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ABSTRACT 

The paper proposes a non-parametric methodology, data envelopment analysis, for measuring efficiency and produc-
tivity in service delivery systems with capacity constraints. The methodology provides allocation approaches for 
studying behaviors of firm and customers in service delivery strategy. The experimental study is carried out to inves-
tigate allocation behaviors and conduct an objective tradeoff between efficiency approach and productivity approach. 
The experimental result indicates that the efficiency approach allocates resource via maximizing customer efficiency 
rather than firm productivity as in the productivity approach. Moreover, the experiment reveals that there exists an 
objective tradeoff between the efficiency approach and the productivity approach. These findings provide strategic 
options for allocation policy in service delivery systems. 
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1.  INTRODUCTION 

Consumer behavior theory has recognized custom-
ers’ role in the production and delivery of a service. Chase 
(1978) recognized the interaction between the customer 
and the firm, whereas Globerson and Maggard (1991) 
discussed the importance of integrating the production 
role of customers into the design of service delivery 
systems. Sampson and Froehle (2006) stated the pres-
ence of significant customer inputs in service processes. 
Since the customer is regarded as the co-producer (Parks 
et al., 1981; Wikstrom, 1996; Ojasalo, 2003), customer 
efficiency has also influence on firm productivity in ser-
vice delivery systems. 

The earlier researchers have proposed non-parame-
tric frontier techniques for measuring efficiency and 
productivity of decision marking units (DMUs). Data 
envelopment analysis (DEA) was initiated in 1978 when 
Charnes, Cooper and Rhodes (CCR) demonstrated how 
to change a fractional linear measure of efficiency into a 
linear programming format. Based on the original CCR 
model, various theoretical extensions have been devel-

oped. Banker et al. (1984) extended the application of 
DEA so that it could be used in situations where the 
operations are conducted in regions of increasing, con-
stant or decreasing returns to scale. Fare et al. (1992) 
combined the idea of measuring efficiency by Farrell 
(1957) with that of measuring productivity by Caves et 
al. (1982) to develop a Malmquist index of productivity 
change where the production technology exhibits con-
stant returns to scale. Grifell-Tatje and Lovell (1999) 
and Balk (2001) extended the formulation of Malmquist 
total factor productivity (TFP) index for situations where 
the production technology exhibits variable returns to 
scale. Many recent researchers have used the non-para-
metric methodology to measure efficiency and produc-
tivity in service delivery systems. Most previous studies 
measured the Malmquist TFP index with historical pro-
duction set to evaluate productivity change in hospitals, 
universities and banks. However, there are still no stud-
ies that discuss the interrelationship between firm pro-
ductivity and customer efficiency. 

The concept of customer efficiency was first intro-
duced by Xue and Harker (2002), and the DEA method 
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is used to measure customer efficiency in E-shopping. In 
another research, Xue et al. (2007) investigated relation-
ships among customer characteristics (especially, co-pro-
duction efficiency), channel utilization, and firm per-
formance in retail banking. Camanho and Dyson (2006) 
used DEA and Malmquist indices to develop measures 
for comparing groups of DMUs. The measure clusters 
the bank branches in different groups according to their 
managerial strategies and environmental conditions. Fel-
thoven et al. (2009) investigated the presence of hetero-
geneous production, and measured heterogeneous ca-
pacity and capacity utilization. The measure defines ca-
pacity as the maximal feasible output that can be pro-
duced with the given level of technological, environ-
mental and economic conditions. The contribution of the 
previous studies allows extending DEA method with 
capacity constraints to apply the Malmquist productivity 
index as a planning tool in service delivery strategy. 

For that reason, this paper develops output-oriented 
CCR models under the efficiency approach and the pro-
ductivity approach applying the non-parametric meth-
odology. The experimental study on a hypothetical ser-
vice system is carried out to assess allocation behaviors 
of firm and customers in service delivery strategy. In 
addition, the experiment uses the multi-objective parti-
cle swarm optimization (MOPSO) algorithm from Ob-
jective Library for Evolutionary Techniques (ET-Lib; 
Nguyen et al., 2010) to conduct a tradeoff between cus-
tomer efficiency and firm productivity. The remainder 
of this paper is organized as follows: the next section 
focuses on methodology that presents DEA method, 
customer efficiency and productivity index. Section 3 
describes conceptual models under allocation approa-
ches. Section 4 discuses on numerical experiment, and 
finally conclusions are drawn in Section 5. 

2.  METHODOLOGY 

2.1 DEA Method 

DEA is a mathematical programming based on non-
parametric technique that is designed to compare and 
evaluate the relative efficiency of a number of DMUs. 
Since DEA method requires no prior assumption on the 
specification of the best practice frontier, it is a better 
way to organize and analyze data since it allows effi-
ciency to change over time. The advantage of the DEA 
model is that it advises how the unit evaluated should 
mend its behavior to reach efficiency. However, the main 
disadvantage of DEA method is that the frontier is sensi-
tive to extreme observations and measurement errors.  

The DEA model is designed to compare and evalu-
ate the relative efficiency of a number of DMUs. Con-
sider n DMUs to be evaluated, DMUo (o = 1 … n) con-
sumes amounts Xo = {Xoj} of inputs (j = 1 … m) and 
produces amounts Yo = {Yok} of outputs (k = 1 … s). 
Charnes et al. (1978) were first introduced the primal 

CCR model that is used for measuring the efficiency 
( oΘ ) of a particular DMUo as follows: 
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The above primal (multiplier) models are so-called 

input-oriented CCR models. The objective function pre-
sents the ratio of weighted sum of multiple outputs to 
weighted sum of multiple inputs. The constraint states 
that if the weights of a DMU are used for other DMUs, 
their efficiencies should not exceed 100%, in which υoi 
and μok are non-negativity of weights of inputs and out-
puts, respectively. In addition, the fractional program-
ming model is transformed to the linear programming 
model for easy solving. The dual (envelopment) model 
of the linear programming model can be written under 
input-oriented and output-oriented CCR models as fol-
lows: 

 
Input-oriented CCR model: 
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Output-oriented CCR model: 
Max  Θo  
Subject to 
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1
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Θ × − × ≤ ∀ =∑
n

o oj oi ik
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   0,    1λ ≥ ∀ =oi i n  
 
Both CCR models above yield the optimal solution 

Θ*, which is the efficiency score (so-called technical 
efficiency or CCR-efficiency) for the particular DMUo, 
and efficiency scores for all of them are obtained by 
repeating them for each DMUo, o = 1 … n. The value of 
Θ is always less than or equal to unity (input-oriented 
CCR), or greater than or equal to unity (output-oriented 
CCR). DMUo for which Θ* < 1 (or Θ* > 1) are rela-
tively inefficient and those for which Θ* = 1 are rela-
tively efficient, having their virtual input-output combi-
nation points on the CCR frontier. 

2.2 Efficiency and Productivity 

In essence, efficiency and productivity are meas-
ured upon relationships between input and output. Ac-
cording to Haksever et al. (2000), the productivity of a 
unit (firm or customer) is the ratio of its output to input 
used to produce that output, while efficiency is the de-
gree of achievement of a predetermined goal, an optimal 
outcome or the best practice. An efficient firm (or cus-
tomer) is one who spends fewer inputs to produce the 
same amount of or more outputs, or uses the same 
amount of inputs to produce more outputs. As a result, 
the efficiency depends on the performance of the firm or 
the customer, the productivity usually uses in comparing 
performance of units at a given point of time. Mean-
while, productivity index refers to movement in produc-
tivity performance of a firm or customer over time. 

Malmquist TFP index was first introduced by 
Caves et al. (1982), and the method used distance func-
tions in defining the TFP index. Consider n DMUs to be 
evaluated in period t, DMUo (o = 1 … n) consumes 
amount of { }=t t

o ojX X  of inputs (j = 1 … m), and pro-
duces amounts of { }0 =t t

okY Y  of outputs (k = 1 … s). 
The set of production possibilities (technology) of 
DMUo in period t can be written as: 

 
( ){ }, | can produce t t t t tS X Y X Y=         (1) 

 
Fare et al. (1994) followed Shephard (1970) to de-

fine the output distance function in period t and t +1 as: 
 

( ) ( ){ }1 1, inf | ,t t t t t t
oD X Y X Y S= Θ Θ ∈     (2) 
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The subscript o of 

t
oD  is used to denote the output-

oriented distance function. Note that ( ), 1≤t t t
oD X Y  if 

and only if ( ), ,t t tX Y S∈  and ( ), 1=t t t
oD X Y  if and only 

if ( ),t tX Y  is on the frontier of the technology. To de-
fine the Malmquist index, Fare et al. (1994) defined 
distance function with respect to two different time pe-

riods: 
 
( ) ( ){ }1 1 2 1 1 2, inf | ,+ + + += Θ Θ ∈t t t t t t

oD X Y X Y S      (4) 

( ) ( ){ }1 3 3 1, inf | ,+ += Θ Θ ∈t t t t t t
oD X Y X Y S        (5) 

 
The distance function (4) measure the minimal pro-

portional change in output required to make ( )1 1,+ +t tX Y  
feasible in relation to technology in period t. Similarly, 
the distance function (5) measure the minimal propor-
tional change in output required to make ( ),t tX Y  fea-
sible in relation to technology in period t+1.  

Malmquist TFP index captures two important sour-
ces of productivity changes, gains through efficiency 
change and technical change as follows: 
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where the ratio outside the square brackets meas-

ures the change in the output-oriented measure of tech-
nical efficiency between periods t and t+1, and the 
geometric mean of the two ratios inside the square 
brackets captures the shift in technology between the 
two periods t and t+1; this could be called technological 
progress. Thus, 
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Following Fare et al. (1992), the production set is 

known for both periods t and t+1, and the four distances 
which make up Eq. (6) can be estimated via program-
ming techniques. These distance functions are estimated 
from the primal output-oriented CCR models as follows: 

 
The dual (envelopment) model: 
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The primal (multiplier) model:  
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Where, ( )t t t t

oi o1 o2 onλ λ ,  λ , , λ=  is a vector of weights. 
The primal model is used to estimate distance function 
of ( ), .t t t

oD X Y  For the mixed-period cases of ( 1,t t
oD X +  
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 is computed by the following programming mod-
els. 
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Computing ( )1 1 1,t t t

oD X Y+ + +
 and ( )1 ,t t t

oD X Y+
 are 

exactly the same as the above primal models, where t+1 
is substituted by t. 

3.  CONCEPTUAL MODELS 

The allocation models are developed upon combin-
ing the primal CCR model (Charnes et al., 1978) and 
distance functions in defining the TFP index (Fare et al., 
1994), in which the DEA method is extended with ca-
pacity constraints to allocate new resources. 

As mentioned earlier, changes in productivity invol-
ve both efficiency change and technical change. The 
distinction between technical change and efficiency 
change can be made by conceiving the customer as op-
erating in an exogenously determined environment, cal-

led the technology, which is the set of all feasible com-
binations of input and output quantities at a given period 
(Balk, 2001). A customer which allocates resources on 
the boundary of this set is called technically efficient. 
Technical change then means that the set of feasible 
combinations expands or contracts as illustrated in Fig-
ure 1, while efficiency change means that the customer 
moves closer to or further away from the boundary.  

 

Efficiency 
approach

Productivity 
approach

Output
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Input

Productivity

Efficiency
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Efficiency 
CCR frontier

Pareto 
frontier

 
Figure 1. Technical change, efficiency change, and 

productivity change. 

3.1 Efficiency Allocation Model 

The efficiency approach allocates customer reso-
urce (inputs and outputs) within given capacity so as to 
maximize efficiency change. In order to conduct a new 
allocation, constraints of capacity (total inputs-L, and 
total outputs-O) will be added in the primal output-
oriented CCR model as follows: 

 
Efficiency allocation model: 
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(in range of lower bound and upper bound). The objec-
tive function is to maximize efficiency change. This 
function is formulated from Eq. (7) that represents the 
ratio of efficiency scores between periods of t and t+1. 

3.2 Productivity Allocation Model 

The Malmquist TFP index involves both efficiency 
change and technical change. The output-oriented CCR 
model is also employed to measure productivity change 
under the productivity approach as follows: 

 
Productivity allocation model: 
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Where, the objective function is to maximize the pro-

ductivity change. This function is formulated from Eq. 
(6) that involves both the efficiency change and the pro-
ductivity change. 

3.3 Multi-objective Allocation Model 

The question is whether a tradeoff exists between 
the efficiency approach and the productivity approach as 

in Figure 1. The existing tradeoff provides strategic in-
sight on allocation policy in service delivery systems. 
Thus, the multi-objective allocation model is developed 
to conduct an objective tradeoff between the efficiency 
approach and the productivity approach. 
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4.  NUMERICAL EXPERIMENT 

The hypothetical service system under experiment 
has a single channel (c = 1), 5 customers (DMUs) with 
single input and single output with value range of 1 
(lower bound) to 9 (upper bound). The data of the hypo-
thetical system is given as in Table 1. 

 
Table 1. The data of the system with the current allocation 

DMU i Input Xt Output Yt Efficiency score
A 
B 
C 
D 
E 

Total 

1 
2 
3 
4 
6 
16 

1 
4 
6 
5 
7 
23 

2.00 
1.00 
1.00 
1.60 
1.714 

 
 

The output-oriented CCR model is used to measure 
scores of customer efficiency. Figure 2 illustrates a graph 
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for the current allocation. 
The objective of the experiment is to investigate al-

location behaviors under the efficiency approach and the 
productivity approach, and conduct the objective trade-
off between the efficiency approach and the productivity 
approach. The experiment is designed for two main 
cases of the same capacity (total input of 16, and total 
output of 23) and the capacity change (total input of 18, 
and total output of 25). The experiment uses output-
oriented CRR models to measure the efficiency change 
and the productivity change.  

 

 
Figure 2. Illustrated graph for the current allocation. 

 
In order to identify objective tradeoffs (Pareto fronts) 

between the efficiency approach and the productivity 
approach, the experiment uses MOPSO algorithm from 
ET-Lib objective library for evolutionary techniques 
(Nguyen et al., 2010).  

Key parameters of MOPSO algorithm used in ex-
periment are as follows: 

 
• Population size (number of particles) is 50 parti-

cles. 
• Personal/global/local/neighbor acceleration con-

stants (cp/cg/cl/cn) are 1/1/1/1. 
• Number of iteration is 500. 
• The maximal/minimal inertia weights (wmax/wmin) 

are 0.9/0.4. 
 

Movement strategy that is used to identify a set of 
non-dominated solutions (Pareto fronts) is “explore so-
lution space with mixed population of particles” that 
takes advantages of different search strategies in the 
algorithm toward a high quality Pareto fronts (Nguyen 
and Kachitvichyanukul, 2010). 

Table 2 presents the current and new allocations 
under the efficiency approach with the same capacity. 
The experiment result indicates that most of the custom-
ers (DMUs) allocate their resource (X and Y) via im-
proving efficiency score. There are two efficient cus-
tomers (B and C) in the current allocation, but there are 
four efficient customers in the new allocation (new effi-
ciency score equal to 1). It notes that customer B be-

comes inefficient in the new allocation due to efficiency 
score changing from 1 to 1.125. 

Even the new allocation improves almost customer 
efficiency scores with the sum of efficiency change of 
7.20, but technological progress is reduced as in Figure 
3. Slope of CCR frontiers illustrates the technological 
progress for the system with single input and single out-
put. The technical change from the current allocation to 
the new allocation is 0.75. 

Table 3 presents the new allocation under the effi-
ciency approach with the capacity change. The results 
are similar to the resource allocation with the same ca-
pacity. Most customer efficiency scores are increased, 
but technological progress is decreased. Customers B 
and C are efficient in the current allocation, but they are 
inefficient in the new allocation. The technical change 
of 0.75 may cause inefficiency (but not often) of cus-
tomers B and C. It means that if there are no conditions 
in customer behavior (definition of lower bound and 
upper bound), then customers allocate their resource via 
improving the efficiency change rather than the techni-
cal change. 

Table 4 presents the productivity approach for re-
source allocation with the same capacity. Since the ob-
jective function is to maximize productivity change, 
customer resource is allocated so as to maximize the 
productivity change if possible. The experiment indi-
cates that the productivity approach improves technical 
change (4.00) rather than efficiency change (4.70) as in 
Table 6. In fact, the efficiency score of customers may 
be decreased in the new resource allocation. Only cus-
tomers A, D, and E are more efficient with efficiency 
change of 1.75, 1.20, and 1.71, respectively, the remain-
ing customers are worse in both efficiency score and 
efficiency change. It notes that customers B and C are 
efficient in the current allocation, but they are inefficient 
in the new allocation. 

Figure 4 shows the productivity allocation appro-
ach with the same capacity. The increasing slope of new 
CCR frontier reveals that the technological progress 
(technical change) is improved. By observing the cur-
rent allocation and the new allocation, it seems that allo-
cation of customers B and C are improperly (fall in inef-
ficient region). The efficient region is defined by lower 
and upper bounds where new allocation of X and Y are 
non-dominant or better than the current allocation. 

Table 5 presents the new allocation with total input 
of 18 and total output of 25. The productivity change is 
20.86 estimated by product of efficiency change (4.63) 
and technical change (4.50). Table 6 gives the compari-
son of two approaches in terms of efficiency change, 
technical change and productivity change. The effi-
ciency approach allocates resource via maximizing effi-
ciency change (7.20), while productivity approach allo-
cates customer resource on the best way of productivity 
change (18.82). These changes provide firm about cus-
tomer behavior as well as policy feedback. Further, it 
also determines useful boundaries for improving indi- 
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Table 2. Efficiency approach for resource allocation with the same capacity 

DMU i Current Xt Current Yt New Xt+1 New Yt+1 Current efficiency New efficiency Efficiency change
A 
B 
C 
D 
E 

Total 

1 
2 
3 
4 
6 
16 

1 
4 
6 
5 
7 
23 

4 
6 
2 
2 
2 
16 

6 
8 
3 
3 
3 
23 

2 
1 
1 

1.6 
1.714 

- 

1 
1.125 

1 
1 
1 
- 

2.00 
0.89 
1.00 
1.60 
1.71 
7.20 

DMU: decision making unit. 
 

Table 3. Efficiency approach for resource allocation with the capacity change 

DMU i Current Xt Current Yt New Xt+1 New Yt+1 Current efficiency New efficiency Efficiency change
A 
B 
C 
D 
E 

Total 

1 
2 
3 
4 
6 
16 

1 
4 
6 
5 
7 
23 

2 
5 
7 
2 
2 
18 

3 
7 
9 
3 
3 
25 

2 
1 
1 

1.6 
1.714 

- 

1 
1.07 
1.167 

1 
1 
- 

2.00 
0.93 
0.86 
1.60 
1.71 
7.10 

DMU: decision making unit. 
 

Table 4. Productivity approach for resource allocation with the same capacity 

DMU i Current Xt Current Yt New Xt+1 New Yt+1 Current efficiency New efficiency Productivity change
A 
B 
C 
D 
E 

Total 

1 
2 
3 
4 
6 
16 

1 
4 
6 
5 
7 
23 

1 
8 
5 
1 
1 
16 

7 
1 
1 
6 
8 
23 

2 
1 
1 

1.6 
1.714 

- 

1.143 
64 
40 

1.333 
1 
- 

7.00 
0.06 
0.10 
4.80 
6.86 
18.82 

DMU: decision making unit. 
 

Table 5. Productivity approach for resource allocation with the capacity change 

DMU i Current Xt Current Yt New Xt+1 New Yt+1 Current efficiency New efficiency Productivity change
A 
B 
C 
D 
E 

Total 

1 
2 
3 
4 
6 
16 

1 
4 
6 
5 
7 
23 

1 
9 
6 
1 
1 
18 

9 
1 
1 
5 
9 
25 

2 
1 
1 

1.6 
1.714 

- 

1 
81 
54 
1.8 
1 
- 

9.00 
0.06 
0.08 
4.00 
7.72 
20.86 

DMU: decision making unit. 
 

Table 6. Comparison of two approaches in the same capacity (16, 23) 

Efficiency approach Productivity approach 
DMU i Efficiency 

change 
Technical 

change 
Productivity 

change 
Efficiency 

change 
Technical  

change 
Productivity  

change 
A’ 
B’ 
C’ 
D’ 
E’ 

Total 

2.00 
0.89 
1.00 
1.60 
1.71 
7.20 

0.75 
0.75 
0.75 
0.75 
0.75 
0.75 

1.50 
0.67 
0.75 
1.20 
1.29 
5.40 

1.75 
0.02 
0.03 
1.20 
1.71 
4.70 

4.00 
4.00 
4.00 
4.00 
4.00 
4.00 

7.00 
0.06 
0.10 
4.80 
6.86 
18.82 

DMU: decision making unit



A Tradeoff between Customer Efficiency and Firm Productivity in Service Delivery Systems 
Vol 11, No 3, September 2012, pp.224-232, © 2012 KIIE 231
  

 

vidual customer efficiency and firm productivity per-
formance as a whole.  

Figure 5 illustrates non-dominated feasible solu-
tions that represent the objective tradeoff between the 
efficiency approach and the productivity approach, in 
which the efficiency approach and the productivity ap-
proach are two extreme solutions. Since there is an ex-
isting tradeoff between the efficiency approach and the 
productivity approach, it provides managerial indicators 
on allocation policy in service delivery systems. 

 

 
Figure 3. Efficiency approach for the resource allocation. 

 

 
Figure 4. Productivity approach for the resource allocation. 

 

 
Figure 5. The tradeoff between efficiency approach 

and productivity approach. 

5.  CONCLUSION 

The paper extends the DEA method with capacity 
constraints to measure efficiency and productivity as a 
planning tool. The output-oriented CCR models are de-
veloped for studying their behaviors in resource alloca-
tion under the efficiency approach and the productivity 
approach. The experimental result indicates that the ef-
ficiency approach intends to allocate resource by im-
proving customer efficiency rather than firm productiv-
ity as in the productivity approach. Moreover, these al-
location approaches are also extreme strategic allocation 
options, and there exists a tradeoff between customer 
efficiency and firm productivity. The study result con-
tributes strategic insight on allocation policy in service 
delivery systems. The paper also gives some suggestions 
for future researches. First, the paper employs CCR 
models (constant returns to scale) instead of BCC mod-
els (variable returns to scale). Second, the hypothetical 
service system with single input and single output is 
proposed for the experimental study. Thus, future re-
search should conduct scale efficiency and mixed effect 
in allocation models. Finally, it also recommends that 
variable boundaries should be defined to extend the real-
ity of the allocation problem. 

ACKNOWLEDGMENTS 

The authors are grateful to anonymous referees for 
valuable comments which helped improve the overall 
contents and presentation of the paper considerably. 

REFERENCES 

Balk, B. M. (2001), Scale efficiency and productivity 
change, Journal of Productivity Analysis, 15(3), 
159-183. 

Banker, R. D., Charnes, A., and Cooper, W. W. (1984), 
Some models for estimating technical and scale in-
efficiencies in data envelopment analysis, Man-
agement Science, 30(9), 1078-1092. 

Camanho, A. and Dyson, R. (2006), Data envelopment 
analysis and Malmquist indices for measuring 
group performance, Journal of Productivity Analy-
sis, 26(1), 35-49. 

Caves, D. W., Christensen, L. R., and Diewert, W. E. 
(1982), The economic theory of index numbers and 
the measurement of input, output, and productivity, 
Econometrica, 50(6), 1393-1414. 

Charnes, A., Cooper, W. W., and Rhodes, E. (1978), 
Measuring the efficiency of decision making units, 
European Journal of Operational Research, 2(6), 
429-444. 

Chase, R. B. (1978), Where does the customer fit in a 
service operation? Harvard Business Review, 56(6), 



Trinh, Kachitvichyanukul, and Luong: Industrial Engineering & Management Systems 
Vol 11, No 3, September 2012, pp.224-232, © 2012 KIIE 232
  

 

137-142. 
Fare, R., Grosskopf, S., Lindgren, B., and Roos, P. 

(1992), Productivity changes in Swedish pharama-
cies 1980–1989: a non-parametric Malmquist ap-
proach, Journal of Productivity Analysis, 3(1/2), 
85-101. 

Fare, R., Grosskopf, S., Norris, M., and Zhang, Z. (1994), 
Productivity growth, technical progress, and effici-
ency change in industrialized countries, American 
Economic Review, 84(1), 66-83. 

Farrell, M. J. (1957), The measurement of productive 
efficiency, Journal of the Royal Statistical Society 
Series A, 120(3), 253-290. 

Felthoven, R. G., Horrace, W. C., and Schnier, K. E. 
(2009), Estimating heterogeneous capacity and ca-
pacity utilization in a multi-species fishery, Journal 
of Productivity Analysis, 32(3), 173-189. 

Globerson, S. and Maggard, M. J. (1991), A conceptual 
model of self-service, International Journal of Op-
erations and Production Management, 11(4), 33-43. 

Grifell-Tatje, E. and Lovell, C. K. (1999), A generalized 
Malmquist productivity index, TOP: An Official 
Journal of the Spanish Society of Statistics and Op-
erations Research, 7(1), 81-101. 

Haksever, C., Render, B., Russell, R. S., and Murdick, R. 
G. (2000), Service Management and Operations, 
2nd ed., Prentice Hall, Upper Saddle River, NJ. 

Nguyen, S., Ai, T. J., and Kachitvichyanukul, V. (2010), 
Object Library for Evolutionary Techniques ET-Lib: 
User’s Guide, High Performance Computing Group, 
Asian Institute of Technology, Thailand. 

Nguyen, S. and Kachitvichyanukul, V. (2010), Move-
ment strategies for multi-objective particle swarm 
optimization, International Journal of Applied Me-
taheuristic Computing, 1(3), 59-79. 

Ojasalo, K. (2003), Customers’ influence on service pro-
ductivity, SAM Advanced Management Journal, 
68(3), 14-19. 

Parks, R. B., Baker, P. C., Kiser, L., Oakerson, R., Os-
trom, E., Ostrom, V., Percy, S. L., Vandivort, M. 
B., Whitaker, G. P., and Wilson, R. (1981), con-
sumers as coproducers of public services: some 
economic and institutional considerations, Policy 
Studies Journal, 9(7), 1001-1011. 

Sampson, S. E. and Froehle, C. M. (2006), Foundations 
and implications of a proposed unified services 
theory, Production and Operations Management, 
15(2), 329-343. 

Shephard, R. W. (1970), Theory of Cost and Production 
Functions, Princeton University Press, Princeton, 
NJ. 

Wikstrom, S. (1996), The customer as co-producer, Eu-
ropean Journal of Marketing, 30(4), 6-19. 

Xue, M. and Harker, P. T. (2002), Customer efficiency: 
concept and its impact on e-business management, 
Journal of Service Research, 4(4), 253-267. 

Xue, M., Hitt, L. M., and Harker, P. T. (2007), Cus-
tomer efficiency, channel usage, and firm perform-
ance in retail banking, Manufacturing and Service 
Operations Management, 9(4), 535-558.  

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


