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1 INTRODUCTION

In a competitive environment, characterized by #warcity of resources,
performance measurement and management assumesicial aole. Data
Envelopment Analysis (DEA) is a non-parametric tegbe for evaluating the
performance of Decision Making Units (DMUs). Thisetimod evaluates the
efficiency of DMUs in converting multiple inputstonmultiple outputs. In recent
years,, we have seen the widespread applicati@rdf in several fields, such as
health care, education, manufacturing, retailingnking, etc. Furthermore,
several sophisticated systems for performance sissed have been proposed
(Kaplan, 1983).

The Balanced Scorecard (BSC), developed by Kaptah Norton (Kaplan &
Norton, 1992), is one of the best-known of perfanoeassessment frameworks.
Developed from the strategy of the company, trasniwork includes indicators
related to four perspectives: financial, custometgrnal processes, learning and
growth. Despite the popularity of the DEA and th8@approach, there have
been very few studies that have been interestdidein integration for extended
performance assessment. In this article, with usingase study from a real
company, we have developed four interconnected Dioklels, one for each of
the BSC perspectives. The use of several complamnemtodels offers richer
information for the DMUs.

2 EFFICIENCY AND DATA ENVELOPMENT ANALYSIS

Data Envelopment Analysis (DEA) is a relatively n&ata oriented” approach
for evaluating the performance called Decision Mgklnits (DMUSs) which

convert multiple inputs into multiple outputs. Geals/, DEA is a non-

parametric technigque used to measure the effici@@ogper et al., 2004).

Efficiency, in the economic sense is defined as:
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Input

(1)

Efficiency=

Inputs refer to resources such as labour, raw madeand capital. Outputs are
items produces from these inputs as a result otrdresformation process that
occurs within the DMU. The aforementioned efficiency equation becomes more
complicated when the more realistic scenario of sneag multiple inputs and
outputs exists.’"Within this scenario, efficiency must be undersitdxy Popovic

& Martic (2005) as:

Weightedsumof Output

Efficiency= >
Weightedsumof Input
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Figure 1 — Conceptual framework of efficiency affdaiveness (Mandl, Dierx,
llzkovitz, 2008)

DEA used to measure technical efficiencyethnical efficiency looks at the
level of inputs or outputs. Being technically et means to minimize inputs at
a given level of outputs, or maximize outputs given level of inputs(DEA,
2013).The measurement of efficiency in production umitgl the identification
of sources of their inefficiency is a preconditimnimprove the performance of
any productive unit in a competitive environment.

Each DMU is engaged in a transformation proces&ravby using some inputs
(resources) it is trying to produce some output®@3 or services). DEA uses all
the data available to construct a best practiceirezapfrontier, to which each
inefficient DMU is compared. It is called Producti®ossibility Frontier (PPF).
It assumes that all inputs are used efficiently.
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Figure 2 — lllustration of a possible location &t most preferred future position
of the DMU

DEA uses the production frontiers to assess reativiciency. Based on inputs
and outputs of the units, DEA forms efficient sgdsa. If a DMU lies on the
surface, it is efficient; otherwise, it is ineffecit.

One of the interesting features of DEA is thatllibvas each unit to identify a
benchmarking group (a group of units that are fwihg the same objectives and
priorities, but performing better) (Nasruddin, ef 2010).

3 DEA MODEL

Suppose that we haveDMUs {DMU;, j = 1, 2,...n }, which produce s outputs
yi:r=1,2,..s,j =1, 2,...n, by consuming m inputs;: i =1,2,..m,j = 1, 2,..n.

Relative efficiency is defined as the ratio of toteeighted outputs to the total
weighted inputs.

The g-th line — i.e.xq andy,q — shows quantified inputs/ outputs of uDiMU,,
The efficiency rate of such a unit can then be galyeexpressed as (Vincova,
2005):

S
u
0q = Weighted sum of Outputs/ Weighted sum of Inqaér;lﬂ (3)
2= Viia
where
vi,i=1,2,...,m are weights assigned itoh input,
u, r=1, 2, ...,s are weights assigned tah output.

“DEA model derive input and output weights by meahsan optimising
calculation. Based on that, units can be classiiigd efficient and inefficient. In
inefficient units, they tell us target values gsuts and outputs which would lead
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to efficiency(DEA, 2013). In DEA model, we evaluate n productiveits,
DMUg, where each DMU takes m different inputs to predddferent outputs.
The essence of DEA models in measuring the effoyienf productive unit
DMUj, lies in maximising its efficiency ratédowever, subject to the condition
that the efficiency rate of any other units in ghegulation must not be greater
than 1” (Vincov4, 2005).

To estimate the DEA efficiency dMU,, we use the following original DEA
model (Vincova, 2005):

Maximizedq (4)
Subject to:

DiaXih S i=12,..m (5)

YiaYqd; 20y, r=12..s (6)

Yia A=t )

A, 20 j=1,2,..n (8)
where:

yrq IS the amount obutput rgenerated bwynit g andx, is the amount oihput |

used byunit g
A, is the intensity variable faoMU;.

The scoré) obtained from the solution to this linear programgnproblem is the
maximum rate of proportional expansion in all ouspwf DMU,, without
decreasing its inputs. The efficiency rateDdflU, can be obtained by calculating
1/6 (Zhu, 2009).

4 PERFORMANCE AND BALANCED SCORECARD

The current environment of globalization and ecoicanrbulence has increased
the challenges executives face and, therefore, ieeitee need to find the right
tools to meet these challenges with appropriatdstdor performance and
effectiveness measuringin the Slovak Republic conditions for applicatiof
new access or knowledge in the cost area and pednce area is strong
dependent on transformation process of the wholen@uny” (Rajnoha,
Chromjakova, 2009).

Performance measurement is a fundamental prinoipleanagement. Like other
manufacturing functions, performance measuremanipsrtant in managing the
maintenance function. Well-defined performance iatics can potentially
support identification of performance gaps betweenrent and desired
performance and provide indication of progress towa&losing the gaps.
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Companies are trying to bridge the gap betweeregfyaand performance of
processes with the aim to optimize their perforneariRrobably the best known,
the most sophisticated and in terms of implememtathe most successful
performance measurement system is called Balancete&rd (BSC). It was
found to be the sixth most widely used managenwis tacross the globe which
also had one of the highest overall satisfactidimga (according to a multi-year
research project launched since 1993 by consufiing Bain & Company. In
2011 they received 1230 completed surveys fromoadrange of international
executives that represent a various industries @rdpany sizes, Figure 3)
(Rigby & Bilodeau, 2011).

The BSC builds a balance between financial and fm@mcial, organizational
and non-organizational performance measures, amtehesuggests a more
thorough evaluation methodology.
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Figure 3 — Expected changes in performance managetoels usage (Rigby,
Bilodeau, 2011)

It translates a company’s strategic objectives aset of performance measures
distributed among four perspectives — financialstomer, internal business
processes, and learning and growth (Chytasa,, &Cdl1):

» Customer perspective
“Since companies create value through customersegrataihding how they
view performance becomes a major aspect of perfoceaneasurement

 Internal business process perspective
“In the internal business process perspective, aettees identify the critical
internal processes in which the company must excel”

ISSN 1335-1745 (print) ISSN 1338-984X (online)



KVALITA INOVACIA PROSPERITA/ QUALITY INNOVATION PROSPERITY XVII/1 —2013 93

* Learning and growth perspective
“This perspective identifies the infrastructure ttte@ company must build to
create long-term growth and improvement. Learnimg growth come from
three principal sources: 1. People; 2. Systems; &andompany procedurés

» Financial perspective
“Within the balanced scorecard, financial measuremain an important
dimension. Financial performance measures indicateether a company’s
strategy, implementation, and execution are coantimy to bottom-line
improvemerit

For each of the four perspectives, objectives, nmeas targets and initiatives are
developed as shows BSC model (see Figure 4).
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Figure 4 — Model of Balanced Scorecard
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5 THE INTEGRATION OF DATA ENVELOPMENT ANALYSIS
AND BALANCED SCORECARD

Despite the popularity of the DEA and the BSC apphg there have been very
few studies that have explored their integratiom &mhanced performance
assessment. To create a systematic relationshwebptthese two methods we
summarize the advantages and disadvantages ofraitiods in Table 1.

From Table 1 we can find the following facts:
1) DEA has input and output, but BSC has got multisygeint evaluations.

2) In DEA technique, there is no future view, but B&Cuses on future
view based on financial perspective which is theulte of the past
performance and three perspectives of the growththe learning, the
internal processes and the customer.

3) The DEA technique does not apply the strategy efdiganization while
BSC method uses the strategy of the organizatioddoision making.

4) It is more difficult to analyze each involving inden BSC while
analyzing the DEA results is easier.

Table 1 — Proposed differences between DEA and B&God (Aryanezhada, et
al., 2011)

Compatibility BSC DEA

Way of comparison Comparison with an ideal | Proportional comparison the
virtual unit same units

View Multiple view Input/ output

Mathematical ranking Weak Strong

Applicable process Self assessment of Technical efficiency
company

Accuracy of Moderate High

measurement

Presenting of Moderate High

improvement method

Ranking Does not support Has

Future view Has Does not have

Regarding to Has Has

organization strategy

As we can observe, an integrated BSC-DEA modeldcauprove the overall
capabilities of both models and it could also redine faults of each one.
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Figure 5 — Proposed integrated model of DEA and B&@anezhada, Najafib,
Farkousha, 2011)

Figure 5 shows the details of the proposed DEA-B&el, which includes four
major strategies of learning and growth, internalcpss, customer and finance.
This process needs to be executed continuouslglfpdompany reach its goals.
The input and the output parameters for the DEAvatees of selected key KPIs
(Aryanezhada et al., 2011). In the next sectiordesgcribe the empirical analysis
undertaken with a case study.

6 INTEGRATION OF DEAW ITH THE BSC — CASE STUDY

In order to develop the DEA models to assess thdomeance of the

Maintenance Departments from multiple perspectivist, it is necessary to
develop a simplified BSC model for the studied camp which was founded in
2003. Since then team of engineers have been gajlexperiences from various
fields of mechanical engineering. It offers a widaige of road maintenance
equipment.

ISSN 1335-1745 (print) ISSN 1338-984X (online)



96 KVALITA INOVACIA PROSPERITA/ QUALITY INNOVATION PROSPERITY XVII/1 —2013

VISION
To be recognized by our customers as a leading aoynp service excellence, capable of
offering unique solutions, with high standardsafesy, comfort, dependability and
technology
Strategic Critical Success Key Performance
objectives Factors Indicators
I 1
—» Financial Perspective I Total revenue, Total costs
b === - - ' Stable growth in financial Profitability
Revenue growth terms and profitability =~ Economic Value Added
Profit growth Appropriate investments Number of Pieces of
Cost reduction Appropriate technology equipment under maintenance
Business risk reducing  Risk management Return on investments
|mmmmmmmmmm e m - | Working capital
—»  Customer Perspectiv I )
Lo o e e e e 1 Number of satisfied
To achieve high customer Recognition customers
satisfaction and loyalty Competitiveness Number of new customers
To increase the number of oy stomer satisfaction  Number of complaints
pieces of equipment Excellence in service Number of on-time deliveries
More effective marketing provision (defined by customer)
To be a benchmark in the peadiines Number of pieces of new
industry equipment under
maintenance
S | . L
> Internal business process 1 preveniive and correctiveprogess hotllenscks
To achieve maintenance Process automation
manufacturing Efficient solutions to the  Nymper of pieces of equipment
excellence and high customer under maintenance per worker
service quality Process performance andyymper of failures
To reduce processing effectiveness Time to repair equipment
time Market dimension failure
—————————————————————— Increased productivity

| . . |
Ly Learning & growth perspective | Continuous development
l

————————————————————— ' of human capital Number of training hours
Increasing of Developing of a new per worker
qualifications, skills technique Labour costs
Innovation in the process Appropriate work Workers satisfaction
and technologies conditions and safety Structure and technology
Staff motivation Communication costs
Labor productivity and Continuous development Investing in development
rewarding of human capital of new markets

Figure 6 — BSC model for the studies company

Several workshops were undertaken with the headdepartment and other
managers in order to identify strategic objectivagical success factors and key
performance indicators. Considering that the BSK3 teow each part of the

company contributes to its success, by followingedes of explicit cause and
effect relationships, we believe that it can offieuseful framework to structure
several interconnected DEA modéiaplan & Norton, 1996).
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Vision and Strategy

1- Earning per piece of equipment (euros)
2 - Working capital per piece of equipment (euro) Outputs Financial
+ Perspective
Model 4
Outputs | 1 - Rate of variations in the number of pieces of equipment
Customer P 2 - Number of customer complaints per piece of equipment Intputs
Perspective T
Modet 3 1 - Number of d malfuncti iece of equi
- Number of reported malfunctions per piece of equipment
Intputs | 7 _dle time per piece of equipment Outputs Internal
A Processes
Perspective
. Outputs | 1 -Number of employee training hours per piece of equipment
i S
e:;r(ljmg 2 - Number of effective working hours perpiece of equipment | Intputs Model 2
Growth *
Perspective
1 - Labour costs per piece of equipment
Model 1 Intputs 2 - Structure and technology costs per piece of equiptnent

Figure 7 — Proposed four DEA models for particuB®C perspectives based on
KPIs of Maintenance Department (Amado, et al., 2012

An analysis of the results of these models canr aftd information which the
company can follow to improve its overall perforrmanBy using the outputs of
one model as inputs for the following model, weuass that the transformation
of initial inputs into final outputs can be decompd into several stages
characterized by the production of several intefiatedoutputs. Our goal is to
show that the integration of these two methodsaféar critical information and
shed some light into the needed actions of decisiakers. By doing so, we are
able to identify opportunities to help five Maingte Departments (our DMUS)
to improve its performance, which would likely béseed by using a single DEA
model embracing the four perspectives of the BS@ddo, et al., 2012).

For our analyze we use Konsi software product tigpsrting marketing analysis
and financial planning, which is based on the DEranfework (Dea
Applications).

First we imported data from the file (prepared Exteument) and defined List
of parameters — our selected Key performance itatisdor DEA models (see
Figure 8).

ISSN 1335-1745 (print) ISSN 1338-984X (online)



08 KVALITA INOVACIA PROSPERITA/ QUALITY INNOVATION PROSPERITY XVII/1 —2013

& List of parameters ii e - @11

Parameters

Mame (Max length 50 symbols) Controlled Input  Output Active
11!’\&0&5 of equipment under maintenance ~ o e Ir2
D ata 2 |Labour costs per piece of equipment v & o I
3 [idle time per piece of equipment 7 o ‘w I
Envelopment 4]Earmng per piece of equipment (euros) i~ | i v
A I L] 5 |Workmg capital per piece of equipment (eur i¥2 I = v
n a yS I S 6 [Structure and technology costs per piece of I~ o c v
T]Mumberol effective working hours per piec i~ g o I~
KonSi SOﬂwal‘e fOI' EStlmating alNumberolemplwee training hours per piec I o c Ird
Pfoductivity and Efﬁciency for BINumberol reported malfunctions per piece 172 o g 7
Step,by_Step Benchmarking 10 [Rate of variations in the number of pieces of 7 w o 7l
11.]Number of customer complaints per piece o WV K3 o v

www.dea-analysis.com

Figure 8 — List of parameters

Table 2 presents the descriptive statistics forvidngables used in the four DEA
models for the five DMUs (Maintenance Departmengtive to the year 2011.

Table 2 — Prepared data from Excel document
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= o 50 |>0|eoT|l 5 |EC|C5|-0|e o

c = CE|lo®| 0O © |ocg|lEc|cE|D .
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8-%1:: = g: %3 ) EL %Q%s_ %5 55

ae|lST Hh8zL|z8| T |z8|aes|z8 /02|27
DMU1 2498 309, 152 41 0,5 12 2| 0,02| 0,01 742 850
DMU2 2548 313| 153 43| 0,75 10 2,5/ 0,03] 0,01] 750| 865
DMU3 1995 299 158 39 0,5 12 3| 0,02| 0,02 755| 870
DMU4 2116 303| 148 41 0,5 11 2| 0,03] 0,01 736 845
DMU5 2798 332| 150 42| 0,75 10 1,5/ 0,02/ 0,01, 720/ 830
Average | 2391 311,2| 152,2| 41,2 0,6 11 2,2| 0,02| 0,01 740,6| 852
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In the List of Parameters we can define the parameet controlled, output, input
or active. The four DEA models presented in FigByrevith output-orientation,

were processed by the KonSi software, in orderkt@io relative performance
scores for each of the five compared DMUSs.

[ DEA Model -
| | " Input-oriented (input min)
Current date m“—‘ Vot ditce I * OQutput-oriented (output max)
——— 0] % from fact
Date | _ﬁi’_g'}_' J Unit: ™ Superefficiency To current plan plus
Supermarket1
v Ascending sort I fiontso Status: Poor-performer Poor-performer
Uriks | Efffact | Effplan | Contr. In. Out Act FACT
DL 0.000 0.000 Number of effective working hours per piece o
DMLZ 01.000 0,000 o
DMLI3 0,000 0,000 F = F jon
gmﬂé gggg gggg Rate of variations in the number of pieces of eq
0000 0,000 PR = R 0.0
0,000 0,000 Humber of employee training hours per piece ¢
0,000 0,000 ¥ & ¢ F [om
0,000 0,000
0,000 0.000 | ||Structure and technology costs per piece of eq
0.000 0,000 ¥ & o % o
0,000 0,000 2
0,000 0,000 of ints per piece of e/
01.000 0,000
01.000 0,000 & % 9 =l
0.000 0,000 Number of reported malfunctions per piece of ¢
0,000 0,000 i~ o v o
0000 0.000 = a2
0,000 0,000 __||Pieces of equipment under maintenance
0,000 0,000 W & O ¥ 000
0,000 0,000
0,000 0,000 Labour costs per piece of equipment
0.000 0,000 W & ¥ 000
0,000 0,000 . . .
{0,000 {0,000 Idie time per piece of equipment
01.000 0,000 W & O ¥ 000
nnnn nnnn =
4 m | » IEarning per piece of equipment (euros}
& Fact O Plan Mumber of effective working ;] ~Peers = i Pl
MNumber of effective working I| Upit | Yalue | [Mumber of effective working || Linit ‘ Yalue
Rate of variations in the numt Rate of variations in the: numt
Portion of leaders 0 % MNumber of employes training Humber of employes training
Stucture and technology cos Stucture and technology cos
MNumber of customer complair| Mumber of customer complair
Share of parameter 0 % Number of reported malfuncti Humber of reported malfuncti
Pieces of equipment under m Pieces of equipment under m
Labour costs per piece of equ Labour costs per piece of equ
|dle time per piece of equipme |dle time per piece of equipme
Earning per piece of equipme Eaming per piece of equipme
‘Wworking capital per piece of « ‘wWorking capital per piece of | | |
] m r

Figure 9 — DEA analysis

Table 3 presents the performance scores obtainethéovarious Maintenance
Departments based on the output - oriented models.

Table 3 — Performance scores for the particular Manance Departments

BSC Perspectives

Learning & Internal

. . 1o
growth (%) Processes (%) Customer (%) | Financial (%)

DMU1 7 82 73 94

DMU2 91 86 84 86

DMU3 84 81 85 80

DMU4 100 91 86 100

DMUS 100 93 94 82

Average 90,4 86,6 84,4 88,4
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As can be seen from table above, the results rawaal in global terms, the
perspective of internal processes requires spattation, with an average score
of 86,6 %. The learning and growth perspective gmes high levels of
performance, with an average score 90,4 %.

7 CONCLUSION

This paper presented an integration of two the rposwular methods used for
company performance and effectiveness evaluatioa: REA and the BSC.
Moving away from a unique all-embracing DEA or BSfiodels towards
multiple complementary models is advantageous, ingadto increased
performance assessment. In a case study of a atidinial company operating in
the business of vertical transportation, we devedofpur DEA models, one for
each one of the BSC perspectives.

AKNOWLEDGEMENT

This contribution is the result of the project implentation: Centre for research
of control of technical, environmental and humarsksi for permanent
development of production and products in mechangaineering (ITMS:
26220120060) supported by the Research & Develop@eerational Program
funded by the ERDF and project VEGA 1/0669/13 Pliwaccrisis management
of industrial enterprises based on the concepbnfrolling.

REFERENCES

Amado, C., Santos, S. P., Marques, P. M., 2012eghating the Data
Envelopment Analysis and the Balanced Scorecardoappes for enhanced
performance  assessment,in  Omega, No. 40, pp. 390-403.
DOI:10.1016/j.omega.2011.06.006.

Aryanezhad, M. B., Najafi, E., Farkoush, S. B., ROA BSC-DEA approach to
measure the relative efficiency of service industycase study of banking
sector, Ininternational Journal of Industrial Engineering CeotationsNo. 2,
pp. 273-282. DOI: 10.5267/j.ijiec.2010.03.004.

Chytasa, P., Glykasb, M. and Valiris, G., 2011. rAgetive balanced scorecard,
In International Journal of Information Managememio. 31, pp. 460— 468.
DOI: 10.1016/j.ijinfomgt.2010.12.007.

Cooper, W. W., Seiford, L. M. and Zhu, J., 2004tDEnvelopment Analysis:
History, Models and Interpretationdn Handbook on Data Envelopment
Analysis Kluwer Academic Publisher, Boston, Chapter 1,1p39.

ISSN 1335-1745 (print) ISSN 1338-984X (online)



KVALITA INOVACIA PROSPERITA/ QUALITY INNOVATION PROSPERITY XVII/1 —2013101

DEA 2013.DEA Applications for measuring Efficiency: softwakonSi DEA
Analysis". Available from: <http://www.dea-analysis.com/> [Assed 15
February 2013].

Kaplan, R. S., 1983. Measuring manufacturing peméorce: a new challenge for
managerial accounting researcfhe Accounting Review/ol. 58, No. 4, pp.
686—705. Available from: <http://www.jstor.org/stet247063> [Accessed 2
February 2013].

Kaplan, R. S. and Norton, D. P., 1992e Balanced Scorecard — Measures that
drive performancelHarvard Business Review.

Kaplan, R. S. and Norton, D. P., 1996e Balanced Scorecard — translating
strategy into actionHarvard Business Review Press.

Mandl, U., Dierx, A. and llzkovitz, F., 2008 he effectiveness and efficiency of
public spending In Economic Papers, pp. 3. Available from:
<http://ec.europa.eu/economy_finance/publicatiansipation11902_en.pdf>
[Accessed 2 March 2013].

Nasruddin, H., Mariam, M. T. and Parvaneh, S., 20R@solving Multi
objectives Resource Allocation Problem Based orutsimnd Outputs Using
Data Envelopment Analysis Method. Australian Journal of Basic and Applied
SciencesYyol. 10, No. 4, ISSN 1991-8178, pp. 5320-5325.

Popovic, G. and Martic, M., 2005. Two- stage DEA tisr assessing efficiency
and effectiveness of micro-loan program, iProceedings of: The 7th Balkan
Conference on Operational Research, BACOR Obnstanta, Romania, May
2005. Available from: <http://fmi.unibuc.ro/balkan-
conf/CD/Section6/popovic_martic.pdfAccessed 2 February 2013].

Rajnoha, R. and Chromjakova, F., 2009. Activitydzhsosting and efficiency of
its application in the wooden houses production, iBrewno,
Vol. 52, No. 181, ISSN 1644-3985, pp. 105-128.

Rigby, D. and Bilodeau, B., 2011Management Tools and Trends,
Available from:
<http://www.loyaltyrules.com/management_tools/Magragnt_Tools_and_Tren
ds_2011 Final_Results.pdf> [Accessed 2 March 2012].

Vincova, K. 2005. Using DEA models to measure @&ficy, inBIATEC, Vol.
XIll, No. 8/2005, pp. 24-28.

Zhu, J., 2009. Quantitative Models for Performance Evaluation and
Benchmarking: Data Envelopment Analysis with Spsbadts Springer Science
+Business Media, LLC.

ISSN 1335-1745 (print) ISSN 1338-984X (online)



10ZKVALITA INOVACIA PROSPERITA/ QUALITY INNOVATION PROSPERITY XVII/1 —2013

ABOUT THE AUTHORS

doc. Ing. Jaroslava Kadarova, PhD., Technical University of KoSice, Faculty
of Mechanical Engineering, Department of Industrigihgineering and
Management, Bmcove] 32, 04200 KosSice, Slovak Republic, e-mail:
jaroslava.kadarova@tuke.sk.

Dr. h. c. mult. prof. Ing. Jozef Mihok, PhD., Technical University of KoSice,
Faculty of Mechanical Engineering, Department adustrial Engineering and
Management, Bmcove] 32, 04200 KosSice, Slovak Republic, e-mail:
jozef.mihok@tuke.sk.

Ing. Renata Turisova, PhD, Technical University of KoSice, Faculty of
Mechanical Engineering, Department of Industrial giBeering and

Management, Bmcove] 32, 04200 KosSice, Slovak Republic, e-mail:
renata.turisova@tuke.sk.

ISSN 1335-1745 (print) ISSN 1338-984X (online)



