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Abstract

Performance appraisal is a process used for some companies in order
to evaluate the efficiency and productivity of their employees. Initially
this process was carried out just by the executive staff, but recently it
has evolved to an evaluation process based on the opinion of different
reviewers, including supervisors, collaborators, customers and employees
themselves. This 360-degree method uses information from many peo-
ple who can truly respond to how an employee performs on the job. In
this contribution we propose an evaluation framework in which different
groups of reviewers can evaluate employees with linguistic labels. In this
way, we allow reviewers to use several sets of labels with different gran-
ularity according to their knowledge on employees and the criteria to be
evaluated. Once defined the framework, we introduce a fuzzy model of
performance appraisal based on classic processes of decision-making.
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1 Introduction

One of the main challenges of companies and organizations is the improvement of
productivity and efficiency. Performance appraisal is essential for the effective man-
agement and evaluation of corporations. Recently more and more companies are trying
to increase their productivity through the human performance measurement. Perfor-
mance 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.
However, corporations are adopting new methods that use information from different
people (appraisers) connected with each evaluated worker. In fact, 360° appraisal or
integral evaluation is a methodology for evaluating worker’s performance that includes
the opinions of supervisors, collaborators, customers and employees themselves (see
[5], [11] and Figure 1 as well).

Then, each appraiser from the different collectives (supervisors, collaborators, cus-
tomers, employee) evaluates indicators used for measuring the performance of the
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Figure 1: 360-degrees appraisal

evaluated worker. Usually these indicators are qualitative in nature and involve un-
certainty. However most of evaluation process force the appraisers to provide their
assessments in a unique quantitative precise scale (see [2]). Finally the method gen-
erates a global evaluation value according to all the indicators and all the appraisers
aggregating their assessments.

The use of a precise scale to assess qualitative information can produce a lack
of precision in the assessments provided by the appraisers due to the difficulty of
expressing uncertain knowledge in a precise way. In the literature the use of the
Fuzzy Linguistic Approach [14] 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
performance appraisal in a multi-granular linguistic framework to model and manage
appraisers’ assessments such that they can express their valuations about the workers
in different linguistic scales according to their degree of knowledge. To deal with
linguistic information conducted in different linguistic term sets, the model will unify
it in an unique linguistic domain by means of linguistic 2-tuples in order to obtain
a global valuation for the worker that supports the management team to develop
companies’ personnel policies. Thus, the problem falls, in a natural way, into the
collective 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

In order to develop the performance appraisal method introduced in the above section
it is necessary some terminology and basic notions about linguistic modeling. In this
section we review in short the fuzzy linguistic approach.

2.1 Fuzzy linguistic approach

Information in a quantitative setting is usually expressed by means of numerical val-
ues. However, there are situations dealing with uncertainty or vague information in
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which a better approach to qualify aspects of many activities may be to use linguistic
assessments instead of numerical values. The fuzzy linguistic approach represents qual-
itative aspects as linguistic values by means of linguistic variables [14]. This approach
is adequate when attempting to qualify phenomena related to human perception as in
the problem we focus in.

The use of the fuzzy linguistic approach implies to choose the appropriate linguistic
descriptors for the term set and their semantics. The universe of the discourse over
which the term set is defined is an specific problem, and linguistic term sets are
usually defined in the interval [0,1]. Also an important parameter to be determined is
the “granularity of uncertainty”, i.e., the cardinality of the linguistic term set used to
express the information.

One possibility of generating a linguistic term set, S = {so,..., S}, consists in
directly supplying the term set by considering all the terms distributed on a scale
where a total order is defined [13]. For example, a set of seven terms S could be:

S = {so: N (None), s1: VL (Very-Low), s2: L (Low), s3: M (Medium),
s4: H (High), s5: VH (Very-High), s¢: P (Perfect)}
The semantics of terms is given by fuzzy numbers defined in the [0,1] interval,

which are usually described by membership functions. For example, we may assign
the following semantics to the above set of seven terms via triangular fuzzy numbers.

Figure 2: A set of seven terms with its semantics

2.2 Dealing with multi-granular linguistic information

Since we have considered multi-granular linguistic frameworks for our proposal of
performance appraisal and due to the fact that the use of linguistic values implies
processes of computing with words, it will be necessary to compute with linguistic
assessments of different granularity. These computations cannot be directly carried
out on the input labels. Therefore, here we review in short a process presented in [10]
to deal with such a type of information that consists in the following steps:

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

2.2.1 Chosing the BLTS To deal with multi-granular linguistic information,
first it will be conducted in an unique expression domain. This domain will be a
linguistic 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 information into fuzzy sets 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 function presented in [10].

Definition 1 Let S = {so,s1,...,s,} and S = {50,51,...,34} be two linguistic
term sets, with h < g. The linguistic transformation  function

Tgg: S — F(S) is defined by:

TS?(SJ') = {(§0770)7 (§1771)7 B (§9779)}
with
Vi = man min {:usj (y)7 Hs; (y)}7 t=0,1,... y g

where F(S) is the set of fuzzy sets on S, and ps; and ps; are the membership
functions of the linguistic labels s; € S and 3; € S, respectively.

wl

Figure 3: Transforming s; € S into a fuzzy set in S

So far, we have conducted the multi-granular linguistic information in an unique

linguistic domain, S, by means of fuzzy sets.The function Tz is used for transforming
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individual assessments over S into fuzzy sets in the BLTS, S. At this moment the
information is conducted in one expression domain, but with view to the management
team, if we operate with the fuzzy sets and the appraisal results are expressed 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.

2.2.3 Unification into linguistic 2-tuples Before introducing the transfor-
mation process 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 sym-
bolic translation [7]. This model represents the linguistic information through a 2-tuple
(s, ), where s is a linguistic term and « is a numerical value representation of the
symbolic translation [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,..., 84} be aset of linguistic terms. The 2-tuple set associ-
ated with S is defined as (S) = S x [-0.5,0.5). We define the function
Ag : [0,g9] — (S) given by

- 4
As(9) = (sna), wimn {1720

a = ﬁ -1,
where round assigns to 3 the integer number i € {0,1,...,g} closest to .

We note that Ag is bijective [8, 9] and A" : (S) — [0,g] is defined by
Ag'(si,a) = i+a. In this way, the 2-tuples of (S) will be identified with the numerical
values in the interval [0, g].

Remark 1 We can consider the injective mapping S — (S) that allows us to
transform a linguistic term s; into a 2-tuple: (s;,0). On the other hand,
As(i) = (s,0) and Ag'(s;,0) =14, for every i € {0,1,...,g}.

The 2-tuple fuzzy linguistic representation model has a linguistic computational
associated model [7], from this one has been demonstrated that the operations with
symmetrical and triangular-shaped labels are carried out without loss of information.

Now, we present the function that we allow to transform a fuzzy set over S into
linguistic 2-tuples in the BLT'S.

Definition 3 Given the linguistic term set S = {50,51,...,84}, the function

X : F(S) — [0, 9] is defined by

g9
Zj Vi
=0

g

>
=0

X({(§0770),(§17’Yl)7---7(59779)}): =p¢€ [O,g}
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where 3 is a numerical value in the interval of granularity of S. This numerical value
can be transformed into a linguistic 2-tuple through the function Ag (see Definition
2).

3 A multi-granular linguistic 360° performance appraisal
model

In this section we present a model to deal with 360° performance appraisal problems
defined in multi-granular linguistic frameworks. Our model has the following phases:

1. Definition of the multi-granular linguistic evaluation framework.
2. Unification of the information.

3. Rating workers.

3.1 Evaluation framework

We now present the scheme with the main features and terminology of this type of
problems that evaluate the employees taking into account the opinions of different
collectives related to them including the evaluated employee.

It is supposed there is a set of employees X = {x1,...,2n} to be evaluated by the
following collectives:

e A set of supervisors (executive staff): A = {a1,...,ar}.

e A set of collaborators (fellows): B = {b1,...,bs}.

e A set of customers: C = {c1,...,c}.

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

The employees will be evaluate attending to different criteria: Y = {Y1,...,Y,}.

The assessments provided by the members of the collectives a; € A, b; € B and
¢; € C on the employee x; according to the criterion Y; are denoted by a;-k, b;k and
c§k, respectively. Moreover, wik is the assessment of x; on himself with respect to Yj.
Therefore, there are (r 4+ s+t + 1) p assessments for each employee provided by the
different collectives.

In this contribution we consider multi-granular linguistic framework. So, we as-
sume that each member of the collectives can use different linguistic term sets [7, §]
to assess each criterion Y*, k=1,...,p:

e ai¥ € S§ foreach i€ {1,...,r} and each j € {1,...,n}.
o biF € SE for each i € {1,...,s} and each j € {1,...,n}.
o ¢* € Sk foreach i€ {1,...,t} and each j € {1,...,n}.
. x;:kesf( for each j € {1,...,n}.

We note that any appropriate linguistic term set S* is characterized by its cardi-
nality or granularity, |S* |. Since there are p criteria and 4 collectives, we can have at
most 4p different sets of linguistic labels, although usually the number will be much
smaller.
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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

collectives into an unique expression domain, BLTS, S = {50,51,...,84}, with
1 1 1 1
g > max{|Sal,...,|S4l,|1S8l,---, IS8, |Scl,-- -, |SE|,ISx],- -, |S%I|}-
Once the BLTS has been chosen, the multi-granular linguistic information is initially
unified by means of fuzzy sets in S using the function T¢g presented in the Definition

1.

e Supervisors:

Ts’;ﬁ : Sﬁ I .7‘-(§)
e Collaborators:

Tsxs: Sy — F(S).
e Customers:

Tss : 56 — F(5).
e Employee:

Tgrs: Sx — F(5).

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
x and A presented in Definitions 2 and 3:

e Supervisors:

Hj: S5 == F(S) 2> [0,9] = (5)
e Collaborators:
Tsks x

o Customers:

e Employee:
Tsk s Ay —

HY : 8% = F(S) =5 [0,9] = (S).

We can note that all the information provided by the different collectives (super-
visors, collaborators, customers and employee) is unified into 2-tuples in the BLTS.



8 R. DE ANDRES, J.L. GARCIA LAPRESTA AND L. MARTINEZ

3.3 Rating phase

The aim of this phase is to obtain a value that assess the performance of the evaluated
worker according to the different collectives that have evaluated her. To do so, the
assessments provided by the members of the different 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 4 [12] Let w = (w1,...,wm) € [0,1]™ be a weighting vector such that
>, wi = 1. The ordered weighted averaging (OWA) operator associated with w is
the function F¥ :R™ — R defined by

Fw(al,...,am) = Zwibi,
i=1

where b; is the i-th largest element in the collection {as, ..., am}.

Remark 2 OWA operators satisfy some interesting properties as compensativeness,
idempotency, symmetry and monotonicity. Moreover, F¥ is self-dual if and only if
Wm+1-i = w; for every i € {1,...,[F]} (see [6, Prop. 5]).

But we have to keep in mind that the information is expressed by means of lin-
guistic 2-tuples. So to aggregate them we will use 2-tuple OWA operator.

Definition 5 Let ((I1,a1),...,(Im,am)) € (S)™ be a vector of linguistic 2-tuples
and w = (w1,...,wn) € [0,1]™ be a weighting vector such that >°", w; = 1. The
2-tuple OWA operator associated with w is the function G¥ : (§)™ — (S) defined

by
Gw((ll,al), o (zm,am)) = Az (Z wi Bf) :

where §; is the i-th largest element of {Agl(ll, Q1)y.eey Agl(lm,am)}.

Then the aggregation procedure has the following steps.

1. Computing reviewers’ collective criteria values, v¥(z;): For each reviewers’ 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 reviewers’ collective.
For each collective and for every k € {1,...,p}, the process is conducted in the
following manner.

o Supervisors. Taking into account the function HY : (S%)" — (S)" de-
fined by
ko 1k k ko 1k ko rk
HA(G’; PRI 7(1; ) = (HA(a]l )7 .. >HA(0’§ ))7
we introduce the function
T HIIZ s G}i‘)

F§ (S =2 (8)" =2 (8)
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(a)*,...,a}") = GXr(HA(aj"), ..., Hi(a]")) € (S)
which assigns a 2-tuple over the BLTS to each vector of individual assess-
ments.

Thus, each employee has associated a 2-tuple over the BLTS, with respect
to the supervisors and the criterion Y%:

k k( 1k rk
vA(xj):FA(aj feee, Q) )

Collaborators. Taking into account the function HY : (§%)° — (S)®
defined by
HE(b)", ... 05%) = (HE(0)"), ..., HE(b5"))
we introduce the function
HY _ oW, _
Fg: (Sp)" =5 (8)" = (5)
(65", 05") = (GER(HE (), ..., HE(b5%)) € (5)
which assigns a 2-tuple over the BLTS to each vector of individual assess-
ments.

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

vh () = Fh (0}, b3").

Customers. Taking into account the function H% : (S&)t — (S)t defined
by
HE (6", ¢ff) = (HE(G), - HE(cS))
we introduce the function
H:Y _  c¥
F&: (S8)" =5 (8)" = (8)
(cF, ey GER(HE (SR, ... HE () € (8)
which assigns a 2-tuple over the BLTS to each vector of individual assess-
ments.
Thus, each employee has associated a 2-tuple over the BLTS, with respect
to the customers and the criterion Yj:

k k( 1k th
ve(x;) :Fc(cj e Gy )
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e FEmployee. Each employee has associated a 2-tuple over the BLTS, with
respect to the criterion Yj:

vk (z;) = Hx (2]") € (S).

ik
J
2-tuple v% (2;)), can be useful for the organization, we do not take into account
this information in the aggregation 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 ag-
gregation phase, because the corresponding outcomes could be biased by that
self-evaluations.

Although the opinion each employee has on herself, x’* (and the associated

2. Computing global criteria values, v"(x;): The previous collective assessments
o8 (), v%5(x;) and vE(x;) are aggregated by means of a 2-tuple OWA operator
Gy (8)° — (S)

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

o (@) = GE (vh (), b (), vE(2))) € (3).

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

Gv. (S)? — (S)

obtaining a 2-tuple over the BLTS:

o(z) = Gw(vl(xj)w?(mj),...,vp(xj)) e (S).

The final outcomes obtained in each step of the aggregation process, vﬁ(xj),
i (x;), vE(z;), v*(z;) and v(x;), are used for sorting and ranking the employees
either to establish the companies’ policy in the exploitation phase.

Remark 3 The weighting vectors appearing in each stage of the aggregation proce-
dure can be determined in different ways, being one of the most usual is the use of
linguistic quantifiers.

The aim of the rating phase is to sort and rank the employees according to the
corresponding 2-tuples over the BLTS obtained in each stage of the aggregation phase.
The process of pairwise comparison among linguistic 2-tuples is carried out according
to the following ordinary lexicographic order presented in [7].

Definition 6 Let S = {so,...,s4} be a set of linguistic terms. We
define > the binary relation on (S) as

k>1,
(skyam) > (si,a1) & or
k=1 and ap > ay.
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Notice that > ranks order the linguistic 2-tuples of (S). According to this lexico-
graphic order, in each stage we can initially sort employees by the linguistic term of
the corresponding 2-tuples over the BLTS: 5o, §1, ..., 54. Secondly, we can rank em-
ployees sorted in the same linguistic category by considering the corresponding values
a; 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:

o Superuvisors.
o (Collaborators.

o Clustomers.

2. Global criteria values.

3. Final value.

Moreover, the organization can rank the aggregated information obtained for each
employee, joint with the self-evaluation, in each criterion Yi. Thus, the organization
can compare the collective opinions and the self-evaluation for each employee in each
criterion.

Obviously, other comparisons are possible. Taking into account all the informa-
tion obtained in the aggregation process, the organization can decide about different
aspects of its human resources’ policy.

4 Concluding remarks

Performance appraisal is a process that allow companies and organizations to deter-
mine efficiency and effectiveness of their employees . In this contribution we have
presented a 360° performance appraisal model,taking into account that appraisers can
present different degrees of knowledge about evaluated employees. Thus, apprais-
ers could express their assessments in different linguistic domains according to their
knowledge, defining a multi-granular linguistic evaluation framework. Consequently,
this model offers an increment of flexibility and an improvement in the treatment of
information with uncertainty in performance appraisal model.
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