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verbally specified values of the objects characteristics. These linguistic expressions can be
interpreted as values of linguistic variables representing the characteristics of interest. The
classes may be denoted by numbers, usually integers are used. A fuzzy classification system
can then be described by means of a rule base in the following way: On the left-hand side
of each rule, there is a combination of values of linguistic variables that corresponds to a
particular class. A value of an integer-valued variable, which identifies the same class, is on
the right-hand side. For any object described by crisp or fuzzy values of its characteristics,
its assignment to a class is determined by correspondence between these values and the
left-hand sides of the rules. The final output of the fuzzy classification system depends on
whether we are solving a problem of objects identification or whether we are classifying the
objects for the purpose of their evaluations. In both of these cases, a verbal description of
the result is desirable. The solution to this problem will be illustrated on examples from
the area of academic staff management.
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1. INTRODUCTION

Classification problems are very common in the real world. Because the practical
classification problems contain elements of uncertainty, it is natural to study the
classification methods that make use of the fuzzy sets theory.

Many papers were written on fuzzy classification. The book [5] gives a broad
overview of the topic. Various methods of fuzzy classification and their performance
are compared e.g. in [3] and in [4].

The vast majority of authors focus mainly on deriving fuzzy rules for the fuzzy
classification from the given data (e.g. in [6], [7], [8], and [17]). Nevertheless,
this is just the first step in solving the problem. If the fuzzy rule base is already
given (either derived from the data or defined expertly) it is necessary to study
different ways how the practical classification of the objects by means of the fuzzy
rule base can be done. This will be the topic of the paper. The choice of the applied
classification method depends on the type of the problem to be solved. In this
paper, the type of a problem will be distinguished by a potential existence and type
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of relationships (ordering, distance) among the classes. The relationships among
the classes can be transferred to the set of the numeric identifiers of these classes.
Successively, we will describe the mathematical models suitable for the cases when
the numeric class identifiers form a nominal, an ordinal, or a cardinal scale. The
theory will be accompanied by real-world examples.

First, we should explain the term of classifier. Let us start with the definition of
a crisp classifier. Let <n be the space of n-dimensional real vectors. These vectors
describe the objects that should be classified. Let Ω = {ω1, ..., ωk} be a set of class
labels. Then, a crisp classifier is described by a mapping D : <n → Ω [5]. Every
object is assigned to exactly one class and this classification is unambiguous.

A possibilistic classifier is defined as a mapping

Dp : <n → <k − {0}. (1)

For any object x described by its features values, its membership degreesDp
1(x), ..., Dp

k(x)
to each of the classes ω1, ..., ωk are assigned. The case that all of these membership
degrees would be zero, i.e. that the object would not belong to any of the classes, is
excluded by this definition.

Although the definitions of the crisp and possibilistic classifiers require all objects
to be classifiable, in this paper, we will study also the case of objects that cannot
be classified good enough. A method for this case will be proposed. The classifiers
will be able to refuse the classification if its result could be misleading.

Concerning fuzzy classifiers, one can encounter two different interpretation of this
term. In a broad sense, a fuzzy classifier is any classifier that uses fuzzy sets either
during its initial training (i.e. during deriving the fuzzy rule base from the data)
or during the object classification itself [5]. In the paper, we will consider the fuzzy
classifiers in the broad sense. Their common feature will be that a linguistically
defined fuzzy rule bases will be used for the description of the classes. However,
the difference will be whether crisp or fuzzy values of the features are used for
the description of classified objects and whether the classification of the objects is
unambiguous or ambiguous.

For the sake of completeness, let us mention that a fuzzy classifier in the strict
sense is defined as a possibilistic classifier such that

∑k
i=1D

p
i (x) = 1 for any x ∈ <n,

i.e. the object can be assigned to more than one class but the sum of its membership
degrees equals one [5].

Let us specify the problem that will be solved in this paper. In the scientific
research and the real life it is common to classify objects into classes which are
defined rather vaguely by verbally specified values of the objects characteristics. Our
task will be to assign an object, described either by crisp or by vaguely given values
of its characteristics, to some of these classes; or in more general way, to determine
its location in the frame of these classes. Because the verbal expressions used for
description of the classes can be interpreted as vectors of linguistic variables values,
it is natural to describe the classes by means of a fuzzy rule base. On the left-hand
side of each rule, there is a combination of values of linguistic variables that defines
a particular class. The numeric value of a usually integer-valued real variable, which
identifies the same class, is on the right-hand side. Labels of the classes can be set
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Fuzzy classification and its application in HR management 3

also verbally. However, in this case, they are usually interpreted mathematically by
real numbers, too. The output of the fuzzy classification system depends on whether
we are solving a problem of object identification or whether we are classifying the
objects for the purpose of their evaluations. In the first case, the result is a single
class for the object or information that the object cannot be classified good enough;
the set of the class identifiers can be viewed as a nominal scale. In the latter case,
where the classification is used as a certain way of evaluation of the objects, the
class identifiers can form an ordinal or a cardinal scale and that affects the form
of the classification results. In case of the ordinal scale, several neighboring classes
(together with the membership degrees) can be the fuzzy output of the classification.
In case of the cardinal scale, the location of the object in the frame of the classes
can be calculated. Since the definition of the classes and potentially of the object
itself involves uncertainty, the idea of an uncertain classification of the object into
classes is meaningful.

Three real-world applications of fuzzy classification will be shown, all of them
stemming from the HR management in the academic area. In the first one, aca-
demic staff members will be classified according to whether they achieve significantly
good results in the research, teaching, or whether their results in both of these areas
does not differ substantially. Three classes will be used: Researcher, Teacher and
Nonspecific. The result of this classification can be used in HR management. The
superordinates can give a possibility to the academic staff members to engage in
that area for which they have the best aptitude. In the second application, it will
be calculated for academic staff members on various positions (Assistant professor,
Associate professor, or Professor) to which of the working positions they were clos-
est according to their performance in the particular time period. The information
can be used in the HR management to find promising academic staff members who
are aspiring to the higher academic rank. Contrary to the previous example, the
classes do not form a nominal but an ordinal evaluation scale and therefore a dif-
ferent model of classification will be chosen. In the last example, the academic staff
members will be divided into classes according to their overall performance [13]. The
overall performance is calculated from their performance in the areas of pedagogical
activities and R&D (research and development). For solving all of the mentioned
tasks, the FuzzME software [12, 2] was used. This software product was developed
at the Palacky University and have already been applied for solving several practical
problems of fuzzy evaluation and fuzzy classification (e.g. [16]). The academic staff
performance evaluation system in the frame of which the problems mentioned in
this paper are solved is currently being applied also at the Palacky University in
Olomouc, Czech Republic.

2. PRELIMINARIES

Fundamentals of the fuzzy set theory (introduced in [14]) are described in detail,
e.g., in [1]. A fuzzy set A on a universal set X is characterized by its membership
function A : X → [0, 1]. Ker A denotes a kernel of A, Ker A = {x ∈ X | A(x) = 1}.
For any α ∈ [0, 1], Aα denotes an α-cut of A, Aα = {x ∈ X | A(x) ≥ α}. A support
of A is defined as Supp A = {x ∈ X | A(x) > 0}. The symbol hgt A denotes a

Tento materiál vznikl v rámci IPN „Zajišťování a hodnocení kvality v systému terciárního vzdělávání“ 3



4 P. HOLEČEK, J. STOKLASA AND J. TALAŠOVÁ

height of the fuzzy set A, hgt A = sup {A(x) | x ∈ X}.
A fuzzy number is a fuzzy set C on the set of all real numbers < which satisfies

the following conditions: a) the kernel of C, Ker C, is not empty, b) the α-cuts of C,
Cα, are closed intervals for all α ∈ (0, 1], c) the support of C, Supp C, is bounded.
A fuzzy number C is called to be defined on [a, b], if Supp C ⊆ [a, b].

A center of gravity of a fuzzy number C that is not a real number, is defined as
follows

tC =

∫ 1

0
C(x).x dx∫ 1

0
C(x) dx

. (2)

If C = {1/c} where c ∈ <, then tC = c.
An ordering of fuzzy numbers is defined as follows: a fuzzy number C is greater

than or equal to a fuzzy number D, if for the closed intervals Cα and Dα it holds
that Cα ≥ Dα for all α ∈ (0, 1].

A fuzzy scale on [a, b] is defined as a set of fuzzy numbers T1, T2, ..., Ts defined on
this interval that form a fuzzy partition on the interval, i.e. for all x ∈ [a, b] it holds
that

∑s
i=1 Ti(x) = 1, and the T’s are indexed according to their ordering.

A linguistic fuzzy modeling will be used in this paper frequently. One of its
main notions is a linguistic variable. A linguistic variable (see [15]) is defined as a
quintuple (X , T (X ), U,G,M), where X is a name of the variable, T (X ) is a set of its
linguistic values (linguistic terms), U is a universal set on which the mathematical
meanings of the linguistic terms are modeled, G is a syntactic rule for generating
linguistic terms from T (X ), and M is a semantic rule which to every linguistic term
A ∈ T (X ) assigns its mathematical meaning, A = M(A), which is a fuzzy set on U .
In this chapter, the linguistic term A will be distinguished from its mathematical
meaning A, which is a fuzzy set, by a different font. In real-life applications, the
universe U is usually a closed interval of real numbers, i.e. U = [a, b], and the
meanings of the linguistic terms are fuzzy numbers on U.

A linguistic scale (see [11]) is a special case of a linguistic variable. A lin-
guistic scale offers simplified description of a continuous real variable with values
on [a, b] by specifying a finite number of linguistic values that are modeled by
fuzzy numbers on [a, b]. We say that a linguistic variable (X , T (X ), [a, b], G,M)
where T (X ) = {T1, T2, ..., Ts, } is a linguistic scale on [a, b] if the fuzzy numbers
T1, T2, ..., Ts, representing meanings of its linguistic values, form a fuzzy scale on
[a, b].

Another important tool of the linguistic fuzzy modeling is a linguistically defined
fuzzy rule base. The fuzzy rule base for the classification problems will be the topic
of the next section.

3. FUZZY CLASSIFICATION

In the following text, the classes will be described by fuzzy rules. On the left-hand
side of each rule, there are linguistic variables together with their linguistic values
specifying the class of interest. On the right-hand side, there is a label of the class,
whose mathematical meaning is usually modeled by a numeric value of an integer-
valued variable. It is possible to describe one class by multiple rules; different weights
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of rules can be defined. Under these circumstances, we will be solving the problem
of classification of an object described by values of its characteristics. Let C, be a
set of numeric identifiers of the classes of interest, usually C = {1, ..., k}, k ∈ N . A
fuzzy classification system can then be described by means of a fuzzy rule base in
the following form:

If F1 is A1,1 and . . . and Fm is A1,m, then class D1 with weight w1

If F1 is A2,1 and . . . and Fm is A2,m, then class D2 with weight w2

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

If F1 is An,1 and . . . and Fm is An,m, then class Dn with weight wn

where for i = 1, 2, . . . , n, j = 1, 2, . . . ,m:

• (Fj , T (Fj), [pj , qj ],Mj , Gj) are linguistic variables, usually linguistic scales, for
the individual features,

• Ai,j ∈ T (Fj) are linguistic values, and Aij = Mj(Ai,j) are fuzzy numbers on
[pj , qj ] representing their meanings,

• Di are the class labels, and Di are the corresponding numeric class identifiers,
usually Di ∈ {1, ..., k}.

• wi ∈ (0, 1] are weights of the rules.

The weights are typically used in cases when the fuzzy rules are derived from the
data. In the application described in this paper, we will expect that all rules have
their weight equal to 1.

If the goal of the classification is just an identification of the object as a member
of one of the classes, and there are no relationships among the classes, or their
relationships are not related to the given problem, then the scale formed by the
numeric identifiers of the classes is considered to be a nominal one. Although the
above-mentioned fuzzy rule base with the numeric classes identifiers on the right-
hand sides of the rules reminds of the Sugeno fuzzy rule base [9], it is obvious that the
Sugeno fuzzy inference algorithm, whose output is calculated as a weighted average
of the numeric values on the right-hand sides of the rules, cannot be used for the
fuzzy classification. In the next chapter, fuzzy classification algorithms appropriate
for this case will be described. The result of classification will be the class to which
the object characteristics match the best, or alternatively, the information that the
object cannot be classified unambiguously. This type of fuzzy classification will be
illustrated on the example of determining the type of an academic staff member.

If the goal of the classification is a certain type of objects evaluation, it makes
sense to assume that the numbers, which identify the classes, form an ordinal, or
even a cardinal scale. It is meaningful to consider the object as lying between two
neighboring classes. Moreover, in the case of a cardinal evaluation scale, it is also
meaningful to calculate the location of the objects in relation to these classes and
the Sugeno inference algorithm [9] can be used. If we demand a natural verbal de-
scription of the evaluation process and the fuzzy classification result, it is possible to
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use the Sugeno-Yasukawa model [10]. Concerning the calculation of the results, this
model is analogous to the Sugeno approach. However, on the right-hand sides of the
rules, there are linguistic values. For the calculation of the fuzzy weighted average in
the Sugeno fuzzy inference algorithm, real numbers are used. These numbers are the
crisp representatives of the fuzzy numbers that model the mathematical meanings
of those linguistic values. The application of a slightly modified Sugeno-Yasukawa
approach will be shown in the area of academic staff performance evaluation (for
more details see [13]). The linguistic values on the right-hand sides of the rules will
be used for a linguistic interpretation of the classification results.

The great advantage of using the tools of linguistic fuzzy modeling in all of the
mentioned cases is that the fuzzy classification rules and final results are described
in the most natural way for the humans, i.e. verbally.

4. APPLICATIONS IN THE AREA OF HR MANAGEMENT

The various types of fuzzy classification mentioned in the previous section will be
illustrated by examples originating from the system of academic staff performance
evaluation that is applied at the Palacký University in Olomouc, Czech Republic.

In the frame of the system, the performance of each member of academic staff
is evaluated in both pedagogical, and research and development (R&D) areas of
activities. Input data are acquired from a form filled in by the staff where particular
activities are assigned a score according to their importance and time-consumption.
Three areas are taken into consideration for pedagogical performance evaluation: (a)
lecturing, (b) supervising students, and (c) work associated with the development of
fields of study. The evaluation of research and development activities is based on the
R&D methodology of evaluation valid in the Czech Republic (papers in important
journals, monographs, and patents are valued very highly) but other important
activities (grant project management, editorial board memberships etc.) are also
included. Both pedagogical and R&D areas are assigned standard scores different
for senior assistant professors, associate professors, and professors. The number
representing a partial evaluation of a member of academic staff in a certain area is
determined as a multiple of the respective standard for his or her position. For better
clarity and easier interpretation, linguistic fuzzy scales are defined on the domains of
the partial evaluations (see Figures 1 and 2). If for example the performance of an
academic worker in R&D is 1.25 times of the standard, using the scale in the Figure
2, it can be linguistically interpreted that the performance is 75 % standard and 25
% high. In the pedagogical area (see Figure 1), the evaluation of the activities is
based namely on their time consumption; so the double of the standard performance
is considered to be an extreme performance. In R&D (see Figure 2), the mentioned
methodology is used. In frame of this methodology, the evaluations of journals grows
sharply with their importance; so the triple of the standard score is still achievable
for the academic staff members.

In the following chapters we are going to apply different types of fuzzy classifica-
tion to answer the following questions that are important from the point of view of
the HR management: (1) Is an academic staff member more teacher or researcher?
In which area does he/she perform especially well? Where should an additional

Tento materiál vznikl v rámci IPN „Zajišťování a hodnocení kvality v systému terciárního vzdělávání“ 6



Fuzzy classification and its application in HR management 7

space be given to him/her for his/her further development? (2) Which working po-
sition corresponds to the behavior of the academic staff member - assistant professor,
associate professor or professor? Is he/she a promising academic worker whose be-
havior corresponds better to the higher academic rank than his/her real one? And
finally, we are going to answer the most important question: (3) What is the overall
performance, i.e. the one calculated from his/her evaluations in the areas of ped-
agogical activities and R&D, of the academic staff member? These questions were
deliberately chosen so that the different types of fuzzy classification could be shown
in an illustrative way.

Fig. 1. A linguistic fuzzy scale used for the evaluation of academic

staff members in the area of pedagogical activities

Fig. 2. A linguistic fuzzy scale used for the evaluation of academic

staff members in the area of R&D

4.1. Is an academic staff member more teacher or researcher?

In this chapter, we will use a fuzzy classifier to solve an identification problem. The
academic staff members will be classified according to the area where they perform
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better. The possible classes are Teacher, Researcher, and Nonspecific; the third
class means that the academic staff member has balanced evaluation in both of
these areas. The knowledge of the type of an academic staff member can be used in
human resource management at the university. If academic staff members perform
significantly well in one area and have not-so-good results in the other, then their
supervisor can allow them more space to focus on that area of activities for which
they are better suited. Moreover, to calculate their overall evaluation, different rule
bases can be used than in the case of the Nonspecific academic staff members.

This classification is based on the evaluations of the academic staff members in
the areas of pedagogical activities and R&D. The designed fuzzy rule base is shown
in Figure 3.

Fig. 3. Fuzzy rule base used for determining the type of academic

staff members

It is obvious that the classes (Teacher, Researcher, and Nonspecific) form only a
nominal scale. Two classification algorithms suitable for this type of classification
were tested - Single Winner and Voting by Multiple Fuzzy Rules [4].

Single Winner
In the Single Winner method [4], the classification of objects is done as follows.

Let us suppose that an object is described by the values of its characteristics, i.e. by
real numbers a1, ..., am. Moreover, we expect that a fuzzy rule base is given and that
it is in the form described in the Section 3. Then, the classification by the Single
Winner method is done by the following procedure.

First, the degrees of correspondence hi, i = 1, ..., n, between the inputs and the
left-hand sides of the rules are calculated

hi = Ai1(a1) ·Ai2(a2) · ... ·Aim(am) · wi, i = 1, ..., n. (3)

The coefficients in the formula (3) express the fulfillment of the individual condi-
tions on the left-hand sides of the rules. In the used literature [4], the multiplication
was applied for their aggregation. However, it is possible to use another t-norm (e.g.
minimum) or even an averaging aggregating operator (e.g. a weighted arithmetic
mean) instead. The choice of the suitable operator depends on the nature of the
problem to be solved.
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Let us note, that the formula (3) can be generalized for the case that the objects
that should be classified are described by fuzzy values of their characteristics. If an
object is described by fuzzy numbers A

′

1, ..., A
′

m, then the degrees of correspondence
hi, i = 1, ..., n, can be calculated by the following formula

hi = hgt(A
′

1 ∩Ai1) · hgt(A
′

2 ∩Ai2) · ... · hgt(A
′

m ∩Aim) · wi, i = 1, ..., n. (4)

In the next step, the so called number of votes is calculated for each class as
follows:

vT = max
i∈{1,...,n}:
Di=T

hi, T = 1, ..., k. (5)

The resulting class T ∗ for a given object is the one with the maximum value of vT ,
i.e. the one for which it holds that

vT∗ = max
T=1,...,k

vT . (6)

Voting by Multiple Fuzzy Rules
In case of Voting by Multiple Fuzzy Rules method [4], the degrees of correspon-

dence hi are calculated in the same way as with the Single Winner :

hi = Ai1(a1) ·Ai2(a2) · ... ·Aim(am) · wi, i = 1, ..., n. (7)

Next, the number of votes is calculated for each class as the sum of degrees of
correspondence pertaining to those rules that voted for this class:

vT =
∑

i∈{1,...,n}:
Di=T

hi, T = 1, ..., k. (8)

The resulting class T ∗ is again the one with the maximum value of vT .
Figure 4 compares the results for a testing example that were obtained by the

two mentioned methods. Each dot represents an academic staff member. The dot
position is determined by the academic staff member’s evaluation in the area of ped-
agogical activities (x axis) and R&D (y axis). The resulting classes are differentiated
by the color of the dots - black for Teachers, gray for Researchers, and white for
the Nonspecific academic staff members. It can be seen that the border between the
classes is smoother for Voting by Multiple Fuzzy Rules.

Objects that cannot be classified
In some cases an object cannot be classified unambiguously, i.e. if it was classified

then its membership degree to the chosen class would not be significantly higher than
its membership degrees to the other classes. In the above example, academic staff
members were classified into three classes. The optimum class for an academic staff
member was determined by the largest number of votes; if there were more such
classes, it would be possible to select any of them. So far, we have not studied
how reliable the assignment of the class to an academic worker was. This will be

Tento materiál vznikl v rámci IPN „Zajišťování a hodnocení kvality v systému terciárního vzdělávání“ 9
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Fig. 4. Results obtained by Single Winner (left) and Voting by

Multiple Fuzzy Rules (right)

discussed in the following text and a method for identifying unclassifiable objects
will be proposed.

The boundary between classifiable and unclassifiable objects can be set by choos-
ing a minimal required distinctiveness of the winner. The distinctiveness of the
winner CF is a real number on [0, 1] defined as follows.

CF = 1− (V ′/V ), (9)

where

V = max
T=1,...,k

vT = vT∗ (10)

is the number of votes for the winning class T ∗ (respecting the definition of the
possibilistic classifier (see formula 1), the fuzzy rule base will be defined in such way
so that V would never be zero, i.e. the fuzzy rules have to cover the entire input
space). The value of V

′
,

V
′

= max
T=1,...,k
T 6=T∗

vT , (11)

is the number of votes for the second best fitting class. If the distinctiveness of the
winner is lower than the selected one, it means that the classification is ambiguous
and the object belongs to more than one class in similar degrees.

Figure 5 shows the results for two different values of the minimal required dis-
tinctiveness CFmin that were obtained for the case of the Single Winner algorithm.
The unclassifiable objects are depicted by crosses. For example, let us assume four
academic staff members with different evaluations in the area of pedagogical activ-
ities and R&D. The tables 1 and 2 compares the results of the fuzzy classification
for 4 academic staff members. The proposed class for the first three academic staff
members is the same. However, for the last academic staff member, each of the
algorithms proposed a different class. Notice that in this case the distinctiveness of
the winner is significantly lower.
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Fig. 5. Results for CFmin = 0.4 (left) and CFmin = 0.7 (right).

Pedagogical activities R&D Proposed class Distinctiveness
0.9 (Standard) 2.8 (Extreme) Researcher 0.75
2.1 (Extreme) 0.5 (Low) Teacher 1

1.3 (High) 2.2 (High) Nonspecific 0.83
0.8 (Standard) 2.3 (High) Nonspecific 0.33

Table 1. Sample results of the academic staff members fuzzy

classification by the Single Winner method.

Pedagogical activities R&D Proposed class Distinctiveness
0.9 (Standard) 2.8 (Extreme) Researcher 0.81
2.1 (Extreme) 0.5 (Low) Teacher 1

1.3 (High) 2.2 (High) Nonspecific 0.92
0.8 (Standard) 2.3 (High) Researcher 0.28

Table 2. Sample results of the academic staff members fuzzy

classification by the Voting by Multiple Fuzzy Rules method.

4.2. Which working position corresponds to the behavior of the aca-
demic staff member - assistant professor, associate professor or
professor?

In this example, another classification of the academic staff members will be done.
The result of the classification will be a working role (assistant professor, associate
professor or professor) which corresponds the best with the academic staff member’s
performance during the last evaluated period. This information can be valuable for
the HR management, especially if the performance of an academic staff member
corresponds to a higher academic rank than his/her real one. The results can be
used to find promising academic staff members who are aspiring to the higher rank.
For example, if an assistant professor has the performance typical for the associate
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12 P. HOLEČEK, J. STOKLASA AND J. TALAŠOVÁ

professor, the head of department should give him/her time to prepare for the higher
academic rank (e.g. in form of a sabbatical).

For the classification, a fuzzy classifier based on a fuzzy rule base is again used.
The classifier is applied only to such academic staff members whose performance
in both evaluating areas (pedagogy and R&D) is at least acceptable. For each of
the working roles (assistant professor, associate professor, or professor), one rule is
present in the fuzzy rule base. The rules reflect the typical behavior of the repre-
sentatives of these working positions. With a higher academic rank, a significant
increase of the performance in R&D is expected. In the pedagogical area, with an
increase of the academic rank, the focus is moved from lecturing to students su-
pervising (diploma students, doctoral students) or to the work associated with the
development of fields of study.

The classification of academic staff members into the above-mentioned classes
represents a certain type of evaluation. It is obvious that if an academic worker is
assigned to the class professor, it represents better results for him/her than if he/she
would be assigned to the class associate professor. On the other hand, on the basis
of the two characteristics used for the classification, it is not possible to quantify
the distances between the neighboring classes for the evaluation. The classes can
be only ordered, but their distances cannot be measured. This case represents the
evaluation only on an ordinal scale. In the academic staff performance evaluation
model implemented at the Palacky University in Olomouc, which is discussed in this
paper, the standard score in R&D for professors was set as a double of the standard
for associate professors, which is again the double of the standard score for assistant
professors. Concerning the evaluation of the pedagogical area, the standard scores
for all three positions are the same, but they are acquired from different type of
activities. The academic rank affects the ratio between supervising diploma and
doctoral students and work associated with the development of fields of study on
one side, and the direct teaching on the other side.

Two input variables were used - R&D outcomes (shortly R&D) and prevailing
pedagogical activities (shortly pedagogics). The first real-valued input variable is
defined as the ratio between the achieved score in R&D and the standard score for
the lowest of the three mentioned academic ranks. The second real-valued input
variable is defined as the ratio between scores acquired by the particular academic
staff member for supervising students and the work associated with the development
of fields of study, and the lecturing. The linguistic fuzzy scales for both variables
are depicted in the Figures 6 and 7. The final fuzzy rule base then looks as follows:

If (R&D is low) and (pedagogics is teaching) then class is assistant professor.
If (R&D is medium) and (pedagogics is balanced) then class is associate professor.
If (R&D is high) and (pedagogics is students supervising) then class is professor.

It is obvious that the evaluating function defined by the fuzzy rule base is non-
decreasing in both of the variables. Contrary to the previous classification problem,
the numeric identifiers of the classes (1 – assistant professor, 2 – associate professor,
and 3 – professor) form not only nominal scale but an ordinal one. Therefore, the
resulting information that we can obtain will be different. If the fuzzy rule base
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Fig. 6. Linguistic fuzzy scale for the evaluation of R&D outcomes

Fig. 7. Linguistic fuzzy scale for the prevailing pedagogical activities

expresses an evaluation on an ordinal scale, then it is meaningful to expect that this
linguistic evaluating function is non-decreasing in all its variables (similarly as in
our example). Then it is obvious that an object can be (partially) assigned either
to one class or to a sequence of mutually neighboring classes. The membership
degrees to these classes will be given by the formulas 5 or 8. The assignment of
objects into such a sequence of several neighboring classes is meaningful especially
in case of objects described by fuzzy values of their characteristics. Concerning
the linguistic description of the classification results for an object with non-zero
membership degrees to the classes i, i+ 1, ..., j−1, j, we say that this object belongs
to the classes i to j. Specifically in our example, the result will be either one class
with the membership degree less than or equal to one, or two neighboring classes
with the corresponding membership degrees.

In the following chapter, we will study the use of fuzzy classification for an eval-
uation on a cardinal scale. We will show that in this case it is possible to apply the
Sugeno or Sugeno-Yasukawa inference algorithms in the way that is described in the
chapter 3.
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4.3. What is the overall performance of the academic staff member?

This application is the main part of the academic staff performance evaluation model
which was developed at the Palacky University in Olomouc, Czech Republic [13]. In
this application, several performance classes are defined for academic staff members.
The classification is based on their evaluations in the areas of pedagogical activities
and R&D, whose calculation is described in the introduction of the chapter 4. Since
the evaluating scales used for these two areas differ in their character, the aggregation
of these two partial evaluations is difficult. That is why a model that uses a fuzzy
rule base (see Figure 8) was designed. Specifically, the fuzzy classification based on
the Sugeno-Yasukawa approach [10] was applied. Apart from the mentioned basic
fuzzy rule base, which gives the same importance to both the areas of the academic
staff members’ activities, it is also planned to create special fuzzy rule bases for
the academic staff members of the type teacher and researcher (the identification of
these types was described in the chapter 4.1).

Fig. 8. Fuzzy rule base used for classification according to the

overall performance of academic staff members

In this application, the indicators of classes were defined as significat values on
a continuous cardinal evaluating scale. In this case for an easier interpretation, the
class identifiers are not integers; numeric values 0, 0.5, 1, 1.5, and 2 were used.
By fuzzification of these values, elements of the fuzzy scale were obtained. These
elements were subsequently described by the linguistic terms unsatisfactory, sub-
standard, standard, very good, and excellent. The original numeric values lie in the
kernels of the triangular fuzzy numbers that form the fuzzy scale. The fuzzy scale
is depicted in Figure 9.

The overall evaluation of academic staff members will be calculated as follows.
First, the rule base described in the Figure 8 was modified so that instead of the
linguistic terms stated in the table, there would be only the significant values of the
classes, i.e. the above-mentioned real numbers 0, 0.5, 1, 1.5, and 2, on the right-
hand sides of the rules. Then, the Sugeno inference algorithm [9] will be applied to
the crisp evaluations of a given academic staff member in the area of pedagogical
activities (pa) and R&D (rd). In this way, a crisp value of the overall evaluation
(eval(pa, rd)) will be calculated. This procedure can be expressed by the following
formula:
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Fig. 9. The linguistic fuzzy scale used for performance classes.

eval(pa, rd) =

∑n
i=1Ai1(pa) ·Ai2(rd) · evi∑n
i=1Ai1(pa) ·Ai2(rd)

=

n∑
i=1

Ai1(pa) ·Ai2(rd) · evi (12)

where for i = 1, ...n: Ai1 is the fuzzy number representing the meaning of the
linguistic term describing evaluation in the pedagogical area in rule i, and Ai2 is the
fuzzy number representing the meaning of the linguistic term describing evaluation
in the area of R&D in rule i, and evi is the real number representing the most typical
value of the linguistic term describing the resulting class Di in rule i; evi lies in the
kernel of the respective triangular fuzzy number.

From the numeric evaluation eval(pa, rd) we will proceed to its linguistic de-
scription, which, in the context of the HR management, is more suitable. For that
purpose, we will make use of the linguistic scale in Figure 9. If eval(pa, rd) = evi, for
some i = 1, .., n, then the academic staff member fully belongs to the class with the
characteristic value evi and the linguistic interpretation of the result is clearly given
by the corresponding term. Otherwise, it belongs to two neighboring classes which
are the closest, i.e. where the value eval(pa, rd) belongs with a non-zero member-
ship degree. Membership degrees of eval(pa, rd) to these two classes are used for the
linguistic description of the resulting evaluation. For example, a possible result can
be that the overall performance of a given academic staff member is 70 % standard
and 30 % very good. Both the linguistically defined evaluation function and the
real evaluating function given by the formula 12 are non-decreasing in both vari-
ables. Because of this property of the fuzzy rule base, only a single class or several
neighboring classes can have a non-zero weight in the Sugeno inference algorithm.

The procedure used to calculate the overall evaluations, including the linguistic
description of the result, is very similar to the Sugeno-Yasukawa approach described
in [10]. This approach uses a rule base with linguistic variables (preferably linguistic
scales) on both sides of the rules. To calculate the crisp outputs, which correspond
to the given crisp inputs and the rule base, only the representatives of the fuzzy
numbers that model the meaning of the right-hand sides of the rules are used. In
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the Sugeno-Yasukawa approach, the representatives are the centers of gravity of the
given fuzzy numbers contrary to our approach where the elements from the kernels
of these triangular fuzzy numbers are used instead. The linguistic values on the
right-hand sides of the rules are used subsequently for the linguistic description of
the calculated crisp results in the same way as described in our case.

5. CONCLUSION

On a real example from the human resource management in the academic area, three
fuzzy classification problems were described in this paper. The first case represents
an identification problem when it is necessary to decide to which of the classes that
are described verbally by the fuzzy values of their characteristics does a given object
belongs (or alternatively, to decide that the object cannot be classified satisfactorily).
No relationships among the classes are considered; their identifiers form a nominal
scale. In the second and third case, fuzzy classification is applied for solving of
evaluation problems. An ordinal evaluating scale is used in the second case, whereas
a cardinal evaluating scale is applied in the third one. Suitable mathematical models
were described for all of them.

The identification and evaluation represent the two typical problems, where the
fuzzy classification is applied in the practice. In this paper we have studied the
classification problems without and with existing relationships among the classes
(orderings or metrics). We have shown the algorithms for solving such problems on
a real-world example. In the further research, the issues of the structures existing on
the set of the classes and the corresponding classification algorithms will be solved
systematically.

(Received ????)
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[11] J. Talašová. Fuzzy metody v́ıcekriteriálńıho hodnoceńı a rozhodováńı (in Czech). Pub-
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