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Abstract- Garment manufacturing has a network structure when both outsourcing and in-house manufacturing are 
considered. This paper develops a network DEA model, taking the internal structure of the network system into account, to 
measure the system and process efficiencies at the same time. The efficiency of the system can be decomposed into those of 
the processes, and the inefficient ones can thus be identified. The data of a garment manufacturing firm is used for 
illustration. For the two major operations of the firm, cutting and sewing, the former is less efficient than the latter, although. 
The difference between the efficiencies of in-house manufacturing and outsourcing for cutting is not significant. For sewing, 
in contrast, in-house manufacturing is less efficient than outsourcing. This indicates that, in addition to the lower cost, 
outsourcing is also faster. 
 
Index Terms- out sourcing, in-house manufacturing, data envelopment analysis, efficiency, garment industry. 
 
I. INTRODUCTION 
 
The garment industry requires low investment and 
low-skilled workers, and is thus suitable for 
underdeveloped and developing countries. For 
example, this industry was one of the major ones in 
Taiwan from the post-World War II years to the end 
of twentieth century, with production peaking in 1987. 
However, with increased labor costs, and the 
establishment of the WTO, production in newly 
industrialized economies has become more difficult, 
and has shifted to less developed countries, such as 
Bangladesh and Cambodia. The value of garment 
production in Taiwan in 2004 was only one-half that 
of 1987. In addition, between 2004 and 2012 sales 
dropped from 54.16 billion Taiwan dollars to 2.28 
billion (1 USD 30 Taiwan dollars), shrinking by 
10% each year (Taiwan Institute of Economic 
Research website). As a result, companies in this 
industry have been switching from manufacturing 
cheaper garments to high value-added ones, or 
moving their plants to neighboring countries, such as 
Vietnam, Cambodia, and China. 
 
The production efficiency of garment manufacturing 
must be improved if firms are to be more competitive 
in global markets, and this issue has been addressed 
in several studies (Hill and Kalirajan 1993, Vixathep 
and Matsunaga 2012, Joshi and Singh 2012, Chapelle 
and Plane 2005). All of these studies concentrate on 
the performance of the whole firm. In contrast, in this 
study the focus is on the operation of the processes in 
garment manufacturing, using data from a specific 
firm. The efficiency of each process will thus be 
examined and those that cause inefficiencies in the 
whole production systemwill then be identified. 
 
There are many reasons for a firm to outsource 
production to other firms, with better access to the 
required technology and lower costs being the major  

 
ones, along with others such as capacity restrictions, 
quality, and flexibility (Kaya, 2011). The issue of 
outsourcing versus in-house production has been 
widely discussed in the literature (Linden and 
Josephson 2013, Mokhtari et al. 2012, Yang and Qi 
2010, Zhen 2012). Another objective of this paper is 
to build a model to compare the efficiencies of 
outsourcing and in-house manufacturing. The whole 
idea is illustrated using a garment manufacturing 
company in Taiwan. 
 
II. GARMENT MANUFACTURING 
 
Garment manufacturing is a typical series production 
system. When an order for the design of garment 
comes in, the first process is proofing, in that 
different pieces of cloth that are used to make up a 
garment are arranged on a roll of cloth for cutting, 
such that the waste is minimized. At the same time, 
the cloth for making the garment is inspected to 
ensure the quality of the final product. The inspected 
cloth is then cut into pieces of different shapes 
according to the proof, and these are then sewn 
together to become the garment. Cutting and sewing 
are thus the two major processes in garment 
manufacturing. Some heavy garments may need 
washing after sewing, although this is not required for 
all types. Other products may need particularity 
machining to put on zippers, buttons, or some other 
details and decorations. The last process is ironing, to 
give the product in its final shape. If cutting and 
sewing are carried out efficiently, then the whole 
process will be efficient, since these are the two main 
steps in production. This study thus focuses on the 
operations of these two processes. 
 
For the firm studied in this paper, most orders are 
manufactured in-house, although some orders are 
outsourced, and there are others that are partly 
manufactured in-house and partly outsourced. In 
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order to compare the production efficiencies of 
outsourcing and in-house manufacturing, only orders 
that are both outsourced and manufactured in-house 
are considered in the current work. The system to be 
studied in this paper thus has the structure shown in 
Figure 1. 
 
The product type of each order may be different, 
which requires different levels of effort to 
manufacture. In this firm, each product is given a 
“degree of difficulty” for each process, represented 
by the relative time required by a skilled worker to 
finish one piece of work in that process, compared to 
that required for a standard product. Higher degrees 
of difficulty indicate that the associated work is more 
difficult to do, and thus the value added to the 
product is higher. In this sense, the degree of 
difficulty can be considered as a characteristic of the 
work. Two processes are discussed in this study, so 
there are two degrees of difficulty. However, since all 
the orders discussed in this study have the same 
degree of difficulty for cutting, only that for sewing 
needs to be considered. 
 
For the firm studied in this paper, most orders are 
manufactured in-house, although some orders are 
outsourced, and there are others that are partly 
manufactured in-house and partly outsourced. In 
order to compare the production efficiencies of 
outsourcing and in-house manufacturing, only orders 
that are both outsourced and manufactured in-house 
are considered in the current work. The system to be 
studied in this paper thus has the structure shown in 
Figure 1. 
 
The product type of each order may be different, 
which requires different levels of effort to 
manufacture. In this firm, each product is given a 
“degree of difficulty” for each process, represented 
by the relative time required by a skilled worker to 
finish one piece of work in that process, compared to 
that required for a standard product. Higher degrees 
of difficulty indicate that the associated work is more 
difficult to do, and thus the value added to the 
product is higher. In this sense, the degree of 

difficulty can be considered as a characteristic of the 
work. Two processes are discussed in this study, so 
there are two degrees of difficulty. However, since all 
the orders discussed in this study have the same 
degree of difficulty for cutting, only that for sewing 
needs to be considered. 
 
In sum, the factors that affect the efficiency of each 
order can be classified into inputs (Xi), WIP (Z), and 
outputs (Yr). Cloth and workforce are used for the 
cutting process to produce the WIP, and workforce 
and WIP are used for the sewing process to produce 
the final product. Specifically, these arecloth (X1), 
cutting workforce (X2), sewing workforce (X3), 
work-in-process (Z), garment (Y1), and product type 
(Y2). Orders that use a smaller amount of inputs to 
produce a larger amount of outputs are more efficient. 
In the next section, we will develop a model to 
measure the efficiency of the two processes as well as 
those of the in-house manufacturing and outsourcing. 
 
III. EMPIRICAL STUDY 
 
One approach that has been demonstrated to be 
effective for measuring the relative efficiency of a set 
of production units that apply multiple inputs to 
produce multiple outputs is data envelopment 
analysis (DEA), developed by Charnes et al. (1978). 
Let Xij and Yrj denote the ith input, i=1,…, m, and rth 
output, r=1,…, s, respectively, of the jth production 
unit, j=1,…, n. Kao (2009) developed a relational 
model, which is able to measure the system (overall) 
and process efficiencies at the same time, and can 
also derive the relationships among them.  
 
Regarding the garment manufacturing problem, its 
network structure is depicted as shown in Figure 1, 
where the component processes have been numbered 
for easy reference. The superscript of each variable 
denotes the process it corresponds to. For 
example,X )1(

1X and )2(
1X are the amount of inputX1 used 

by processes 1 and 2, respectively, and )1(
1X + )2(

1X =X1. 
 

 

 
Figure 1. Network structure of the problem. 
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Similarly, we have )1(
2X + )2(

2X =X2, 
Z(1)+Z(2)=Z=Z(3)+Z(4), )3(

3X + )4(
3X =X3, )3(

1Y + )4(
1Y =Y1, 

and )3(
2Y + )4(

2Y =Y2. Note that Z is the work-in-process, 
which is the output of the cutting process as well as 
the input of the sewing process. Therefore, the sum of 
those produced from the two processes of cutting is 
equal to that to be distributed to the two processes of 
sewing. The degree of difficulty is the same for both 
sewing processes, and their sum, Y2, indicates that the 
degree of difficulty from the viewpoint of the system 
is twice that from the viewpoint of the process. Since 
DEA is unit-invariant, the efficiency score will not be 
affected by using multiples of the data in the related 
calculations. 
 
The basic idea of the relational model presented in 
Kao (2009) is to use the same multiplier for the same 
factor, no matter which process it corresponds to. 
Moreover, each process has a constraint requiring the 
ratio of the aggregate output to the aggregate input to 
be less than or equal to 1. The model for the garment 
manufacturing problem is as follows: 

 
 
This model can be linearized. After a set of optimal 
solutions (u*, v*, w*) is obtained, the system (Ek) and 
process ( )( p

kE ) efficiencies, based on Model (1), are 
calculated as: 

 
 
The efficiencies of cutting, C

kE , and sewing, S
kE , 

are their respective ratios of the aggregate output to 

the aggregate input: 

 
 
These two efficiencies can be decomposed into a 
weighted average of those of their respective 
component processes: 

 
 
To find the relationship between the efficiency of the 
system and those of the two operations, cutting and 
sewing, one can add a set of dummy constraints 
“v3X3jv3X3j, j=1,…, n” to Model (1). The dummy 
process is connected in parallel with processes 1 and 
2. This implies that the efficiency of subsystem I, I

kE , 
is: 

I
kE =
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The efficiency of this subsystem can be decomposed 
into a weighted average of those of its two 
components: 
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= )0( + C
k

C E (6) 

where the weights )0(  and C  have a sum of 1. 
The system is composed of two subsystems, I and II, 
connected in series, which, according to Kao and 
Hwang (2008), have a relationship such that the 
system efficiency is the product of the two subsystem 
efficiencies: Ek= I

kE  II
kE . To summarize, we have 

the following relationship for the system and process 
efficiencies:  

 
 
Note that the efficiency of subsystem II, II

kE , is 
equal to that of sewing, S

kE . With this relationship, 
the processes that cause inefficiencies in the system 
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can be identified, and this will be illustrated with an 
example in the next section. 
 
IV. EMPIRICAL STUDY 
 
To examine the difference between the production 
efficiencies of outsourcing and in-house 
manufacturing, data was collected from a garment 
manufacturing firm in Taiwan in 2012, as shown in 
Table 1, where part a is for cutting and part b is for 
sewing. By applying Model (1), different kinds of 
efficiencies are obtained, as shown in Table 2. 
 
The last column of Table 2 shows the overall 
efficiency of the system, and it can be seen that none 
of the orders are efficient, although one is efficient in 
sewing and three are close to efficient in cutting. As 
shown in Figure 1, the system can be decomposed 
into two subsystems, I and II, connected in series. 
Using Equations (5) and (3b), the efficiencies of these 
two subsystems are calculated, as shown in columns 
5 and 8 of Table 2. For each order, their product is 
equal to the efficiency of the system. Using order 1 as 
an example to illustrate this, the product of 0.9999 
and 0.9811 is equal to 0.9810. The efficiency of 
subsystem I looks smaller than that of subsystem II 
for each order. Two processes of subsystem I belong 
to the operation of cutting, whose efficiency can be 
calculated via Equation (3a), and the results are 
shown in column 4 of Table 2. The efficiency of 
sewing is equal to that of subsystem II. 
 

The efficiencies of the four processes can be 
calculated via Equations (2b)-(2e), with the results 
listed in columns 2, 3, 6, and 7 of Table 2. Since 
processes 1 and 2 are the two parallel components of 
cutting and processes 3 and 4 are those of sewing, the 
weighted averages of their efficiencies are the 
efficiencies of cutting and sewing, respectively, with 
the weights defined in (4a) and (4b). Columns 6 and 7 
of Table 2 show the efficiencies of the in-house 
manufacturing (process 3) and outsourcing (process 4) 
of sewing, where the numbers in parentheses are the 
weights of the associated efficiencies. Columns 2, 3, 
and 4 contain the efficiencies of processes 1 and 2 
and their aggregation of cutting, respectively, where 
the numbers in parentheses are the weights of the 
associated process. Similar to the case of sewing, the 
efficiency of cutting is also a weighted average of 
those of its two component processes.  
 
In sum, the network analysis shows that, for this 
garment manufacturing firm, the efficiency of cutting 
is significantly less than that of sewing, with the 
averages of the eighteen orders being 0.7641 and 
0.9511, respectively. For cutting, the difference 
between the efficiencies of in-house manufacturing 
and outsourcing, with averages of 0.7748 and 0.7551, 
respectively, is not significant. For sewing, in contrast, 
in-house manufacturing is less efficient than 
outsourcing, with efficiencies of 0.9337 and 0.9716, 
respectively. 
 

Table 1a. Input and output data of cutting. 
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Table 1b. Input and output data of sewing. 

 
 
CONCLUSION 
 
Garment manufacturing was once an important 
industry in Taiwan, and played a key role in its 
economic development. However, rises in labor costs 
have meant that Taiwanese manufacturers have faced 
a number of difficulties. This paper analyzes the 
efficiency of two major processes in garment 
manufacturing, cutting and sewing, for a Taiwanese 
firm, and obtains the following findings. 
 
The operation of cutting is less efficient than sewing. 
It is thus necessary to focus on cutting in order to 
improve the efficiency of garment manufacturing. 
Interestingly, the operation of cutting is relatively less 
sophisticated than that of sewing, in that different 
garment designs have similar degrees of difficulty. 
Since every order should have a high efficiency score 
close to 1, it is believed that inappropriate setups and 
the need to correctthe resulting mistakes have caused 
inefficiencies in this operation at the focal company. 
 
The major finding of this study is that in-house 
manufacturing is less efficient than outsourcing with 
regard to sewing, while there is no significant 
difference between the two for cutting. Many studies 
have shown that outsourcing is an effective way to 
reduce costs. This paper shows that, in addition to 
lower costs, outsourcing can also be more efficient, in 
terms of working hours and the amount of cloth used. 
This implies that for the focal company outsourcing is 
not only a strategic policy, but one that also has clear 
financial benefits. 
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