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 This paper examines the technical efficiency of small-scale manufacturing enterprises in Vietnam. 
The research uses primary data from a survey from June, 2019 to August, 2019 with 321 
observations of six sub-sectors, including Textile, Garment; Building materials; Vegetable, Fruit 
and Bulb; Manufacture of Steel; Furniture Manufacturing and Food Processing. The research’s 
results show that the mean technical efficiency was 71.26 percent. However, there are considerable 
differences between sub-sectors ranging from 55.97 percent to 95.97 percent. The above mentioned 
results indicate that with the same level of inputs, Vietnamese small size enterprises can increase 
the present level of output by 44.03 percent; 38.05 percent; 30.92 percent; 26.07 percent; 21.05 
percent and 4.08 percent for the sectors of Food Processing, Building Material; Textile, Garment; 
Vegetable, Fruit and Bulb; Manufacture of Steel and Furniture Manufacturing, respectively. The 
estimated results further suggest that manufacturing small-scale enterprise in Vietnam should 
improve their technology, labor quality and the initiative of input materials, especially, the sectors 
of Textile, Garment; Building Materials and Food Processing in order to move the production 
frontier upward as their technical efficiency are maintaining at low level. 
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1. Introduction 
 
 

 

There are the differences in opinion about small size enterprises around the world. However, based on the state of Vietnam’s 
economy and Vietnamese Law of supporting small and medium size enterprises (2017), the Vietnamese government issued 
the Decree to guide enterprises receiving the grants (Decree 39/2018/NĐ-CP, March 11, 2018). This Decree defines that an 
enterprise is small size if it’s registered capital has been less than 10 billion Vietnam dong (VND) (approximately 305,000 
US dollars (USD)) for the Trade and Services sectors; 20 billion VND (approximately 610,000 USD) for the Agriculture, 
Forestry and Fishery sectors; as well as for the Industry and Construction sectors. According to the report of Chamber of 
Commerce and Industry of Vietnam (VCCI) (2019), 98.1 percent of Vietnamese enterprises are small and medium-scale 
(SMEs), in which the number of the small size enterprises was 114.1 thousand, making up 19.4 percent.  

The above-mentioned numbers obviously imply that small size enterprises have held a crucial role in the Vietnamese 
economy, especially in the case of manufacturing enterprises. They made significant contributions in shifting career structure 
through job creation. They also attracted labors from agriculture, invested in niche markets, promoted business and developed 
the production chain (Harvie & Le, 2010). However, despite the fact that the business performance of Vietnamese small-scale 
manufacturing enterprises has had more stability than this of Vietnamese state companies, it has been lower than the business 
performance of foreign-invested enterprises in Vietnam (Le, 2017). There are also a number of challenges to small-scale 
manufacturing enterprises in order to improve their efficiency. Kieu (2019) found that the competitiveness of Vietnamese 
enterprises in general as well as of small-scale manufacturing enterprises in the competitive market has been low and unstable, 
in comparison with foreign companies. The majority of Vietnamese enterprises produce on a small scale, with a limited market 
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share and weak technological potential. In addition, Vietnamese enterprises’ human resource quality has not met the 
requirements, the rate of trained workers is low and the financial resources are limited (VCCI, 2019). Despite of a series of 
policies from Vietnamese government in supporting and promoting the development of Small-scale manufacturing 
enterprises, their business performance still maintains a low growth rate because of weak management and capital generation 
ability (VCCI, 2019). This means that there still exist difficulties for Small-scale manufacturing enterprises in order to raise 
their business performance. Hence, improving the business efficiency of Small-scale manufacturing enterprises is one of the 
priorities of the Vietnamese Government in the current period. 

There are a large number of researches evaluated the technical efficiency in SMEs. For example, Alvarez and Crespi (2001) 
conducted the survey for Chilean manufacturing firms and provided the evidence that small firms were less productive than 
larger ones. These authors also suggested that efficiency was positively associated with the experience of workers, 
modernization of physical capital and innovation in products. In the other hand, Page (1984) illustrated that the average 
experience of the labor force within the enterprise, experience of the entrepreneur, age of the establishment's plant and 
equipment and level of capacity utilization were identified as significant sources of variations in technical efficiency. Another 
research of Yang et al. (2013) carried out the technical efficiency between Outward Foreign Direct Investment (OFDI) firms 
and non-OFDI firms in Taiwan. Their results indicated that technical efficiency of OFDI Firms is higher than that of non-
OFDI firms because of the technological advances. In Vietnam, Vu (2003) examined the technical efficiency of State-Owned 
Enterprises (SOEs) in the three different cities of Ho Chi Minh, Ha Noi and Hai Phong city in 1997 and 1998. The research 
illustrated that there are positive changes of the technical efficiency for these enterprises in 1998 in comparison with 2017. 

Although there are a number of researches studied the enterprises’ technical efficiency in Vietnam, most studies concentrate 
on large-scale enterprises and state-owned enterprises. This paper aims to evaluate technical efficiency of small-scale 
manufacturing enterprises, the sector that received less interest than its importance in the Vietnamese economy by surveying 
321 observations in the northern region of Vietnam. The study’s goal is to evaluate and compare the technical efficiency in 
six different sectors, thereby proposing feasible solutions to improve business performance for these enterprises in the future. 

2. Literature review  

Kinda et al. (2009) compared the firm productive performance in eight manufacturing industries between five Middle East 
and North African economies and 17 other developing countries by using the data from World Bank. They pointed out that 
firm performance discrepancies were explained by the differences in the quality of infrastructures, education of the labors and 
financial cost. Abegaz (2013) studied about the technical productivity for Ethiopian manufacturing areas hiring 10 or more 
employees during the 13-year period and found that the mean efficiency predicts for the mostly region was around 56 percent. 
Meanwhile, Hailu and Tanaka (2015) measured the index of the Ethiopian manufacturing area by using an establishment-
level census panel dataset from 2000 to 2009. Their results suggested that the main problem, common to all the manufacturing 
sectors, would be the powerlessness of companies to operate at the full production ability, which was mainly caused by the 
lack of providing of raw materials. 

Oguchi et al. (2006) conducted the study relating to technical efficiency between large firms SMEs in Malaysian 
Manufacturing. This research’s results showed that these firms’ technical efficiency over the 7-year period, from 1992 to 
1999, was 62.4%. However, this study also indicated that SMEs were less efficient than the large firms in term of industry 
level. Conversely, the SMEs were more efficient than large firms in the Resource−based Industrial Cluster. On the other side, 
Charoenrat et al. (2013) used inefficient technical effect model and stochastic frontier analysis to analyze the technical 
productivity of Thailand’s manufacturing SMEs and key factors which affected it. An analysis about cross-sectional date from 
a 2007 census showed that while the mean of Thai SMEs’ technical productivity was of 87.7%, the weighted average technical 
productivity of their manufacturing SMEs was almost 50%, signifying the technical inefficiency in large scale, which reduced 
these firms’ potential turnouts. The inefficient impact model exhibited that the size, age, skilled labor, ownership 
characteristics and location of firm were firm-specific elements that considerably influenced the technical inefficiency of 
production. This study further found that the key measures to increase Thai manufacturing SMEs’ technical productivity were 
sufficient supply of inputs, access to credit facilities, extended infrastructural development and training programs for staffs. 
Their estimated results not only exhibited that Thailand had to face a strong competition in both domestic and foreign markets, 
but also implied their difficulties in integrating international production. 

There have not been any independent researches focusing on Vietnamese small-scaled firms. However, recently, it has been 
a growing number of studies investigating the technical productivity implementation of SMEs in Vietnam, especially in 
ownership areas and industries. They included: Vu (2003); Rand et al. (2004); Pham et al. (2009); Nguyen et al. (2005); Ha 
and Carlin (2007); Nguyen and Truong (2007); Tran et al. (2008) and Le et al. (2018). These researches investigated technical 
productivity against the best practice manufacture frontier which derived from the respective patterns. Based on a lot of 
datasets covering different periods, they suggested that there has been no firmness in the technical productivity 
implementation of SMEs in Vietnam. 

One of the first researches of Vietnamese firms’ technical productivity was Vu (2003), who concentrated on State-Owned 
Enterprises (SOEs) in three particular cities including Ho Chi Minh, Ha Noi and Hai Phong. The results showed that these 
enterprises obtained a relatively quite high level of productivity in two years 1997 and 1998, reached approximately 79% of 
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the manufacturing frontier. These also suggested a positive change in the technical productivity level in 1998 in comparison 
with the previous year. 

Nguyen et al. (2005) investigated the technical efficiency of forms operating in the textile and garment areas in Vietnam over 
4-year period from 1997 to 2000. Their estimated results exhibited that the technical efficiency level was 79.2% for enterprises 
in the textiles sub-area and 81.5% for ones in the garments sub-zone. Go further, Tran et al. (2008) carried out a research on 
technical efficiency level for Vietnamese manufacturing SMEs in the non-state area. Their results indicated that the technical 
productivity level for these SMEs was 79.6% in 1996, which increased to 86.7% in the following year. 

Nguyen and Truong (2007) used data envelopment analysis (DEA) and found a low level of technical productivity for factories 
in Vietnam, whereas the figure for manufacturing companies during a period of two years, from 2001 to 2003, was only 
47.5%. Similarly, Ha and Carlin (2007) applied DEA to conduct an examination for manufacturing factories in Vietnam from 
2001 to 2005 and found that their technical productivity was in the range of 45-53%, depending on their kind of ownership. 

Other researches on Vietnamese SMEs also indicated similar results. For instance, the study of Rand et al. (2004) revealed 
that the technical efficiency level of Vietnamese manufacturing SMEs was in the same range as that showed in other devel-
oping nations. They used firm survey data conducted in these stages including 1990/1991, 1995/1996 and 2000/2001 and 
exhibited that the technical efficiency was average at about 61%. The earlier study conducted by Tybout (2000) showed that 
Vietnamese manufacturing SMEs are quite efficient with regard to their best practice frontier but it is impossible to conclude 
that manufacturing SMEs in Vietnam are more efficient than their counterparts in developing countries. Pham et al. (2009) 
found the technical productivity level for Vietnamese manufacturing firms at 62% in 2003. Meanwhile, Nguyen et al. (2007) 
used panel data for 1,492 manufacturing factories from firms census implemented in 2000 and 2003 by Vietnam Statistics 
Office (GSO) and exhibited that these firms’ technical efficiency level 39.9% and 49.7% by using the DEA and SFPE ap-
proach, respectively. 

In summary, the evaluation and analyses in technical efficiency and productivity growth in Vietnam as well as in other devel-
oping countries have shown that there is a considerable change of the technical efficiency level across sub-areas within the 
manufacturing region, by the size of firms and the ownership of enterprises. These studies signified that technical efficiency 
of SMEs generally in developing countries and particularly in Vietnam tended to increase, but their technical efficiency still 
maintained at low levels. This was because of the quality of infrastructures, education, skilled labor as well as the limitation 
of financial sources. 

3. Survey data 

This paper’ data was collected from small-scale enterprises located in six different provinces in the northern Vietnam, includ-
ing Thai Nguyen, Bac Ninh, Vinh Phuc, Hai Duong, Quang Ninh and Phu Tho. It covered three areas: the central, the east 
and the west. 321 questionnaires were randomly collected based on the number of businesses situation in sub-sector of each 
province, and all surveyed companies have been operating in the sector of manufacturing, in which 58 enterprises are operating 
in Textile and Garment, 37 Building Materials, 75 Vegetable, Fruit and Bulb, 55 Manufacture of Steel, 42 Furniture manu-
facturing and 54 Food processing. The survey was conducted from June to August 2019.  

Table 1  
Observations by Sub-sectors 

Sub-Sectors Number of Observation Percentage 
Textile, Garment 58 18.07 

Building Materials 37 11.52 
Vegetable, Fruit and Bulb 75 23.36 

Manufacture of Steel 55 17.13 
Furniture Manufacturing 42 13.08 

Food Processing 54 16.82 
Total 321 100.00 

Source: The survey from June to August in 2019 

The paper’s questionnaire chiefly examined the enterprise’s performance and business environment. It included common 
information, infrastructure, sales, degree of competition, capacity, capital, labors, financial background, innovation and tech-
nology. The survey focused on small-scale enterprises that hire more than 5 and less than 50 permanent and temporary work-
ers. To get unbiased predictions of the whole firms and ensure sufficient representation of the model, this research adopted a 
strict stratified incidental sampling, introduced by Asakawa et al. (2010), which takes full account of the business, industry 
and regional differences as above mentioned. In comparison with simple incidental sampling, this study avoids the over-
concentration of samples in secure firms or areas, declines predictive errors and enhances accuracy (Asakawa et al, (2010). 
The study process was divided into two stages: (1) measuring whether the sample company satisfy the standards by phone 
before making an appointment for an official interview and (2) conducting face-to-face ones with executives of the firms. The 
collected data expressed in table 2 indicates that the highest average sales belongs to small-scale manufacturing enterprises in 
the sector of Manufacture of Steel with 17,679 million VND, followed by Food Processing and Building Materials sectors 
with 12,762 and 10,875 million VND, respectively. The figures for enterprises operating in the sector of Textile, Garment and 
the sector of Furniture Manufacturing are lower with 7,545 and 10,622 million VND, correspondingly. Meanwhile, the aver-
age sales of enterprises in Vegetable, Fruit and Bulb sector just reaches 5,893 million VND. 
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Table 2  
Average sales by Sub-secto                                                                                                                           Unit: Million VND 

Sub-Sectors Average Sales SD Max Min 
Textile. Garment 7.545 342 17.984 836 

Building Materials 10.875 984 25.352 2.980 
Vegetable. Fruit and Bulb 5.893 346 7.878 1.786 

Manufacture of Steel 17.679 423 39.571 11.212 
Furniture Manufacturing 10.622 1.021 19.382 4.962 

Food Processing 12.762 1.936 28.324 4.236 
Source: The survey from June to August in 2019 

Table 3 
Average labor by Sub-sectors                                                                                                                                   Unit: Labors                       

Sub-Sectors Average Labor SD Max Min 
Textile, Garment 12 2.109 21 5 

Building Materials 19 4.031 30 8 
Vegetable, Fruit and Bulb 7 1.112 10 2 

Manufacture of Steel 15 2.342 25 7 
Furniture Manufacturing 10 3.329 20 3 

Food Processing 10 3.295 32 3 
Source: The survey from June to August in 2019 

Table 3 shows that the average labor working in Building Materials enterprises is 19 and this number in Manufacture of Steel 
companies is 15, highest among six selected sectors. This should be explained that they are heavy industry sectors so that they 
frequently require a higher number of workers than other sectors. The average labor working in Furniture Manufacturing 
sector and Food Processing sector is equal with about 10 labors per enterprise, in comparison with 12 labors of Textile, 
Garment sector and 7 labors of Vegetable, Fruit and Bulb sector. 

 
Table 4 
Average capital by Sub-sectors                                                                                                                      Unit: Million VND                       

Sub-Sectors Average Capital SD Max Min 
Textile, Garment 4.436 342 10.845 861 
Building Materials 6.834 984 17.342 2.030 
Vegetable, Fruit and Bulb 3.096 346 6.008 1.236 
Manufacture of Steel 12.672 423 37.161 5.302 
Furniture Manufacturing 3.890 1.021 9.022 1.403 
Food Processing 7.766 1.936 19.240 3.006 

Source: The survey from June to August in 2019 

Table 4 illustrates that Steel enterprises require a higher amount of capital than others. The average capital for each Manufac-
ture of Steel firm is 12,672 million VND. The Food Processing and Building Material enterprises also require a relatively 
high amount of capital with 7,766 and 8,834 million VND respectively. Meanwhile, the average capital amount for each 
Vegetable, Fruit and Bulb company is much lower with 3,096 million VND. 

Table 5 
Average Value of Intermediate inputs by Sub-sectors                                                                                   Unit: Million VND                       

Sub-Sectors Average Value of Intermediate inputs SD Max Min 
Textile, Garment 3.126 312 11.158 1014 

Building Materials 5.443 1.080 12.095 3.137 
Vegetable, Fruit and Bulb 2.616 416 9.886 1.861 

Manufacture of Steel 11.128 521 29.614 4.929 
Furniture Manufacturing 2.281 991 8.936 952 

Food Processing 8.239 2.162 21.140 3.942 
Source: The survey from June to August in 2019 

Intermediate inputs consist of raw materials and fuels which are used for production.  Table 5 shows that the average values 
of intermediate inputs of Manufacture of Steel and Food Processing enterprises are the highest with 11,128 and 8,239 million 
VND, respectively, followed by Building Materials and Textile, Garment sectors with 5,443 and 3,126 million VND, respec-
tively. These figures for Vegetable, Fruit and Bulb and Furniture Manufacturing enterprises are significantly lower with above 
2,000 million VND. 

4. Methodology 

Productivity and efficiency illustrate the economic appearances of every company performance. The development of produc-
tivity and efficiency is the most important growth as it concentrates on growth quality. That is reason why theoretical and 
empirical works on enterprise performance concentrate on determining firm efficiency (Storey, 1990). Meanwhile, average 
labor productivity had been used as a method of efficient analysis until Farrell (1957) found a measurement to determine 
efficiency. His framework gets an efficient production frontier which is the output that an excellent efficient enterprise could 
obtain from any given combination of inputs. In his framework, the implementation of a productive unit will be determined 
against that efficient frontier (Farrell, 1957). 
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Fig. 1. Technical and Allocative Efficiency 

The logic of Farell's efficiency method is shown in figure 1. With stable returns to scale, the isoquant YY’ is the efficient 
production frontier. The minimum set of inputs per unit of output to produce a unit of output is illustrated by the isoquant. 
Each element of inputs along the isoquant is investigated as technically efficient, whereas any point on the right and above it, 
such as point Q, is showed as technically inefficient. The technical efficiency level is performed by OR/OQ in the above 
graph. Meanwhile, the allocative efficiency of manufacturer at point Q is displayed as the ratio of OS/OR. In this case, the 
objective of cost minimization is the isocost-line CC’. Therefore, the technical and allocative efficient point is R’. The total 
efficiency (which is also called economic efficiency) is balanced to OR/OQ × OS/OR = OS/OQ (Murillo-Zamorano, 2004). 
According to Kalirajan and Shand (1999), a determination of technical efficiency in the i-th enterprise can be defined as: 

*/i iTE Y Y  (1) 

where iY and *
iY are actual and optimum output, respectively. Eq. (1) is a simple way used to determine technical efficiency. 

The actual output can be seen in this one. However, the maximum potential output is not recognizable and must be predicted. 
A ratio of one in the above equation shows that the enterprise is technically efficient and operates on the production frontier. 
A series of methods have been constructed for investigating production frontier. Several researchers widely classified them 
into two main frameworks: stochastic frontier analysis (SFA) and data envelopment analysis (DEA) (Kalirajan & Shand, 
1999; Kumbhakar & Lovell, 2003; Murillo-Zamorano, 2004; Coelli et al., 2005). The SFA is a parametric measurement, 
which uses an econometric technique by defining a stochastic production function which considers that the failure item is 
composed by two components. The first factor is the typical statistical noise which exhibits randomness. The second one 
shows technical efficiency which is generally considered in the literature to follow a one-sided distribution (Kumbhakar and 
Lovell, 2003; Murillo-Zamorano, 2004). This framework has the benefit that statistical noise and incidental variation of the 
frontier across enterprises can be differentiated from inefficiency by specifying parameters in the error term (Alvarez & 
Crespi, 2003; Murillo-Zamorano, 2004). On the other hand, the DEA is a non-parametric measurement, which does not dis-
tinguish between statistical noise and technical efficiency. Thus, it is considered as a non-statistical measurement as the inef-
ficiency scores and the envelopment surface are calculated rather than evaluated. The DEA is flexible in the sense that it is a 
nonparametric method that does not ask any functional form assumptions. The non-parametric technique is often connected 
with DEA that is based on a mathematical model to evaluate the optimal level of output conditional on the quantity and mix 
of inputs (Murillo-Zamorano, 2004).  A comparison of DEA and the SFA is shown in Fig. 2.  

 
Fig. 2. SFA Frontier and DEA Frontier 
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Aigner et al. (2007), Meeusen and Van den Broeck (2007), and Battese and Corra (2007) further developed the stochastic 
frontier production model independently and simultaneously. In this model, they proposed a composed failure term that cap-
tures the impacts of exogenous shocks beyond the management of the analyzed units in supplement to technical efficiency. 
The model’ errors are also achieved in the output and observation estimations. This study conveys the stochastic frontier 
production function to estimate technical efficiency of small-scale manufacturing enterprises in Vietnam. The first reason is 
that there is the disassociation of the incidental variation of the frontier cross firms, the impacts of determination failure and 
other incidental shocks from the impact of inefficiency. The second cause for this is that the capability of the stochastic frontier 
measurement considers both elements beyond the management of the enterprise and firm-specific factor. It is thus more ap-
propriate for reality. The generalized functional equation in the Cobb-Douglas case of the stochastic production function can 
be specified as:  

. , 1,...,i i i iY x V U i N     (2) 

where 
Yi   is the production (or the logarithm of production) of the i-th firm. 

xi is a k ×1 vector of (or transformation of) the input quantities of the i-th firm. 

β is a vector of unknown parameters. 

Vi are random variables that are assumed to be independently and identically distributed (iid) as N (0, σ2
v). 

Ui are non-negative random variables, which are considered to account for technical inefficiency in production and to be iid 
as N (0, σ2

u). It is considered to be half-normal, exponential and truncated from below at zero. The maximum likelihood can 
be applied to check the coefficients of the aloft production function. The likelihood function is described in terms of the 
variance parameters of the frontier function: 

σ2 = σ2
v + σ2

u and γ = σ2
u/ σ2 (3) 

where σ2
v is the variance of noise and σ2

u is the variance of inefficiency effects. If the value of σ2 is equal to zero, then Ui is 
also zero which means the firms are fully efficient, γ value is from one to zero. The deviations from the frontier are blamed 
for stochastic error if the γ value is zero. By contrast, they are due to technical inefficiency if its value is one. A software 
package that is the most generally applied to predict the random production frontiers in the literature is FRONTIER 4.1, which 
was established by Coelli (1996). The software program includes three prediction stages. The first stage is Ordinary Least 
Squares (OLS) estimating of the production function which supplies unbiased predictors for all the β excluding the intercept. 
The OLS forecast is then applied as starting value to predict the final maximum likelihood model. The next stage implements 
a two-phase grid search of the likelihood function value that is predicted for different values of γ with the β parameters derived 
in the OLS. The third and final steps determine the final maximum likelihood estimates (MLE) with an iterative Davidon-
Fletcher-Powell algorithm. This step applies the β's value from the OLS and γ value from the intermediate stage as beginning 
values (Coelli, 1996). There are some selections of functional forms for the frontier of production. The most general functional 
forms for the random frontier production function are the Cobb-Douglas production function and the Transcendental-loga-
rithm (Translog) production function. A hypothesis examination is carried out to choose the functional form of the random 
frontier production function: 

H1
0: β4=β5=β6=β7=β8=β9=0   (4) 

Table 5  
Generalized Likelihood Ratio Test for Functional Form 
Null Hypothesis: H1

0: β4=β5=β6=β7=β8=β9=0 (Production function is Cobb-Douglas) 
 LR Statistics x2 0.95 Value Decision 

Textile, Garment 72.32 17.26 Reject H1
0 

Building Materials 243.36 17.26 Reject H1
0 

Vegetable, Fruit and Bulb 353.78 17.26 Reject H1
0 

Manufacture of Steel 106.53 17.26 Reject H1
0 

Furniture Manufacturing 163.91 17.26 Reject H1
0 

Food Processing 98.42 17.26 Reject H1
0 

Source: Author’s calculation 

The test results are shown in Table 6 which exhibited the Translog specification is suitable for this research. The Translog 
random production function can be described as bellow equation: 

Ln Yi = β0 + β1lnKi + β2lnLi + β3lnMEi + β 4(lnKi)2 + β 5(lnLi)2 + β 6(lnMEi)2 

                    + β7 lnKi lnLi + β8 lnKi lnMEi + β9 lnLi lnMEi + Vi + Ui 

(5) 
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where: 

Yi = Output of enterprise i 

Ki = Value of Capital of enterprise i 

Li = Labor input of enterprise i 

MEi = Value of Intermediate inputs for enterprise i 

Vi = Random error in which vi ∼ N (0, σ2
v) 

Ui = Technical Inefficiency in which ui ∼ N (μi, σ2
u) 

Capital: A number of capital input measurements have been applied in many empirical researches. For instance, Hossain and 
Karunaratne (2004) identified capital input as the gross fixed assets aggregated from book values such as machinery, tools, 
office equipment, transport, land and buildings. 
Labor: The number of workers is general as a determination of labor input (e.g., Hossain and Karunaratne, 2004; Sehgal and 
Sharma, 2011). This research revealed that labor was similarly determined by the total of permanent as well as temporary 
workers. 
Intermediate inputs: Similar to Lundvall and Battese (2000) and Aggrey et al. (2010), this study applied the aggregated value 
of starting materials, fuels like oil, charcoal and electricity for energy. 
The second line of Eq. (5) contains the squared terms of the input elements, whereas the third line describes the interaction 
terms among the inputs. 
5. Results and discussions  

This part describes the estimated results obtained for the aggregate manufacturing small-scale manufacturing enterprises and 
individual sub-sectors. The result description also includes the comparison between technical efficiency levels for the sub-
sector and other studies about Vietnam as well as other countries. The comparison further serves illustrative purpose, where 
in technical efficiency is predicted following the best respective actual frontier, which is not the same across countries, indus-
tries, time, sizes of enterprises or types of ownerships. In addition, empirical studies have different sample sizes and use 
different proxies for their output and input variables, depending on the data availability. This makes a comparison of results 
with other studies even more futile or questionable. 

Table 7 
Estimated Frontier Production Function 

 Textile, Garment Building Materials 
Coeff S.E Coeff S.E 

Constant β0 2.305 3.495 -1169.609 1480.636 
K (Capital) β1 1.108 1.482 1002.469 1329.019 
L (Labor) β2 0.325 0.737 -63.146 55.895 

M (Intermediate inputs) β3 -0.328 0.597 57.848 49.137 
K2 β4 0.070 0.001 -245.833 315.025 
L2 β5 0.069 0.209 -0.874 0.420 
M2 β6 0.002 0.008 -1.601 0.718 

K×L β7 -0.219 0.270 26.895 27.108 
K×M β8 0.100 0.276 -14.430 17.911 
L×M β9 0.010 0.031 1.677 0.808 
Sigma – square (σ2) 0.010  0.235  

Gamma (γ)   0.580  0.430  
Log likelihood 0.118  -19.817  

 
Table 7 
Estimated Frontier Production Function (continued) 

 Vegetable, Fruit and Bulb Manufacture of Steel 
Coeff S.E Coeff S.E 

Constant β0 -532.735 284.544 -14.641 90.574 
K (Capital) β1 134.794 189.817 34.401 18.895 
L (Labor) β2 13.252 8.345 0.751 8.298 

M (Intermediate inputs) β3 40.355 12.560 7.771 13.156 
K2 β4 -0.488 37.002 9.910 2.444 
L2 β5 -0.203 0.113 1.008 0.501 
M2 β6 -0.750 0.317 0.291 0.562 

K×L β7 -2.357 2.429 -2.323 2.062 
K×M β8 -6.973 3.384 1.542 1.722 
L×M β9 -0.152 0.268 -1.532 0.619 
Sigma – square (σ2) 0.235  0.305  

Gamma (γ)   0.810  0.860  
Log likelihood -25.027  -23.632  
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Table 7  
Estimated Frontier Production Function 

 Furniture Manufacturing Food Processing 
Coeff S.E Coeff S.E 

Constant β0 425.841 351.742 -332.889 219.347 
K (Capital) β1 183.289 177.241 104.915 97.022 
L (Labor) β2 16.203 18.377 -41.908 37.311 

M (Intermediate inputs) β3 10.724 20.351 65.775 44.340 
K2 β4 -8.573 31.890 -7.709 15.247 
L2 β5 -0.241 0.252 -0.142 0.975 
M2 β6 0.188 0.345 -1.086 1.491 

K×L β7 -4.327 4.705 11.546 10.838 
K×M β8 -6.190 7.884 -15.468 11.116 
L×M β9 0.173 0.456 0.858 2.238 
Sigma – square (σ2) 0.546  0.703  

Gamma (γ)   0.920  0.900  
Log likelihood -28.395  -44.144  

Source: The outcome from production function is tested by DEAP software 

Table 7 briefly shows the estimated frontier production function results of the prediction data from June to August, 2019. 
Manipulating production theory for the stochastic frontier production model, three inputs including Output (Y), Capital (K) 
and Labor (L) are described in Eq. (5). The coefficients for capital are significant and positive for all cases, which illustrates 
that capital is a vital factor in production for manufacturing small-scale enterprises in Vietnam.  

Hence, it is suggested that the capital is adequately supplied and managed in time for production and the business needs have 
significant impact on the business performance as well as the existence and future development of the small-scale manufac-
turing enterprises in Northern Vietnam. However, capital mobilization is just only one step of firms’ production and operation, 
which is more important and decisive than capital mobilization is the effective allocation and use of capital. Therefore, enter-
prises must take measures to use and expand their business capital effectively to develop and gain the advantages in the fierce 
market competition.  

Similarly, the coefficients for labor and intermediate inputs are also significant and positive in many cases. This indicates that 
labor and material play an important role in production for small size firms in Vietnam. The estimated results also suggest 
that Vietnamese small-scale manufacturing enterprises significantly rely on labors and intermediates to increase their output. 
However, the labor reliance could exert difficulties for these firms because Vietnamese labor tends to look for opportunities 
from big companies, especially labors with high qualifications (International Labor Organization, 2018). At the same time, 
many small-scale manufacturing enterprises depend on raw material from the Chinese market, which thus sometimes causes 
obstacles for their production (Vu & Thi, 2019). As the consequences, these firms should move up their value chain and 
improve their competitive capacity based on improving their business efficiency. They should focus on imposing proper 
policies, including salary, bonus and other supports for their employees. Simultaneously, they also should be proactive in 
domestic raw material sources for their long-term plans instead of heavily relying on imported intermediate inputs.  

In the case of Building materials and Food processing sectors, the estimated results indicate that labor is insignificantly neg-
ative. The survey results show that employees working in these firms have low qualifications. For example, labors in Building 
materials and Food processing sectors is 0.8 years of education lower than Textile, Garment sector. Meanwhile, the require-
ment of qualification and education for these jobs should be higher this in Textile, Garment enterprises (Tran, 2008). Addi-
tionally, the number of employees in Building materials and Food processing enterprises is redundant, and some of them do 
not meet the business requirement. The study’s results suggest that small-scale enterprises in Building materials and Food 
processing sectors should build proper strategies as well as policies to improve their labor’s productivity throughout short-
term training courses. Similarly, the estimated coefficient of Intermediate inputs is insignificantly negative in the case of 
Textile, Garment Enterprises. This is explained that these enterprises frequently use local workers who tend to change job, 
and their managers thus have passive to organize and plan intermediate inputs for production, compensating for spending time 
to train the new workers. Therefore, this has negative impacts on the efficiency of enterprises. 

In estimated frontier production model, the maximum likelihood estimates also supply forecasts of the variance parameters 
sigma-squared (σ2) and gamma (γ) (Aigner et al., 2007). The first variance parameter, σ2, describes whether there is technical 
inefficiency or not. The second variance parameter, γ, determines whether all deviations from the frontier are due to stochastic 
error or technical inefficiency.  

Table 7 shows that all the variance parameters in the estimated stochastic production functions are statistically significant in 
the cases that technical inefficiency is detected. Moreover, the σ2 parameter is significantly different from zero, ranging from 
0.010 to 0.703. This suggests that all firms are not technically efficient. The value of the other variance parameter, γ, ranges 
from 0.430 to 0.92, indicating that technical inefficiency describes 43.00 percent to 92.00 percent of the all variation from the 
frontier. As shown in Table 8, Vietnamese small-scale manufacturing enterprises have operated at the different levels of 
technical efficiency. The mean technical efficiencies of sectors range from 55.97 percent to 95.92 percent. The Food Pro-
cessing and Building Materials sectors have the lowest average technical efficiency level of 55.97 percent and 61.95 percent, 
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respectively. As the above mention, the insignificantly negative coefficient of Labor in Food Processing and Building Mate-
rials frontier functions implies that labors in Food Processing and Building Materials enterprises have not affected production 
efficiency. Meanwhile, the Furniture Manufacturing sector has the highest average technical efficiency with 95.92 percent. 
This result is similar to the research of Harvie and Le (2010). Because Furniture Manufacturing enterprises tend to use simple 
technology in their production, they could easily reach the best practice frontier. The average technical efficiency of Manu-
facture of Steel and Vegetable, Fruit and Build sectors also reached 78.95 percent and 73.93 percent correspondingly, reflect-
ing that although the technical efficiency of these enterprises is higher than this of Textile, Garment, Building Materials and 
Food Processing enterprises, they have not effectively used their resources. 

Table 8  
Average Technical Efficiency 

Sectors Number Average 
Furniture Manufacturing 42 95.92 

Manufacture of Steel 55 78.95 
Vegetable, Fruit and Bulb 75 73.93 

Textile, Garment 58 69.08 
Building Materials 37 61.95 
Food Processing 54 55.97 
All Enterprises 321 71.26 

Source: Author’s calculation 

The distribution of technical efficiency is large in Furniture Manufacturing sector. There are five Furniture Manufacturing 
firms have technical efficiency higher than 80 percent, and the remaining are under 70 percent in technical efficiency. Mean-
while, the technical efficiency of firms in Textile, Garment, Building Materials and Food Processing sectors is also lower than 
70 percent. In aggregate, the average technical efficiency of small-scale manufacturing enterprises in in this study is 71.26 
percent. This figure is lower than the technical efficiency level of 78.9 percent predicted for state-owned manufacturing com-
panies in Vietnam in 1998 (Vu, 2003). However, it is higher than Vietnamese SMEs’ technical efficiency level in the study 
of Nguyen et al. (2007), who found that this level was only 50 percent for manufacturing SMEs cross all kinds of ownership 
in Vietnam. It is also higher than the technical efficiency level of Vietnamese manufacturing firms of different ownership 
forms and sizes, which was 62 percent (Pham et al. 2009). The estimated results further show that Vietnamese manufacturing 
small size firms can decrease the level of inputs by 28.74 percent to gain the same level of output. 

The estimated technical efficiency level found in this study is also higher than the mean technical efficiency of Malaysian 
manufacturing SMEs during 1992-1999, which was 62.33 percent (Oguchi et al., 2006). This also higher than the mean 
technical efficiency of the best actual frontier in developing countries, which ranged from 60 percent to 70 percent (Tybout, 
2000). In the opposite side, the average technical efficiency of northern Vietnamese small-scale firms is lower than this level 
of Thailand’s industries, which was of 87.7 percent (Wiboonchutikula, 2002). This study’s estimated results might suggest 
that the northern Vietnamese small-scale manufacturing enterprises operate more efficiently than the average level of SMEs 
in developing world. However, this study focuses on firms in six provinces, it is impossible to conclude that Vietnamese 
small-scale enterprises are more efficient than their counterparts in other countries.  

Table 9a 
Frequency Distribution of Technical Efficiency Level 

TE Range (%) Furniture Manufacturing Manufacture of Steel Vegetable, Fruit and Bulb 
No (%) No (%) No (%) 

<0.30 0 0.00 0 0.00 1 1.33 
0.30 – 0.40  0 0.00 0 0.00 0 0.00 
0.40 – 0.50  0 0.00 0 0.00 1 1.33 
0.50 – 0.60 0 0.00 1 2.70 8 10.67 
0.60 – 0.70 0 0.00 2 5.41 14 18.67 
0.70 – 0.80 0 0.00 18 48.65 24 32.00 
0.80 – 0.90 5 8.62 16 43.24 24 32.00 
0.90 – 1.0 53 91.38 0 0.00 3 4.00 

Total 58 100 37 100 75 100 
Source: Author’s calculation 

Table 9b  
Frequency Distribution of Technical Efficiency Level 

TE Range (%) Textile, Garment Building Materials Food Processing 
No (%) No (%) No (%) 

<0.30 1 1.82 3 7.14 9 16.67 
0.30 – 0.40  0 0.00 4 9.52 6 11.11 
0.40 – 0.50  9 16.36 6 14.29 5 9.26 
0.50 – 0.60 4 7.27 5 11.90 11 20.37 
0.60 – 0.70 9 16.36 6 14.29 7 12.96 
0.70 – 0.80 17 39.91 4 9.52 6 11.11 
0.80 – 0.90 12 21.82 9 21.42 2 3.70 
0.90 – 1.0 3 5.45 5 11.90 8 14.81 

Total 55 100 42 100 54 100 
Source: Author’s calculation 
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Tables 9a and 9b show that the majority of enterprises in the aggregate sample as well as in the sub-sector samples reached 
above 50 percent of technical efficiency. However, there are still a large number of enterprises having low efficiency. Typi-
cally, many enterprises in Building Materials and Food Processing sectors have the estimated technical efficiency less than 
30 percent. For example, there were nine firms in Food Processing sector and three firms in Building Materials sector, ac-
counting for 16.67 percent and 7.14 percent, respectively. The survey shows that there are many small-scale family firms in 
this region in a traditional way, in which the firm owners play various roles in their operation. For example, they are the 
directors caring about production, searching markets, etc. They also work as employees and as the foster sister who takes 
responsibility for looking for accommodation, water, and pick-up workers. Besides, there are some other issues as adminis-
trative procedures and informal charges. Therefore, this exerts negative influences on their enterprise's performance in general 
and efficiency in particular. 

6. Conclusion 

Manufacturing small-scale enterprises not only make considerable contributions to the state and local economies but also 
significantly address the unemployment and poor-skill labors in Vietnam’s provinces. Although there are some previous re-
searches discussing Vietnamese SMEs and across the world, no studies have focused on analyzing technical efficiency for 
small-scale enterprises. This paper has addressed the gap and evaluated the economic performance of small-scale manufac-
turing enterprises in the northern Vietnam by using primary data from a survey, conducted from June to August, 2019. By 
examining a stochastic frontier production function with 321 observations of small-scale manufacturing enterprises in six 
different provinces in Vietnam, the paper has empirically analyzed these enterprises’ technical efficiency performance. Over-
all, the paper’s estimated results have shown that they operate at a moderate level of technical efficiency. The results also 
indicate that the technical efficiency level of small-scale enterprises was lower than that found by (Vu, 2003) and Harvie and 
Le (2010). Meanwhile, this level was higher than that examined by Tybout (2000), Tran et al. (2008) and Pham et al. (2009). 
However, the technical efficiency of the sub-area has had a significant difference. While the technical efficiency for firms in 
the Furniture Manufacturing sector was at quite high level with 95.92 percent, Manufacture of Steel and Vegetable, Fruit and 
Bulb sectors were at moderate level with above 70 percent and three remaining sectors reached below 70 percent, even Food 
Processing sector was only 55.97 percent.  

The results suggest that Vietnamese small-scale enterprises should improve their technology, employee quality and the initi-
ative of input materials, especially in Textile, Garment, Building Materials and Food Processing sectors in order to move the 
production frontier upward as their technical efficiency has maintained at a low level. More productive technology and the 
better production frontier will allow these enterprises to avoid potential risks such as labor intensive, low skill employees as 
well as low value-added trap. Furthermore, small size enterprises in these regions need to make better use of their resources 
to increase output from the current level of inputs. The difference in technical efficiency levels across sub-sectors suggests 
that obvious policies should be increased for each sub-sector. However, better human capital, which can meet the rapid alter-
ation in the economy of Vietnam, is the key importance for a better technical efficiency implementation of small-scale enter-
prises. Therefore, skillful labor recruitment is an important strategy to help these enterprises overcome existing problems 
today.  

References 
 
Abegaz, M. (2013). Total factor productivity and technical efficiency in the Ethiopian manufacturing sector. EDRI Working 

Paper 10, Ethiopian Development Research Institute, Addis Ababa, Ethiopia. 
Aggrey, N., Eliab, L., & Shitundu, J. (2010). Human capital and labor productivity in East African manufacturing firms. 

Current Research Journal of Economic Theory 2(2), 48-54. 
Aigner, D. J., Lovell, C. A. K. & Schmidt, P. (1977). Formulation and estimation of stochastic frontier production function 

Models. Journal of Econometrics 6(1), 21-37. 
Alvarez, R. & Crespi, G. (2003). Determinants of technical efficiency in small firms. Small Business Economics, 20(3), 233-

244. 
Asakawa, K., Nakamura, H., & Sawada, N. (2010). Firms' open innovation policies, laboratories' external collaborations and 

laboratories' R&D performance. R&D Management, 40, 109–123. 
Battese, G. E., & Corra, G. (1977). Estimation of a production frontier model with application to the pastoral zone of eastern 

Australia. Australian Journal of Agricultural Economics, 21(3), 167-179. 
Coelli, T. (1996). A Guide to FRONTIER Version 4.1: A Computer Program for Frontier Production Function Estimation. 

Centre for Efficiency and Productivity Analysis, Department of Econometrics, University of New England, Australia. 
Coelli, T., Rao, D. S. P., & Battese, G. E. (2005). An Introduction to Efficiency and Productivity Analysis. New York: Springer. 
Farrell, M. J. (1957). The Measurement of Productive Efficiency. Journal of the Royal Statistical Society. Series A (General), 

120(3), 253-290. 
Ha, V. H., & Carlin, T. (2007). Ownership Structure and Determinants of Efficiency in Vietnam’s Industrial Sector, 2001-

2005. Paper presented at the International Conference on Global Research in Business and Economics. December 27-29, 
First Hotel in Bangkok, Thailand. 

Harvie, C., & Le, V. (2010). How do Vietnamese SMEs perform? Technical efficiency of SMEs in the manufacturing sector 
and its sub-sectors. Korea and the World Economy, IX, 1-37. Korea: The Association of Korean Economic Studies, Uni-
versity of Incheon. 



H.L. Dinh et al. / Management Science Letters 10 (2020) 3443

Hossain, M.A., & Karunaratne, N. D. (2004). Trade liberalisation and technical efficiency: Evidence from Bangladesh man-
ufacturing industries. The Journal of Development Studies, 40(3), 87-114. DOI: 10.1080/0022038042000213210  

International Labor Organization, 2018, Labour and social trends in Vietnam 2012 – 2017. Available online at 
https://www.ilo.org/wcmsp5/groups/public/---asia/---ro-bangkok/---ilo-hanoi/documents/publication/wcms_626102.pdf 

Kalirajan, K. P., & Shand, R. T. (1999). Frontier production functions and technical efficiency measures. Journal of Economic 
Surveys, 13(2), 149-172. 

Hailu, K. B., & Tanaka, M. (2015). A “true” random effect stochastic frontier analysis for technical efficiency and heteroge-
neity: Evidence from manufacturing firms in Ethiopia. Economic Modelling 50, 179–192. 

Kieu, T. T, (2019). Situations and solution to improve the competitiveness of Vietnamese enterprises in the current develop-
ment period. Industry and Trade Magazine (in Vietnamese). Available at: http://www.tapchicongthuong.vn/bai-viet/thuc-
trang-va-giai-phap-nang-cao-nang-luc-canh-tranh-cua-doanh-nghiep-viet-nam-trong-giai-doan-hien-nay-63621.htm. 

Kinda, T., Plane, P., & Véganzonès-Varoudakis, M. A. (2011). Firm productivity and investment climate in developing coun-
tries: How does Middle East and North Africa manufacturing perform. The Developing Economies 49(4), 429–62. 

Kumbhakar, S., & Lovell, C. A. K. (2003). Stochastic Frontier Analysis. Cambridge U.K.: Cambridge University Press. 
Le, A. V. (2017). Innovating policies to support small and medium enterprises to improve competitiveness. Institute for Brand 

and Competitiveness Strategy – BCSI. 
Le, V., Vu, X. B., and Nghiem, S. (2018). Technical efficiency of small and medium manufacturing firms in Vietnam: A 

stochastic meta-frontier analysis. Economic Analysis and Policy, (59), 84-91. 
Lundvall, K., & Battese, G. E. (2000). Firm size, age and efficiency: Evidence from Kenyan manufacturing firms. The Journal 

of Development Studies, 36(3), 146-163. DOI: 10.1080/00220380008422632 
Meeusen, W., & Van den Broeck, J. (1977). Efficiency estimation from CobbDouglas production functions with composed 

error. International Economic Review, 18(2), 435-444. 
Murillo-Zamorano, L. R. (2004). Economic efficiency and frontier techniques. Journal of Economic Surveys, 18(1), 33-77. 
Nguyen, K. M., Giang, T. L., & Bach, N. T. (2007). Technical efficiency of the small and medium manufacturing enterprises 

in Vietnam. The Korean Economic Review, 23(1), 187-221. 
Nguyen, K. M., & Truong, T. V. (2007). A Non-parametric Analysis of Efficiency for Industrial Firms in Vietnam. The 

Publishing House of Social Labor, 1-30. Hanoi, Vietnam. 
Nguyen, T., To, T. T., Vu, H. D.,& Oostendorp, R. H. (2005). Productivity Analysis for Vietnam’s Textile and Garment 

Industry. Viet Nam Economic Research Network (VERN) - Phase I. Institute for Market and Price Research, Hanoi, Vi-
etnam. 

Oguchi, N., Karim, A. A., & Amdzah, N. A. (2006). Productivity of Large Firms and SMEs of Malaysian Manufacturing. 
Tokyo, Senshu University. 

Page, J. M. (1984). Firm size and technical efficiency: Applications of production frontiers to Indian survey data. Journal of 
Development Economics 16, 129-152. 

Pham, H. T., Dao, T. L., & Reilly, B. (2009). Technical efficiency in the Vietnamese manufacturing sector. Journal of Inter-
national Development, Early Online View, Published Online: 14 Jun 2009. 

Rand, J., Tarp, F., Nguyen, H. D., & Dao, Q. V. (2004). Documentation of the Small and Medium Scale Enterprise (SME) 
Survey in Vietnam for the Year 2002, Hanoi, Vietnam. 

Sehgal, S., & Sharma, S. (2011). Total factor productivity of the manufacturing sector in India: a regional analysis for the 
State of Haryana. Economic Journal of Development Issues, 13,97–118.  

Storey, D. J. (1990). Firm Performance and Size in Acs, Z. J. and Audretsch, D. B. (Eds.) The Economics of Small Firms: A 
European Challenge. Dordrecht and Boston: Kluwer Academic Publishers: 43-50. 

Charoenrat, T., Harvie, C., & Amornkitvikai, Y. (2013). Thai manufacturing small and medium-sized enterprise technical 
efficiency: Evidence from firm-level industrial census data. Journal of Asian Economics 27, 42–56. 

Tran, T. B. (2008). Productivity, Efficiency and Institutions: Economic Reforms and Non-state Manufacturing Firm Perfor-
mance in Vietnam. Crawford School of Economics and Government. Ph.D. thesis. Canberra, Australian National Univer-
sity. 

Tran, T. B., Grafton, R. Q., & Kompas, T. (2008). Firm efficiency in a transitional economy: Evidence from Vietnam. Asian 
Economic Journal, 22(1), 47-66. 

Tybout, J. R. (2000). Manufacturing firms in developing countries: How well do they do, and why?. Journal of Economic 
Literature, 38(1), 11-44. 

Vu, Q. N. (2003). Technical efficiency of industrial state-owned enterprises in Vietnam. Asian Economic Journal, 17(1), 87-
101. 

Vu, T. H., & Phuong, T. (2019). Changes in Vietnam - China trade in the context of China’s economic slowdown: Some 
Analysis and implications. VNU Journal of Science: Economics and Business. 35.10.25073/2588-1108/vnueab.4229. 

Wiboonchutikula, P. (2002). Small and medium enterprises in Thailand: Recent trends. Small Business Economics, 18(1-3), 
213-226. 

Yang, S. F., Chen, K. M., & Huang, T. H. (2013). Outward foreign direct investment and technical efficiency: Evidence from 
Taiwan’s manufacturing firms. Journal of Asian Economics 27, 7–17. 

Vietnam Chamber of Commerce and Industry (VCCI), 2019. Report of Vietnam Chamber of Commerce and Industry (VCCI), 
2019. Available at: https://en.vcci.com.vn/report-on-summary-and-evaluation-of-recommendations-settlement-of-the-
business-community-for-the-period-2016-2019 



 3444

                                

 

 
© 2020 by the authors; licensee Growing Science, Canada. This is an open access article distrib-
uted under the terms and conditions of the Creative Commons Attribution (CC-BY) license 
(http://creativecommons.org/licenses/by/4.0/). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


