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Abstract

Performance appraisal is a process used by companies in order to evaluate their employees’ efficiency
and productivity for planning their Human Resource policies. Traditionally this process has just been
carried out by the executive staff but recently it has started to be based on opinions of different appraisers,
being called integral evaluation. In such an evaluation process, the appraisers provide their opinions
according to their own perceptions, knowledge and feelings regarding the evaluated employee. Such
knowledge is then, vague and subjective. Consequentipdtiellingby means of linguistic information

is more flexible and suitable than a criswdelling Due to the fact that differenypes of expertsould

have different degree of knowledge about the evaluated employee, in this paper is proposed an integral
evaluation model capable of dealing with multiple linguistic scales in a precise way by using extended
linguistic hierarchies.

Keywords:Performance appraisal, integral evaluation, multiple linguistic scales, extended linguistic hier-
archies

1. Introduction A main goal of the Human Resources Department is
the administration of the human capital by means of
measuring the relationships between the company’s
human capital and the financial results obtained by
the compani?.

Along the history, organizations and companies have
been adapting to market conditions with the aim of
achieving their survival and success. Nowadays,
global competition affects companies and organiza- According to some authofs it is easy to check that
tions and therefore, keeping competitive up in this most companies are symbolized by their human cap-
environment is their main goal. Due to this fact, lots ital (around 80%). But, it is very difficult to measure
of managers are conscious that being competitive in  how much human capital contributes to the com-
this environment depends on a constant development pany financial results. In the specialized literature
of the Human Resources. it can be checked that several trends corroborate that
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human behaviour measurement improves companies
productivity31-1423,

In a gradual way, organizations and companies
have introduced different methods for evaluating
their employees performance. In the literature, it
can be found several definitions about what per-
formance appraisif-1428 is. Although in gen-
eral, we can say that performance appraisal is a for-
mal process to evaluate the efficiency and produc-
tivity of employees. This process takes into ac-
count the contribution that every employee carries
out to fulfil companies goals during a period of time.
Thus, performance appraisal process consists of es-
timating workers effectiveness and efficiency degree
278152128  Degpite the existence of many differ-
ent evaluation methods, all of them present common
problem$!4, that are usually:

1. Lack of objectivity

2. Prejudice or Halo errors

Indulgence and requirement
Central tendency

5. Recent behavior prejudice

6. Intentional errors

Generally, performance appraisal process has
been directly carried out by executive teams where
only supervisors make decisions about employees
in Human Resources policies, appearing the draw-
backs pointed out previously. In order to over-
come these drawbacks, corporations are adopting
new methods that use information from different
people (appraisers) related to the evaluated worker.
So, companies and organizations have been taking
into account in the evaluation process not only man-
agers opinions but also the opinion of the evaluated
employee’s partners, as well as subordinates, col-
laborators, customers, and even the opinions of em-
ployees about themselves (see Fig. 1). This eval-
uation process is so-call&b0-degree appraisabr
integral evaluatiof1424,

Supervisors

RS

Collaborators Co-workers

i

Customers

Employee

Fig. 1. Different points of view in integral evaluation

The use of this methodology allows companies
to obtain information about employees’ perfor-
mance from different points of view, which im-
proves the process results. Recent polls in USA
estimate that 90% of Fortune 1000 firms use
360-degree appraisal or integral evaluation to evalu-
ate their employees as McDonnell-Douglas, AT&T,
Allied Signal, Dupont, Honeywell, Boeing and Intel,
among other¢. This methodology has been exten-
sively used since the 80’s, for evaluating supervisors
and managers. Several 360-degree appraisal advan-
tages over the classical system with just supervisors
as appraisers aré&14:

« This method collects simultaneously information
from different points of view about employees’
performances. Supervisors, collaborators, cus-
tomers and employees themselves take part in the
evaluation process.

« Companies obtain information from different re-
viewers and they can appraise various dimensions
of employees’ performance.

« The use of different sources leaves out biased.

Besides the problems that the traditional method-
ology has, itis possible to check that there is another
problem common to classical and integral method.
Such a problem is related to the way in which the
information is expressed. Although the indicators or
criteria used to evaluate employees are usually qual-
itative and subjective (communication ability, coop-
erativeness, loyalty to company, etc.), the traditional
and the integral appraisal force reviewers to express
their opinions by means of numerical valéés
Consequently, this fact achieves a lack of accuracy
in the evaluation process due to the difficulty of ex-
pressing vague and imprecise concepts in a precise
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way, and even more in the integral evaluation due to
the fact that each reviewers’ collective might have
different degree of knowledge about employees.

In order to overcome the problems of the tradi-
tional methods, in this paper we propose an integral
appraisal model where different groups of review-
ers evaluate employees attending to different crite-
ria and attributes, in this way our proposed model
adopts the advantages of the integral method. More-
over, in order to manage the uncertainty associ-
ated with the information, we propose a flexible
model where the appraisers’ opinions are modelled
by means of linguistic information because the use
of this type of approach is more suitable and flexible
for this kind of information and it has provided good
results in similar situations in other fields as sensory
evaluatioR®26:29.33,

In addition, and due to the fact that the differ-
ent groups of reviewers may have different knowl-
edge about the evaluated employees, we suggest
a flexible framework where the different reviewers
could express their opinions by means of different
linguistic scales according to their knowledge and
expertise. Although there are different approaches
which deal with such a type of cont&1622 our
proposal will make use of the extended linguistic
hierarchie$® because such a method overcomes the
limitations in applicability, effectiveness and accu-
racy present in the other approaches and the compu-
tational model associated with it is based on a sym-
bolic one and the results are expressed in the initial
term sets used by the experts to provide their knowl-
edge without loss of information.

The paper is organized as follows. Section 2 re-
views some important concepts about linguistic in-
formation. In Section 3, we present an integral per-
formance appraisal model with multiple linguistic
scales. In Section 4 we propose an illustrative ex-
ample. And finally, the contribution is concluded in
Section 5.

2. Linguistic Background

Due to the fact that our proposal will deal with lin-
guistic information, here, we shall review in short
some necessary concepts about linguistic informa-

ELH model for managing integral evaluation

tion to understand our proposal. We review briefly
the fuzzy linguistic approach and how to manage
multi-granular linguistic information by means of
extended linguistic hierarchies.

2.1. Fuzzy linguigtic approach

Many aspects of different activities in the real world
cannot be assessed in a quantitative form, but rather
in a qualitative one, i.e., with vague or imprecise
knowledge. In that case, a better approach may be
the use of linguistic assessments instead of numeri-
cal values. The fuzzy linguistic approach represents
gualitative aspects as linguistic values by means of
linguistic variabled'. We have to choose appropri-
ate linguistic descriptors for the term sets and their
semantic3. In the linguistic approach an important
parameter to be determined is the “granularity of
uncertainty” that indicates the degree of discrimina-
tion given by a term set, so that the more knowledge
about the variable, the more granularity that can be
utilized to assess it. When different experts have
different uncertainty degrees about the items, sev-
eral linguistic term sets with a different granularity
of uncertainty may be then necess&f/’.

One possibility of generating the linguistic term
set consists in directly supplying the term set by con-
sidering all the terms distributed on a scale on which
a total orderd! is defined. For example, a set of
seven termsS(see Fig. 2) could be:

S={so: N (Null), s;: VL (Very-Low),
$: L (Low), s3: M (Medium),
s4: H (High), ss: VH (Very-High),

s: P (Perfect)

N VL L M H VH P

0 0.17 033 05 0.67 0.83 1

Fig. 2. A set of seven terms with its semantics
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The semantics of terms is given by fuzzy numbers
defined on thd0, 1] interval, which are usually des-
cribed by membership functions.

In this paper, we shall use triangular member-
ship functions as semantics of the linguistic terms
whose representation is defined by three parameters
(a,b,c), whereb indicates the point in which the
membership value is 1, with andc indicating the
left and right limits of the definition domain of the
membership functich

2.2. Managing multi-granular linguistic
information with extended linguistic
hierarchies

Multi-expert decision-making problems, that deal
with linguistic information expressed in different
scales, are defined within a multi-granular lin-
guistic framework. In order to manage such a
type of framework different approaches have been
pub|ishea710713716721,22_

In this paper and in order to manage multi-granular
linguistic information, we are going to use the ap-
proach proposed by Espinilla, Liu and Martif&z
theExtended Linguistic Hierarchid& LH), because
ELH provides experts a total flexibility to model the
linguistic information and it keeps accuracy in pro-
cesses of computing with words.

An ELH is a set of linguistic terms sets, where
each level is a linguistic term set with different gra-
nularity from the remaining levels of theLH. Each
level belongs to aELH is denoted a§t,n(t)), be-
ingt the level of theE LH andn(t) the granularity of
the linguistic term set of the leveél

In order to build arE LH it is necessary to follow
the extended hierarchical ruléd. Following these
rules, anELH is built as:

« a finite number of the leveld(t,n(t)) with
t=1,...,m, that defines the multi-granular lin-
guistic context,

. afinal levell(t',n(t")), t’ = m+ 1 and with the fol-
lowing granularity is added:

nt') = (LC.M(n(1)—1,...,n(m)—1)) +1 (1)

beingL.C.M theLeast Common Multiple

In this way, given afcLH, S') denotes the linguis-
tic term set ofELH corresponding to the levél of
ELH with a granularity of uncertainty af(t)

SO = (Y, ...,528_1}.
Moreover, the use of linguistic information implies
processes ofcomputing with words(CW). In or-
der to accomplish such processes when we are deal-
ing with ELH, in 1® was proposed a computational
model based on linguistic 2-tupfésto accomplish
the proceses of CW with multi-granular linguistic
information in a precise way. Such a model consists
of a three-step process showed in Fig. 3, that con-
sists of:

« Unification phase. The multi-granular linguistic
information is expressed in only one linguistic
term set that foELH is always S%) (for further
details seé?).

« Computation process. Once the information is ex-
pressed in only one expression domai!), the
computations are carried out by using the linguis-
tic 2-tuple model.

« Expressing results. In this step the results can be
transformed into any level of tHeLH in a precise
way to improve the understanding of the results.

CW processes in ELH

Unification phase

The multi-granular linguistic
information is unified in the last
level of ELH

1l

Computation process

Computations are carried out by
using linguistic 2-tuple
computational model

1Ll

Expressing results

The results could be expressed
in their original linguistic term
sets

Fig. 3. Computing with wordprocesses ik LH
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Following, we introduce very briefly some neces-
sary concepts to understand and carry out the pro-
cesses of CW dealing with multi-granular linguistic
information assessed in &LH.

The 2-tuple linguistic model was introduced in
18 for improving the accuracy and flexibility of the
processes of CW. This model represents the lin-
guistic information by a pair of valuegs, a), so-
called 2-tuple, whers is a linguistic term andx is
a numerical value that represents a symbolic transla-
tion. This model introduced a transformation func-
tions between linguistic values and numbers in the
interval of granularity[0,q] to facilitate computa-
tions.

Definition 1. Let S= {sy,...,S} be a set of lin-
guistic terms. The-tuple set associated with iS

defined agS) = Sx [—0.5,0.5). We define the func-
tion As: [0,g] — (S) given by

: i = round(pB),
A =(s,0), with
s(B) = (s.a). {GZB_L
whereround assigns tq@ its closest integer number
i€{0,1,...,9}.
We note that As is bijectiveé®®® and

At (S) — [0,g] is defined byAg*(s,a) =i+a.
In this way, the 2-tuples of S) will be identified
with the numerical values in the intervd, g].

Remark 1.  We can consider the injective map-
ping H: S — (S that transforms a linguistic
terms into the 2-tuple(s,0). On the other hand,
As(i) = (5,0) and Ag'(s,0) =i, for every
i€{0,1,...,9}.

The linguistic 2-tuple model not only facilitates
the processes of CW, but also in our case supports
the transformations suffered by the linguistic infor-
mation in theELH in order to unify it and express
the results in the original expression domainsdn
was defined a transformation function of linguistic
terms of arE LH between different of its levels.

Definition 2. Let S'@ = {sc”,@,sﬁ(a),.-.,sﬂﬁii_l}

and Sb) — {s?,(b),sTb),...,ngg;fl} be two linguis-
tic term sets, witha £ b. Thelinguistic transforma-

ELH model for managing integral evaluation

TFg’(s?(a),orj)

n(a)—1

tion function TE: (@) — (P)) is defined by:
As (Asl<s?<a>7aj"<a>>-<n<b>—1>
n(b)

>:

We can note that in the computing model for infor-
mation assessed in an ELH, the linguistic transfor-
mation function, TFP, performed in the unification
phase,a might be any level in the st = 1,...,m}
and b is always the level’. The computational
processes are carried out in the let/eind follow-
ing, the results are expressed by usTig whereb
could be any level inthe s§t =1,...,m} andais al-
ways the levet’. This rule was imposed it? to keep
the accuracy in computation process wihH.

, Q).

3. ALinguistic Integral Evaluation Model

In this section, we present our proposal of an inte-
gral evaluation model with multi-granular linguistic
information which it is based on the scheme showed
in the Fig. 4 whose main phases are:

1. Evaluation frameworklIn this phase, it is de-
fined the framework in which the evaluation
will be developed.

. Aggregation phaseThis phase is based on the
computational model showed in Fig. 3 and it
is composed by different levels of aggregation
(see Fig. 5):

(a) Computingcollective criteria valuegor
each criterion.

(b) Computing global criteria values for
each criterion.

(c) Finally, in the third and last aggregation
step is computed global valuefor each
employee.

. Rating phase In this phase companies carry
out the process of classifying and ranking em-
ployees paying attention to the objectives es-
tablished by the Human Resource Department

policy.
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Fig. 4. Evaluation process

Rating

phase phase

Aggregation process

_|
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| Supervisors | | Collaborators |

Collective criteria values

Employees

| Customers

Global criteria values

4

Global values

Fig. 5. Aggregation process

In the coming subsections we present in further
detail each phase of the proposed multi-granular lin-
guistic integral evaluation model.

3.1. Evaluation framework

In this phase the structure of the evaluation process
and the domains, in which the information will be
assessed, are defined.

The integral evaluation process measures workers’
effort and efficiency taking into account the opin-
ion of different people related to them and the opin-
ion of employees on themselves. As we have afore-
mentioned, the reviewers’ collectives have different
knowledge about employees, due to this fact and in
order to improve the evaluation process, the different
reviewers’ collectives may use different linguistic
expression domains to evaluate employees depend-
ing on their knowledge about them and the different
evaluated criteria

In order to introduce the construction of the evalu-
ation framework, we show how a company or orga-

nization could carry out an integral evaluation pro-
cess. Let us consider a company which carries out
an integral evaluation process on a seh@mploy-
eesX = {xg,...,X,} regarding a set op criteria

Y = {Y1,...,Yp} and taking into account the follow-
ing collectives of reviewers:

« A={&,...,&}: Asetofr supervisors.
o« B={by,...,bs}: A set ofscollaborators.
« C={cy,...,c}: Asetoft customers.

o X ={x1,...,%}: A set ofn employees.

Although it would be possible to consider that each
reviewer can use different linguistic term sets to
evaluate employees attending to each criterion, let us
assume that every reviewers’ collective uses its own
linguistic term set to express their assessments about
employees attending each criterion that is more rea-
sonable and make easier the computing process.
Our proposal will manage the multi-granular lin-
guistic information by usingeLH. Consequently
and before starting the evaluation, the integral eval-
uation framework associated with this kind of infor-
mation is defined as:

o Let n(tax) be the granularity of the linguistic
term set used by supervisors to evaluate employee
Xj attending to the criteriolYy andta i the level
of this set. In this way, the opinion of supervi-
sori on employeej according to the criteriork

is denotedalk € Sy for eachi € {1,...,r},
je{l,...,nfandke {1,...,p}.

« Similarly for collaborators,n(tg k) is the granu-
larity of the linguistic term set used to evaluate
employeex; attending to the criterioly andtg k

the level of this set. Therefords € She* is
the opinion of collaborator on employeej ac-
cording to the criteriork for eachi € {1,...,s},
je{l,...,n}andke {1,...,p}.

« Regarding customersn(ic ) is the granularity
of the linguistic term set antt x the level of this

set. Beingck e %ﬁf‘k) the opinion of customeir
on employeegj according to the criteriok.
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o Finally, n(tx x) is the granularity of the linguis-
tic term set used by employees to evaluate them-
selves, attending to the criterioff andty g is the
level of this set. The opinion of employeg on

him/herself is denoted ad* € 5.

Therefore, now theELH that defines the
evaluation framework is built according to
the previous expression domains. Being the
ELH the union of all previous levels used
by different collectives of reviewers to evalu-

ate each employess"™) and a new term set

g = ), 841} with the following granu-
larity:
n(t’) = LCM { n(tA’l) -1..., n(t/_\.p) -1
n(tB71) — 1, .. ,n(thp) — 1,
N(tc1) —1,...,n(tcp) — 1,
n(tx71) — 1, .. ,n(t)(’p) — 1}
+1,

whereL.C.M is theLeast Common Multiplaccord-

ing to the second extended hierarchical rule (see
Eq.1).

Therefore, the extended linguistic hierarchy which
defines the evaluation framework is:

S sh?)
(S5 55"}
(L5 )
(S5 S5
)

Once the evaluation framework has been fixed,

the appraisers of the different collectives will pro-
vide their opinions regarding the employees by

t=m+1
ELH= |J
t=1

means of vectors of linguistic assessments assessed

in the different scales of theLH.

3.2. Aggregation phase

The aim of aggregation process is to obtain a global
assessment for each employee that summarizes ap-
praisers’ opinions in order to facilitate the classifi-
cation and raking of employees for applying Human

ELH model for managing integral evaluation

Resources Department policies. These global val-
ues make companies easier to have a global view
on their employees’ performance and make deci-
sions about them. Thus, the global value should
come from the aggregation of all individual assess-

ments expressed by the different collectives of re-
viewers. The aggregation is a process of CW in a
multi-granular context defined by &i_H, therefore

it should be accomplished according to the scheme
presented in Fig.3.

Consequently, to operate in tielLH the linguis-

tic information provided by the appraisers is repre-

sented by linguistic 2-tuples (see Remark 1):

« For each collective:

e ()

-

where _ _
v = HA W) € (S,
Where _ stands for the different collectives,
{A,B,C,X} andv¥, vk stand for the linguistic value
provided by the appraiser and its correspondent 2-
tuple.
Once the linguistic information is expressed by lin-
guistic 2-tuples, the processes of CW starts follow-
ing the scheme of the Fig. 3. First, it must be unified
into the levelt’ of the ELH. To do so, the transfor-
mation functionT Ftt' (see Definition 2) is applied as
follows:

« For each collective, the linguistic transformation
function for each criteriokk =1,..., p is defined
by:

/ t =n(t’
TR, () — &)

where
"ok t Q)
TR = (5 ap) € B™),
When the information has been unified &),

the aggregation process of the integral performance
appraisal (see Fig. 5) is carried out. We present in
further detail each step of this process, additionally
we introduce some necessary definitions.

First step: Computing collective criteria values
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For each appraisers’ collective, their assessments
about a criterion,Yi, are aggregated by means of
an aggregation operato~. In our proposal the
first step of the aggregation process is carried out by
means of a generic aggregation operaft, that
could be different for every reviewers’ collective and
every criterion according to the necessities of the
problem. For each appraisers’ collective, their as-
sessments about a given criterigpare then aggre-
gated by means d&—.

« Supervisors. LeGy, : <§1(t')>r . <_§1(t,>> be
the aggregation function that assigns a 2-tuple in

) for all individual assessments about the
criterionYy. Every candidate has then associated a

2-tuple in <§"(t/>>, with respect to the supervisors’
collective and to the criteriow, k=1,...,p:

VA(x)) =GRy (... af) € (9.

Similarly for the remaining collectives.
« Collaborators.

B (8 — &),

1k
i

V(X)) = Gg (b

« Customers.

WSO @)y,

.,B?k) e ().

VE(x)) =

« Employees.

G\ (cf%,....T) € (S.

v () =X € (9.

We can note that the opinions of the others evalu-

ated employees are not taking into account in the ag-
gregation process because including these opinions
could bias the outcomes of the process.

Second step: Computing global criteria values

In this step of the aggregation process, the previ-
ous collective assessments for each collective and
each criterion are aggregated by means &ftaple
weighted average operatdo obtain a global value

for each criterion and for each employee according
to all collectives. We propose to aggregate infor-
mation by means of this operator because it allows
companies to establish different weights for each re-
viewers' collective taking into account their impor-
tance in the performance appraisal process.

Definition 3. Let w = (wy,...,wy) € [0,1™ be a
weighting vector such thag{™; w; = 1. The2-tuple
weighted average operat@ssociated withw is the
function MV : (S™ — (S) defined by

MW((gl,al),...,(Sﬂ,am AS(ZW' (5,0 )

The collective assessments then obtained in the
previous step,vk(x;), VE(xj), VE(xj) and v&(x;)

for each collective and for everk € {1,...,q},

are aggregated by : &4, @Yy where

W = (Wa, Wg,Wc,Wx) and Sw_ = 1, obtaining a
global value modelled by a linguistic 2-tuple for
each criterionyy:

Third step: Computing global values

In this step, companies work out global value
v(Xj), regarding all criteria and according to all ap-
praisers for each employee. It is obtained by ag-
gregating the global criteria values related to each
employeex; € X, by means of a 2-tuple weighted
average operator (see Definition 3)

MW - <§‘(t/>>p N <§1(t/)>

obtaining a 2-tuple ifS " ):

t/
V(X)) = MY (VE(x)), V2 (%)), ..., VP(x})) € (8",
We can note that the weighting vectors appearing in
this step of the aggregation procedyre,,...,wp)
are determined by companies attending to their Hu-

man Resources Department goals.
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3.3. Rating phase

Finally, in order to obtain the final ranking of the
employeesx; € X, the global values obtained in the
last step of the aggregation phas€;), are used
for sorting and ranking employees according to the
Human Resources Department policy.

Before ranking employees, the companies usually
carry out an initial selection process, establishing a
minimum value (threshold) for each criteridf (in

our case, a linguistic value) and they only take into
account, for establishing ranks, those employees that
have overcome these thresholds for every criterion
(see Fig.6).

It is remarkable that this initial selection process is
achieved by companies with the aim of knocking out
those employees that did not obtain the minimum re-
sults for each criterion.

4| li

Rating phase

Establishig a
minimun linguistic
value for each
criterion

New set of
employees to
be ranked

L
=

Rank and sort
employees

=

Fig. 6. Rating phase

Let v=(vl,...,WP) ¢ (§"(t/>)p be a vector that es-
tablishes the thresholds of the critéridotice thatv

is equivalent t (v,0), ..., (v?,0)) € (8P,

In order to do the initial selection process of employ-
ees, we use the following ordinary lexicographic

ordet8 on (")

k>1,
or
k=1 and ax >

N(t")

&) = () &

That ranks the linguistic 2-tuples i@”(t )>.
After the initial selection process, companies have a
new set of employees to be ranked:

X={xjeX|vke{l,....p} Vx))= (¥ 0]}

ELH model for managing integral evaluation

Once this initial selection process has been achieved,
the management team can analyze the global or in-
termediate results of those employees belonging to
X, forinstance by comparing the collective opinions
and the self-evaluation for each employee in each
criterion (much more comparisons are possible).
Our model provides linguistic results at all the
stages of the aggregation process that are easy to
understand and interpret by the management team
and by the different reviewers due to the fact that the
model can provide the results in the original linguis-
tic term set used by the reviewers. The organization
can then decide about different aspects of its Human
Resources’ policies from all the results obtained in
the different steps of the aggregation process, which
it is an important improvement with regards to the
traditional methods of performance appraisal.

4. An lllustrative Example

In order to show how a company or organization
could carry out performance appraisal process with
the proposed model (Fig. 4), we provide an exam-
ple. Let us suppose a company that is carrying out
an integral evaluation over its employees which in-
volves evaluations from supervisors, collaborators,
customers and employees themselves. Without loss
of generality we consider two employees to be eval-
uated: x1, Xo. The company wants to know who of
them is the best candidate to promote to a manager
position in the customer Department. The employ-
ees are evaluated according to two criteria:

« Y1: communicating with customers. Communica-
tive skill.

« Yo: teamwork and cooperation skKill.

The integral appraisal begins with the selection
of the reviewers by the human resources manager.
These reviewers should be people who daily interact
with the evaluated employees. In our example, the
manager selects the following groups of reviewers:

« Four supervisorsA={ay,...,a4}.
« Eight collaboratorsB = {by,...,bg}.

*This vector has been expressed in the last level of&hel, §n(t/), due to the fact that this level has been used to accomplish all
computations, although it could be expressed in the original term sets of each collective of reviewers and then tran@%ed to
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« Twelve customersC = {cy,...,C12}. Once the evaluation framework has been fixed, the

appraisers provide their opinions about the evaluated
Each group of reviewers will use its own linguistic employees (see Tables 1 and 2). It is then applied
term setsS"") (which semantics is given by trian-  the other phases of the evaluation process presented
gular fuzzy numbers), to provide their knowledge of  in Section 3 (see Fig. 4) to rate the employees.

every criterion (see Fig. 7):
y ( 9-7) Table 1. Assessments provided by employees about themselves

Supervisors S S X X2
p AL A2 A Y, Y1 Y,
Collaborators S, U XT=5" X°=8° - -
. _ 11 _ X1 12 _ X2
Customers S SN Q=S at=s
Employees il S?(Z Table 2. Assessments for each employee and each criterion
X1 X2

Where S}; and S}, have nine linguistic terms%;

and S, have seven linguistic terms®,, , and a%lzsg\l a§2:§ a§1: 1 a%zzizz
s 7

S, have five linguistic terms an8, has three lin- _
uistic terms. 41_ Al 32 i A a2
g ait=st ap’=9¢® ajl=g a’=9p

S = {£179751%9=

19 AL9 AL9 AL9 ALY AL9 _ALO b=t bi?=s? bil=g! biZ=57
R A R X S I i - i A M " I
b31 1 322 pll_B1 P22
S = {£2797si\2797 b%l §1 b%2_§2 bz;u,%l bzilz_%z
9 A29 A29 A29 A29 A29 A29
R I R A T T e I
b61 %1 b62* 2 b61:SBl b62* 2
7 (LT 517 BL7 BL7 517 BL7 517 1 =9 >
S = (% 'S8y 'S5 } b71 1 pz_de pr_g@l pre_d
1 82 2 81 1 82 2
7 [FRT S2T B2T P27 P27 21 B2 Sg bi?=s? Bil=s' BP=s
S = % S S S5 }
_ (LS 015 C15 L15 015 cil=s" s° Gl=st =5°
$1 = {s ST, 53 } 1 12242 (2l 1 22
o 025 025 C25 025 025 Cf1=§1 CEZZSEZ C?Zﬁl C§2=S§2
$2 = {s ) 3 } Aol A2z Al_Ll A2 2
51 1 52 2 51 1 52 2
15 X15 X15 X15 X1,5 Gl=s Gl=3y Sl=sf S’=5
Sil = {% 7% 75)2< >S§ >Si1< } C61 §1 0?22522 c21:§1 ngzsgz
1 72_SCZ 71 _ L1 72 _ L2
3 23 X23 X23 =5 G =% =g ¢’ =5
S = {% 7% 7§ o} él:l B2og2 ot f2o g2
) C91 C92 2 C91 1 CgZZSCZ
Evaluation Framework C101 1 102 _ £2 C101 L1 cfoz_ 2
Therefore, theELH that defines our evaluation Cii éfl CE; Scz Cii éfl Ciiz Scz
framework is built as follows: c?t=st c¥?=¢? Pl=g' GP=g
- S.9, Aggregation phase
ELH = U 55733’»(2, 7 First, the information provided by the appraisers is
1| @ unified in thet’ level of theELH, in our casd’ = 5.

The results of such transformations are showed in

Tables 3 and 4.
beingt’ = 5 the added term set with 25 terms (see

Fig. 7) according t&ELH rules. In it, the processes
of CW are carried out in an accurate way.
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Table 3. Unified assessments from each employee about them-
selves

X1 X2
Employees Y Yo Y1 Yo
X1 (512,0)  (512,0) - -
X2 - - ($12,0) (S12,0)

Table 4. Unified assessments for each collective and each crite-
rion

X1 X2
Supervisors Y1 Yo Y1 Yo
ag (521,0)  (518,0) (512,0) (31,0
az (§247 0) (3217 O) (§97 0) (3247 O)
az (§187 0) (3157 O) (3127 O) (3247 O)
ay (518,0)  (321,0)  (312,0)  (321,0)
Collaborators
by (%4,0)  (516,0) (516:0) (524,0)
by (%4,0)  (%20,0)  (520.0) (54,0
b3 (3207 0) (3247 O) (3167 O) (3247 O)
b4 (§207 0) (3247 O) (3127 O) (3247 O)
b5 (§247 0) (3247 O) (3127 O) (3207 O)
be (%4,0)  (%20,0)  (516:0)  (320,0)
b7 (516,0)  (%20.0) (312,0) (54,0
b8 (3207 0) (3247 O) (3207 O) (3207 O)
Customers
C1 (367 0) (3247 O) (367 0) (3247 O)
C2 (g67 0) (3247 O) (§67 0) (3247 O)
C3 (§127 0) (3247 O) (§07 0) (3247 O)
C4 (%,0) (524,0) (%,0) (524,0)
Cs (512,0)  (324,0)  (56,0)  (324,0)
Cs (3187 0) (3247 O) (367 0) (3247 O)
C7 (g67 0) (3247 O) (§07 0) (3187 O)
Cg (g67 0) (3247 O) (§67 0) (3247 O)
Co (512,0)  (318,0) (56,0)  (524,0)
C10 (512,0)  (324,0)  (S0,0)  (324,0)
C11 (512,0)  (324,0) (312,0) (324,0)
C12 (512,0) (524,00 (56,0) (524,0)

Once the information has been unified, the as-
sessments provided by the different collectives are
aggregated following the steps presented in 3.2 (see
Fig. 5).

Computing collective criteria values

In this step of the aggregation procedure and with-
out loss of generality we are going to use OWA op-
erators because they satisfy some interesting prop-
erties axompensativenesglempotencysymmetry
andmonotonicity

ELH model for managing integral evaluation

Nene m Perfect

High

Nope  Alpfigst  Veryhow Medium  Hi Sightly Ve Peffect
one igh gh

Fig. 7. Linguistic term sets used in the example

Definition 4. 30 Let w= (wy,..., W) € [0,1]™ be a
weighting vector such theg{" ; w; = 1. Theordered
weighted averagingOWA) operator associated with
w is the functionF" : R™ — R defined by

m
FW(al,...,am): W bi,
2

whereb; is thei-th largest element in the collection
{a1,...,a8m}.

We have to keep in mind that the information is
expressed by means of linguistic 2-tuples. There-
fore, to aggregate them we use the 2-tuple OWA op-
erators.

Definition 5. 8 Let ((I,a1),...,(Im,Qm)) €
(S™ be a vector of linguistic 2-tuples, and
W = (Wy,...,Wy) € [0,1]™ be a weighting vector
such thaty™,w; = 1. The 2-tuple OWA operator
associated withw is the functionG" : (S™ — (S

defined by

GW((Ila al)7 RN (lm, Cfm)) = A§ <§1WI B|*> ;

where B is the i-th largest element of

{8t 00,a0),... A5 Im am) }.

The weighting vectors used in this step of the ag-
gregation procedure might be computed in different
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way, in our example are determined byuazy lin-
guistic quantifief©.

Definition 6. A relative linguistic quantifieron a

numeric scale is a functio® : [0,1] — [0,1] de-
fined by
0, if x<a,
QX =4 X=2 jfa<x<b,
b—a
1, if x>b,

wherea,b € [0,1] anda < b.

We note thatQ(0) = 0, Q(1) =1 and Q is
monotonié?: Q(x) > Q(y) wheneverx>y.

The weights associated with the OWA operakdY
are determined in the following wa¥:

wofg)-(7)-

whereQ is defined as in Definition 6.

1,....m,

Particulary, in this example we use the quantifier
“most”, whose parameters af®.3,0.8), to aggre-
gate information.

The global criteria values for each employee are
showed in Table 8 and the global criteria values

expressed in the supervisors’ original term sets are
showed in Table 9. It is remarkable that the global

criteria values have been expressed in the original
term set of supervisors in order to facilitate making

the final decision to the manager of the Human Re-
source Department.

Table 6. Reviewers’ collective criteria values for each eappé

VK (x;)

X1
Y1 Yz
VA(Xl):( 0704) VA(Xl) (S1s, )
VB(Xl) (S22,—0.4) VB(Xl) (S3,—0.4)
Vc(Xl):(§1 04) VE(x1)= (%23 04)
vk (x1) = (312 ) V& (1) = (312,0)
X2
Y1 A\
Va(xe) = (311,—0.2)  VA(X2) = (S524,—0.3)
Vg(X2) = (314,—0.4)  VA(X2) = (32,0)
VE(X2) = (24,0) V(%) = (323,0.4)
vk (X2) = (312,0) V& (X2) = (312,0)

Table 7. Reviewers’ collective criteria values for each employee
in the original term sets

Therefore, for each collective and each criterion

the assessments are aggregated. The weighting vec-

tors for each collective are showed in Table 5, and
the collective criteria values obtained for each em-

ployee in Table 6. Moreover, the collectives criteria

values obtained for each employee can be expressed

in the original term sets (see Table 7).

Table 5. Weighting vectors for reviewers’ collective crigeval-

X1
Y Y
Va(x1) = (Very high —0.2) v (x1) = (Sighly high0)
Vi(x1) = (Very high0.4)  v3(x1) = (Perfect—0.35)
V& (x1) = (Medium —0.23) V(1) = (Perfect—0.1)
X2
Y1 Yo
V(%) = (Medium —0.4)  vi(xz) = (Perfect—0.1)
Vi(%) = (Medium0.4)  Vv3(x) = (Perfect—0.5)
V& (x2) = (Low, —0.33) V2(x2) = (Perfect—0.1)

ues
“most”

(0,0.4,0.5,0.1)
(0,0,0.15,0.25,0.25,0.25,0.1,0)
(0,0,0,0.067,0.167,0.167,0.167,0.167,0.167,0.1,0,0)

For each criterion and each employee the previous
collective assessments are aggregated by using a
weighted average operator whose weighting vectors
selected by the company for each collective are:

wp =0.2
Wc = 0.5

wg =0.2
Wy = 0.1

Computing global criteria values

For each criterion and each employee the previous
collective assessments are aggregated by using a
weighted average operator whose weighting vectors
selected by the company for each collective are:

wp =0.2
Wc = 0.5

wg=0.2
Wy = 0.1
The global criteria values for each employee are

showed in Table 8 and the global criteria values
expressed in the supervisors’ original term sets are
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showed in Table 9. It is remarkable that the global
criteria values have been expressed in the original
term set of supervisors in order to facilitate making
the final decision to the manager of the Human Re-
source Department.

Table 8. Global criteria values for each employé(ex,-)

X1
Y1 Y2
Vix1) = (315, —0.1)  V*(x1) = (31,0.02)
X2
Y1 Y,
V(%) = (36,0.08)  V*(x2) = (S22,0.04)

Table 9. Global criteria values for each employé‘éxj) ex
pressed in the original linguistic term ﬁ7

X1

Y1
(High, —0.03)

Y2
(Very high 0.01)
X2

Y1
(Low, —0.31)

Y2
(Very high 0.35)

Computing a global value

As it was aforementioned, now company works out
a global assessment for each employe¢ and each
criterion. The weighting vector for criteriovi and

Y, is (0.4,0.6) (in this example, company considers
more important criteriorY, than criterionY;). The
global values then obtained for each employee are
V(X1) = (319, —0.428) andv(x2) = (517, —0.544) (see
Table 10 to see the global values in the initial term
sets).

Rating Phase

In the rating phase, the company may establish a
minimum linguistic value for each criterion. In our
case,v= (V},\?) € ° beingv! = 5 andv? = S;s.

We then obtain the foIIowmg new set of candidates
to be rankedX = {x;,x,}, because:

vt (Xl) = (3157 ) = (387 0)7
V2(X1) = (§2 0. 02) > (§187 0),
Vl(Xz) = (53 ) = (387 )7
Vo) = (52004) = (50).

Thus, in this exampl& = X.

ELH model for managing integral evaluation

Taking into account the results of the last step
of the aggregation phase and the ordinary lexico-

graphic order or(§25>, the candidate; is the best
to be promoted to manager in the customer De-
partment because(x;) = (519, —0.428) > v(x2) =
(517, —0.544), and both employees belong)?o
Although the global values for each employee
have been expressed in the last level of HieH,
it would be useful to express these values in the
reviewers' original terms sets in order to improve
the process of performance appraisal and the under-
standing of the results by the different collectives
(see Table 10).

Table 10. Global values for each employvé‘éx,-) expressed in
the reviewers’ original linguistic term set

X1 X2
Supervisors  (Sighly high0.19) (High,0.48)
Collaborators (Very high —0.357)  (High,0.11)
Customers (High,0.09) (High,—0.26)

5. Concluding Remarks

Performance appraisal is a process that allows com-
panies and organizations to determine efficiency and
effectiveness of their employees. In this paper, we
have presented a flexible linguistic integral evalua-
tion model, taking into account that appraisers are
expressing subjective perceptions and might present
different degrees of knowledge about evaluated em-
ployees. Thus, in our proposal appraisers could ex-
press their assessments in different linguistic scales
according to their knowledge, defining a multi-
granular linguistic evaluation framework. In order
to operate in this framework, we have managed lin-
guistic information by means of the extended lin-
guistic hierarchies approach because they overcome
the limitations of other approaches, offering flexibil-
ity, an accurate computational model and the results
are expressed in the initial scales.
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