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Abstract

Measuring the performance of a production system has been an important task in management for
purposes of control, planning, etc. The Balanced Scorecard allows us to do just that. BSC is widely
used in government and industry because of the clear representation of the relationship and logic
between the key performance indicators(KPI) of 4 perspectives - financial, customer, internal process,
and learning and growth. in the other hand , Traditional studies in data envelopment analysis (DEA)
view systems as a whole when measuring the efficiency, ignoring the operation of individual
processes within a system. We present and demonstrate a multi-criteria approach for evaluating every
projects in different stages. Our approach integrates the balanced scorecard (BSC) and data
envelopment analysis (DEA) and develops an extended DEA model. The input and output measures
for the integrated DEA—BSC model are grouped in “cards” which are associated with " B S C ". With
efficiency decomposition, the process which causes the inefficient operation of the system can be
identified for future improvement. finally we illustrate the proposed approach with a case study
involving six banking branches.
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Introduction

The key to achieve a state of continuous
improvement is dependent on the ability to
measure consistently and constantly the
performance of key processes within an
enterprise (Braam and Nijssen, 2004).
Many organizations have realized the
importance of constant and consistent
measurement and have adopted a variety of
performance measurement systems (PMS)
over the last few years (Prajogo and Sohal,
2004).

According to Kaplan and Norton (1996),
the balanced score card (BSC) is based on
the concept that managers must manage
and evaluate their business from at least
four major perspectives: (1) How do
customers view the firm? (2) What
business process must we improve and
exceed at? (3) Can the firm continue to
learn and innovate? (4) How does the firm
appear to its shareholders? The BSC
translates an organization’s mission and
strategy into a  comprehensive set of
performance measures and provides the
framework for strategic measurement and
management. [1,5 ]

The balanced scorecard (BSC), a model for
the analysis of strategic information for all
types of organisation, and since then has
been the subject of much research in
respect of its possibilities as a tool for
strategic management. However, few
references have been found to its
development and implementation in
companies for their strategy. Moreover,
there are very few studies in the literature
on the management control and new
product development in which
relationships are established between the
results from these activities, measured by
means of the BSC, and the efficiency with
which they are performed. For this reason,
the objective of this article is to propose a
framework for the analysis of these
relationships.[5,19]

In addition, in order to evaluate the
competitive position of the firm, managers
need to apply data envelope analysis
(DEA) to identify the efficient frontier,
benchmarking partners  and inefficient
slack for the firms. It is important for the
firm to understand their relative position in
terms of productivity and efficiency. DEA
is viewed as a methodology that provides
a valid starting point for specifying
balanced performance. Previous studies
applying both BSC and DEA to evaluate
the competitive positions of every
organization are not available. Thus further
empirical validations are required.[3,11]
The method that we propose in this paper
uses an extended DEA model, which
quantifies some of the qualitative concepts
embedded in the BSC approach. The
integrated DEA-BSC model addresses
four common goals that firms are trying to
accomplish: (1) achieving strategic
objectives  (effectiveness  goal);  (2)
optimizing the wusage of resources in
generating desired outputs (efficiency
goal); (3) obtaining balance (balance goal);
and (4) obtaining Cause and Effect in
Perspectives . The model is applicable for
every  organizations for-profit.  The
contribution of the model that is presented
in this paper is both conceptual, and
excutive for any given DMUthat are
devoted to specific output/input measures.
The rest of the paper is organized as
follows: Section 2 provides dea models
and balanced scoredcard . The integrated
DEA-BSC simulation model is presented
in Section 3,. Section 4discusses a case
study that applies the DEA-BSC model.
Finally, Section 5 presents concluding
remarks..

LITERATURE REVIEW

1-2.Theory of the balanced scorecard
The balanced scorecard (BSC) approach
was first identified and implemented by
Kaplan and Norton as a performance
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management tool, following a 1-year
multicompany study in 1990. Its aim was
to present management with a concise
summary of the key performance
indicators (KPI) of a business, and to
facilitate alignment of business operations
with the overall strategy. Kaplan and
Norton were keen to provide a medium to
translate the vision of the company into a
set of clear objectives. These objectives
could be translated into a system of
performance measurements that effectively
communicated a powerful, forward-
looking, strategic focus to the entire
organization. Kaplan and Norton were
motivated by the fact that companies
mainly relied on traditional financial
accounting measures (like the ROI and
payback period) to determine a ‘narrow
and incomplete picture of business
performance’. As a result, they suggested
that financial measures be supplemented
with additional indicators that reflected
customer satisfaction, internal business
processes, and the ability to learn and
grow. Their BSC was designed to
complement ‘financial measures of past
performance with measures of the drivers
of future performance’ (Kaplan and
Norton, 1996)[1,6]. It can be clearly seen
that their intention was to keep score of a
set of Key Performance Indicators (KPIs)
that could maintain a balance between
short and long-term objectives, between
financial and non-financial measures,
between lagging and leading indicators,
and Dbetween internal and external
performance perspectives. By adopting
such a ‘holistic’ view Kaplan and Norton
hoped that managers, who were
traditionally being overwhelmed with data,
would spend more time on decision
making rather than on data analysis. The
original  balanced scorecard design
identified the following four perspectives:
the financial perspective; the customer
perspective; the internal-business-process
perspective; and the learning and growth

perspective. These perspectives represent
three major stakeholders of any business
(shareholders, customers and employees),
thereby ensuring that a holistic view of the
organization is used for strategic reflection
and implementation. The success of these
perspectives depends on the fact that the
perspectives themselves and the measures
chosen have to be consistent with the
corporate strategy.[5,0]

BSC requires that KPI be classified into
four perspectives as shown in Fig. 1 below.
It requires that companies categorize its
KPI in these four boxes and develop
performance measures within each of these
perspectives or categories. The technique
is based on interviews with mangers by
internal or external consultants to identify
the ‘strategic objectives’ for each
perspective. Then, through meetings with
executives, specific measures are
developed for these objectives. This list is
then edited, leaving the performance
measures in the final scorecard. [18,19]
However, there are several major
limitations of the BSC approach. First, it is
a top down approach only (Kanji and
Moura 2001; Malina and Selto 2001).
Therefore, the interaction between the top
management team and working level
employees is limited.

As can be seen from Fig. 1, the intention of
the BSC approach was to translate the
vision and strategy of a business unit into
objectives and measures in four different
areas: the financial, customer, internal
business-process and learning and growth
perspectives.[5]

2-2: Perspectives

In this section ,we will examine each of the
four perspectives of the Balanced
Scorecard.

2-2-1: Customer Perspective

When choosing measures for the Customer
perspective of the Scorecard, organizations
must answer two critical questions: Who
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are our target customers? and What is our
value proposition in serving them?

2-2-2:Internal Process Perspective

In the Internal Process perspective of the
Scorecard, we identify the key processes
the firm must excel at in order to continue
adding value for customers and, ultimately,
shareholders.

2-2-3:Learning and Growth Perspective
If you want to achieve ambitious results for
internal  processes,  customers, and
ultimately shareholders, where are these
gains found? The measures in the Learning
and Growth perspective of the Balanced
Scorecard are really the enablers of the
other three perspectives. In essence, they
are the foundation on which this entire
house of a Balanced Scorecard is built.

2-2-4:Financial Measures

Financial measures are an important
component of the Balanced Scorecard,
especially in the for-profit world. The
measures in this perspective tell us whether
our strategy execution, which is detailed
through measures chosen in the other
perspectives, is leading to improved
bottom-line results.

Figl — four perspectives of the Balanced Scorecard [1]
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Each of these four strategic areas should
have both lead and lag indicators, yielding
two directional cause-and-effect chains:
lead and lag indicators applied horizontally
within the areas and vertically between
areas. The causal paths from the measure
indicators on the scorecard should be
linked to financial objectives. This
procedure implies that strategy is translated
into a set of hypothesis about cause and
effect relationships, which are essential
because it allows the measurements in
nonfinancial areas to be used to predict
future financial performance. Thus the
claim is that financial measures say
something about past performance while
non-financial measures are the drivers of
future performance. The validity of the
model relies, however, on the assumption
that the cause-and-effect relationship exists
between the areas of measurement
suggested.[1,5,6,17]

3-2: Interrelationships among Four
Perspectives of BSC

The BSC approach emphasizes that, in
order to achieve objectives in the financial
perspective, all objectives and measures in
other perspectives should be linked
(Gosselin, 2005; Laitnen, 2005; Kim &
David, 2004). For most organizations, the
financial themes of increasing revenues,
improving productivity, enhancing assets
utilization could provide the necessary
linkages. To achieve a synergetic effect,
firms should emphasize the cause and
effect relationship among the BSC
measures. Olve, Roy and Wetter (2000)
argued that improved value in human
resource and development capital should
be the leading indicators of improvement
in customer capital and profitability. These
authors develop a cause and effect
relationshipamong the BSC measures.
Their cause and effect model indicates that
the measures of human  resource
development would influence the internal
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business process of the firm. These
interrelationships are shown in Figure2.

Fig2- cause-and-effect relationship
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In the oder hand Paul Niven’s analogy of
the Balanced Scorecard is that of a tree
(Figure 3). The Learning and Growth
perspective are the roots, the trunk is the
Internal Process perspective, Customers
are the branches, and the leaves are the
Financial perspective. Each perspective is
interdependent on those below as well as
those above. It is a continuous cycle of
renewal and growth. Leaves (finances) fall
to fertilize the ground and root system,
which stimulates growth throughout the
organization. In this analogy, learning and
growth is the foundation on which all other
perspectives are built.[20]

Fig3- cause and effect

Learni Growth

A well-designed Balanced Scorecard
should describe your strategy through the
objectives and measures you have chosen.
These measures should link together in a
chain of cause-and-effect relationships
from the performance drivers in the
Learning and Growth perspective all the
way through to improved financial
performance as reflected in the Financial
perspective. Based on the above literature
review, it seems that the interrelationships
among the four perspectives of BSC have
drawn significant attention. However,
scholars seem not to reach a consistent
agreement on the interrelationships among
the four perspective of the BSC. These
interrelationships are as follows: (1) the
learning and growth perspective of the
balanced scorecard impacts on the internal
business process perspective of the
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balanced scorecard; (2) the internal process
perspective of the balanced scorecard has
the influence on the customer perspective
of the balanced scorecard; (3) the learning
and growth, internal business process, and
customer perspective of the balanced
scorecard will significantly impact on the
financial perspective of the balanced
scorecard.

4-2: Balance in the Balanced Scorecard

One of the reasons the Balanced Scorecard
has been so successful is that it is a
balanced approach. This balance includes:
1. Balance between financial and non-
financial indicators of success

2. Balance between internal and external
constituents of the organization

3. Balance between lag and lead indicators
of performance Internal constituents might
include employees whereas external
constituents might include physician
groups Or insurers. Lag indicators
generally represent past performance and
might include customer satisfaction or
revenue. Although these measures are
objective and accessible, they lack any
predictive power. Lead indicators are the
performance drivers that lead to the
achievement of lag indicators and often
include the measurement of processes and
activities. For example, ER wait time
might represent a leading indicator of
patient satisfaction. A Balanced Scorecard
should contain a variety of different
measures

5-2 :Data Envelopment Analysis (DEA)
One of the major concerns of managers in
evaluating the performance of an operation
within any type of organization is
efficiency. Efficiency measures whether
resources, equipment, and/or people are
being put to good use. One dimension of
the efficiency of an operation of any
organization is the manner by which that
organization selects and uses resources to
produce its products. The more product

produced for a given amount of resources
the more efficient (i.e., less wasteful) is the
operation. In order to evaluate the relative
efficiency of comparable components of an
organization, Charnes, Cooper and Rhodes
[3] proposed an innovative quantitative
technique  that they named data
envelopment analysis (DEA).

DEA utilizes linear programming to
produce measures of the relative efficiency
of comparable decision making units
(DMUs) that employ multiple inputs and
outputs. DEA uniquely evaluates all the
DMUs and all their inputs and outputs
simultaneously, and conservatively
identifies the sets of relatively efficient and
relatively inefficient DMUs. Thus, the
solution of a DEA model provides a
manager a summary with comparable
DMUs grouped together and ranked by
relative efficiency.[2,3,4]

Mathematically, efficiency can be defined
as the ratio of weighted outputs to
weighted inputs:

weighted sum of outputs

Efficiency =
Y weighted sum of inputs

The DEA approach identifies the set of
weights (all weights must be positive) that
individually maximizes each DMU's
efficiency while requiring the
corresponding weighted ratios (i.e., using
the same weights for all DMUs) of the
other DMUs to be less than or equal to
one.

Let Xij,i=1,... m,and Yrj,r=1,...,s,
be the ith input and rth output,
respectively, of the jth DMU, j=1,. .. n.
The DEA model for measuring the relative
efficiency of DMU k under an assumption
of constant returns to scale is the CCR
model (Charnes et al., 1978):
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2 u,y o,
max E K = ==L
2 VX o,
i=1
S
Zuryrj
=7 .
st —— <1 7=1...n
ZViXij
i=1
u >0 ,v =20

ECCR . . u
where “ s the efficiency of DMU k, “~

and ¥+ are the multipliers associated with
the rth output and ith input, respectively, to
be determined by this mathematical
program, and e is a small non-
Archimedean number (Charnes et al.,
1979; Charnes and Cooper, 1984) which is
imposed to prohibit each DMU to assign
zero weights to unfavorable input/output
factors. This model is a fractional linear
program which can be transformed into the
following linear program:

S
max E = ZUryrp

For systems composed of several processes
interrelated with each other, this model
ignores the performance of individual
processes. Consequently, the efficiency
ECCR k does not properly represent the
aggregate performance of the component
processes. Certainly, Model (2) can be
applied to measure the efficiency of each
process independently; however, the
relationship between the system efficiency
and process efficiencies is  not
revealed.[10]

Systems with more than one process
connected with each other are networks.
To measure the efficiency of a network
system a network DEA model is needed.
Different from the conventional DEA
model, the network DEA model does

not have a standard form. It depends on the
structure of the network in question. Fa're
and Grosskopf (1996a, 2000) and Fa're et
al. (2007) developed several network
models that can be used to discuss
variations of the standard DEA model.

6-2: Series structure

For a system consisting of two processes
connected in series, Seiford and Zhu
(1999) applied the conventional DEA
model to calculate the efficiency of each
process independently. Kao and Hwang
(2008) developed a relational model to
calculate the efficiency of the system
taking into account the series relationship
of the two processes. The major difference
between the independent model and
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relational model lies in that the latter
requires the same factor to have the same
multiplier no matter how it is used while
the former allows a factor to have different
multipliers when it is used in different
places. An interesting result of the
relational model is that the system
efficiency is the product of the two process
efficiencies. Their conclusion can be
extended to general series systems of more
than two processes. Note that a series
model may be solved using backward
induction.[7,10]

Consider a series system of h processes. As
in the preceding section, let Xij and Yrj be
defined as the inputs and outputs of the

system, respectively. Denote Z _as the pth

intermediate product, p =1, ... ,q of
processt,(t=1,...,h-1) for DMU j. The

S
max E, = ZUryrp

%)

m
LV ZVle] <0 7 =1
r=1 i=1
g m
by wlzloo - by v.x, <0 7
p=1 i=1
q q
EIWP“Z;“ ZIW;'” Zeh <0 j=1....n
p= p=
S g
(h-1) y(n-) <
Xu,y, - Zwllz 0
r=1 p=1
v, =¢ i=1, n
U, =e¢ r =1, s
(t) —
w, =& D 1, . .qg

intermediate products of process t are the
outputs of process t as well as the inputs of
process t + 1. Note that the intermediate
products of the last process h are the
outputs of the system. The number of
intermediate products, q, can be different
for each process. Here, it is assumed that
they are the same for all processes just for
simplification of notation.

Fig. 1 is a pictorial expression of the series

()
system. Denote w

the importance, associated with the pth
intermediate product of process t. The
system efficiency of DMU k is calculated
by the following model generalized from
the tandem system of Kao and Hwang
(2008):

as the multiplier, or

(3-0)
(3-1)
..n (3-2)
1, n (3-3)
fn G-4)
I,....n (3-5)
(3-6)
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Fig4 -serice system

Xi i=l,..m

where constraint set (3.2) corresponds to
the system and constraint sets (3.3), (3.4),
and (3.5) correspond to h processes. Note
that the sum of the process constraints of a
DMU, i.e. constraint sets (3.3), (3.4), and
(3.5), is equal to its system constraint (3.2).
Hence, the system constraint is redundant
and can be omitted. Basically, the number
of constraints required in this model is
equal to the number of DMUs multiplied
by the number of processes in the system.

Let U, V/ and w{" denote the optimal

multipliers solved from Model (3). The
efficiency of each process for DMU k is
calculated as:

1) (t 1)

A DMU is efficient only if all its processes
are efficient. Mathematically, the system
efficiency will be low if there is a process
which is very inefficient and will be high
only when all processes have high
efficiencies. In Model (3), when process
constraints (3.3), (3.4), and (3.5) are
removed, the conventional CCR model is
obtained.

7-2:DEA with non-discretionary factors
(Banker and Morey’s model )

Banker and Morey (1996a) provided the
first DEA model for evaluating efficiency
in the presence of “exogenously fixed”
inputs. Banker and Morey’s model to
evaluate the efficiency of any DMU is
given by the following modification of the
CCR model:

min 0 & X B Xs: (4-0)
st. XA x, +s =0x, 1ED  (4-1)
, o+ - = B} &
§ Ay x5t os; i 1 ND (42)
J
HZ/”Lj v, v, I =1...:s
=1 (4-3)
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where all variables (except 6) are
constrained to be nonnegative and ¢ > 0
is a non- Archimedean infinitesimal
constant to assure strongly efficient
solutions. Here the symbolsi & D
andi € ND refer to the sets of
discretionary and non-discretionary inputs,
respectively. The dual of model (4) in the
form of (modified) multiplier

max 2 u Y . by VX

r=1 1€ ND

Note 1: The variable 0 is not applied to the
input constraints (4-2) because these values
are exogenously fixed and it is therefore
not possible to vary them at the discretion
of management. Therefore this is

. . i ; E
recognized by entering all Xior 1 ND

at their fixed (observed) values.

Note 2: Only the non-discretionary inputs
enter into the objective (5). The multiplier
values associated with these non-
discretionary inputs may be zero. If at any

. . S;* = 0
optimal solution of (4), for

*

some X € ND_ then Y+ 0and this

4o does not affect the evaluation recorded

in (4). Also, if Y+ 7 % for some
k & ND, then the efficiency score
recorded in (4) is reduced by the

multiplier, XkO, for DMUo
evaluation.

under

3:The integrated DEA
simulation model

The purpose of this study is to find out the
relationships among four  output
perspectives. For such an objective, a
structure equation model is employed to
test the interrelationships of all the
variables in the entire model. The proposed
structural equation model is shown in
Figure 4.

The techniques such as BSC and DEA are
as instruments that can,t be stipulated as an
alternative techniques , but the combined
use of them in the performance evaluation
system appears essential. in the other hand
, it can be created a systematic links
between two models. It is done so that one
of them can be used as a complementary
and improve of the weakpoints ,of the
model, so using correct and accurate
structure of them can be important issues
of the performance rating in the
organization .

and BSC
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Fig5- combined BSC and DEA model
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We introduce the mathematical technology is assumed to exhibit constant
formulations of the proposed network- returns-to-scale (CRS). A DEA Model is
DEA model and efficiency measures with output oriented if it seeks to increase
non-discrationary inputs in this section. outputs without increasing inputs. Our
Following the formulation of LP (3) shown approach to the Network DEA Model is an
earlier, we limit our discussion to the extension of that used in the four-stage
output-oriented measure only, and the DEA Model.
S
max ep = Z U,V
my
5.7 Xv,x, =1
=1 1&D
S g mg
Xuy, _ X vx, Xvix, x.) <0 j=1....n (6)
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D my m,
0oy by VX, 2, x,) <0 7 =1....n
d=1 i=1 i€D i=miEND '
Eyfoj lezd] -~ by VX, vix, o x,) S0 F=1,....n
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E F ms m8
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s E m7 m8
ZU[YU. 2 H, _ ZVle.ji Zvi(xl.j
r=1 e=1 i=mé6 i=m7 1iE€END

U, =¢ Vo Ze n, =¢
Y, =€ , T, =€

The processes of  measurement and
performance rating using of two techniques
BSC and DEA can be setforth in the
following issues:

1- the identification of organization : in the
processes the perposes and strategies of
relevant organization identified and using
from BSC techniques , the measurments
that is designed in every view. The
measurments are created in balance and
with different views.

2- performance rating :the measurments
created by BSC are in two groups, input
and output, that is classified and using of
DEA horizontal evaluation (during the
time period)and ,or vertical evaluation (in
comparison with similar units in the
chronological period)used.

3- the design of path of modification and
recovery : the path of modification and
recovery are identified by DEA . the
modification and recovery path increased
for the output measurments and decreased
input measurments .

4-the determination ofgoals of measurement
for the next period:

the measurments goals which is determind
by DEA and placed as measurmentgoals
for the next performance of BSC.

_ X

<0 7 =1 ...n

jo)

In this method , each time of BSC
performance , that is in every time that the
data of organization entiered into the BSC
system and the results are presented the
organization is evaluated by DEA and the
goals ofmeasurments are recognized in the
following period .if you achieve the
determined goals, the organization will be
efficient and expected conditions.

In the next two periods of performance
evaluation :the condition of organization
compared with the expected conditions of
the previouse period and the efficiency of
new goals are determined.

4: Case study

We have apply our new approach to six
bank branches in iran. The data for the
case study are presented in Tables ( 1 &2 ).
We have four stages for production process
The evaluation of these units involves
many performance aspects; therefore,
using 3 finally output measures , two first
input measures and 9 intermediate
measures  for this evaluation is quite
reasonable.


www.SID.ir

Journal of Management Research, No82

24

Table 1-the case study data

X8k XT7* X6** X5* X4* X3* X2* X1*
Facilities I : High : Incrasin, f
Costto | Competitional | on line g Electronical motivation
ba%(t-elog income \I/)alue service se?a/%ges service perrrslgﬁ)nre cost
%2.68 %52.84 %15.7 1376 %3.13 1305 12.11 %23.03 DMU1
%9.5 %42.77 %18.9 1896 %3.41 1906 11.96 %18.72 DMU2
%15 %60 %34 1842 %3.25 1758 12.08 %18.5 DMU3
%8.5 %60.20 %33.5 1315 %3.32 1500 12.07 %5.30 DMU4
%7.3 %57.90 %30.4 787 %3.25 745 11.96 %17 DMUS5
%14 %96 %14 510 %3.35 517 13.66 %3 DMU6
(discretionary input =* and mnon discretionary input =**)
Table 2-the case study data
Y3 Y2 Y1 H2 H1 T2 T1 72 Z1
High . -
Growth Incrasin; Incrasin,
Return of Profit | Customer Customer Forward ualit sSing
investment réaslg?l(r)cfe margin | fitof rate | satisfaction | service s%gtiggs serrg/tlé:es perssl(()irﬁle
%4.81 %17.42 | %1.48 %22.91 %3.25 91 %3.19 800 58.54 DMU1
%7.16 %12.98 | %2.62 %25.8 %3.21 57 %3.61 692 30.80 DMU2
%7 %47.59 %8 %29 %3.41 8 %3.34 718 46.25 DMU3
%1.4 %18.9 %2.7 %34.50 %3.12 37 %3.41 682 18.55 DMU4
%1.23 %20.13 %3 %21.8 %3.43 34 %3.93 643 39.10 DMU5
%1.02 %10.28 %4 %13 %3.74 10 %3.74 555 69 DMU6

The information data for the case study are presented in Table 3.We define two kind of
inputs (Discretionary and Non-Discretionary)
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Table 3 — inputs and outputs of the DEA—-BSC model in the case study
Perspective Discretionary Non-Discretionary outputs
inputs inputs
Financial 1-Cost to income 1- Facilities back-log rate 1- Profit margin
Perspective 2- Customer satisfaction 2-Growth rate of resource
3-Customer fit of rate 3- Return of investment
1-High services rate 1-Competitional value 1- Customer satisfaction
Customer 2-on line service 2-Customer fit of rate
Perspective 3-High quality services rate
P 4-Forward service
Internal Process 1 - Electronical service - 1-High quality services rate
Perspective 2- Incrasing personnel skill 2-Forward service
3- Incrasing services rate
Learning and I-motivation cost - 1- Incrasing personnel skill
Growth Perspective | 2- Incrasing personnel major 2-Incrasing services rate

Table(4) presents the results of the implementation .the first of column shows the results
overall efficiency ,and in the anather columns show the each stages efficiency.

Table 4 - DEA-BSC results
DMU Overall First stage Second stage Third stage Fourth stage
efficiency efficiency efficiency efficiency efficiency
DMU1 0.947 \ 0.917 0.762 1
DMU2 0.976 0.865 1 1 )
DMU3 0.819 0.897 0.953 0.861 1
DMU4 0.466 0.852 0.976 ! 1
DMUS 0.925 0.803 0.958 0.678 1
DMU6 0.601 0.723 1 0.438 1
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It will be unmistakable to get the
satisfactory results which is subject to
investment and try in the four prespective ,
that is a long as in this four Perspective ,
Learning and Growth, nternal Process,
Customer and Financial ,don,t work well ,
getting the successful results undoubly
won of be acquired.

5: Conclusion

This study has demonstrated an analytical
technique that can be used in
benchmarking about efficiencies to
identify the most efficient "“best practice’’
organization . The BSC-DEA methodology
was designed to accommodate uncertain
and qualitative data. Since nonfinancial
performance  measures, which are
qualitative measures, become important it
is necessary for decision makers to use
techniques that can include measures in
evaluation process.

Refrences

DEA can be a useful tool in setting
benchmarks and evaluating BSC results.
The DEA-BSC model advances the
individual capabilities of DEA and BSC.
From the viewpoint of DEA, the model
generalizes the standard treatment of the
data by splitting the inputs and outputs into
subsets (cards), and adding constraints
(balancing requirements) that reflect
relationships among the cards. From the
viewpoint of BSC, the model proposes a
new approach to evaluate performance by
applying  quantitative  analysis  that
combines the measures within each card
into a single value. It also addresses some
of the difficulties in existing BSC
applications, namely, reliance on a known
(sometimes arbitrarily chosen) baseline
against which performance is evaluated
and the fact that BSC does not produce a
single, comprehensive  measure  of
performance.

1. Kaplan RS, Norton DP. Translating strategy into action: the balanced scorecard. Boston, MA: Harvard

Business School Press; 1996.

2. Charnes A, Cooper WW, Lewin A, Seiford LM. Data envelopment analysis: theory, methodology and
applications. Massachusetts: Kluwer Academic Publishers; 1994.

3. Charnes A, Cooper WW, Rhodes E. Measuring the efficiency of decision making units. European
Journal of the Operational Research 1978;2:429-44.

4. Charnes A, Cooper WW, Wei QL, Huang ZM. Cone-ratio data envelopment analysis and multi-objective
programming. International Journal of Systems Science 1989;20:1099—118.

5. Kaplan RS, Norton DP. The balanced scorecard: measures that drive performance. Harvard Business
Review, 1992(January—February): p. 71-9.

6. Kaplan RS, Norton DP. Using the balanced scorecard as a strategic management system. Harvard
Business Review 1996(January—February): p. 75-85.

7. Kao, C., Hwang, S.N., 2008. Efficiency decomposition in two-stage data envelopment analysis: An
application to non-life insurance companies in Taiwan. European Journal of Operational Research 185,
418-429.

8. Lewis, H.F., Sexton, T.R., 2004. Network DEA: Efficiency analysis of organizations with complex
internal structure. Computers & Operations Research 31, 1365-1410.

9.

Kao, C.Efficiency decomposition in network data envelopment analysis:A relational model European
Journal of Operational Research


www.SID.ir

27

Performance Evaluation Accounting With Inputs Non-Discretionary Factors in an Integrated BSC-DEA Methodology

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

Angel M. Prieto Jose” L. Zofi'o " Network DEA efficiency in input—output models: With an application to

OECD countries" European Journal of Operational Research 178 (2007) 292-304

Harel Eilat, Boaz Golany,Avraham Shtub-"R&Dproject evaluation:An integrated DEA and balanced

scorecard approach"Omega 36 (2008) 895 — 912

Charnes A, Cooper W.W, Rhodes E. Measuring the efficiency of decision making units . European journal

of operational Research, 1978 .

Banker R.D, Charnes A, Cooper W.W. Some models for estimating technical and scale inefficiencies in

Data Envelopment Analysis.management Sicience, 1984.

Fare R, Grosskopf S. Network DEA . Socio-Economic Planning Sciences, 2000

F. Hosseinzadeh Lotfi, G. Tohidi , T. Soleimany "Interval Network DEA" Mathematical Sciences, Vol. 1,

2007, no. 15, 697 — 710.

Selin Soner , Semih Oniit , Umut Tuzkaya" EVALUATION AND SELECTION OF R&D PROJECTS

USING AN INTEGRATED BSC-DEA METHODOLOGY"

Harel Eilat, Boaz Golany, Avraham Shtub" Constructing and evaluating balanced portfolios of R&D

projects with interactions: A DEA based methodology" European Journal of Operational Research 172

(2006) 1018-1039.

Teresa Garca -Valderrama, Eva Mulero-Mendigorri, Daniel Revuelta-Bordoy"Relating the perspectives of

the balanced scorecard for R&D by means of DEA" European Journal of Operational Research (2008).
Rajiv D. Banker, Hsihui Chang, Surya N. Janakiraman, Constantine Konstans"A balanced scorecard

analysis of performance metrics"European Journal of Operational Research 154 (2004) 423-436.

paul R.niven, "Balanced scorecard step by step maximizing performance and maintaining result "2001


www.SID.ir

