression domain, but with view
to the management team, if we operate with
the fuzzy sets and the appraisal results are ex-
pressed by means of fuzzy sets those results
are difficult to interpret and use. Then we will
transform these fuzzy sets into a linguistic 2-
tuple representation that is easier to use and
understand by the management team.
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2.2.3. Unification into linguistic 2-
tuples

Before introducing the transformation pro-
cess of the above fuzzy sets into linguistic 2-
tuples. We review in short the fuzzy linguistic
2-tuple representation model.

The 2-tuple fuzzy linguistic representation
model is based on the concept of symbolic
translation [7]. This model represents the lin-
guistic information through a 2-tuple (s, ),
where s is a linguistic term and « is a numeri-
cal value representation of the symbolic trans-
lation [7]. So, being 3 € [0, g] the value which
represents the result of a symbolic aggregation
operation, then we can assign a 2-tuple (s, )
that expresses the equivalent information of
that given by £.

Definition 2 Let S = {so,...,s4} be a set
of linguistic terms. The 2-tuple set associated
with S is defined as (S) = S x [-0,5,0,5). We
define the function Ag : [0,g9] — (S) given
by,

i = round (3),

a=p0-—1i,

As(B) = (ss,a), with {

where round assigns to § the integer number
1€4{0,1,...,9} closest to .

We note that Ag is bijective [8, 9] and
AG' i (S) — [0, 9] is defined by Ag'(s;, ) =
i + «. In this way, the 2-tuples of (S) will be
identified with the numerical values in the in-
terval [0, g].

Remark 1 We can consider the injective
mapping S — (S) that allows us to trans-
form a linguistic term s; into a 2-tuple: (s;,0).
On the other hand, Ag(i) = (s;,0) and
Ag5'(s:,0) =1, for every i € {0,1,...,g}.

The 2-tuple fuzzy linguistic representation
model has a linguistic computational associat-
ed model in which different aggregation opera-
tors were presented in [7]. This computational
model demonstrated that the operations with
symmetrical and triangular-shaped labels are
conformed without loss of information. Also
this computational model for 2-tuples defined
a lexicographic order over linguistic 2-tuples.
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Definition 3 Let S = {so,...,s4} be a set
of linguistic terms. We define > the binary
relation on (S) as

k>,
(skyom) > (s1,q1) & ¢ or
k=1 and ar > .

Notice that > ranks the linguistic 2-tuples
of (5).

Once we have reviewed the 2-tuple represen-
tation model, we present a function that will
allow us to transform the fuzzy sets obtained
in the above unification process.

Definition 4 Given the linguistic term
set S = {S0,31,...,3¢}, the function

X : F(S) — [0, g] is defined by

Zj%‘
x ({(Go,70), B1,71), -+, (Sg,79)}) = J:;)

> |

Jj=0

SO7 given {(ggaWO),(51,’71),---»(397'79)}a a
fuzzy set over S = {S0,31,...,384}, we have
that

8= X({(gov’yo)v (glv’yl)v LR (Sg,’Yg)})

is a numerical value that represents linguistic
information from F(.S). This numerical value
can be transformed into a linguistic 2-tuple

through the function Ag.
3. A multi-granular linguistic 360°
performance appraisal model

Here we introduce our proposal for solving
a 360° performance appraisal problem defined
in a multi-granular linguistic framework. Our
model has the following phases:

1. Definition of the multi-granular linguistic
evaluation framework

2. Unification of the information

3. Rating workers
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3.1. Evaluation Framework

The aim of this problem is to evaluate the
employees taking into account the opinions of
different collectives related to them. We now
present the main features and terminology we
consider for the arisen problem.

It is supposed there is a set of employees
X = {x1,...,zn} to be evaluated by the fol-
lowing collectives:

e A set of supervisors (executive staff):

A={ai,...,ar}.

e A set of collaborators (fellows):

B={bi,...,b.}.

e A set of customers:

C={c,...,ct}

e X (the opinion of each employee about
himself can be taken into account).

The employees will be evaluate attending to
different criteria: Y7,...,Y}.

The assessments of a; € A, b; € B and
¢; € C on the employee z; according to
the criterion Y will be denoted by aék, b;k
and cé-k, respectively. Moreover, x;k is the as-
sessment of x; on himself with respect to Y.
Therefore, there are (r +s+t+ 1)p assess-
ments for each employee provided by the dif-
ferent collectives.

In this contribution we consider multi-
granular linguistic framework. So, we assume
that each member of the collectives can use dif-
ferent linguistic term sets [7, 8] to assess each

criterion Y*, k=1,...,p:

. aék € 8% for each i € {1,...,r} and each
je{1,...,n}.

. bék € S% foreach i € {1,...,s} and each
je{l,...,n}.

e ¢ € S§ foreach i € {1,...,t} and each
je{1,...,n}.

° x;k € S% for each j € {1,...,n}.
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We note that any appropriate linguistic
term set S* is characterized by its cardinality
or granularity, |S* |. Since there are p criteria
and 4 collectives, we have at most 4p different
sets of linguistic labels. Although usually it is
much less than 4p.

3.2. Unification information phase

To operate with linguistic terms assessed in
different linguistic term sets, first of all we
have to conduct the multi-granular linguistic
information provided by the different collec-
tives into a unique expression domain, BLTS,

S = {50,51,...,54}, that is selected as:
g > max{|S4l,...,|S4l, ISk, 1S5,

Once the BLTS has been chosen, the multi-
granular linguistic information must be con-
ducted to it. To do so, we transform this in-
formation into fuzzy sets in S by means of the
function Tgg presented in Definition 1.

e Supervisors:

5 :58% — F(S).

e Collaborators:

Tsrs: Sp — F(S).

e Customers:

TS@? . S& — F(S).
e Employee:

Tsr5: sk — F(S).

In this way, the information obtained in the
evaluated process will be expressed into an
unique linguistic term set, through fuzzy sets
in S.

In order to facilitate the aggregation process
and the understandability of the results, we
transform the fuzzy sets in S into linguistic 2-
tuples using the functions xy and A presented
in Definitions 2 and 4:
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e Supervisors:
Kok SAS o Ay &
Hy: Sy — F(S) —[0,9] — (5).
e Collaborators:
Tsks Ae
HE Sk 2 F(5) 2 [0,9) =5 (5).
o Customers:

k ok SES A3 &
He: 8¢ — F(S) = [0,g9] — (5).

Employee:
To

A -
Hy : Sx = F(5) == [0,9] = (5).
We can note that all the information pro-
vided by the different collectives (supervisors,
collaborators, customers and employee) has al-
ready unified into 2-tuples in the BLTS.

3.3. Rating phase

The aim of this phase is to obtain a val-
ue that assess the performance of the evaluat-
ed worker according to the different collectives
that have evaluated her. To do so, the assess-
ments provided by the members of the differ-
ent collectives will be aggregated. Due to the
fact that the information has been unified by
means of linguistic 2-tuples we will use 2-tuple
OWA operators to accomplish the aggregation
process.

Definition 5 [12] Let w = (wi,...,wm) €
[0,1]™ be a weighting vector such that
> wi. The ordered weighted averaging
(OWA) operator associated with wis the func-
tion F%:R™ — R defined by

m
F%a,...am) = sz'bi,
i=1

where b; is the i-th largest element in the col-
lection {a1,...,am}.

Remark 2 OWA operators satisfy some
interesting properties as compensativeness,
idempotency, symmetry and monotonicity.
Moreover, FW¥ is self-dual if and only if
Wmy1—i = w; for every i € {1,...,[%]} (see
[6, Prop. 5]).
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Definition 6 Let ((l1,a1),...,(m,am)) €
(S)™ be a vector of linguistic 2-tuples and
w = (wi,...,wm) € [0,1]™ be a weighting
vector such that Y " w; = 1. The 2-tuple
OWA operator associated with w is the func-

tion G¥ : (§)™ — (S) defined by

A§ <Z w; ﬁ:)
i=1

where (; is the i-th largest element of
{Ag(zl,al),...,A;(zm,am)}.

Gw((ll,al),...,(lm,am)) -

The aggregation procedure consists in the
following steps:

1. Computing appraisers’ collective criteria
values, vF(x;): For each appraisers’ col-
lective, their assessments about a given
criterion Y} are aggregated by means of a
2-tuple OWA operator, G¥ | that can be

different for each appraisers’ collective.

For each collective and for every k €
{1,...,p}, the process is conducted in the
following manner.

e Supervisors. Taking into account the
function HY : (S%)" — (5)" de-
fined by

HA(a] e, ay )_
1k rk
(HA(aJ Yoo HA(O’J )
we introduce the function

H’c _.cv,
k A
K (ST =2 (8" 22 (S)

which assigns a 2-tuple over the
BLTS to each vector of individual as-

sessments.

Thus, each employee has associated
a 2-tuple over the BLTS, with re-
spect to the supervisors and the cri-
terion Yj:

oh (x;) = F4 (a]lk, . .,a;k)
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e Collaborators. Taking into account
the function HY : (S§)* — (S)*
defined by

HE 0, .. b5%) =
(Hg(b;"), ., HB(65%)),

we introduce the function

ko gW
Fh: (sh) T (5) 2 ()
which assigns a 2-tuple over the
BLTS to each vector of individual as-
sessments.

Thus, each employee has associated
a 2-tuple over the BLTS, with re-
spect to the collaborators and the
criterion Yj:

v (x;) = F5 (b;k, N .,bjk>.

e Customers. Taking into account the
function HE : (SE) — (5)! de-
fined by

we introduce the function

F - sty He gy 99 ()

which assigns a 2-tuple over the
BLTS to each vector of individual as-
sessments.

Thus, each employee has associated
a 2-tuple over the BLTS, with re-

spect to the customers and the cri-
terion Yj:

k k k
Uc(ivj) :Fc(c; ,...,C; )

e FEmployee. Each employee has asso-

ciated a 2-tuple over the BLTS, with
respect to the criterion Yj:

vk (w;) = Hx (27") € (S).
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Although the opinion that each employ-

ee has about himself, ac;k (and the as-

sociated 2-tuple v%(z;)), can be useful
for the organization, we do not take in-
to account this information in the ag-
gregation process. The reason is that 2-
tuple OWA operators do not distinguish
the origin of the assessments (they are
anonymous). Consequently, to include the
self-evaluation of employees could disturb
the aggregation phase, because the cor-
responding outcomes could be biased by
that self-evaluations.

2. Computing global criteria values, v*(z;):
The previous collective assessments
oh(@;), vh(z;) and vh(z;) are ag
gregated by means of a 2-tuple OWA
operator

G (8)* — ()

obtaining a 2-tuple over the BLTS for
each criterion Yi:

o () =

G (vh (@), v (@), v (2))) € (S).

3. Computing a final value, v(x;): It is ob-
tained by aggregating the global crite-
ria values related to the employee x;, by
means of a 2-tuple OWA operator

G (S)" — (8)
obtaining a 2-tuple over the BLT'S:

v(z;) =

Gw(vl(mj), .. .,vp(mj)) € (9).

The final outcomes obtained in each step
of the aggregation process, v (xz;), v%(z;),
vE(x;), v"(x;) and v(z;), are used either for
sorting and ranking the employees or to estab-
lish the companies’ policy in the exploitation
phase.

The weighting vectors appearing in each
stage of the aggregation procedure can be de-
termined in different ways, being one of the
most usual that given by linguistic quantifiers.
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After aggregation process companies must
rank their employees. In this way, employees
will be sorted and ranked according to the cor-
responding 2-tuples over the BLTS obtained in
each stage of the aggregation phase. The pro-
cess of pairwise comparison among linguistic
2-tuples is carried out according to an ordi-
nary lexicographic order given in Definition 3
(see [7]). According to this lexicographic order,
in each stage we can initially sort employees
by the linguistic term of the corresponding 2-
tuples over the BLTS. Secondly, we can rank
employees sorted in the same linguistic cate-
gory by considering the corresponding values
«; of the symbolic translations.

We now show the outputs we have to sort
and rank. They have been obtained in different
stages of the aggregation process.

1. Appraisers’ collective criteria values, for
collectives:

e Supervisors.
o (Collaborators.

o Customers.
2. Global criteria values.
3. Final value.

Moreover, the organization can rank the ag-
gregated information obtained for each em-
ployee, joint with the self-evaluation, in each
criterion Yj. Thus, the organization can com-
pare the collective opinions and the self-
evaluation for each employee in each criterion.

Obviously, other comparisons are possible.
Taking into account all the information ob-
tained in the aggregation process, the orga-
nization can decide about different aspects of
its human resources’ policy.

4. Concluding remarks

Performance appraisal is a process that al-
low companies and organizations to determine
efficiency and effectiveness of their employees .
In this contribution we have presented a 360°
performance appraisal model,taking into ac-
count that appraisers can present different de-
grees of knowledge about evaluated employees.
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Thus, appraisers could express their assess-
ments in different linguistic domains according
to their knowledge, defining a multi-granular
linguistic evaluation framework. Consequent-
ly, this model offers an increment of flexibil-
ity and an improvement in the treatment of
information with uncertainty in performance
appraisal model.
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