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Abstract: Performance management has become in a key success factor for any organization. Traditionally, performance
management has focused uniquely in financial measures, mainly using quantitative measures, but two decades ago they
were extended towards an integral view of the organization, appearing qualitative measures. This type of extended view
and associated measures have a degree of uncertainty that needs to be bounded. One of the essential tools for uncertainty
bounding is the fuzzy logic and, therefore,the main objective of this paper is the analysis of the literature about the application
of fuzzy logic in performance measurement systems operating within uncertainty environments with the aim of categorizing,
conceptualizing and classifying the works written so far. Finally, three categories are defined according to the different uses of
fuzzy logic within performance management concluding that the most important application of fuzzy logic that counts with a

higher number of studies is uncertainty bounding.
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1. Introduction

Performance management has become in a key
success factor for organizations because it favors
a better understanding of enterprise, internal and
external, scenarios and it offers a more realistic view,
allowing to easily understand the current situation
of the organization. In addition, it allows modeling
future behaviors through objective establishment and
actions to achieve them, always in coherence with
enterprise strategy and towards competitive results.

Traditionally, performance measurement systems
have focused uniquely in financial measures but two
decades ago they were extended towards an integral
view of the organization considering other factors
such as product quality, effectiveness and efficiency
of the organization (accomplishment of delivery
times, adjusted stocks, etc.), customer satisfaction o
measurement of enterprise sustainability. This new
approach emerges to solve the gaps encountered in
the traditional measurement systems that overlooked
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important elements of the organizations and the
increasingly competitive environment of enterprises.

Precisely, competitiveness among companies
generates environments where the uncertainty plays
a fundamental role and emerge new concepts such
as “Green enterprises”, “e-business”, etc. Thus, the
scope of performance measurement increases as well
as the information collection needed. Enterprises
and supply chains operate within uncertainty
environments that are characterized by redundant
and shortcoming information for decision-making
causing trouble in the definition, measuring and
follow-up of objectives and goals that allow to
establish target levels for performance measurement.

Thus, there is a necessity to generate new performance
measurement systems and approaches of increasing
complexity able to deal different types of uncertainty
(intra-organizational, inter-organizational) and able
to manage the information collected from managers
and experts that sometimes has vagueness and
incompleteness and is frequently subjective.
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Attending to the literature, fuzzy logic is an important
tool to manage different types of uncertainty because
it uses reliable parameters that adapt easily to
changes in uncertainty parameters. This is due to
the fact that fuzzy logic is multivariate allowing in
a practical manner to deal with problems in the way
they are in reality.

Thus, the present paper focuses in analyzing,
classifying and contextualizing the works of the
literature that link fuzzy logic to performance
management-measurement.

The structure of this work is as follows: in the second
section, the methodology followed to develop the
work is described; in the third section, it is presented
the essential characteristics and the contribution of
the analyzed works; in the fourth section, the results
and discussion is exposed, and finally, conclusions
and future research lines and presented.

2. Review Methodology

To develop the present paper, in the first place, a
set of terms were selected to establish the scope to
analyze. Thus, firstly, two main terms were selected:
Fuzzy Logic and Performance Management, as
well as similar terms: Performance Management,
Performance Indicators, Fuzzy Theory and Fuzzy Set
Theory. Once the search was performed, it was seen
that other terms emerge always linked to the main
ones. Therefore, these terms were also included in the
search, limiting the scope of study. These terms were:
Balance Scorecard f or Performance Management
and AHP/ANP and TOPSIS for FuzzyLogic. Similarly,
another set of terms was encountered that linked the
two initial main terms aiding to finally determine the
scope of the study: Multi-CriteriaDecisionMaking
(MCDM), ManufacturingCompanies, SupplyChain,
SupplyChain Management, Subjectivity, Uncertainty
and LinguisticVariables

With respect to the period to analyze, this was
defined form the results obtained without any initial
restriction, with the aim of accessing to to all the
information of the topic of research. In Table 1 shows
the distribution of papers and their corresponding
period. It is observed an increasing growth starting
from 2008:
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Table 1. Distribution of the articles with respect to years
of publication.

Year Articles
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The databases used for the study are: Emerald,
IEEE Xplore, ScienceDirect, Scopus and Web of
Knowledge.

3. Basic characteristics and
contribution of the works reviewed

Inordertohaveafullunderstanding of the relationship
between fuzzy logic and performance measurement-
management, an analysis and classification of the
works encountered has been performed.

The classification has been performed according
to the aim of using fuzzy logic in the papers. This
classification has been selected because it is the one
that allows to develop a higher number of categories
as well as makes evident the different applications of
the fuzzy logic in the studied scope.

Thus, three main categories have been defined. The
following sections describe their main characteristics:

I. Type A: Uncertainty bounding (28 References)

II. Type B: Integration of qualitative and quantitative
values (2 References)

III. Type C: Conversion of linguistics variables
(5 References)

3.1. Type A: Uncertainty bounding

The works within Type A conform the most numerous
group, with a total of 25 references, that come from
mainly Asia (16), followed by South America
(4 references), North America (3 references) and
Europe (5 references).

All the works within Type A have the basis on
achieving uncertainty bounding in performance
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measurement, sometimes in specific industry sector
and other times, in a more general scope.

Thus, Pilevaril et al., (2008) define a system based
in the If-Then rules of the fuzzy logic to evaluate
supply chain agility, bounding uncertainty in
characteristics such as responsibility, competence,
flexibility and speed. Mahnam et al., (2008), suggest
a bi-objective approach to model supply chain and
use fuzzy logic to bound uncertainty in product
demand and in the method to determine supplier
reliability. Datta ef al. (2011), use fuzzy logic to deal
with vagueness and uncertainty in quality criteria
to choose a logistic partner 3PL. Behrouzi & Wong
(2010) propose the use of membership functions
in fuzzy logic to bound uncertainty in selected
variables that determine the level of implementation
of Lean Manufacturing. Chan ef al. (2003) and Chan
& Qi (2003), create an innovative method to measure
supply chain performance, focusing in performance
measures, where fuzzy logic is used to establish
the real situation for judgment and evaluation of
processes avoiding subjectivity. Lu & Li (2006)
bound uncertainty of the time required for the
processes, customer demand and supplier reliability
by using fuzzy logic. Cheng et al. (2007) provide
performance estimations with more realistic results
based on measuring vagueness on product quality by
using fuzzy logic. Unahabhokha et al. (2007) propose
the use of fuzzy expert systems for developing
predictive performance measurement systems that
allow in an automatical manner predict performance
of future distributions and identify, for instance,
potential problems for companies. Behesti & Lollar
(2007) suggest an alternative method of performance
evaluation methods in comparison with traditional
quantitative methods. They focus on estimating
human resource performance and suggest a model
of fuzzy logic to prevent subjectivity that sometimes
occur in these type of evaluations. Wei ef al. (2008)
create a framework to measure performance of
ERP’s (Enterprise ResourcePlanning). They use a
fuzzy performance index to deal with vagueness. For
that purpose, the index is first translated in a simple
score and then, it comes to linguistic terms. Others
interesting articles as the ones from Campuzano et al.
(2013), Campuzano et al. (2010) and Mula et al.
(2013) who tackle the harmful Bullwhip Effect in
supply Chains Using fuzzy logic for replenishment
orders. Tabrizi & Razmi (2013) introduce fuzzy
logic to control risks originated in the uncertainty in
the design of the network of supply chains. Amini
& Jochem (2011) suggest that in performance
measurement it is very important the role of soft
factors (such as friendship or worker competency).
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These soft factors should be necessarily evaluated
by human judgement and therefore fuzzy logic is
used to control this subjectivity. Olugu & Wong
(2012) use fuzzy logic to measure performance of a
closed-looped supply chain. Serna et al. (2008) study
the mathematical models that use the principles of
fuzzy logic to measure supply chain performance in
uncertainty environments and then, they are applied
to a set of bakeries. Nunes et al. (2011) use a model
of fuzzy system for aiding decision-making in order
to choose the better alternatives to deal with supply
chain disturbances. Ganga & Carpinetti (2011)
propose a model of performance measurement based
on fuzzy logic to predict performance with respect
to causal relations that exist among indicators of the
SCOR model. Muiioz et al. (2008), link financial
performance and organization sustainability through
a set of ratings that are determined using fuzzy logic.
Liao et al. (2010) propose a performance evaluation
of processes based on an index for uncertainty
measures.

All the works have a similar structure: the problem
is introduced; then, some definitions are presented
(regarding fuzzy logic, performance measurement or
the issue covered); develop the solution proposed;
analyze the results y finally, present the extracted
conclusions. In Table 2, the main characteristics of the
works analyzed are presented (mutual characteristics
for all the types of works).

3.2. Type B: Integration of Qualitative and
Quantitative Values

Two recent works (Xu et al., 2008; Behrouzi et al.,
and 2011) point out fuzzy logic as a mechanism for
the integration of both qualitative and quantitative
values, whose main characteristics are shown in
Table 3.

The integration of qualitative and quantitative variables
favour the generation of more flexible methodologies
for managing-measuring performance. Since most of
the models bring together only quantitative variables,
those models that integrate both types of variables
deliver a more complete vision of performance (Xu
et al., 2008).

Behrouzi et al. (2010) point out that through the
integration of qualitative and quantitative factors, it
is possible to achieve a final score that accounts for
the result of all the metrics applied in the assessment
system, employing the fuzzy logic to obtain also
discrete numeric variables for the qualitative factors.
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Table 2. Basic characteristics of main papers of Type A.

Application
Paper environment Industry sector Objective
Ammar & Wright Intra-Organizational Public sector  Elimination of uncertainty in public satisfaction surveys
(1995) relating the score of each question with the importance of that
question
Ammar & Wright Intra-Organizational Public sector ~ Fuzzy logic application in three different cases, where the
(2000) evaluation comes from panels with integrated multiple

Lau et al. (2002) Supply Chain Toys industry
Amini & Jochem Intra-Organizational ---

(2011)

Chan & Qi (2003) Supply Chain ---

Chan et al. (2003) Supply Chain -

Wang & Shu Supply Chain -

(2004)

Lu & Li (2006)  Supply Chain -—-

Cheng et al. Supply Chain Technological
(2007)

Unahabhokha Intra-Organizational Printing and

et al. (2007) Textile
Pilevaril et al. Supply Chain Automotive
(2008)

Serna et al. (2008) Supply Chain -
Behesti&Lollar  Intra-Organizational ---

(2008)

Muiloz et al. Intra-Organizational ---

(2008)

Mahnam et al. Supply Chain -

(2008)

Wei et al. (2008) Intra-Organizational Technological
Theeranuphattana Supply Chain -

& Tang (2008)

Arango et al. Supply Chain Food industry
(2010)

Behrouzi & Wong Intra-Organizational ---

(2010)

Liao & Wu (2010) Intra-Organizational ---

Datta et al.(2011) Supply Chain Automotive
Ganga & Supply Chain -—-
Carpinetti (2011)

Nunes et al. ( Supply Chain -—-

2011)

Olugu & Wong Supply Chain Automotive
(2012)

Tabrizi & Razmi  Supply Chain -

(2013)

criteria

Supply chain management to analyze and monitor the
suppliers performance based on the products quality and the
delivery time

Performance measuring and evaluating of service processes

Holistic performance measurement of complex supply chains

Integral performance measurement of complex supply chains,
evaluating processes and the judgment actual situation

Managing the supply chain uncertainty and inventory
strategies determining when there is a lack of historical data.

Supply chain modelling based on the incorporation of the
relationship between the customer satisfaction level and
inventory investment.

Uncertainty dimensioning in measuring the product quality
and selecting the best performing processes.

Creating a performance prediction system in manufacturing
environments

Determining the supply chains agility

Addressing uncertainty arising from the complex
interrelationships taking place among the various supply
chain levels

Developing a fuzzy model for decisions making, illustrated
by the application that estimates the employees performance

Sustainability evaluation in organizations with a fuzzy focus

Uncertainty dimension from both the demand and the
reliability of suppliers in an assembly line.

ERP Selection based on their performance
Analysis of the model proposed by Chan & Qi (2003) to
reduce their limitations

Supply chain uncertainty dimensioning by generating a
performance indicators system

Performance Evaluation of Lean manufacturing environments

Processes performance evaluation based on disability index
for measurements with uncertainty

Evaluation and selection of 3PL logistics operators in fuzzy
environments

Performance prediction in supply chains based on the causal
relationships of the SCOR metrics

Addressing disturbances that might arise in the supply chain
environments

Performance measurement of supply chain closed loop
(CLSC, Closed-Loop Supply Chain)

Incorporation of risk management in the supply chain
networks design
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Tabla 3. Basic Characteristics of papers of Type B.

Application
Paper environment Industry sector ~ Objective
Xu & Lim (2008) Supply Chain . Sl}pplller selectloq based on the literature evaluation
criteria and techniques
. . Automotive Supplier performance measurement by evaluating
Behrouzi ef al. (2010)  Supply Chain industry Lean attributes

On the other hand, both works have as a goal to
carry out suppliers selection processes according
to their performance. Then, Behrouzi ef al. (2010)
build a highly flexible model, which integrates
both qualitative and quantitative measures as well
as it is able to join metrics measured in different
units (time, €, etc), through the generation of non-
dimensional final scores. Additionally, it fosters
continuous improvement processes and it is easy to
use, as it does not require a high number of metrics.
Besides, Xu et al.(2008) develop a system whose
first phase is the joint between the performance
metrics and the organization’s strategy. This process
facilitates the selection of the most relevant metrics.
Then, the weights for each criterion are worked
out and both the qualitative and the quantitative
measures are integrated through the application of
fuzzy logic. The structure of both papers is similar
from a methodological point of view, as both start
with the metric/criteria selection process, they
secondly develop the proposed solution and, finally,
they apply the solution to a concrete example.

The main limitations of both papers are by one hand
that, firstly, it is still necessary the experts’ opinions
in order to define the fuzzy logic rules, and by the
another that it is a priori allocated more importance
to some specific suppliers aspects such as cost.

Tabla 4. Basic Characteristics of papers of Type C.

3.3. Type C: Conversion of Linguistic
Variables.

Five works compose the Type C, where the
conversion of linguistic variables into numerical
variables is studied. The 80% of them refer to the
supplier selection topic, where this type of fuzzy
logic application is especially convenient because
of the linguistic nature of the attributes associated to
both the suppliers and the manufacturing units (Jain
et al. (2004)).

The main characteristics of each one of these papers
is presented in Table 4.

Four of these five papers present a fuzzy system
whereas the another establish a methodology where
the fuzzy logic is incorporated. Odhar & Kumar
(2004) and Jain et al. (2004) incorporate to the
system a genetic algorithm that develops the conjoint
of basic fuzzy rules. The methodology’s structure of
all the papers is similar: The evaluators express their
preferences in linguistic terms; these preferences are
then used as input variables for the selection process,
where the selection criteria are weighted and the
suppliers’ performance measured, using for this
fuzzy logic. Then, the fuzzy scores of each potential
supplier is obtained. These fuzzy scored are then
translated to a discrete value that allows comparison
among the proposed suppliers.

Application
Paper environment Industry sector Objective
Jain et al. . Suppliers selection through an evolutionary fuzzy
(2004) Supply Chain o approach
Ohdar & Kay . . Suppliers selection through an evolutionary fuzzy
(2004) Supply Chain metallurgical approach
Chen et al. . Suppliers selection delimiting the vagueness and
(2005) Supply Chain o imprecision
Ordoobadi . . L . . .
(2009) Supply Chain --- Suppliers selection incorporating fuzzy arithmetic
Ferreira et al. Supply Chain . Supply chain performance evaluation by creating an

(2012)

LARG index (Lean, Agile, Resilient, Green)
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The main conclusion of this group of papers is
that the use of linguistic variables when measuring
performance is highly beneficial when the
performance values can not be expressed by numeric
values, being the role of the fuzzy logic essential, as
it allows the conversion from one type of variable to
the another.

4. Conclusions and future research
directions

Through the analysis of the different selected papers,
it has been proved the high variety of applications
and uses that the fuzzy logic has within the
performance measurement field, being these uses
the base for the classification and conceptualization
carried out. Then, the next three types of papers
have been determined regarding the application of
fuzzy logic to the performance measurement field:
Uncertainty Delimitation, Integration of Qualitative
and Quantitative Values and Linguistic Variables
Conversion.

Then, the analysis has shown that the main application
of fuzzy logic within the performance measurement
field is the uncertainty delimitation through dealing
with both inaccuracy and non clear characteristics
from many of the information needed to carry out
a good assessment. In most cases, the inaccuracy
factor comes from human valuations and experts’
opinions that complete the measurement process,
and it is added to the own need of dealing with the
subjectivity inherent to human beings judgements.

Regarding the activity sectors where the application of
fuzzy logic within the performance measurement area
is more common, these are: automotive, industrial,
technological and public. However, this is not a very
precise categorization, as in most of the references
it is not specified the type of sector, especially on
these that cover the supply chain context. This is
due to the fact that, in most occasions, it is only
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