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Abstract In today’s competitive business environment, service providers have a strong
objective to satisfy the customers with low cost to ensure a patronage/loyalty. Performance
measurement defines the information or feedback on actions to meeting strategic objectives
and client satisfaction. Generally, performance evaluation of the service provider is a time
consuming complicated process, depends customer satisfaction. Over the past two decades
several researchers have proposed methods to measure service and quality performance in
order to improve the performance efficiency of the organization, since there is a considerable
room exists. Hence, in this paper, we analyse efficient and inefficient levels of service per-
formance using data envelopment analysis (DEA) and balance scorecard (BSC) techniques,
to bridge the exist gap. The DEA approach has been used to measure the performance of
automobile dealers from different areas to know their service levels and also treats the quality
of service by making use of different cross-efficiency data envelopment analysis models to
discriminate the units. Then, a BSC approach analyzes which aspects of decision making
units are inefficient, grounded on four perspectives like as; customers, financial, internal
business process and learning and growth, based on the study carried out on ten automobile
dealers from various areas. The results identify that dealers are inefficient in learning about
customer’s growth, which help the dealers to transform from inefficient into efficient. In
addition, this study also focused on various insights related to performance evaluation and
provide some useful recommendations which can be practiced in future.

Keywords Performance measurement · Data envelopment analysis (DEA) · Balanced
scorecard (BSC) · Automotive industry

B Yang Zhang
yangzhangnu@gmail.com

1 School of Accounting, Southwestern University of Finance and Economics, Chengdu 611130,
People’s Republic of China

2 Business School, Nankai University, Tianjin 300071, People’s Republic of China

3 China Academy of Corporate Governance, Nankai University, Tianjin 300071, People’s Republic
of China

4 Faculty of Management and Accounting, University of Tehran, Farabi Campus, Tehran, Iran

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s10479-016-2196-2&domain=pdf


450 Ann Oper Res (2017) 248:449–470

1 Introduction

In recent days, it is mandate to ensure and strive to achieve the growing influences of compet-
itiveness across various business and industry has led organization to achieve the objectives
along with continuous performance improvement, can only be obtained through periodic
measurement of organization process performance (Neely et al. 2002). Hence, performance
measurement gained some focus among several researchers; according to Chan (2003), per-
formance measurement defines the information or feedback on activities regarding meeting
strategic objectives jointly with customer satisfaction. Performance measurement assists the
organization to reveal their exact status of their unsatisfactory performance areas, which
further leads them to make the strategy for organization efficiency and quality improvement
(Bhagwat and Sharma 2007). Though there are many operations intertwined in the success
of organization, since supply chain holds a firm position, hence, emphasize supply chain’s
prominence in organization performance measurement is essential to manage supply chain
throughbalancing the effectiveness alongwith competitiveness. In the process of performance
measurement, performance indicators have strong hands in decision making especially with
the concern of supply chain, where the uncertainties are more common. These quantitative
indices are highly focused to evaluate the current system and also assist the management
in complex situations. (Gunasekaran et al. 2004; Jalali Naini et al. 2011). It is obvious that
each indicator presents a partial view from a specific viewpoint with there being no single
performance indicator to give a total picture of performance measurement, generally, in the
past, companies concentratemore on financial indicators (Rajesh et al. 2012), but recent prac-
titioners and scholars become well aware that solely the financial improvements wouldn’t
serve full beneficiary on organization’s growth, hence the focus slightly shifted from finan-
cial performance to other areas which gives birth to the non-financial and even intangible
indicators in an organization’s performance measurement system (Kaplan 1998).

But contrary to Kaplan, some studies (Cho et al. 2012; Giannakis 2011) argued that the
recent service sectors more focused on monetary growth in each and every aspects of orga-
nizations, which clearly explains the conceptual conflicts exists between the literatures. Also
according to Smith et al. (2007) industrial revolution not only affects the manufacturing sec-
tors but also made an impact on service sectors too. But contrary to that, there are countless
papers are exist in manufacturing operational performance strategies (Neely et al. 2002; Cho
et al. 2012) and comparatively very limited studies (Yasin and Gomes 2010) were focused
on service sector performance. Meanwhile, services cover intangibility and inseparability,
hence it is tough to visualize and amount the service supply chain performance (Cho et al.
2012). However, this lack of literature and complexity on performance measures and mea-
surement in service operations of supply chains urge the researchers to focus to analyze
the performance efficiency of service sector. Though there are some studies exist in ser-
vice sector performance, for an instance, Fitzgerald et al. (1991) proposed six dimensions
of service performance including financial, competitiveness, quality of services, flexibility,
resource utilization and innovation. Parasuraman et al. (1988) suggested five dimensions
including tangibility, empathy, competence, responsiveness, and reliability for service qual-
ity. Gaiardelli et al. (2006) highlighted the reputation of after-sales service in supply chains,
in which they measured financial performance at a strategic level and focused on customer
satisfaction, suppleness and productivity at the operational level. But these existing studies
are merely focused on financial performance and rarely focus on customer relation, but fails
to include the learning objectives and business processes. Hence, this study itself take the
responsibility to explore the service operation supply chain performance with the assistance
of four dimensions, customers, financial, internal business process and learning and growth
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where previous studies were limited. In order to fulfil the aim of the study, this study adapts
two methodologies namely data envelopment analysis (DEA) and balance score card (BSC),
the detailed description on each methodology is as follows.

DEA is a widely recognized mathematical programming method for a frontier analysis
of inputs and outputs that computes the relative efficacy of multiple decision-making units
(DMUs) on the basis of pragmatic inputs and outputs, uttered with diverse sorts of metrics
(Charnes et al. 1978, 1994; Eilat et al. 2008). The perception of frontier analysis recom-
mended by (Farrell 1957) formulates the foundation of DEA. According to Seiford (1996),
DEA in its present form was first introduced by Charnes et al. (1978) and expanded upon by
Banker et al. (1984), who suggested an innovative technique merging transmuting multiple
inputs and outputs into a single effectiveness index (Liu et al. in press). The preliminary
notion of DEA is to amount the efficiency of a specific DMU against a predictable point
in an “efficiency frontier” (Eilat et al. 2008). An efficient DMU has an effectiveness score
of 1. to optimize the relative efficiency score of each DMU, the weights related with the
inputs and outputs of each DMU are processed through mathematical programming. DEA
also can provide evidence on the effect of each input/output on overall efficiency, besides the
amount by which inputs must be reduced and the outputs to be increased to convert inefficient
DMUs to efficient units (Wu et al. 2010). The helpfulness of DEA in assessing multi-criteria
systems and providing development goals for systems are stated in the large amount of its
applications, as discussed by (Eilat et al. 2008).

The application of DEA extending by various commercialists and academicians for both
theoretical formulation and with the intense of several industrial and non-industrial contexts,
including health care (Gouveia et al. 2015; Shwartz et al. 2016), education (Johnes 2006; Qi
2015), manufacturing (Kwon et al. 2016; Li and Lin 2016), retailing (Alves and Portela 2015;
Balios et al. 2015; Zervopoulos et al. 2016), banking (Camanho andDyson 2005; Edirisinghe
and Zhang 2007; Paradi and Zhu 2013; Avkiran 2015; Stoica et al. 2015), management (Lee
and Farzipoor Saen 2012; Mannino et al. 2008; Ji et al. 2015; Azadi et al. 2015), supplier
selection (Liu and Hai 2005; Weber et al. 1998; Azadeh et al. 2016), agriculture (Hong et al.
2015; Zhang 2015) and so on.

A method which enables periodical and organized systems management is the balanced
scorecard (BSC) system suggested and established by Kaplan and Norton (1992a, 1996a).
Kaplan and Norton (1996a) offered four important viewpoints that are required to be well-
adjusted in performance measurement: financial, customer, internal business process, and
learning and development perspectives. In the row, Yuksel and Dagdeviren (2010) develop-
ment a strategic management model through BSC approach by considering both l financial
measures and non-financial measures including customers, in-house business procedures
and learning and development BSC scores as a strategic administration system and enhances
strategic non-financial performance measures to customary financial metrics. It helps exec-
utives and administrators to comprehend the inter-relationships and compromises among
alternative performance dimensions, thereby lead to better decision making and problem
solving (Kaplan and Norton 1996a; Rajesh et al. 2012; Yuksel and Dagdeviren 2010). The
BSC mainly focuses on two key glitches in business organizations: performance measure-
ment effectiveness and the assessment of fruitful execution of an organization’s strategy
(Grigoroudisn et al. 2012). Currently BSC is widely used successfully by a large number
of organizations. Koning (2004) mention that at least 60% of the major administrations in
Fortune 500 group use the BSC methodology for their performance evaluations. Gumbus
(2005) also indicates that, 64% of U.S Companies use BSC methodology for performance
assessment in 2005. There is sign that organizations are progressively accepting BSC in their
long term developments (Jalali Naini et al. 2011).
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Despite widespread use and strengths of the BSC method, many authors have identified
weak points in BSC. For an instance, some researchers stated that in a complex virtual
scenario, without benchmarking exercise, BSC can’t able to classify the inefficiencies in
the time of usage and documentation of resources. Also according to Amado et al. (2012),
the incorporation of DEA with BSC can over loop the limitation of resources inefficiencies.
Hence this study integrate the DEA with BSC in order to measure the service performance,
Initially DEA will be used to analyse the efficiency, in which the inefficient units are sorted
out to make them efficient using BSC.

The remaining sections of the paper are as follows. Section 2 explores the existing litera-
tures in the core filed (performance measurement system) and solution methodologies (DEA
and BSC). Problemwas described in Sect. 3. Sections 4 and 5 discussed the application of the
proposed model in case industry and analysis the result obtained from the study respectively.
Finally, the conclusion of the study along with its limitation and future insights were dealt in
Sect. 6.

2 Literature review

This section consists of three categories, in which one category focused on core field, i.e.,
performance measurement system and other two were focused on solution methodologies,
namely data envelopment analysis (DEA) and balance score card (BSC).

2.1 Performance measurement system (PMS)

Performance measurement system is nothing but the process of measuring the effectiveness
and efficiency of the business actions or even the process or any related target system (Neely
et al. 1995, 1996, 2002). Effectiveness and efficiency are the intertwining terms used in the
performance measurement, in which, effectiveness is the level of meeting the compliance
with customer requirements and efficiency is used to measure the firm’s economic resource
utilization towards improving the satisfaction level of customers. Earlier studies state that a
performance measurement system should enable informed decisions to be made and actions
to be taken as it quantifies the efficiency and effectiveness of past actions, in addition captures
the flavours of organizational performance (Cho et al. 2012). From the review of literature, it
is clearly evident that there is a high correlation between the performance measures and orga-
nizational objectives and strategies, also according to Neely et al. (1997) and Gunasekaran
et al. (2004), through measuring the planning and controlling elements, decision makers can
ensure whether their focused objectives are achieved. According to Amaratunga and Baldry
(2002), a strategic performance management system is one that uses performance informa-
tion to produce a positive change in organizational processes, culture and systems. Gomes
et al. (2004) mentions some of the key characteristics of PMS that includes:

• With the support of the key business success factors, it monitors both financial and non-
financial performances through strategic framework. Follows strategy dynamically and
monitors the business results.

• Measures and related systems are based on organizational objectives, critical success
factors and are customer oriented.

• Long-term strategy, ease to understand and implement worthy.

Many authors (Globerson 1985; Neely et al. 1996; Beamon 1999; Bourne et al. 2000;
Lohman et al. 2004; Kaplan and Norton 2006; Chen 2008; Phusavat et al. 2009; Tan and
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Platts, K.H. Tan, K.W. Platts, 2009; Folan et al. 2007; Franco-Santos et al. 2007) explore the
hypothetical basis of PMS and highlights the necessary of integrating performance measures
with organizational strategy. Several papers (Chan and Qi 2003; Gunasekaran et al. 2004;
Huang et al. 2005; Kroes and Ghosh 2010; Lockamy and McCormack 2004; Shepherd
and Gunter 2006 and Vachon and Klassen 2008; Acar et al. 2010) focused on operational
features of supply chain management, comprising the usage of information systems for
performance measurement and also proposed a process-based systematic perspectives to
account the performance of supply chains.

2.2 Data envelopment analysis (DEA)

Data envelopment analysis (DEA) is a technique to regulate the relative efficiencies of a set of
similar organizational units termed decision making units (DMUs). Generally, the efficiency
of the DMU can be accounted based on the proportion of multiple inputs andmultiple outputs
employed in it. This DEA methodology based on a linear programming model to assess the
relative efficiency of DMUs was established by Charnes et al. (1978) and later extended by
Banker et al. (1984). The original DEA model tried to make the DMU efficient by assigning
favourable weights to inputs and outputs. Data envelopment analysis is a technique that
measures technical efficiency and delivers a means to calculate deceptive efficiency levels
within a cluster of organizations. The efficiency of an organization is calculated, relative to
the groups perceived finest practice.

Researchers in many of arenas have documented that DEA is an outstanding and effort-
lessly applicable methodology to model operational process for performance evaluations,
for an instance, Emrouznejad et al. (2008) reported that since its inception, more than 4000
studies were published under various high referred journals. Such rapid growth in the last
three decades witnessing acceptance of DEA methodology is testimony to its strengths and
applicability. DEA consists of family of models with numerous assumptions on input and
output relations and their properties. An application of DEA and Hybrid DEA in various
fields is addressed by various authors (Srdjevic et al. 2005; Johnes 2006; Chauhan et al.
2006; Andes 2002; Chiou and Chen 2006; Khodabakhshi and Aryavash 2014; Cook et al.
2014; Emrouznejad 2014; Chen et al. 2015; Park and Kim 2016. In particular, Eilat et al.
(2006, 2008) combined DEA and BSC method to evaluate R&D projects. Oral et al. (1991)
used DEA cross efficiencies in combined decision making of portfolio analysis. Zeydan and
Çolpan (2009) used fuzzy TOPSIS (the technique for order of preference by similarity to
ideal soultion) and DEA to measure performance of the air supply and Maintenance Center
in Turkey. Wang et al. (2008) measured production and advertising efficiencies in the printed
circuit board industry using grey relation analysis (GRA) and data envelopment analysis
(DEA) techniques. Sevkli et al. (2007) proposed a hybrid method (DEAHP- data envelop-
ment analysis (DEA) approach embedded into analytic hierarchy process (AHP) for supplier
selection of a Turkish appliance company. In this paper cross efficiency based DEA is applied
on original constant returns to scale model and it is more suitable when evaluating units are
homogenous.

Given a set of ‘n’ units, each functioning with ‘m’ inputs and ‘s’ outputs, let yr j be the
amount of r th output from the DMU j and xi j be the amount of i th input in the j th unit.
Agreeing with the classical DEA model developed by Charnes et al. (1978), i.e. constant
returns to scale (CRS) model, the relative efficiency of a particular unit DMUo is obtained
by the optimal value of the objective function formulated as a linear programming problem
(LPP) for input oriented model is given by
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δ∗ = Max
s∑

r=1

ur yro

s.t.
s∑

r=1

ur yrj −
m∑

i=1

vi xij ≤ 0 j = 1, 2, . . . , n

m∑

i=1

vi xio = 1

ur ≥ 0, r = 1, 2, . . . s

vi ≥ 0, i = 1, 2, . . .m

(1)

2.2.1 Cross-efficiency ranking methods in DEA

Sometimes in DEA, a DMU achieves efficiency by weighting input and a single output,
while the rest are accorded zero weights. This occurs once the DMU is best at one factor and
eventually takes extreme weights. This way of achieving efficiency is prevented by taking
cross-efficiency measures. As an extension to DEA, cross-efficiency evaluation eradicates
idealistic DEAweighting outlines without necessitating prior evidence onweight limitations.
The cross-evaluationmethodwas developed by Sexton et al. (1986) who pioneered ranking in
DEA. The main idea of DEA cross evaluation is noble evaluation instead of self-evaluation.
It eradicates unrealistic weighting schemes and gives aunique ordering of the DMUs. Cross
efficiency assessment has been used in numerous applications. Owing to the advantages
many studies applied with different filed of efficiency analysis, for an instance, nursing
homes efficiency , R&D projects efficiency (Oral et al. 1991) and rank preference voting
(Green et al. 1996).

TheCEmethod computes the efficiency score of eachDMU n times, using optimalweights
appraised by the n LPs. The results of all the DEA cross-efficiencies can be summarized in
a cross-efficiency matrix as shown below

ekj =
∑s

r=1 urkyrj∑m
i=1 vikxij

, k = 1, . . . , n; j = 1, . . . , n

ekj signifies the score given to unit ‘ j’ in the DEA run of unit ‘k’ i.e. unit ‘ j’ is assessed
by the weights of unit k. All components in the matrix are between 0 and 1, 0 ≤ ek j ≤ 1
and elements in the diagonal ekk characterize the normal DEA efficiency score, ekk = 1 for
efficient units and, ekk < 1 for inefficient units. The cross efficiency ranking method in the
DEA background uses the results of the cross efficiency matrix ek j to rank scale the units.

The average cross efficiency score given to unit ‘k’ is

ek =
∑n

j=1 ek j

n

ek is an equivalent or is more representative than ekk , as all the components of the cross
efficiency matrix are considered. Further, the optimal solution obtained by the linear pro-
gramming is not unique. This implies that the weights produced by efficient DMUs in DEA
formulation are arbitrary. Consequently, cross efficiencies obtained could also differ and thus
be misled. To offset this, limitation goal programming techniques can be applied to choose
between finest solutions. Secondary goals may be either aggressive or benevolent formula-
tions. Aggressive formulation assumes that given a choice among several optimal alternative
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solutions, it will choose weights so that its own efficiency rating is maintained and it min-
imizes cross efficiency of other DMUs. Benevolent formulation attempts to enhance cross
efficiency ratings of other DMUs along with its own efficiency.

The linearized surrogate model for benevolent cross efficiency formulation for the DMUo

was established by Doyle and Green (1994) is given by

Max
s∑

r=1

⎛

⎝ur

n∑

j �=o

yrj

⎞

⎠

s.t
m∑

i=1

⎛

⎝vi

n∑

j �=o

xij

⎞

⎠ = 1

s∑

r=1

ur yro − ejj

m∑

i=1

vi xio = 0 j = 1, . . . , n

ejo ≤ 1 for all j �= o

ur and vi ≥ 0

(2)

Aggressive formulation of the cross efficiency model is the same as the above model except
the objective function is to be minimized.

More recently Liang et al. (2008) extended the abovemodel by developing three dissimilar
secondary objective functions to regulate the ultimate cross efficiencies. These three models
which can be applied in diverse situations provide more or less the same solutions. One of
the alternative secondary goals is to minimize the total deviation from the ideal point. The
benevolent cross efficiencies formulation model for the DMUd is given by

Min
n∑

j=1

α′
j

s.t
s∑

r=1

udr yr j −
m∑

i=1

vdi xij + α′
j = 0; j = 1, 2, . . . , n

m∑

i=1

vdi xid = 1

s∑

r=1

udr yrd = 1 − α∗
d

udr , v
d
i , α′

j ≥ 0 f or all i, r, j

where α∗
d is the CCR inefficiency of DMUd

(3)

The model (3) minimizes the sum of inefficiencies. It is naturally attractive in the spirit of all
DMUs trying to take full advantage of their individual performances. As pointed out by Liang
et al. (2008) model (3) is appropriate for cross evaluation when the DMUs are presumed to
be in a non-cooperative and fully competitive mode.

The second approach is minimizing the maximal inefficiency. It maximizes the minimal
efficiency among ‘n’ efficiencies. The resulting efficiencies of the other DMUsmay enforce a
closer value. This attempts to show worst performing DMU under possible light. The model
is given by
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Min θ

s.t
s∑

r=1

udr yrj −
m∑

i=1

vdi xij + α′
j = 0 ; j = 1, 2, . . . , n

m∑

i=1

vdi xid = 1

s∑

r=1

udr yrd = 1 − α∗
d

θ − α′
j ≥ 0, j = 1, . . . , n

udr , v
d
i , α′

j ≥ 0 for all i, r, j

where α∗
d is the CCR inefficiency of DMUd

(4)

The third alternative secondary goal is to lessen variation among efficiencies of DMUs by
minimizing the mean absolute deviation from their mean. This concept is formulated by
Liang et al. (2008) through linear programming.

Min
1

n

n∑

j=1

(a′
j + b′

j )

s.t
s∑

r=1

udr yr j −
m∑

i=1

vdi xij + α′
j = 0; j = 1, 2, . . . , n

m∑

i=1

vdi xid = 1

s∑

r=1

udr yrd = 1 − α∗
d

a′
j − b′

j = α′
j − 1

n

n∑

j=1

α′
j , j = 1, . . . , n

udr , v
d
i , a′

j , b
′
j , α

′
j ≥ 0 forall i, r, j

where α∗
d is the CCR inefficiency of DMUd

(5)

In the models (3), (4) and (5) we obtain ‘n’ optimal weight vectorsW ∗
d = (vd∗

1 , . . . , vd∗
m , ud∗

1 ,

. . . , ud∗
s ), d = 1, . . . , n. The cross efficiency for any DMU j is then calculated for

E j (w
∗
d) =

∑s
r=1 u

d∗
r yr j∑m

i=1 vd∗
i xi j

; d, j = 1, . . . , n

For DMU j the average of all E j (w
∗
d) is

Ē j = 1
n

∑n
d=1 E j (w

∗
d) and this is the cross efficiency score for the DMU j.

These models are used to know the stability of cross efficiency with regard to multiple
DEA weights. These models with their diverse objective functions can be applied under
different environments. An aggressive formulation of the cross efficiency model is as same
as the models 3, 4 and 5 except that objective function is to be maximized.
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Fig. 1 The balanced scorecard (Adopted from Kaplan and Norton Kaplan and Norton 1992b)

2.3 Balanced scorecard concept

The balanced scorecard (BSC) is a performance assessment framework that was initially
developed by Kaplan and Norton (1992a, b, 1996a) after comprehensive research in the early
1990s. They claimed that customary financial measures like return-on investment, revenue
growth and costs give false signals for continuous improvement and present an incomplete
picture of organization performance (Amado et al. 2012; Fu and Yang 2012). According to
many studies (Kaplan and Norton 1996a, b; Grigoroudisn et al. 2012; Wu and Chang 2012;
Amado et al. 2012; Fu and Yang 2012), the BSC is a theoretical framework (shown in Fig. 1)
to convert an organization’s strategic objectives into a set of performance measures within
the consideration of four perspectives namely financial, customer, internal business processes
and learning and growth.

Financial perspective links the company to its shareholders and thosewith a goal of achieving
profitability and financial interest, development in sales revenue and exploiting the wealth of
shareholders (Bhagwat andSharma 2007). Financialmeasuresmention the tangible outcomes
of the company’s strategy, like economic value added, revenue growth, costs, profit margins,
net operating income, etc (Asosheh et al. 2010; Grigoroudisn et al. 2012).

Customer perspective Customers are the vital factor for an organization’s financial accom-
plishments as they generate revenue by buying products/services. Measuring customers view
for performance (in terms of products, services, relationships, etc.) develops a main aspect
of performance measurement, as companies create value through customers (Asosheh et al.
2010).

Internal business process perspective identifies the critical internal processeswhich the orga-
nization must surpass. This assessment emphasizes on internal processes that will have high
influence on customer value proposition, fulfillment and accomplishing an organization’s
financial goals (Asosheh et al. 2010; Grigoroudisn et al. 2012).

Learning and growth perspective: recognizes the infrastructure that an organization must
shape to generate and improve long-termgrowth and future value for stakeholders. Itmentions
the intangible assets of an organization and internal skills and competences for supporting
the value-creating internal processes (Chytas et al. 2011; Grigoroudisn et al. 2012).
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The BSC was widely used in various applications and different management fields like
SCM (Brewer and Speh 2000; Bhagwat and Sharma 2007), e-SCM (Wu and Chang 2012),
R&D project (Eilat et al. 2006), Information technology (Asosheh et al. 2010), e-commerce
(Rickards 2007), ERP (Chand et al. 2005), customer relationship management (Kim et al.
2006), third party logistics service provider (Rajesh et al. 2012) and service industries such as
banking (Beechey andGarlick 1999) hotel (Denton andWhite 2000), healthcare organizations
(Grigoroudisn et al. 2012) and other theoretical and application fields (Bhagwat and Sharma
2007; Chand et al. 2005; Milis and Mercken 2004; Wiersma 2009). To create a BSC more
supple and applicable in diverse contexts, it was integrated with many methods to effectively
evaluate business performance, like the mixture of analytic hierarchy process (AHP) and
analytic network process ANP) (Leung et al. 2006), the fuzzy AHP (Lee et al. 2008), the
fuzzy ANP (Tseng 2010; Yuksel and Dagdeviren 2010), the DEA (Garcia-Valderrama et al.
2009), and the ANP and DEMATEL (Decision making trial and evaluation laboratory) and
ANP.

Although BSC has involved a lot of consideration and is greatly applied by business
organizations, there are several issues that need further research. Numerous authors have
identified limitations of BSC: (Chytas et al. 2011; Amado et al. 2012; Grigoroudisn et al.
2012)

• BSC system is often too general and thus managers may find it difficult to adapt it to the
culture of their organization.

• Aptitude of quantitative measures to describe various aspects of a company’s strategy.
• Analysis based on the BSC may fail to identify inefficiency in resources use.
• Further, it is necessary using a benchmarking exercise for identifying appropriate targets

for each performance measure.
• BSC does not stipulate how compromises are to be made between dissimilar measures

and among the four perspectives.
• Measures in the balanced scorecard are located in a cause and effect chain slightly a

systemic approach, ignoring any feedback loops that exist.
• Measures in balanced scorecard are equally weighed. In reality, comparing measures to

others, approximately measures may be more significant and have superior weight.

3 Problem description

The decision variables respectively, u= (u1…ur….us) and v= (v1…vi…vm) are the weights
given to the ‘s’ outputs and ‘m’ inputs. To attain the comparative efficiencies of all the
units, the model (1) permits great weight flexibility and weights are only limited by non-
negative values. Ten automobile dealers were selected for this research to measure their
service level, to demonstrate how DEA can be effectively used for the analysis and decision
making necessary to provide satisfactory levels for the numerous dimensions that contribute
to automobile dealer’s service quality. To calculate performance efficiency, there should be
inputs and outputs and the aim of the dealer is to maximize output measures that form the
objective function in this application. It has been optional that there is an best level of service
excellence that each dealer ought try to attain. It is clearly known that a better approach to
management of the various dimensions of service quality can lead to good marketing; that is,
the preservation of a well-established business is meeting the customer’s needs and desires.
By getting sufficient information, the same information might be efficiently used to figure
strategic decisions in allocating resources in areas which are inefficient.
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Table 1 Inputs and outputs used in the study

Inputs Outputs

Physical aspects Physical aspects of the automobile
dealers refer to its appearance and the convenience of
its physical layout

Customer perception towards service The level
of facility provided to customers to earn a
reputation

Reliability Reliability is the extent to which the dealer’s
service provides what is promised and when it is
promised

Number of customers serviced per day Ability to
service maximum number of customers

Customer relationship through personal interaction:
relates to the behaviour of the working employees
towards customers

Profit refers to net profit as a percentage of sales

Problem solving the ability of dealers to make service
recoveries

Order processing time refers how the order is
processed by dealers quickly

Policy the extent to which the policy a dealer has adopts
to meet needs of customer

Complaints handled refers to quick handling of
complaints

4 Application of the model in the case study

A survey was conducted at each dealer (ten automobile dealers) from different areas where
customers come for service. Some statements were framed for each input measure and data
obtained from customer based survey. Statements under each input measures are given below.
A Likert scale of 1–7 is used to obtain response data. The input and output related works that
explains dimensions of service quality at the automobile dealers end are shown in the Table 1.
This survey was conducted over a 10 week period in 2012 and targeted an age group of 20
and above. Before commencing this work, the group of targeted respondents were invited
and explained about the importance of survey, survey tools and outcomes of the research,
which may impact on rigid response. The respondents (customers) were contacted through
the assistance of automobile dealers, initially our team approached 200 customers at the rate
of 20 customers from each dealer through mails and telephonic enquires. However, only 110
customers are willing to participate in the survey which is good response rate nearly above
50%.

Physical aspects

• This service centre has modern equipment and fixtures.
• Physical facilities at this service centre are visually appealing.
• This service centre has an orderly arrangement of spare parts.
• The layout at this service centre makes it easy for customers to know the status of their

vehicles.
• The layout at this service centre makes it easy for customers to move around without any

obstruction.

Reliability

• When the service centre agrees to do somewhat in a certain time, it will do so.
• This service centre needs spare parts at any time as replacement, if a problem persists.
• This service centre insists on error-free sales and maintained records.

Customer relationship through personal interaction

• The service personat the centre has good knowledge to answer customer queries.
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Table 2 Service quality
dimensions for inputs

Dealers Input 1 Input 2 Input 3 Input 4 Input 5

1 6.24 6.29 6.10 6.36 6.35

2 6.22 6.28 6.09 6.35 6.32

3 6.24 6.27 6.22 6.33 6.30

4 6.27 6.14 6.08 6.38 6.39

5 6.20 6.26 6.08 6.37 6.34

6 6.25 6.28 6.27 6.29 6.08

7 6.36 6.15 6.18 6.29 6.08

8 6.28 6.19 6.21 6.31 6.49

9 6.24 5.96 6.24 6.31 6.34

10 6.15 6.28 6.09 6.36 6.32

• The attitude of service person in the service centre increases confidence of customers.
• The service centre gives confidence and satisfaction to customers throughvaluable service

and guarantee.
• The service person in the centre gives prompt service to customers.
• The information centre at the service centre provides proper information to customers.
• The service persons are courteous with customers whenever they are asked for help .

Problem solving

• When a customer has any problem, the service centre solves it with sincerity.
• The service centre can handle customer complaints in a timely manner.
• The service centre solves problems as per the procedures and methods.

Policy

• The service centre offers high quality service at low cost.
• The service centre serves at the customers’ convenient times.
• The service centre makes it easy to pay by cheque.
• The service centre makes it easy to pay by a credit/ATM Card
• The service centre provides enough parking place for their customer’s vehicles.

4.1 Dimension level input data

To exemplify the use of DEA, service quality performance inputs have been intended by
first averaging the responses for each service quality item across all the surveys obtained for
a particular dealer. The subsequent dimension level swift measures, for all of the dealers,
included in the study is given in the Table 2.

4.2 Data collection for outputs

Data collected from all for the output measures from the ten dealers is given in the Table 3.

5 Result analysis

Table 4 provides the cross-efficiency score for ten automobile dealers with their ranks using
different cross-efficiency models with the assistance of MATLAB. In order to validate the
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Table 3 Service quality
dimensions for outputs

Dealers Output 1
(SURVEY)

Output 2
(NO.S)

Output 3
(%)

Output 4
(MTS.)

Output 5
(NO.S)

1 7.32 19 6.20 30 11

2 6.50 10 6.14 27 6

3 6.86 11 6.21 34 10

4 6.36 12 5.2 21 14

5 6.20 10 6.10 27 9

6 6.48 27 6.12 25 18

7 8.48 24 8.15 32 19

8 7.46 18 6.75 36 13

9 6.80 13 5.5 29 8

10 7.24 16 7.15 40 9

proposed model, it has been compared with three high cited models developed by Sexton
et al. (1986), Doyle and Green (1994) and Liang et al. (2008) for different approach of
benevolent and aggressive formulations. Table 4 consists of decision making units (automo-
tive dealers) and their cross efficiency score along with their ranks. For an instance, in the
Sexton et al. (1986) model, Column 1 represents the dealers and column 2 and 3 provides
the cross efficiency scores and their corresponding ranks. Likewise the remaining models
were represented with their concluded cross efficiencies and ranks for the relevant decision
making units.

The cross efficiency scores for the 10 dealers were obtained by the Sexton et al. (1986)
model, in which three of the dealers (7, 8 and 10) scores were greater than 0.9, which shows
that those dealers are efficient. Also from the score it is come to know that the efficient dealers
are consistent in different approaches including both benevolent and aggressivemodels.Other
than the above mentioned three dealers remaining dealers are inefficient, hence further it is
need to be analyzing the root cause of the inefficiencies exhibit among the inefficient dealers. It
can analyze by exploring the wastage of resources/facilities/efforts made by the dealers in all
dimensions of operations. Furthermore, the inefficient dealers have to engage in benchmark
practices with efficient dealers, by which the inefficient can easily deal with the weak areas
and possibly improve the management policies and strategies in order to make them efficient.
However, the inefficient dealers were identified from the DEA, now it is time to analyze the
inefficient dealers weak point, i.e., in which dimension (financial, customer, internal business
process, and learning and growth) the inefficient dealers are poorly performing, here it can
achieved through BSC as discussed earlier. Hence, the inefficient dealers are only considered
for BSC along with identifying the measures and objectives of all above mentioned four
perspectives, however the general objectives and measures were already discussed.

Table 5 provides the data for the objectives and measures for the inefficient dealers.
It is better to discuss their inefficiencies under the term of perspectives, for making clear
clarifications. Hence, the dealers are categorized into four groups based on their inefficient
perspectives.
Inefficient dealers: financial perspective

Mostly all the inefficient dealers are efficient in financial perspectives, because most the
undeveloped service firms looking more on financial profit and strategies rather than other
dimensions, hence even these inefficient dealers are make them as efficient in financial per-
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spectives. However, when comparing the dealers, somewhat dealer 5 and 9 are slightly lower
than other inefficient dealers.

Inefficient dealers: customer perspective

From the Table 5, it is observed that the dealers 2, 3, 6 and 9 are inefficient in customer
satisfaction perspective, which was clearly revealed from the customer satisfaction index.
It highlights that the customers are not satisfied with the service of the dealers in some
way, it may include service person behaviour towards customers, lack of prompt delivery,
inaccurate information, time consuming for solving problems, work inexperience, lack of
quick response and lack of good service.

Inefficient dealers: internal business process perspective

It is also observed that dealers 2, 3 and 9 are inefficient in investing new services. Due to lack
of financial support, these dealers are not able to make investment money for new services.
Dealers 1, 2, 5 and 9 are having less number of vehicles compared to the other dealers.
Regarding convenient operating hours, dealers 2 and 6 spend very less time to achieve their
target

Inefficient dealers: learning and growth perspective

It is come to know that the dealers 1, 4, and 5 are inefficient in learning and growth aspect,
based on their scores acquired. It is owing to that they do not have certified personnel in the
working area leading to increase in service time. Due to the lack of learning and experience,
such dealers create a bad impression and they fail to satisfy customers in terms of technical
services. Moreover, training programmes are not conducted as per their plan; consequently
service personnel do not acquire knowledge and enough skills. The lack of training hinder
them to update the technical knowledge relevant to theworking area, however the learning and
growth level has to be constantly improving according to the market innovative fluctuations.
From the above results, it is clearly evident that most of the dealers are inefficient in internal
business process perspective; in above group categorization dealers 1,2,3,5, 6 and 9 are came
under this perspective. Hence, the service dealers need to more focused on business process
related dimensions by formulating various strategies including awareness, training, financial
outreaches and so on.

6 Conclusion

The survival of any industry particularly service sector depends on performance efficiency.
This can be achieved through practicing various healthy strategies includes customer support
and service, low cost innovative products, timely innovation, quality, response time and
inter-functional incentives for continuous improvements. Owing to the interaction of various
operations and strategies in performance efficiency, it became a tough task to evaluate the
organization performance, particularly with the focus of service sectors. Hence, there is need
to develop new set of performance evaluation methods which should apt for contemporary
business environment. Minding the gap, this study established a set of suitable performance
evaluation measures based on DEA and BSC. DEA helped to identify inter-relationships
of the various service quality dimensions as they contribute to an overall level of service
quality. Using different cross-efficiency DEAmodels, and efficiency scores, the performance
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efficiency is obtained for the 10 automobile dealers in this study. DEA weights are not
exclusive and subsequently cross efficiencymay not be exclusive. To overcome this limitation
we used diverse secondary objective purposes to determine ultimate cross-efficiency for
various dealers. Various models give consistent results for all listed inefficient dealers out of
the ten, based on customer view. Once the service level is known, the next step is to maintain
it, if the unit is efficient or to analyze reasons for inefficiency.

Further to rectify inefficiency, a BSC is used to discover weakness of inefficient dealers
in sixteen characteristics based on four perspectives namely; Financial, Customer, Internal
business process and Learning and Growth and the results provide evidence on areas of
improvement. Appropriately constructed, a BSC expresses the story of the business unit’s
strategy. Every selected measurement for a BSC is an component in a chain of cause-and-
effect relationships that interconnects the meaning of the business unit’s strategy with respect
to the perspectives. Finally, this study provides a better framework to assess service perfor-
mance levels of automobile dealers. However, in recent competitive business world, customer
satisfaction is pivotal to survival and this study is helpful for dealers to improve their per-
formance and to increase customer satisfaction levels. Future research in this field should
focus on using regression analysis to define the relative influence of each service excellence
dimension on general service excellence. The regression model will predict the score of the
individual automobile dealers. This information can be used to further improve the service
quality that has the most effect on overall service excellence insight.
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