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Abstract

The main objective of this study is to examine the interactive effect of technology spillover channels on business efficiency within the 
case study of manufacturing industry of Vietnam during the period from 2012 to 2018. The research model was developed with business 
efficiency as dependent variable and the relevant factors affecting the technology spillover capacity as independent variables. With a sample 
of 2,776 cross-sectional enterprises, panel data analysis approach was adopted to estimate the impact of technology spillover issue. Different 
spillover channels were also included in the analysis to enhance the empirical result. The study reveals that technology spillovers positively 
influence manufacturing business efficiency, in which horizontal spillover channel produces negative impact and vertical spillover channel, 
creates positive impact. Several factors that negatively affect the technology spillover capacity of businesses could be mentioned such as 
limited skills and experiences of workers, methods of implementing R&D, and the existence of FDI enterprises. Meanwhile, the rise of 
other factors related to joint-venture activities can help to increase the technology spillover capacity of businesses. In addition, skill and 
experience transfer makes a partial impact since this variable only positively affect the vertical spillover channel and provide no evidence 
of impact regarding horizontal spillover channel model.
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1. Introduction

Solow (1956, 1957) is one of the first scholars to 
underline the critical importance of technology innovation in 
“leveraging” long-term national economic growth. However, 
technological research and renovation activities are mostly 
carried out by large multinational enterprises or governments 
of the largest economies in the world. After that, these 
innovative technologies will spillover to the rest of the world 
via a number of channels such as international commerce of 
machinery equipment, emigration, foreign direct investment 
(FDI), transferring of patents for invention, etc. Therefore, 
investment in technology, not only benefits investors, 
but also contributes to other businesses. This is known as 
technology spillover (Romer, 1990). Technology spillover 
is an opportunity for low-tech enterprises to improve their 
technology level and catch up with high-tech enterprises 
through a step-by-step process including learning, imitating, 
and transferring technology, and thereby improving 
performance efficiency. Most of theoretical and empirical 
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studies examining the impact of technology spillover have 
shown that technology spillover has a significant impact 
on enterprise productivity and output (Nguyen, Nguyen, & 
Tran, 2014; Guo, 2007; Medda & Piga, 2014).

2. Literature Review

The foreign direct investment (FDI) sector has always 
been a major sector that contributed largely to the economic 
growth of Vietnam since economic reform event in 1986 
(Ta, Le, Nguyen, Phan, & Do, 2020). With the advantage 
of a fast-growing economy and considerably cheap labor 
cost, Vietnam has become an attractive destination of FDI 
companies (Do, Nguyen, Le, & Ta, 2020). One of the most 
important outcomes that developing governments expected 
from attracting FDI enterprises is technology transfer, also 
known as technology spillover. Hence, most studies often 
focus on the technology spillover made by FDI firms to affect 
the productivity and output of host country’s local firms 
(Hoang, Do, & Trinh, 2020; Hoang & Pham, 2010; Keller 
& Yeaple, 2009; Liu, Wang, & Wei, 2009; Salim & Bloch, 
2009; Schoors & Merlevede, 2007; Suyanto & Nguyen, 2009; 
Tran, 2011). In fact, not all FDI enterprises create technology 
spillover and technology spillover is created not only from 
FDI enterprises, but also from domestic enterprises with 
different types of ownership. It is worth noting that studies 
on the effects of technology spillover of domestic firms have 
not been exploited much in the literature. Several studies 
have found a positive effect of technology spillover on firm 
output productivity (Antonelli, 1994; Hassan, Ahsan, Danial, 
Wajiha, & Zahoor, 2011; Nishimura, Nakajima, & Kyyota, 
2005; Medda & Piga, 2014; Nguyen, Nguyen, & Tran, 
2014), while a few studies showed negative or no effect of 
the technology spillover variables (Klette, 1994; Czarnitzki 
& Kraft, 2012).

To identify enterprises with higher level of technology 
that are capable of creating technology spillover to lower-
level technology enterprises is challenging as most studies 
often identify high-tech enterprises as the ones with the 
highest level of aggregate productivity factor at any given 
time in each industry or based on the overall marginal 
production curve (Worthington & Lee, 2008; Glass & Saagi, 
1998; Schoors & Merlevede; 2007, Nguyen, Nguyen, & 
Tran, 2014; O’Donnel, Rao, & Battese, 2008). However, 
technology spillover may come from enterprises importing 
modern foreign technological machinery.

Some studies have initially investigated the effects of 
several factors on technology spillover and showed that the 
existence, direction, and magnitude of the spillover effects 
can be influenced by many factors that indirectly affect 
business productivity and efficiency variables such as 
firm size, R&D activities, operational incentives for R&D, 

market share, type of ownership, and other institutional 
factors (Griliches, 1957; Hoang, Do, & Trinh, 2020; 
Mansfield, 1968). In addition, several factors such as firm’s 
ability to absorb and assimilate technology, technological 
level, R&D activities or supply chain relationship between 
supplier and customer impact spillover intensity (Kitson, 
2001; Cohen & Levinthal, 1989; Watanabe, 2001; Bonte, 
2008; Fu & Gong, 2009; Kenta, Rene, Fukao, Young, & 
Kwon, 2015). The variables that are included into the 
regression model are often in the form of variables that have 
interaction with technology spillover variables, but they 
are still relatively fragmentary. Particularly in Vietnam, 
there is no research that analyzes the interactive effect of 
each technology spillover channel on enterprise efficiency. 
This makes it difficult for decision-makers to formulate 
scientifically-sound policy to promote the relevant factors 
that provide positive effects and minimize the factors 
that negatively affect the spillover channels and business 
efficiency. Therefore, this study focuses on answering 
important questions including whether technology 
spillovers affect business performance, and if so, what 
factors can actually increase the technology spillover effect 
on different channels, as well as what factors create barriers 
or inhibit spillover effects, thereby proposing relevant 
recommendations.

3. Research Methodology

3.1.  Random Marginal Production Function 
Model to Identify Business Efficiency

The concept of technical efficiency (TE) used in this 
study is represented by the ability to maximize input savings 
to produce a given amount of output or, in other words, the 
ability to produce a maximum amount of output from a 
given amount of input, corresponding to a certain level of 
technology (Farell, 1957).

This study uses Battese and Coelli’s (1995) transcendental 
logarithmic production function to measure efficiency as 
follows:
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Where T is the time to denote technological progress; 
VAit, Kit and Lit are value added, capital and labor of firm i 
in year t; vit is a random error; µit is a non-negative random 
variable representing the effects of technical inefficiencies 
N(µit, σu

2).
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In order to select a suitable model for the research dataset, 
the one-sided generalized reasonable ratio test method was 
used with the test statistic as follows:

  0 1LR(or  ) 2{[ ( )] [ ( )]}L H L Hλ = −  (2)

Where L(H0) and L(H1) are the values of the correspon-
ding rational function under the hypothesis H0 and the 
alternative hypothesis H1. If H0 is evident, this test statistic is 
assumed to have an asymptotic distribution χ2 with degrees 
of freedom equal to the number of constraints involved.

Some tests that have to be conducted to identify the best 
model including (i) choosing between the Cobb-Douglas 
production function and the superior Loga function; (ii) test 
whether technical inefficiencies exist; (iii) testing whether 
there is technological progress and if so, whether it is neutral.

3.2.  Definition of High-tech Enterprises with 
Technology Spillover Ability

The set of high-tech enterprises with the ability to make 
technology spillover, denoted as Ωt

* , used in this study is 
defined as (i) the enterprises that have machinery controlled 
either by human or computer (other than hand tools), (ii) the 
enterprises that have machinery imported from developed 
countries, with machine lifetime duration less than 10 years, 
and (iii) the enterprises that are among 50% enterprises 
with the largest TFP in the industry and in the year. The 
TFP criterion is included with the aim of eliminating low-
productivity businesses, reflecting that low technological 
levels are unlikely to spillover. The criterion of origin 
(machinery imported from developed countries) is specified 
because not all machines imported from abroad are modern 
machines and are capable of spillover to other enterprises.

3.3.  Methods of Measuring Technology  
Spillover Channels

Enterprise i is considered a technology spillover enterprise 
in year t if it is in the set of high-tech enterprises with techno-
logy spillover capacity Ωt

*  of year t as defined in section 2.2. 
Accordingly, the variable FHit is equal to 1 if enterprise i of year 
t belongs to the technology spillover set Ωt

*  and it is 0 otherwise.
This study measures technology spillover in two groups 

of channels, which is horizontal technology spillover and 
vertical technology spillover. The total technology spillover 
effect (LHijt) reflects the presence of enterprise i with high 
technology in industry j at time t:
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Where X is the enterprise’s sales revenue of enterprises 
extracted from the research data set. The horizontal 
technology spillover variable (LHhorjt) in the same industry 
is measured as follows:
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The backward technology spillover variable (LHbackjt) 
from high-tech enterprises to lower-tech suppliers is 
measured as follows:

  ,LHback LHhorjt k k j jkt ktγ≠= ∑ ×  (5)

Where γjkt is sector j’s output rate supplying to sector k at 
time t (calculated from 2007’s and 2012’s I-O tables). The 
forward technology variable (LHforjt) from customers with 
lower technology level to enterprises providing high-tech 
input is measured as follow.

  ,LHfor LHhjt l l j jlt ltδ≠= ∑ ×  (6)

Where δjlt is sector j’s input rates purchased from the 
upstream sector l. The supply backwardjt variable (LHsbackjt), 
which captures the Markusen and Venables hypothesis, is 
measured as follows:

  ,LHsback LHbackjt l l j jlt itδ≠= ∑ ×  (7)

4. Empirical Results

4.1. Proposed Empirical Research Model
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Where i, j, t represent company i in industry j at time t, 
TEit is the technical efficiency of firm i in year t, obtained 
from the estimation results of model (4).

LHijt is a vector representing technology spillover 
channels including the presence of a high-tech enterprise 
(LH), a horizontal spillover channel (LHhor), a forward 
spillover (LHfor), a backward spillover (LHback), and a 
supply backward spillover (LHsback).

Speit is a vector representing the typical variables of an 
enterprise including average firm income (LC) calculated 
by income per employee, external capital ratio (VNG) 
calculated by 1-equity/total capital, firm age (Age). Structure 
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of ownership (SOE) is a dummy variable that takes the value 
of 1 if the firm is state-owned and 0 otherwise. Tax is the 
corporate income tax rate of business.

Interactive variables are included in the model in order 
to evaluate the interactive effects of technology spillover in 
three channels of horizontal spillover, forward spillover, and 
backward spillover corresponding to three different models.

The group of interactive variables between technology 
spillover channels and the ability to absorb technology of the 
business is measured by LHijt × Absit, in which the group of 
variables representing the technology absorption capacity of 
the firm (Absit) includes (i) the variables reflecting the skills 
of workers (lackofskill), which is a dummy variable that takes 
the value of 1 if experiences and skills are the weakness of 
firm and 0 otherwise; (ii) the origin of imported machinery 
(advancedmachine), which is a dummy variable that takes 
the value of 1 if the two most important machinery and 
equipment of the enterprise are imported from a developed 
country and 0 otherwise; (iii) the level of technological 
machinery in the enterprise (lackofmachine), which is a 
dummy variable that takes the value of 1 if the equipment is 
a great weakness for the enterprise and is 0 otherwise.

The group of interactive variables between technology 
spillover channels and R&D activities of the enterprise 
is measured by LHijt × R&Dit, in which, the group of 
variables representing the R&D activities of the enterprise 
(R&Dit) includes (i) the variable representing the R&D 
implementation of the enterprise (self R&D), which is a 
dummy variable that assumes the value of 1 if the enterprise 
conducts R&D activities by itself and 0 otherwise; (ii) the 
variable representing the enterprise’s source of financing for 
R&D activities in the form of joint venture (joint venture), 
which is a dummy variable that assumes the value of 1 if 
the R&D budget of the enterprise is from the joint-venture 
source and 0 otherwise.

The group of interactive variables between technology 
spillover channels and the variables representing the vertical 
linkages between the supplier and the customer is measured 
as LHijt × linkit, in which the group of variables representing 
this vertical linkage include (i) the transfer of skills and 
experiences of worker between the supplier and the customer 
(skilltrans), which is a dummy variable that assumes a value 
of 1 if the firm has a transfer of technology, skills, experience 
and 0 otherwise; (ii) the raw material source of the company 
is from Vietnam (VNsource), which is a dummy variable that 
takes value of 1 if the firm uses raw materials of Vietnam 
and 0 otherwise; (iii) the raw material source of the company 
is from China (CNsource), which is a dummy variable 
that takes the value of 1 if the enterprise uses Chinese 
materials and 0 otherwise; and (iv) the target audience of the 
enterprises (fdicustomer), which is a dummy variable that 
takes the value of 1 if the most important regular customer of 
the business is the FDI enterprise and 0 otherwise.

Another group of interactive control variables include 
the interactive variable between the technology spillover 
and the ownership type of business (LHijt × Ctrlit), in which, 
the control variable included in the study is fdi, which is a 
dummy variable that assumes the value of 1 if it is a foreign 
direct invested enterprise and 0 otherwise.

4.2. Source of Data

Data used in this study are collected from the annual 
survey data of the General Statistics Office of Vietnam (GSO). 
This is a balanced panel data on the production, operation and 
technology usage of manufacturing and processing enterprises 
including 19,432 observations over seven years, from 2012 to 
2018 (2,776 enterprises in each year). The descriptive statistics 
of the variables included in the model are shown in Table 1.

Table 1: Descriptive Statistics of Variables

Variable

Sample of Manufacturing 
Companies During the Period 

2012–2018

Mean Standard 
Deviation Skewness

VA 9517.011 31435.93 8.540
K 40891.32 152753.8 20.731
L 342.997 854.209 7.517
LH 0.0293 0.0207 8.931
LHhor 0.0294 0.0436 5.341
LHfor 0.0161 0.0246 3.816
LHback 0.0394 0.0590 1.828
LHsback 0.0170 0.0115 1.405
LC 14.912 15.264 32.381
VNG 0.586 0.954 52.612
Tax 0.205 0.016 1.527
Age 12.518 5.858 3.124
SOE 0.051 0.215 3.459
lack of machine 0.821 0.365 –1.457
advanced machine 0.414 0.435 –0.03
lack of skill 0.812 0.412 –1.701
VN source 0.825 0.351 –2.531
CN source 0.0837 0.274 3.046
fdi customer 0.186 0.345 1.785
joint venture 0.0004 0.024 35.775
self R&D 0.031 0.141 7.125
skill trans 0.281 0.128 –4.467
fdi 0.211 0.546 0.678
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The descriptive statistics show that, among the 
technology spillover channels, the horizontal technology 
spillover channel has the largest mean value. The proportion 
of external business loans is about 58.6%. The research 
results also show that the lack of skills and machinery is a 
common situation of most businesses (over 80% encounter 
this problem). The enterprises mainly use domestically-
produced materials with the rate 82.5%. Especially, research 
and development activities through joint ventures and 
external partners are still significantly modest.

4.3. Estimation Results

Table 2: Regression Estimation Results

Dependent 
Variable (TE)

(1) (2) (3)

Horizontal 
Spillover

Forward 
Spillover

Backward 
Spillover

LHhor LHfor LHback

1. Group of variables for technology spillover channels
LH 0.629*** 0.589*** 0.579***

(0.0362) (0.0351) (0.0293)
LHhor –1.864*** –0.205*** –0.254***

(0.240) (0.017) (0.03014)
LHfor 0.317 0.619*** 0.179*

(0.096) (0.125) (0.0940)
LHback 0.634*** 2.734*** –3.016***

(0.0529) (0.311) (0.316)
LHsback 0.307*** 0.454*** 0.463***

(0.0216) (0.0156) (0.029)
2.  Group of variables for characteristic of enterprises 

and State policies
LC 0.00111** 0.00114** 0.00121*

(0.0005) (0.00052) (0.0006)
VNG –0.006*** –0.0063*** –0.00635**

(0.0022) (0.00245) (0.00249)
Tax 0.964*** 0.797*** 1.0007***

(0.0989) (0.0969) (0.0961)
Age –0.0115*** –0.0107*** –0.00866***

(0.0009) (0.0008) (0.00083)
SOE 0.0542*** 0.0676*** 0.0710***

(0.0037) (0.00471) (0.00513)

Dependent 
Variable (TE)

(1) (2) (3)

Horizontal 
Spillover

Forward 
Spillover

Backward 
Spillover

LHhor LHfor LHback
3.  Interactive variable denotes the ability to absorb 

technology
lantoa _
thieukynang

–0.322*** –1.036*** –0.151
(0.110) (0.175) (0.139)

lantoa _
maytientien

0.308**
(0.125)

lantoa _
thieumaymoc

–0.0442 –0.876*** –0.280*
(0.143) (0.216) (0.151)

4.  Group of interactive variables denotes R&D 
activities and collaborative research

lantoa _
tunghiencuu

–0.9008 –0.297* –0.466**
(0.283) (0.174) (0.189)

lantoa _liendoanh 0.820*** 0.573* 1.647***
(0.214) (0.287) (0.153)

5.  Group of interactive variable represents the linkage 
between the supplier and the customer

lantoa_
chuyengiaokynang

0.215 0.346* –0.121
(0.210) (0.161) (0.100)

lantoa _nlieuvn –0.0107***
(0.0021)

lantoa _nlieuTQ –0.420
(0.404)

lantoa _khfdi –0.847***
(0.016)

6. Group of interactive control variables
lantoa_DNFDI –0.0689 –0.295*** –0.216***

(0.103) (0.103) (0.031)
Intercept 0.519*** 0.522*** 0.465***

(0.031) (0.0294) (0.0169)
Number of 
observations

19.432 19.432 19.432

F-Staticstic 175.92*** 141.64*** 137.74***
Breuch & Pagan 
LM

3167.17*** 3164.54*** 3487.36***

Hausman 572.61*** 889.16*** 1241.19***
Modified Wald Test 2413.57*** 2164.23*** 2646.12***
Wooldridge test 65.78*** 81.13*** 55.064***
VIF 4.43 3.61 3.46

Note: ***, ** and * indicates significant at 1%, 5% and 10% level of 
significance based on t-statistics.

Table 2: (Continued)
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In order to select the most appropriate estimation method, 
the study carries out several diagnostic tests including 
Breusch-Pagan Lagrangian test to consider random effect 
model (REM) and Pooled OLS model, Hausman test to 
consider FEM and REM estimations, VIF test to examine 
the existence of multi-collinearity phenomenon, Wald test to 
examine the existence of heteroskedasticity, and Wooldridge 
test for the existence of autocorrelation issue. The test results 
show that the fixed-effects estimation is suggested to be 
consistent with the research dataset. In terms of diagnosing 
the model defects, it is determined that the model does not 
have multicollinearity issue, however, autocorrelation and 
heteroskedasticity problems exist. The diagnostic test results 
are presented at the bottom of Table 2. Additionally, to control 
the problem of heteroskedasticity and autocorrelation of the 
model, cluster with robust standard error will be applied 
for the fixed-effect estimation to mitigate such problems 
(Hoechle, 2007).

Table 2 presents the estimation results of the three models 
examining the interactive effects of technology spillovers 
on the efficiency of Vietnamese manufacturing enterprises 
(clustered to control model issues). In details, three different 
approaches were employed, including the interactive  
effects between horizontal technology spillover channels 
(model 1), forward technology spillover channels (model 2), 
and backward technology spillover channels (model 3), 
and the groups of variables affecting each corresponding 
technology spillover channel (Abs, R&D, link, ctrl).

4.3.1. The Impact of Technology Spillover Channels

In general, the variables representing the technology 
spillover channels are statistically significant and most 
of them give the same impact direction across all three 
models except for LHback variable in model 3. This shows 
that the models of technology spillover impact assessment 
are sufficiently stable and the impacts of the technology 
spillover variables are consistent even though they are 
tested in different scenarios. Accordingly, the total effect of 
technology spillover has a positive impact on the efficiency 
of Vietnamese manufacturing enterprises, in which the 
horizontal spillover channel witnesses a negative effect, while 
the forward spillover channel generally creates a positive 
impact on business efficiency. However, there is no evidence 
the backward channel has any impact on business efficiency.

In addition, the presence of high-tech enterprises 
brings a positive impact on the efficiency of Vietnamese 
manufacturing firms since the variable LH in all three 
models has 1% statistical significance. Specifically, the 
horizontal spillover channel (LHhor) shows a negative 
impact on the efficiency of Vietnamese manufacturing 
firms. This can be explained by the fact that Vietnamese 
manufacturing enterprises, with weak technological 

capacity and level, always face difficulties in machinery 
and technology, which is considered the biggest drawback 
that enterprises have to deal with. Furthermore, the ability to 
access capital to expand development and expertise is also 
weak, which means that the ability to absorb technology 
and the competitiveness of enterprises in the market is still 
limited. Thus, it reduces the capacity to generate horizontally 
spillover in businesses via learning and imitating activities. 
In addition, the emergence of high-tech enterprises with 
sufficient technology capabilities and qualifications can lead 
to better product quality and reduce demand for purchasing 
goods from low-tech businesses that will gradually loose 
their competitiveness and be pushed out of the market.

The forward technology spillover effect variable (LHfor) 
shows a positive impact on business efficiency. The input 
materials supplied to domestic enterprises in Vietnam 
are mainly raw materials purchased in the same province 
(accounting for 48.7%); domestic purchases account for 
over 80%. The availability of better inputs provided by the 
company with high technology, though the cost may be 
higher, will have the advantage of geographical distance to 
minimize costs for many domestic enterprises, playing an 
important role in increasing the productivity and efficiency 
of local businesses.

With the objective of receiving high-quality inputs, high-
tech businesses can provide help to their suppliers such as 
transferring modern technology, encouraging technology 
spillover to create better quality of raw materials, and meet 
the requirements of the high-tech businesses (LHback 
coefficient is positive). Besides, competitive pressures and 
quality pressures will stimulate domestic firms to improve 
technology and invest in higher quality inputs (LHsback 
coefficient is positive). However, because the relationship 
between high-tech enterprises and the others is limited, 
the transfer of technology from high-tech enterprises to 
suppliers is relatively low, thereby hindering the possibility 
of backward spillovers.

4.3.2.  The Impact of Firm and Industry  
Specific Variables

The estimation results show that, for most of Vietnamese 
manufacturing enterprises, the current situation is that the 
monitoring and management of capital and the capital 
structure are not properly arranged, leading to the fact that 
the larger the rate of external capital (represented by VNG), 
the less efficient of businesses in the industry. According to 
GSO’s survey data, there are 88.35% of the enterprises in 
the manufacturing industry having financial difficulties such 
as credit and loans, especially among small- and medium-
sized enterprises. The capital market has not yet developed, 
and capital-raising channels are still limited, which lead to 
difficulties in accessing sources of capital, thus, hindering 



Mai Lan PHUNG, Vu Hiep HOANG, Thi Thanh Huyen NGUYEN, Thi Thanh Van PHAM, Viet Tien TRAN, Van Hoa HOANG /  
Journal of Asian Finance, Economics and Business Vol 8 No 5 (2021) 0355–0364 361

the ability to expand production, improve technology, and 
reduce business investment opportunities, thereby negatively 
affecting business efficiency.

The higher the income per worker (LC), the greater the 
impact on the efficiency of the Vietnamese manufacturing 
firms. Therefore, improving salary in enterprises can be a 
solution to encourage employees to improve productivity, 
thereby increasing the efficiency of the business.

Vietnam’s tax policy is gradually improved toward 
reducing corporate income tax rates to encourage and create 
conditions for businesses to operate and expand production. 
Since 2013, Vietnam’s corporate income tax has been 
reduced from 32% to about 20% for large enterprises and 
17% for small- and medium-sized enterprises, thus helping 
to improve the business performance. Along with that, the 
process of equitization and restructuring of state-owned 
enterprises has eliminated inefficient companies, thus 
increasing the overall efficiency of the industry.

It is worth noting that the coefficient of the enterprise age 
(Age) is negative. This means that a business in operation for 
a long time will become less efficient and negatively affect 
the overall efficiency of businesses in the industry and the 
economy. The inefficiency of these long-term businesses 
may be due to their cumbersome operating apparatus, 
experience-based management methods, slow innovation 
and adaptation to market changes, and slower access to 
existing technologies than younger businesses. Therefore, 
the older the businesses, the more negative impacts on the 
industry’s efficiency.

4.3.3.  The Impact of Interactive Variables on 
Technology Absorption

The interactive variables indicating the difficulty of skills 
and labor’s experience and the difficulty of machinery 
and equipment are statistically significant with negative 
coefficients (LHijt × lack of skillit and LHijt × lack of machineit). 
This is consistent with a number of studies (Keller, 1996; 
Wang, Liu, Cao, & Wang, 2016) as the quality of human 
resources and machinery and equipment affects technology 
spillover channels, which in turn affects business performance. 
Specifically, difficulties in labor skill and machinery will 
reduce the businesses’ ability to absorb technology, greatly 
hinder the overall capacity to have technology spillover of 
the industry and, thereby, negatively affecting to business 
efficiency. Foreign enterprises importing modern machinery 
have the ability to create a large backward technology 
spillover and positively impact business efficiency. Suppliers 
with a higher level of technology will be able to create better 
products to meet the rigorous requirements of the market, of 
customers who are high-tech enterprises. In which, the skills 
of employees’ experience have the strongest impact on the 
spillover capacity of the horizontal and forward channels.

4.3.4.  The Impact of Interactive Variables on R&D 
Activities and R&D Cooperation

The estimation results show that the negative effect of 
technology spillovers in the forward and in the backward 
direction will be mitigated when the firms conduct research 
and development activities themselves (the coefficients 
of LHforijt × selfR&Dit and LHbackijt × selfR&Dit are 
negative). Joint-venture activities that share the cost of R&D 
implementation with their partners can help to increase 
the ability to have technology spillover as well as business 
efficiency (the coefficients of LHforijt × jointventureit and 
LHbackijt × jointventureit) are positive). This result is also 
consistent with many studies (Wolfl, 2000; Porter & Stern, 
1999). In fact, R&D activities carried out by enterprises are 
currently not effective while the investment costs in R&D are 
high, hence, it does not help improve many qualifications, 
technological capacity and efficiency of the business. The 
quality of human resources for R&D activities of enterprises 
is still limited (less than 1% of employees with doctoral 
degrees are directly involved in R&D activities) while the 
enterprise is isolating itself in its R&D activities rather than 
cooperating with others to absorb and share the positive 
spillover elements. Thus, it limits the ability to absorb 
technology as well as reduce efficiency in R&D activities 
of the firms. Joint venture and cooperation in R&D are 
important channels to improve qualifications and capacity 
to increase the technology spillover of companies, while it 
also helps them to reduce R&D costs. Additionally, their 
employees can also improve their qualifications and skills. 
Enterprises can take advantage of high-quality external 
resources to help the effects of the horizontal spillover 
channel and backward spillover channel more positive and 
accordingly affecting the business efficiency. However, 
barriers to finance, administrative procedures, mechanisms, 
and mismatching of needs when establishing cooperative 
relations in R&D with external organizations can be the 
biggest difficulties causing this type of cooperation not being 
popular (R&D funding from joint ventures only accounts for 
0.62% of the total R&D expenditure of the industry).

4.3.5.  The Impact of Interactive Variables on the 
Linkage of Supplier and Customer

Interdisciplinary spillovers (between supplier and 
customer) through forward or/and backward linkages 
(Javorcik, 2004; Alfaro, Rodriguez-Clare, Hanson, & 
Bravo-Ortega 2004) are important spillover channels that 
influence the productivity of business. The research results 
show that positive externalities in the forward direction 
will be higher for businesses that already had linkage in 
technology and labor’s skills transfer with suppliers (the 
coefficient of LHforijt × skilltransit are positive). This result 
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is also consistent with the research by Newman, Rang, and 
Talbot (2015). Meanwhile, the transfer of technology, skills 
and experience of workers does not show the impact in 
other technology spillover channels. The transfer of skills 
and experience is an important channel to increase the 
spillover capacity of business, however, it may be due to 
the relationship between parties in the supply chain such as 
the relationship between high-tech customers and suppliers 
is not close enough, hence, the high-tech enterprises often 
limit the transfer of technology and skills to workers to the 
lower technology suppliers.

Origin of input materials can also be considered as a factor 
affecting the technology spillover. The estimated results 
show that the input material source of Vietnam (LHforijt× 
VNsourceit) is a factor that reduces the technology spillover 
in the forward direction. The reason is that the supporting 
industries of Vietnam are still underdeveloped, hence, the 
input products provided by Vietnam’s low-tech enterprises 
are poor in quality, fewer in types, and not yet meeting the 
requirements of the market. Therefore, the ability to have 
technology spillover from this group of enterprises is almost 
absent. Besides, raw materials from China account for a 
large proportion in the structure of imported foreign raw 
materials of Vietnamese enterprises but the impact has not 
yet been shown.

The study results also show that the FDI customers 
have a negative impact on the ability to provide technology 
spillover of the business. In terms of the backward spillover 
channels, the variable LHbackijt × fdicustomerit has a negative 
coefficient and LHijt × fdiit is also the same. This can be 
explained by the fact that the FDI enterprises do not transfer, 
or even if they do transfer modern technology and machinery, 
the domestic firms still cannot produce products that meet 
the expected international quality. Hence, this significantly 
limits the ability to take advantage of technology spillover 
from FDI companies.

5. Conclusion

The study evaluates the interactive effects of technology 
spillover channels on the efficiency of Vietnamese 
manufacturing firms. The estimation results show the 
following: Firstly, the total effect of technology spillovers 
has a positive impact on the efficiency of Vietnamese 
manufacturing enterprises, in which the horizontal spillover 
channel has a negative effect while the forward spillover 
has a positive impact on enterprise efficiency, yet the 
backward spillover channel presents unclear results in 
different models. Secondly, the labor’s skills and experience 
difficulties of enterprises are the biggest barrier affecting 
the ability to make technology spillover horizontally and 
forwardly. Thirdly, in-house research and development 
activities of businesses limit the ability to spillover their 

technology and improve business efficiency, while different 
forms of joint ventures with outside organizations in R&D 
can help increase the ability to spillover technology of the 
business. Fourthly, the transfer of skills and experience in 
businesses has not shown a clear impact except for a positive 
impact on the technology spillover channel in the forward 
direction. Fifthly, the presence of FDI enterprises is limiting 
the technology spillover of local firms within the industry 
and negatively affecting the efficiency of the whole sector. 
In order to increase the technology spillover of businesses 
and improve the efficiency of the industry, both businesses 
and governments need to clearly define the importance 
of knowledge, workers’ qualifications, and technological 
innovation in enterprises, which is the key to increase the 
ability of businesses to absorb technology and accelerate 
the process of catching up with global technology. On the 
one hand, businesses need to diversify their technology 
innovation strategies, be more open to better access to 
external knowledge sources, focus on cooperation methods 
to share funds with other organizations, and consider 
universities as significant means of contribution to business 
development. On the other hand, the government also 
needs to strongly strengthen different forms of supporting 
cooperation between enterprises and research institutes, 
universities in R&D activities, create communication 
channels and network links between enterprises and research 
organization. In addition, the government needs to perfect 
the mechanisms and policies to support small- and medium-
sized enterprises to improve their technology absorption 
capacity and strengthen the linkages between industrial 
parks, FDI companies, high-tech, and domestic firms.
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