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Technical Efficiency of Small and Medium Manufacturing Firms in Vietnam: 

A Stochastic Meta-Frontier Analysis 

 

Abstract 

Small and medium-size enterprises (SMEs) play a vital role in the Vietnamese economy; hence 

more understanding of their efficiency is of interest for a variety of various stakeholders in 

Vietnam. This paper estimates technological gaps and identifies factors affecting variations in 

the technical efficiency of SMEs in Vietnam using firm-level survey data in 2008 in a stochastic 

meta-frontier framework. We found that, on average, SMEs can increase their current outputs by 

eight percent using the same quantity of inputs. Firms operating in major cities such as Hanoi 

and Ho Chi Minh City are found to be more efficient and possess better technology. Our 

evidence indicates that most SMEs in Vietnam use relatively low-level technologies, evidenced 

by the higher return from labour and raw materials than that from capital.  
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1. Introduction 

Since the implementation of economic reform in 1986, Vietnam has realized significant 

economic development (World Bank, 2017). The Gross Domestic Product (GDP) growth rate 

has increased from 2.8% in 1986 to 6.7% in 2015 (World Bank, 2017). The GDP per capita 

(adjusted for purchasing power parity) has increased dramatically from US$ 970 in 1990 to US$ 

6,022 in 2015. The poverty headcount ratio, at US$ 1.90 a day (2011 PPP), has decreased from 

49.2% in 1992 to 3.2% of the population in 2012 (World Bank, 2017). These economic 

achievements have been attributed to the contribution of SMEs (CIEM, 2016). However,  

technical efficiency of SMEs has been constrained by restricted business environments (CIEM, 

2016). Improving the operational efficiency of SMEs will be of interest to stakeholders, 

including policymakers, business owners, and employees.  

While the efficiency of SMEs has been investigated extensively in the literature, few 

studies have used a meta-frontier approach to identify the technological differences between 

SMEs. To the best of our knowledge, Verschelde et al. (2016) is the only analysis that has used 

meta-frontier approach to investigate the technological differences between SMEs. However, 

their semi-parametric approach did not report statistical properties for the estimates. A stochastic 

meta-frontier approach can mitigate this issue.  

This paper investigates the technical efficiency of SMEs in Vietnam using a survey of firms 

undertaken in 2008. The stochastic meta-frontier approach introduced by Huang, Huang, and Liu 

(2014) was used to identify the technological differences between SMEs, in rural and 

metropolitan regions. Technical efficiency and its key determinants are estimated. We conclude 

with some policy proposals emanating from our results.   
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2. Literature review 

Analysis of technical efficiency and its determinants has been conducted in many countries. 

Hallberg (2000), Liedholm and Mead (1999), Lundvall and Battese (2000), S. V. Nguyen and 

Lee (2002), Aw (2002), Alvarez and Crespi (2003), Chapelle and Plane (2005) and Ikram, Su, 

and Sadiq (2016) have all analysed technical efficiency and its inputs, including as firm size, in 

developed, developing and transitional economies. However, the results have been 

heterogeneous, due to differences in econometric models, data, variable selection and industries 

analysed. 

 In an analysis focused on developing countries, Hallberg (2000) found that the smallest 

firms were the least efficient. Liedholm and Mead (1999) demonstrated that one-person 

enterprises generate the lowest net returns. In contrast, Alvarez and Crespi (2003) found that the 

smallest firms in the Chilean manufacturing sector, classified as micro, have an average 

efficiency of 67%, which is higher than the 62% estimated for small firms. Chow and Fung 

(1997) reported that the smallest manufacturing enterprises in Shanghai, China (< 100 

employees), have the highest technical efficiency in the electronics and communication 

equipment industry. However, the technical efficiency of joint ventures with more advanced 

technology was not affected by firm size (Chow and Fung 1997). 

An analysis of Taiwanese SMEs by Aw (2002) found that the productivity - firm size 

relationship had an in-built virtuous cycle. As more productive firms grow, their access to 

resources and information increase, which in turn increases productivity. Brada, King, and Ma 

(1997), Chapelle and Plane (2005), and Lundvall and Battese (2000) found that efficiency and 

firm size are positively related. When analysing the technical efficiency of manufacturing 

enterprises in six developing countries, Batra and Tan (2003) found that efficiency increases with 

firm size. However, they discovered a substantial overlap in the distribution of efficiency across 



5 
 

firm sizes; some smaller firms experienced higher levels of efficiency than larger firms. Ikram et 

al. (2016), examined the technical efficiency 70 SMEs in the export-oriented surgical 

instruments cluster of Sialkot, Pakistan from 2012 to 2013, and found widespread technical 

inefficiencies, which was attributed to the sub-optimal provision of indirect inputs, labour, and 

material and energy.  

In addition to size, firm efficiency is influenced by other factors. Batra and Tan (2003) 

found that investment in (i) employee education and training, (ii) new technologies, (iii) 

automation, and (iv) quality control systems, promotes firm efficiency.  Alvarez and Crespi 

(2003), and Batra and Tan (2003), report that small firms are not inherently inefficient. Other 

factors including, age of the firm, business environment, export orientation, location, industry 

and ownership can also affect firm efficiency. However, no consistent correlation between these 

factors and firm efficiency was identified.   

Table 1, summarises factors that affect the technical efficiency of firms located in 

developing countries. For example, both age and size have mixed correlation with efficiency. 

Similarly, business environment, location, industry, and ownership have positive, negative or no 

influence on efficiency. Table 1 also reveals that the stochastic frontier analysis (SFA) was the 

most frequently used technique to estimate firm efficiency.  
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Table 1. Studies of Technical Efficiency in Manufacturing Sectors in Developing Economies 

Study Country; Period; Firms; Industry 
Estimation 
Technique 

Correlation with Efficiency 

Age Size 
Business 

Environment 
Export Ownership 

Alvarez and 
Crespi (2003) 

Chile, 1998, plant survey data, 
1,091 observations of SMEs in all 
industrial sectors 

Data 
envelopment 
analysis 
(DEA) 

     

Aw et al. 
(2001) 

Taiwan, 1981, 1986 and 1991, 
Firm level, Manufacturing 

Index 
number 

(+)     

Aw(2002) Taiwan, 1981, 1986 and 1991, 
Firm level, Manufacturing 

Multilateral 
Index 

  (+)   

Burki and 
Terrell (1998) 

Pakistan, 135 small 
manufacturing firms in 9 
industries 

DEA and 
Tobit 
regressions 

(-)     

Chapelle and 
Plane (2005) 

Ivory Coast, 1995-1996, 4 
manufacturing sectors 

Stochastic 
Frontier 
Analysis 
(SFA) 

 (+)    

Gülbiten and 
Taymaz (2000) 

Turkey, 1987-1997, 
manufacturing 

SFA  (+)     

Hill and 
Kalirajan 
(1993) 

Indonesia, garment sub-sector, 
2250 SMEs in 1986. 

SFA (-)   (+)  

Liu and Tybout 
(1996) 

Chile and Columbia, late 1970s 
and early 1980s; panel data 
covering nearly all plants (>10 
workers) 

Productivity 
indexes 

(+)     

Lundval and 
Battese (2000) 

Kenya, 19931995, 235 
manufacturing firms in food, 
wood, textile and metal sectors 

SFA (0)  (+)    

Margono and 
Sharma(2006) 

Indonesia, 1993 to 2000 with 
firms in food, textile, chemical 
and metal products industries 

SFA (0) (+)    (+) private 

Pitt and Lee 
(1981) 

Indonesia, 50 weaving firms, 
1972-1975 

SFA (-) (+)   (+) domestic 

Roudaut 
(2006) 

Ivory Coast, 1994 and 1995; 
manufacturing firms in 
agribusiness, textiles, wood and 
metal 

SFA   (+)   

Söderbom and 
Teal (2004) 

Ghana, annual panel data, 1991–
1997, manufacturing  

SFA      

Taymaz (2005) Turkey, 1987-1997 period, 
manufacturing industries, all 
establishments with more than 25 
people 

SFA (+)     

 

 
Note:  (+): Positive correlation with technical efficiency 

(-): Negative correlation with technical efficiency 
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The reported technical efficiency of Vietnamese SMEs in previous studies varied 

considerably (see Table 2). Differences can be attributed to data selection, industry choice, 

methods of estimation, or period of observation. For example, studies that use SFA produce 

comparatively higher technical efficiency scores than those using DEA. However, this 

observation may be because DEA results can be biased downward due to the presence of 

outliers.  

Table 2. Studies on technical efficiency of manufacturing firms/sector in Vietnam 

Authors  Year Period  Sample size and industry 
Estimation 
Techniques 

Technical 
Efficiency 

Vu, Quoc Ngu   2003 
1997-
1998 

164 manufacturing SOE2s in major 
cities: Hanoi, Hai Phong and Ho 
Chi Minh City. 

SFA 
78.8% (1997) 
78.9% (1998) 

Nguyen, Thang; To, 
Trung Thanh and Vu, 
Hoang Dat 

2006 
 

1997-
2000 

207 observations in the textiles and 
garments sub-sectors 

SFA 

81.53% 
(textiles) 

79.02 
(garments) 

Nguyen, Khac Minh; 
Giang, Thanh Long 
and Bach, Ngoc Thang  

2007 
2000-
2003 

1,492 observations of SMEs 
SFA and 
DEA 

49.7% (SFA) 
39.9% (DEA) 

Nguyen, Khac Minh 
and Truong, Tri Vinh 

2007 
2000-
2003 

1,000 observations of firms in the 
manufacturing sector 

DEA 47.5% 

Hoang, Viet Ha; 
Carlin Tyrone and 
Pham, Thi Lien 

2007 
2001-
2005 

4,600 observations of 
manufacturing firms 

DEA 
45% - 53% 

(depending on 
sub-sectors 

Tran, Thi Bich; 
Quentin Grafton and 
Tom Kompas 

2008 
1996, 
2001 

608 observations of SMEs in the 
domestic non-state sector,  

SFA 
79.6% (1996) 
86.7% (2001) 

Pham Thai Hung, Dao 
Le Thanh and Barry 
Reilly  

2010 2003 10,759 manufacturing firms SFA 62% 

Le, Viet and Charles 
Harvie 

2010 
2002, 
2005, 
2007 

5,204 observations of SMEs SFA 
84.2% - 
92.5% 

Vu, Hoang Duong 2016 
2009-
2013 

Manufacturing FDI3 firms  SFA 60% 

 

 

                                                            
2
State-Owned Enterprise 

3Foreign direct investment 
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To the best of our knowledge, only Verschelde, Dumont, Rayp, and Merlevede (2016), 

has examined SMEs efficiency using a meta-frontier approach. The performance of 140,595 

firms, from ten manufacturing sectors, located in seven European nations, is analysed using a 

semi-parametric meta-frontier approach. They found substantial and persistent differences in the 

performance and a wide technology gap. The authors also confirmed the absence of a total factor 

productivity convergence between the seven countries, and a wider meta-technology difference, 

for smaller firms. 

The analyses of technical efficiency and its determinants in Vietnam and other 

developing nations have shown that technical efficiency varies by firm size and ownership, and 

industrial sub-sector. Although several studies have examined the technical efficiency, we found 

no research that has investigated the technological differences among Vietnamese SMEs using a 

meta-frontier approach. We fill this literature gap by applying a stochastic meta-frontier 

approach to extend our understanding of the differences in efficiency performance across firms 

in metropolitan and rural areas. 

 

3. Methods 

Meta-frontier 

One of the key assumptions in benchmarking the efficiency of firms is that they are homogenous. 

Therefore, the comparison of the efficiency of firms operating under different technologies can 

be problematic. One remedy for this issue is to construct a meta-frontier that envelops individual 

frontiers of all groups, within which firms operate under a similar technology.  

An SFA approach is selected due to its ability to accommodate random noise and measurement 

errors that are likely to occur with data from a developing country, such as Vietnam. An SFA for 

firm i of group k frontier model is represented by 
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where yi and x1i, x2i and xni represent, respectively, the output and inputs; Vk
i represent random 

noise and Uk
i represents the non-negative (in)efficiency component.  

Based on Equation 1, the group technical efficiency score of firm i in group k is defined 

as 

	 	                                                                                       (2) 

 

O’Donnell et al. (2008) proposed a semi-parametric approach to construct the meta-

frontier by solving a linear-programming problem that minimizes the sum of absolute deviations 

between the group frontier and the meta-frontier, such that the predicted output of the meta-

frontier is greater than or equal to the predicted value of the group frontiers.  
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                                                                                                        (3) 

 

Since the meta-frontier covers all group frontiers, the technical efficiency scores 

estimated by using the meta-frontier are lower than those estimated by using the group frontier. 

In other words, there exists a non-negative distance, also referred to as a meta-technology ratio 

(MTR), between the group frontier and the meta-frontier. 

	 	            (4) 

One disadvantage of a semi-parametric approach is that it does not provide statistical 

properties for the meta-frontier estimates. Huang et al. (2014) mitigated this issue by using a 

stochastic meta-frontier approach. In particular, they argue that since the MTR represents a non-

negative distance between the group frontier and the meta-frontier, the relationship between 

outputs of the two frontiers and MTR can be represented as 
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               (5) 
where Ui denotes the non-negative MTR of firm i. 

In addition, the difference between predicted output ( ) and observed output ( ) of the group 

frontier can be represented as a random noise component ( ):  

                              (6) 
 

Combining Equations 5 and 6 results in a relationship between predicted and observed group 

production as  

                   (7) 
 

It can be seen that the stochastic MTR can be estimated by applying a standard SFA model to 

Equation 7.  

 

Determinants of efficiency 

Factors affecting the operational performance of the firm can be investigated in two ways:  a 

second-stage regression, and an error-component model. Second stage regressions simply regress 

the technical efficiency results obtained from the first stage against a set of exogenous variables 

in the second stage. One main drawback of this approach is that it violates the assumption about 

the independence of the technical efficiency estimates (i.e., that the values of the technical 

efficiency scores of one firm depend on the presence of other firms). The second approach 

assumes that the (in)efficiency component (Ui) can be expressed as a function of a vector of 

exogenous variables and a random error term. In this study, we apply the second approach to 

estimate determinants of efficiency using the Battese and Coelli (1995) model.  
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4. Data and variable selection 

The data were collected from the Survey of Small and Medium Scale Manufacturing Enterprises 

(SMEs) in Vietnam. The survey, conducted every two years, in 10 provinces across Vietnam, 

covers over 2,500 enterprises. It was implemented by collaboration between the United Nations 

University, the University of Copenhagen, and various Vietnamese government agencies (Rand, 

Tarp, Dzung, & Vinh, 2007). The survey population was constructed from the Establishment 

Census in 2004 and the Industrial Survey in 2004-2006. One of the objectives of the survey is to 

identify factors determining the development of Vietnamese SMEs. The survey questionnaires 

cover a wide range of topics from enterprise history to operational characteristics, making it an 

ideal firm-level dataset to examine the efficiency of Vietnamese SMEs. Data collected from the 

recent survey in 2008 were used for our study.  

The dataset contains several measures of outputs, including revenue, value added, and net 

profit. We chose revenue as a measure of output since the other two measures contain negative 

values, violating the assumption that a production function has no negative outputs.   

Input variables are classified into three categories: labour, capital and materials. For 

labour inputs, the dataset contains two possible choices: total real wages and total full-time 

equivalent (FTE) employees4. We chose the number of FTE employees as a measure of labour 

input because the wage bill variable is distorted by different wage rates across firms. Capital 

input is measured using the value of total assets; material inputs are measured using real raw 

material costs and indirect costs. 

The performance of firms may also be affected by firm characteristics and the operational 

environment. In this study, we focus on the age of the firm, and the access to productivity-

enhanced infrastructure such as the Internet, main roads, rails and ports, making five explanatory 

                                                            
4 We also used the wage bills as a proxy for labour input and obtained similar results. 
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variables in all. We expect that age of firms is positively associated with efficiency due to the 

“learning by doing” effects. Similarly, we expect that access to the Internet, main roads, rails and 

ports has positive effects on the performance of firms, as these factors will reduce transaction 

costs and improve productivity. 

The descriptive statistics in Table 3 show that SMEs in Vietnam vary substantially as the 

standard deviations are larger than the means of all inputs and outputs. However, Vietnamese 

SMEs were mostly small and young, with the average of 15 full-time equivalent employees and 

13 years in operation. The majority (66%) of respondents, often the business owners, are male, 

with an average age of 45. Most of the SMEs focus on the domestic market as only 6% reported 

having export activities. The SMEs also reveal a low rate of Internet access (26%), while access 

to essential infrastructures such as road, rails and ports is relatively better, with 78%, 58%, and 

46% respectively.  

Table 3 also reveals that systematic differences in input-output structure and in 

characteristics of SMEs operate between the two largest cities of Vietnam, Ha Noi and Ho Chi 

Minh city, referred to as metropolitan areas, and those that operate in other regions. Overall, 

SMEs in metropolitan areas operate on a larger scale (use more inputs but produce more outputs) 

and have better access to basic infrastructure, with the exception of access to main roads. Thus, 

we assume that metropolitan SMEs operate under a different technology, and hence a meta-

frontier analysis is stratified by metropolitan status.5 

  

                                                            
5 We also use the export status as a proxy for technological difference: the results differ slightly. 
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Table 3. Descriptive statistics 

   Group means Diff 
Variable Descriptions Mean Std. Dev. Non-metro Metro (p-val.) 
Outputs      
Real revenue 2008* 1314.05 4658.27 786.02 2278.56 0.00 
Real total value added 2008 328.24 1019.88 191.10 578.75 0.00 
Real total gross profits 2008 206.32 825.75 112.31 378.02 0.00 
Inputs      
Total number of full-time employees 2008 14.61 28.90 11.15 20.92 0.00 
Real wage bill 2008 121.93 346.45 78.78 200.73 0.00 
Real total physical assets 2008 1138.40 2834.06 732.91 1879.07 0.00 
Real total assets 2008 1338.54 3383.20 871.92 2190.89 0.00 
Real raw materials costs 2008 937.69 3726.80 566.60 1615.52 0.00 
Real indirect costs 2008 64.39 192.22 43.15 103.18 0.00 
Firm characteristics      
Gender of respondent (male=1) 0.66 0.48 0.70 0.58 0.00 
Age of respondent (years) 45 10.45 45.46 43.31 0.00 
Respondent ethnicity 1.07 0.28 1.02 1.17 0.00 
Respondent basic education 4.42 0.83 4.36 4.53 0.00 
Respondent professional education 2.91 1.49 2.68 3.34 0.00 
Export (Yes=1) 0.06 0.23 0.04 0.09 0.00 
Environmental factors      
Internet access (Yes=1) 0.26 0.44 0.18 0.41 0.00 
Age of the firm (years) 13.52 11.34 14.79 11.17 0.00 
Access to main roads (Yes=1) 0.78 0.41 0.78 0.79 0.73 
Easy access to rails (Yes=1) 0.58 0.49 0.54 0.65 0.00 
Easy access to ports (Yes=1) 0.46 0.50 0.41 0.54 0.00 

*Unless otherwise specified, monetary value in this study is expressed in million VND, 1994 prices. 

 

5. Results and Discussions 

The parameters of the production frontiers shown in Table 4 indicate that all four inputs have the 

expected positive sign for firms and that they significantly affect production (except total asset 

for non-metropolitan firms). In addition, both the linear and quadratic forms of labour, materials 

and indirect cost were positive and significant, suggesting that firms surveyed were able to 

increase outputs using more labour, materials and indirect inputs. The coefficients of all inputs 

were less than unity, showing that as inputs increase by one percent, outputs increase by less than 

one percent. Regarding the magnitude of estimated parameters, labour is the most important 

input for firms in metropolitan areas. A 1% increase in labour input results in a 0.5% increase in 
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outputs for firms in Hanoi and Ho Chi Minh City. For firms operating in non-metropolitan areas, 

raw material is the most influential input, with the elasticity of 0.5. Environmental factors, except 

for transportation in non-metropolitan regions, have no significant effects on the production of 

firms. Non-metropolitan firms with access to rail and main road transport produce significantly 

more outputs. Access to the Internet has a positive sign, which may seem counter-intuitive, but 

its effect is significant only at the 10% level for non-metropolitan firms. 

Table 4. Production of firms by metropolitan status 

Variables All firms Metropolitan Non-metropolitan 
Coef. Std. err Coef. Std. err Coef. Std. err 

Inputs       
Log of FTE employee (lx1) ***0.29 0.05 ***0.48 0.11 ***0.29 0.06 
Log of total asset (lx2) ***0.10 0.03 **0.13 0.05 0.03 0.04 
Log of material costs (lx3) ***0.40 0.03 ***0.14 0.05 ***0.47 0.04 
Log of indirect costs (lx4) ***0.40 0.04 ***0.31 0.07 ***0.38 0.05 
(lx1)2 ***0.08 0.02 ***0.19 0.03 *0.03 0.02 
lx1×l2 **0.02 0.01 -0.01 0.01 **0.02 0.01 
lx1×lx3 ***-0.08 0.01 ***-0.13 0.01 ***-0.05 0.01 
lx1×lx4 -0.003 0.01 -0.01 0.02 -0.01 0.01 
(lx2)2 0.002 0.01 ***-0.02 0.01 -0.00 0.01 
lx2×lx3 ***-0.03 0.004 0.00 0.01 ***-0.02 0.01 
lx2×lx4 ***0.01 0.005 **0.02 0.01 **0.01 0.01 
(lx3)2 ***0.19 0.005 ***0.20 0.01 ***0.17 0.01 
lx3×lx4 ***-0.10 0.005 ***-0.08 0.01 ***-0.11 0.01 
(lx4)2 ***0.09 0.01 ***0.07 0.01 ***0.10 0.01 
Constant       
Environment variables 
Log of firm’s age (in years) -2.73 2.03 **-3.10 1.55 -3.17 2.56 
Has Internet access (1=Y) 5.65 3.78 6.36 4.10 *8.91 4.87 
Access to main road (1=Y) *14.04 7.36 4.94 6.95 7.44 6.06 
Access to rail (1=Y) **-17.19 6.77 -0.86 4.25 ***-25.34 8.82 
Access to port (1=Y) *10.09 5.55 5.52 4.40 **14.20 6.94 
Constant ***-43.35 15.23 *-18.17 10.17 ***-38.60 12.20 
v ***1.85 0.29 ***0.78 0.18 ***1.98 0.25 
U ***0.19 0.003 ***0.21 0.005 ***0.18 0.003 
 ***9.31 0.29 ***3.67 0.18 ***11.27 0.25 
 Mean Std Mean Std Mean Std 
Technical efficiency        0.92  0.05        0.96        0.03        0.92        0.05  
N 2655  933  1722  
Note: significant levels are ***=1%, **=5% and *=10% 
 

On average, firms located in metropolitan areas are more efficient than those located in 

non-metropolitan areas, with the average technical efficiency scores of 96% (SD: 3%) and 92% 

(SD: 5%), respectively. In other words, compared with the best practice firms in their respective 
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regions, inefficient firms in metropolitan and non-metropolitan areas can increase outputs by 

four and eight percent, respectively. The t-test reveals that the mean differences in the mean 

technical efficiency scores of SMEs by metropolitan status were significant at 1% (similar results 

are obtained using non-parametric tests). However, direct comparison of operational efficiency 

in the two regions is less relevant, as firms were benchmarked against different frontiers.  

The meta-frontier results presented in Table 5 reveal,  as expected, that technical 

efficiency scores in the meta-frontier are lower than that of the own group frontier. In particular, 

the average technical efficiency of firms operated in metropolitan and non-metropolitan areas, 

compared with that of the best practice firm in the whole sample, is 90% and 80%, respectively. 

The meta-technology ratios (the ratio of meta-frontier and own-frontier efficiency) of firms 

operating in metropolitan and non-metropolitan areas are 96% and 87%, respectively. In other 

words, the gap between regional technology and country-wide technology is closer for firms that 

operate in metropolitan areas. Overall, results from meta-frontier analyses confirm the 

hypothesis that firms in metropolitan areas are more efficient, which may be due to their 

possession of more advanced technology.  

Table 5. Meta-frontier summary 

 Parametric meta-frontier Semi-parametric meta-frontier 
Variable Mean Std. Dev. Mean Std. Dev. 
Metropolitan firms    
Group frontier technical efficiency 0.958 0.033 0.939 0.029 
Meta-frontier efficiency 0.890 0.045 0.902 0.041 
Meta-technology ratio 0.929 0.035 0.961 0.031 
Non-metropolitan firms    
Group frontier technical efficiency 0.922 0.051 0.921 0.049 
Meta-frontier efficiency 0.853 0.066 0.799 0.106 
Meta-technology ratio 0.923 0.050 0.867 0.102 

 

We also conducted a sensitivity analysis with semi-parametric meta-frontier analysis and 

found similar results (see the last two columns of Table 5). Two further sensitivity analyses: 1) 

using the export status as a proxy, and 2) using labour cost instead of FTE employees to proxy 
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for labour inputs, were also undertaken. The results reported in Table 6 show that export status 

may not be a good proxy for technology as the technical efficiency of export firms (91.3%) is 

lower than that of non-export firms (92.6%), with a significant difference at 1%. However, using 

labour cost as proxy for labour resulted in little difference, from that shown in Table 5. 

Table 6. Meta-frontier summary: sensitivity analysis 

 Using export Using labour costs 
Variable Mean Std. Dev. Mean Std. Dev. 
 Export firms Metropolitan firms 
Group frontier technical efficiency 0.913 0.074 0.962 0.033 
Meta-frontier efficiency 0.838 0.099 0.945 0.034 
Meta-technology ratio 0.914 0.058 0.911 0.043 
 Non-export firms Non-metropolitan firms 
Group frontier technical efficiency 0.926 0.044 0.924 0.054 
Meta-frontier efficiency 0.859 0.059 0.941 0.048 
Meta-technology ratio 0.925 0.045 0.872 0.066 

 
6. Conclusions 

This study has examined the determinants of technical efficiency and the technological gaps 

between SMEs in Vietnam across metropolitan and rural regions. We found that firms operating 

in metropolitan areas are more efficient and have access to better production technology. 

However, low technology seems to be the choice of most SMEs in Vietnam, as labour and raw 

materials are the most influential inputs of firms in metropolitan and non-metropolitan areas, 

respectively. Road and rail access positively affects the efficiency of SMEs, but the relationship 

is significant only among those operating in non-metropolitan areas. Access to the Internet seems 

to have a counter-intuitive effect but the relationship has weak statistical evidence (significant 

only at 10% for non-metropolitan firms).  

Several implications for practice and policy can be drawn from our results. First, it is 

important and necessary for the SMEs to upgrade their production technology as they are 

approaching the production frontier with relatively high efficiency scores. The adoption of the 

better technology could help the SMEs to move their production frontier up and become more 
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competitive in the market. Second, developing infrastructure such as rail and road in non-

metropolitan areas is critical for SMEs to obtain raw materials and transport their products. The 

current lack of access to this key infrastructure hinders the performance of SMEs in those areas. 

Future research can compare the performance of different firm types using alternative 

approaches such as distance functions (Ho, Hoang, Wilson, & Nguyen, 2017) and shadow prices 

(Tamaki, Shin, Nakamura, Fujii, & Managi, 2017).  
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