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Abstract

This research evaluates the impact of ICT on the technical efficiency of firms in 63 provinces and cities in Vietnam. We
apply to use the DEA method in which we use the variable return to scale to evaluate because firm sizes in 63 provinces
are different. At the same time, this method aims to minimize input factors without reducing output factors to measure
technical efficiency. This result that is used a binary variable in the logit regression model to identify factors that have an
impact on technical efficiency, especially the ICT factor. The research results show that only nearly 10% of the provinces
could be technically efficient in business activities. Provinces with sustainable performance and efficiency all depend on
influencing factors such as equity ratio, labor productivity, market size, investment, and especially the ICT factor keep
increasing over the years and fluctuate around a pretty high level. On the other hand, for the group of unsustainable and
ineffective provinces, these variables tend to decrease and fluctuate around at a low level. The research shows that factors
in labor productivity, equity ratio, market size, investment, and ICT all have a positive impact on a firm’s performance in
63 provinces and cities of Vietnam. Therefore, firms that want to enhance their efficiency need to have strategies to
improve the factors mentioned above. Moreover, the local government needs to improve the ICT index to help to
increase their local Enterprises’ efficiency.

Keywords: Enterprises in vietnam; Technical efficiency; ICT index.

1. Introduction

Information and Communication Technology (ICT) has led to changes in production processes and business
management. The fourth industrial revolution was developed on the basis of the third revolution, combining
technological elements together, thereby blurring the boundaries between physics, digital and biology. In particular,
the development of ICT has become an important factor and the foundation of the fourth industrial revolution for the
economy. Various economic and social activities have been applied to the use of ICT in the internet environment
such as e-commerce (e-commerce), sharing economy (Uber, Grab, ...). The core elements of digital in the industrial
revolution 4.0 will be: Artificial Intelligence and Artificial Interlligence and Machine Learning - Internet of Things -
Big Data and Cloud computing. From there, it can be said that the strong development of social networking has
changed the method and way of doing business in many different fields and industries of the enterprise and has
shown the influence of ICT on the economic activity. Information and communication technology (ICT) is being at
the core of all business activities of enterprises, from practical activities of social life to the most complex activities.

The rapid development of technology has resulted in traditional products and services being gradually replaced
by more and more modern products and services. Therefore, technology innovation and ICT application are
indispensable part of the business strategy of enterprises. Changes in the business environment have made
enterprises increasingly dependent on ICT for competitive advantage and improving their performance (Apulu and
Moreton, 2011; Yunis, 2018). According to Assoc. Prof. Dr. Vu Minh Khuong (Ly Quang Dieu School of Public
Policy, National University of Singapore) (2019), ICT is and will make a great contribution to economic growth.
However, the application of ICT in production and technological innovation to increase productivity is not a simple
matter due to the limited human, resource and material resources of our country. Another reason is that our country
is being in a development process as well as most of the current enterprises are small and medium-sized enterprises.
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Previous studies have shown that ICT adoption in SMEs is slower than in other firms (Ntwoku et al., 2017). The
application and use of information technology are the fundamental foundation for the existence of small and
medium-sized enterprises (Parker and Castelman, 2007). Previous studies have shown that ICT investment
enterprises will have a large impact on their operational productivity (Barua-Kriebel-Mukhopadhyay, 1995). In
general, studies on the impact of ICT on business technological efficency are still very rare. The application of ICT
in small and medium-sized enterprises may be different from larger ones (Haug, 2011; Lucchetti and Sterlacchini,
2004). Research by Dang Thi Viet Duc (2019), assessing the impact of information and communication technology
on Vietnam's economy through analysis, synthesis and comparative methods are used to analyze more clearly about
the impact of ICT on the economy. Research by also assesses the impact of information and communication
technology on Vietnam's economy, quantifies the impact of ICT on the Vietnamese economy through the 10 model.
However, the research papers are still at the macro level of the economy, the industry group is the main. Therefore,
the results of the study still show clearly not yet how ICT will affect SMEs as well as they are in different regions.
Assoc. Prof. Dr. Tram Thi Xuan Huong - MSc. Dang Thanh Ngo (2012) with the topic "The impact of technology
on banking income diversification - suggesting the development trend of fintech - banking in Vietnam" by linear
regression method through table data with data from 24 Vietnamese Commercial Banks. The limitation of this study
is only to mention the banking sector.

Vietnam is in the process of economic development and digital transformation, but the level of investment as
well as interest in each province is different, so the impact results are also different. Studying the impact of ICT on
technical efficiency of businesses operating in 63 provinces nationwide plays an important role in policy review, as
well as in assessing sustainable effectiveness.

2. Literature Review

Roberto Alvarez and Gustavo Crespi (2001), in a research paper on “Determinants of Technical Efficiency in
Small Firms” aimed at analyzing and evaluating the technical efficiency of small businesses using DEA method to
estimate measure efficiency. The input variable used is labor, fixed capital and the output variable is total sales. The
results of the study have shown that the effects are positively reflected in the human factor, increased investment in
production and product innovation. Roghieh Gholami et al. (2004), in his research on “ICT and Productivity of the
manufacturing industries in Iran” used data from 22 Iranian manufacturing industries from 1993 to 1999 to evaluate
the impact between ICT and productivity. The study uses panel data to determine the positive impact of investing in
ICT on productivity, the results of the study show that the positive side of investing in ICT contributes to
productivity increases is the intangible form of capital such as labor skills and tangible capital form is investment in
ICT. Same point of view on Phillip Koellinger is that it is stated that ICT innovation is positively related to revenue
growth and productivity in enterprises. According to him, the positive effects of ICT are more likely to occur for
firms conducting innovation and for firms with high labor skills. Research also shows that ICT has been changing
dramatically in many important structures of the economy. This promotes the competitiveness in relation to the
prices of products and services.

On the other hand, Rafi and Muhammed (2008) of Sultan Qaboos University assessed the impact of ICT on the
performance of small and medium enterprises (SMEs) in Oman. Research data obtained from more than 50 SMEs
surveyed. The results of the study have shown that only a small number of SMEs demonstrate the benefits of
applying ICT in their business operations. However, there are some limitations such as the majority of ICT
management is outsourced, human resources and some policies are limited. Since then, the research paper offers
reasonable solutions to improve the use of ICT in businesses.

Recently, there are many studies applying to evaluate technical efficiency in which the DEA method is mainly
used. The case studies such as: Jose Ferna'ndez-Mene'ndez et al. (2009) have selected data from more 2000
companies in Spain to point out the relationship between ICT and performance, of which the greatest focus on ICT
investments. The study used data envelopment analysis (DEA) method in calculating and estimating technical
efficiency of firms. The results of the study have shown positive signals and the use of ICT and technical efficiency.
At the same time, the author pointed out that the limitation of the study is the data limitation. The study also
concludes that the Spanish economy needs to take measures to maintain competitiveness in the economy, and
suggest improving the efficiency of companies using ICT. Besides, Ku Naraini Che Ku Yusof et al. (2010) also
used DEA to analyze and evaluate the effectiveness of companies in Malaysia in the period from 2004 to 2008. DEA
results under the CRS assumption (efficiency does not vary with size), then only a few firms are considered
technically efficient. When the synergistic efficiency is split into pure technical efficiency and scale efficiency using
the VRS production function, the source of inefficiency is scale inefficiency rather than scale efficiency purely
technically ineffective. Alberto et al. (2011) have shown a positive relationship between ICT application. The paper
collects data from more than 250 small and medium manufacturing enterprises in Spain and uses the OLS regression
method to study the direct and indirect effects of ICT. The results of the study show that there is an impact of ICT on
enterprise performance, but the impact is not immediate because it is affected by time delay. Dolores (2011)
introduced the role of information and communication technology (ICT) on the performance of small and medium
enterprises (SMEs). This study uses data of annual income from small and medium enterprises (ASBC) in 2004. In
the study, the author uses the input variable is ICT, the output variable is process innovation and production product.
The results of the study show that there are two effects of information technology and communication on the
company and the external factor. Research has used the probit model to reflect the effects for contributing different
innovation activities. In addition, the model examines the impact of technology innovation on business operations.
According to research by Dang Thanh Ngo (2012): "Measuring the Performance of the Banking System Case of
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Vietnam (1990-2010)" applied the DEA method, developed the CRS DEA model to analyze the efficiency change
operations over time of the Vietnamese banking system in the period 1990-2010. Research shows that performance
decreases over time as the size of the banking sector increases; financial markets are more liberal and when the
world and regional economies have problems. In addition, the author also stated that when the banking system is
operating with 2/3 of its capacity, the bank makes a limited contribution to the economy. Yu (2014) used the method
of analysis of financial ratios combined with DEA and data from 24 listed companies in Taiwan to evaluate the
performance of these companies. The results of the study show that most companies achieve efficiency levels
between 0.94 and 1.00. The study's financial ratio analysis showed that only 4 firms out of 24 responded to their
management efficiency. The limitation of the study mentioned by the author is the need to add inputs and outputs for
more accurate results in the use of DEA method. Amir Gholam Abri and Mahmoud Mahmoudzadeh (2014) also
studied the impact of information technology (IT) on the performance of manufacturing firms in Iran. The authors
collected data from 23 lIranian manufacturing industries during from 2002 to 2006, used the DEA method
accompanied by panel data to measure impact. This study concluded that IT has a positive impact on business
productivity. However, the limitation that the author pointed out in the study is that there is no significant difference
in the growth rate of labor productivity and the use of information technology. Research by Berrio et al. (2018)
shown that in the context of increasingly global integration, companies must be willing to change their production,
business and service processes to adapt to the development conditions of society, and it is appropriate to apply ICT
in the operations of companies. Research using qualitative methods and results shows that the impact of ICT is
highly valued in terms of profitability as well as customer satisfaction, but this positive effect also depends on
external factors. Samwel Macharia Chege, Daoping and Shaldon (2019), using the five stage growth model
(Churchill and Lewis, 1983) and the product-innovation model ( product-process model of innovation) Utterback
and Afuah (1995), using a variety of linear regression analysis, covariance and qualitative methods by creating
questionnaires. Finally, from the research, the author has shown that technological innovation has a positive effect
on the company's operations. However, the disadvantage of the study is that it limits the scope of sampling and is not
general. From there, it is proposed that the government should have many related policies to promote the building of
better information technology development infrastructure.

In Vietnam, there are a number of related studies such as: Vu and Vo (2015), which used parametric and non-
parametric methods in combination with the random variable method (SFA) and data envelopment analysis (DEA)
data for measuring and analyzing a set of 70 enterprises in the period from 2008 to 2012. The results show that
Vietnamese enterprises in the integration period have not managed well their resources, so the cost burden affects
their competitiveness and profitability.

Research by Dang Thi Viet Duc (2019) has shown issues about the impact of ICT on the Vietnamese economy.
The research uses document search, analysis, synthesis and comparison methods, from which there are indicators of
the impact of ICT on three aspects: macro, industry and business. The conclusion of the study has raised positive
signals of ICT to the Viethamese economy, but there are still some limitations as ICT has not yet made a
comprehensive change in the way Vietnamese enterprises operate. . From there, the solution is to increase
investment in ICT.

In summary, most of the research have solved a number of contents: assessing the technical efficiency of
enterprises through the impact of ICT is recorded with positive signs. These papers are mostly qualitative and only a
handful of research papers with the use of SFA, DEA and Cobb-Douglas, Translog production functions for
measurement are common. Some of the indicators selected in running the model are only suitable for developed
countries. Most of the above studies are only research or research on technical efficiency via DEA method but do not
mention the factors affecting efficiency or studying the impact of ICT on operational efficiency but not use marginal
efficiency analysis approach much. Especially in Vietnam, there is very little impact of ICT on technical efficiency
of enterprises, but mainly research on the impact of ICT on the Vietnamese economy, how it affects industries in the
economy. The effective approach to the marginal efficiency analysis approach used is not yet popular. Most of the
above studies are only single or research on technical efficiency through DEA method but do not mention the factors
affecting efficiency or studying the impact of ICT on operational efficiency but do not use marginal efficiency
analysis approach much. Especially in Vietnam, there is very little impact of ICT on technical efficiency of
enterprises, but mainly research on the impact of ICT on the Vietnamese economy, how it affects industries in the
economy. The effective approach to the marginal efficiency analysis approach used is not yet popular

3. Data and Research Methods

The research data is used by the team from the “White Book on Vietnamese Businesses 2019 & 2020 released
by the General Statistics Office (GSO) and "Report on assessing and ranking the readiness level for IT development
and application in Vietnam - Vietnam ICT Index" over the years from 2011 to 2018 was made by the Ministry of
Information and Communications and the Vietnam Informatics Association. The content of "White Book on
Vietnamese Businesses 2019 & 2020" includes basic information assessing the level of enterprise development
nationwide and in localities in the 2016-2019 period.

In this study, we use the method of Technical Efficiency analysis (TE), which is commonly measured by two
methods: Data Envenlopment Analysis (DEA) and Schochastic frontier analysis (SFA). In this study, the team
decided to choose the DEA method, which assumes Variable return to scale (VRS) in the direction of minimizing
input factors without reducing output factors by Banker (1984) proposed because for businesses in general the
assumption of constant efficiency by scale is difficult to meet, and only appropriate when all operations are at
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optimal scale. The results from the non-parametric analysis are independent of the type of function selected and the
normal distribution assumptions of the error.

Table-1. Variables used in measuring technical efficiency

Output

Variable name | Notation Calculation Unit
1 Sales Sales Net sales Billions VND
Input

Variable name | Notation Calculation Unit
1 Capital Capital Equity + Debt Billions VND
2 Labour Labour Number of employees in the enterprise Billions VND
3 Tang Tang Fixed assets and long-term investments | Billions VND

Source: Author's synthesis

After measuring TE, using logit regression to assess the impact of factors and especially ICT on the
performance of Vietnamese enterprises. All the independent variables selected by the authors to include in the model
are based on the research review and and collected data sources. Measuring technical efficiency with DEA, whereby
the most efficient firms establish a production frontier and firms are compared to the frontier this to determine if they
are working effectively. For firms that perform well, since they are on the limit line, their technical efficiency score
(TE) is equal to 1. In contrast, firms perform poorly (on the line). limit), their effective point will be less than 1. TE
has limit values from 0 to 1, they are encoded as variable | in the logit model as follows:

I =10g(5) = fio + Bixatfoxat.. ke

With,

| is the dependent variable and takes only two values of 0 and 1, resulting from analysis of technical efficiency

X; is the independent variables (the variable acts on the dependent variable).

p is the probability that variable | can appear.

Bn is the coefficients, used to determine the mean value of | increases or decreases as x increases.

Specific variables, variable measurement is presented in Table 2

Table-2. Variables affecting technical efficiency in logit regression

Dependent variables

Variable name Notation Calculation Unit
1 Technical efficiency | | Resulting from analysis of Binary 0 and 1
technical efficiency
Independent variables
Variable name Notation Calculation Unit
1 Asset Size INTA In(Total Asset) -
2 Market Size InSales In(Sales) -
3 Investment InTang In(Tang) -
4 Debt ratio DebtRaito Averagetotaldebt Lan
Averagetotalequity
5 Debt-squared index | De_Square Debt ratio * Debt ratio -
6 Equity ratio ETA Equity %
Capital
7 Labor productivity | Lproductivity Sales %
Labour
8 ICT InICTindex ICT index ranking -

Source: Author's synthesis

Asset size: Measure the size of the group's assets to get In(total assets). This measure is also used by Huynh The
Nguyen (2019), Concetta (2012) and Prabowo and Cabanda (2011). The size of enterprise assets reflects many
aspects: capacity for existence and development, description of market access, access to technology, access to human
resources, and finance; in order to improve production efficiency. As a result, we can see that the majority of larger
firms can have a greater technical efficiency than small firms.

Market Size: The company's market size is measured in In (sales). This variable is a new variable based on the
collected data, because in my literature review, no one has used it yet. Any business needs a market to ensure that it
is operating effectively and meets its business goals, they need to choose the right market. Therefore, determining
whether the business is operating in the right market and analyzing the size of the market is paramount to business
performance. Market size analysis helps answer a few questions: Is the business market operating efficiently, and is
it worth the business expansion? Are the products and services of the business appropriate?

Investment: measured by taking In(Tang). The use and investment of capital plays a very important role in
changing technical efficiency of enterprises. In particular, investing in fixed assets and new assets, replacing old
technology with new technology to change production capacity, thereby improving technical efficiency. Especially
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in today's competitive market economy, businesses that need transformation, have to make a high rate of investment
in new technologies in order to survive.

Debt ratio: Reflecting the reality of debt and the ability to access external financial sources to meet the
investment and development needs of the business. In business, the capital to operate is very important and
especially the financial leverage that the company uses will affect the operational efficiency. Vania Sena (2004),
Bedoya and Paganetto (2003) also used this variable in the firm's performance impact assessment model.

Debt-squared index: As far as we know debt and efficiency are not linearly correlated. Therefore, the group
includes the variable of the debt-squared index to consider whether there is a nonlinear phenomenon or not..

Equity ratio: reflects the equity capital of the business, helping investors have an overview of the financial
strength and financial structure of the business. This ratio is larger, which proves that the business has a very strong
financial potential and if they want to use the leverage to expand capital, it will also be easier. Since then, investment
opportunities, business innovation development will be higher and more feasible, helping to increase the efficiency
of the business.

Labor productivity: Reflects the effectiveness of the business's use of labor to create products (revenue).
Enterprises with competitive advantages in the market are derived directly or indirectly from human resources. In
particular, high-productivity employees will improve their ability to efficiently use natural resources to increase
operational efficiency. The author (Huynh The Nguyen, 2019) used the variable labor productivity to evaluate this
problem.

ICT: This variable is grouped to scale based on the provincial ICT Index and ICT ranking. First, take ICTIndex
multiply 63, then divided ICT raking. Final take In. Our country has 63 provinces and ICT raking is ranked from 1
to 63. Any province with an ICT rating of 1 means that province has been and is being ready for the best IT
development and application in the country. Conversely, if it equals 63, the province has the lowest readiness for IT
development and application. When scaling variables like the above formula, it means that the province with the
larger ICT, the better by rank. Nearly all businesses today use computers, connect to the Internet and use ICT
applications in management, production and sales processes that have a strong impact on the company's
performance. Concetta (2012) & Bedoya and Paganetto (2003) also included this variable in the model to assess the
impact of TE.

4. Research Results

Table-3. Descriptive statistics of variables in TE estimation model

Obs Mean Std. Dev Min Max
Sales 252 277962.9 694871.6 4021 5399432
Capital 252 364888.3 1179056 7584 8988171
Labour 252 212794.1 463243.1 7156 2958127
Tang 252 151990.4 461681.3 2328 3820547

Source: Author's calculations

The output variable Sales has an average value of 277962.9 with a standard deviation of 694871.6; The
maximum value is 5399432 and the smallest value is 4021. The large difference in the maximum and the lowest
value, together with a large standard deviation, shows that the provinces have sales spread and volatility across
years. The variables Labor, Capital and Tang have a high mean and standard deviation; The highest and the lowest
value are very different. The average number of employees, capital and fixed assets & long-term investments by
provinces is very high, however there is a relatively large difference in maximum and minimum values, together
with the standard deviation of Many deviations show that the number of employees in the whole province is
relatively high, but there are differences and change over the years.

TE measurement results show that, although the provinces all use the same input variables to measure, due to
the difference in the combination and effective use, maximizing the inputs, there is differentiation between the group
of provinces with technical efficiency - provinces with 1 TE (100%) and provinces with less technical efficiency.
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Table-4. Distribution technical efficiency of businesses across 63 provinces over the years
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Source: Calculation results from DEA 2.1 software

Out of 63 provinces, only 10% of provinces use the inputs effectively. The TE between these groups of
provinces is quite different (varying between 0.2 and 1). Most of the provinces only in the effective use of 0.4 - 0.8.
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Over the years, the TE has been volatile, some provinces have improved in the use of inputs, increased efficiency
and also some provinces have reduced efficiency levels.

Table-5. Descriptive statistics of the variables in the Logit model

Obs Mean Std. Dev Min Max
| 252 0.1071429 0.3099103 0 1
ETA 252 37.85754 7.614103 10.3 57.9
InICTscale 252 2.841283 7.413909 0.0913 59.2641
Lproductivity | 252 1.145506 0.6326271 0.2574089 3.853752
InSales 252 11.42224 1.35993 8.299286 15.5018
InTang 252 10.7158 1.317679 7.752765 15.1559

Source: Author's calculations

The dependent variable 1 in the model has a mean value of 0.1071429 with a standard deviation of 0.3099103;
The maximum value is 1 and the lowest value is 0. It shows that most of the provinces are not yet effective and there
is a great difference between provinces, as well as fluctuations over the years. The variables Lproductivity, InSales
and InTang have the mean value at a relatively high level with a low standard deviation; The difference between the
lowest value and the highest value is not too large. This shows that the provinces do not have great disparities
between provinces over the years in terms of labor productivity, revenue, fixed assets & long-term investment. The
variables InICTscale, ETA have low mean and high standard deviation; The distance between the lowest and highest
value is a huge difference. The large difference between the maximum value and the lowest value, together with
such a high standard deviation, shows that there is a variation of variables over the years and large variation across
provinces.

Through the multi-collinearity test, some variables are violated multi-collinearity, we remove those variables
from the model, the results of the remaining variables in the model are shown in Table 6 below.

Table-6. Logit regression results

ETA Lproductivity | InSales InTang InICTscale
Odds Ratio 1.061543 9.103344 3.032925 0.164046 1.899756
P>|z| 0.088 (**) 0.000 (*) 0.099(**) 0.002 (*) 0.052 (**)

Source: Authors' calculation results from Stata 14.1 software, (*) and (**) correspond to the 1% and 10% statistical
significance levels.

The results show that all included variables are statistically significant at 1%, or 10%, and have a positive
impact on the technical efficiency of firms in the provinces.

Based on the regression results, we see that the variable of equity ratio (ETA) is statistically significant in the
model and has an impact on technical efficiency. The equity ratio increased by 1%, the probability of improving the
efficiency more than other businesses is 1.0615 times. In this case, the impact is because the firm has a high equity
ratio, demonstrating the strong potential and financial stability. In addition, high equity also makes it easier for
businesses to use financial leverage and mobilize capital. Therefore, more investment will be made in technology,
production lines, scale expansion, and more product research and development, leading to an increasingly improved
efficiency of the business. The estimated coefficient of labor productivity variable (Lproductivity) has the same
impact as technical efficiency and has a significance level of 1%. The highest marginal impact coefficient shows that
the probability of improving the efficiency of firms with improved labor productivity will be 9.103 times higher than
those in low labor productivity provinces. Therefore, labor productivity is a factor that has a very strong impact on
the efficiency of the provinces. Higher Labor productivity generates more business more profitable and leads to
higher efficiency. Besides, when businesses gain more profits, they will invest more in production and business
activities and increase efficiency. Similarly, the variable InSales is also statistically significant and the coefficient of
estimation is positive (firms expanding market, increasing revenue increases the probability of efficiency 3.032 times
higher than firms in provinces that cannot increase market) This means that the technical efficiency of the provinces
increases as the market size increases. Because the larger the market size, the higher the revenue, the revenue is one
of the prerequisites to help determine the results of the business activities of the business, so when the revenue
increases, the business will have higher efficiency. The investment variable (InTang), is also statistically significant
and has a positive impact on the enterprise's technical efficiency. This is obvious because the more enterprises invest
in modern and advanced machinery, equipment, technology, software and labor training, the higher the labor
productivity, the more enterprises efficient.

Finally, information technology (InICTscale) has a positive and statistically significant impact on technical
efficiency (which provinces have a 1-rank increase in the ranking coefficient, which promotes the efficiency of the
province to 1.899 times). Because, using information and communications technology to help businesses expand,
improve efficiency and save a lot of expenses. Business processes, control and data storage are also automated by
technology software, resulting in new products and services to support customers more, contributing to helping
businesses achieve competitive advantage is higher.
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Recommendations

This research evaluates firms’s technical efficiency in 63 provinces and cities in Vietnam by DEA method and
identify factors that affect businesses’s technical efficiency by using the Logit regression. The research results shows
that only nearly 10% of the provinces could be technically efficient in business activities. With the purpose of the
research to find out the impact of factors, especially ICT, on the technical efficiency of the business. The influencing
factors include: Equity ratio, Labor productivity, Market size, Investment, and especially ICT. From we can see from
the result tables, provinces that are sustainably efficient and provinces with increasing efficiency all have variables
such as Equity ratio, Labor productivity, Market size, Investment, ICT grow over the years ad fluctuate around a
pretty high rate. On the other hand, for the group of unsustainable and ineffective provinces, these variables tend to
decrease and fluctuate around at a low level.

The research result shows that there are 3 groups of businesses: The group decreases by size, for firms in the
provinces of this group, the research team recommends that it should be considered when deciding to increase the
scale, instead should reduce to expand investment so that businesses return to the state of optimal scale. The group
increasing in size is in contrast with the previous group. Optimal size groups need to maintain and ensure the scale is
always at the optimal level. There is no need to focus on scale investment anymore, instead businesses can invest in
labor, engineering, technology or research and product development to increase efficiency for the business. For
volatility group, the research team recommends to review the use of inputs and be able to learn and learn from
businesses in the provinces effectively to improve their businesses.

To maintain and increase technical efficiency to optimal scale, businesses need to pay attention to improving
labor productivity, increasing the equity ratio in the capital structure, paying attention to market expansion, including
domestically and internationally. On the side of the local authorities, they need to pay attention to invest, improve
and increase the ICT index because the research results show that ICT is a quite important factor to help improve
business efficiency in their provinces. ICT Index is a measure of the level of development in Information and
Communication Technology, a measure of the readiness to develop and apply ICT in all fields in each country.
Including 3 main component indexes are Technical Infrastructure, Human Infrastructure and IT Application.
Therefore, in order to improve and increase efficiency, the reaserch team suggest that firms need to invest and apply
ICT - increasing ICT indexes, namely, investing in the three component indexes of the ICT Index. For the Technical
Infrastructure Index, priority should be given to allocating resources to invest in IT infrastructure such as adding
landmarks, IT equipment, and software. If ICT is applied in business operations more smoothly, costs can be
reduced, leading to increased efficiency in business operations. And then the business has additional capital for other
things such as product research and development, scaling or human resource training. In terms of human
infrastructure, to improve labor productivity, enterprises need to pay attention to invest in training and training their
employees on IT skills and knowledge and how to operate it. If the labor productivity increases, the efficiency is
achieved higher. In addition, businesses themselves also need to thoroughly apply ICT to improve productivity and
quality of operations.
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