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Abstract: The paper, using a three-wave unbalanced panel of 3252 observations of young small and
medium-sized firms in 2011–2013, examines the effect of direct linkages between firms with foreign
direct investment and young small and medium-sized firms on technology adoption strategies and
the further influence of technology transfers from such linkages on technology adoption strategies.
Moreover, the paper analyzes the extent that economic obstacles may cause young small and
medium-sized firms to choose different adoptions. Our analysis shows that exporting firms do
not tend to conduct embodied backward/forward adoptions, but more likely adopt the embodied
backward purchasing. In addition, the impact of competitiveness follows an inverse U-shaped pattern
for the embodied backward adoption, but a U-shaped pattern for the disembodied adoption. In terms
of market power, there exists an inversed U-shaped pattern for the embodied backward adoption.
Under the impact of foreign direct investment (FDI) linkages and vertical spillovers, it is found
that technology transfer through backward/forward linkages is associated with the embodied ones,
whereas a linkage with FDI domestic customers/suppliers is less likely associated with the embodied
ones. In addition, under technology transfer, firms facing economic constraints may overcome these
by looking for other financial sources and embodied technology transfer. The paper suggests the
path for FDI firms, young small and medium-sized enterprises (SMEs), and technology adoption
strategies in the future.

Keywords: technology adoption; embodied backward adoption; embodied backward purchasing;
embodied forward adoption; embodied forward purchasing; disembodied adoption; supply chain;
young small and medium-sized firms; Vietnam

1. Introduction

Small and medium-sized enterprises (SMEs) contribute development to both developed and
developing countries (Organization for Economic Cooperation and Development [1], Filipe, et al. [2],
de Kok, et al. [3], Luetkenhorst [4], Jamali, et al. [5]; United Nations Industrial Development
Organization [6]). SMEs make up 95% of companies in OECD member countries [1]. Accounting for 90%
of businesses globally and 50% to 60% of employment [4], SMEs play a significant role in job creation
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and poverty alleviation in developing countries [3,7]. SMEs also are portrayed in the literature as one
of the important pillars of healthy economic growth and vitality, through their young entrepreneurial
talent and innovation activities (Jamali, Lund-Thomsen and Jeppesen [5], United Nations Industrial
Development Organization [6]). Among SMEs, recent development has paid much attention to the
young SMEs. Czarnitzki and Delanote [7] argue further that young SMEs are interrelated in terms of
such characteristics as size of operation (labor, capital) and duration of operation (age), and thus a new
category for young SMEs has been formulated. Several studies have followed this new classification of
firms (Schneider and Veugelers [8], Veugelers [9]).

Aghion and Howitt [10] further stress that young small firms are the main forces to cultivate
new technologies, and thus increase productivity. Concerning innovation, SMEs are said to depend
profoundly on outdoor innovation (Ortega-Argilés, et al. [11], Rammer, et al. [12]). In other words,
SMEs prefer less costly and low-risk technology choices than formal in-house R&D (Dahlander and
Gann [13], Spithoven, et al. [14]). Although R&D is widely recognized as the main components of
innovation (Máñez, et al. [15], Audretsch, et al. [16], Tingvall and Poldahl [17]), R&D investment likely
faces uncertainty in success, is costly, and requires many endowment resources [16]. Therefore, instead
of investing in R&D, firms can enjoy a type of technology diffusion, namely the adaptation and/or
adoption of available technologies in the world (Chang and Robin [18], Brandt and Zhu [19], Bartoloni
and Baussola [20]). That is also the way that firms in developing countries may choose to improve their
productivity by absorbing the existing technology suitable for them (Glass and Saggi [21], Basant and
Fikkert [22], Wang and Blomström [23]). A study of Basant and Fikkert [22], for example, found that
Indian firms’ exploration of existing technologies obtain a higher return than innovative activities.

Foreign direct investment (FDI) often comes with spillovers. In general, there are two main
spillover mechanisms as specified in Newman, et al. [24], and Zapkau, et al. [25]. Accordingly, horizontal
spillovers come from transferring FDI firms’ knowledge and technology to competing firms in the
same sector, and vertical spillovers occur through the supply chain when foreign suppliers transfer
to domestic producers [24]. There has been a huge amount of empirical literature of FDI spillovers
(Caves [26], Rodriguez-Clare [27], Markusen and Venables [28], Blalock and Gertler [29], Smarzynska
Javorcik [30], Kugler [31], Newman, Rand, Talbot and Tarp [24]). However, Smeets [32] concludes that
although technology transfers and technology spillovers are interrelated concepts, they are distinct by
nature, and this feature should be operationalized in the empirical analysis. Giroud, et al. [33] also
criticize that the current literature focuses on external effects from FDI rather than on identifying the
direct linkage effects between firms with foreign investment and domestic enterprises. Some attempts
so far have been made to highlight the important technology linkages between two types of firms.
The most recent study in this direction by Newman, Rand, Talbot and Tarp [24] finds that direct
forward linkages from FDI suppliers to domestic firms are positively associated with productivity.

Until now, most micro-level studies of technology adoption are in the context of developed
countries (Dunne [34], Cohen and Levin [35], Rose and Joskow [36]). Few notable exceptions in
the context of developing countries are Brandt and Zhu [19], and Vishwasrao and Bosshardt [37].
Developing countries differ in their institutions and endowments from developed ones, and therefore
we expect that technology adoption would also differ, especially by young SMEs. Yet not much
is known empirically about what causes technology adoption by young small firms in developing
countries. Specifically, the factors causing young small firms to become young adoption companies
(YACs, those that have less than six years of operation, have employees from 10 to less than 250,
and adopt) still remain unclear. In addition, empirical evidence so far is still mixed and this is a
problem for effective support schemes. Moreover, financial constraints and socio-economic obstacles
also hinder the absorption of technology transfer, especially in the context of Asian countries that
have recovered from global financial and economic crises ([38], [39]). The current study goes further
by examining the factors determining the probability of conducting different technology adoption
strategies by YACs. Factors under examination include direct foreign–domestic linkages, technology
transfers derived from such linkages, economic obstacles, and the interactions between them.
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Combining two datasets from Vietnam, namely the Vietnam Technology and Competitiveness
Survey (TCS) and the Vietnam Enterprise Survey (VES) in 2011, 2012, and 2013, we construct a unique
panel dataset of 3252 young SMEs to examine: (1) the extent to which direct foreign–domestic linkages
lead to technology adoption strategies and (2) whether technology transfers derived from such linkages
further explain technology adoption strategies. The paper then goes further to examine, under the
influence of FDI linkages and technology transfers, (3) to what extent economic obstacles may cause
young SMEs to choose different adoptions. To be more specific, the current article analyzes the direct
linkage effects, and technology transfer between FDI firms and young SMEs, economic obstacles,
and the interactions between them that causes young SMEs to conduct technology adoption strategies
in the supply chain (existing through direct transfer of technology between linked firms), namely:
embodied backward adoption (EBA), embodied backward purchasing (EBP), embodied forward
adoption (EFA), embodied forward purchasing (EFP), and disembodied adoption (DIA). We employ a
selection probit model to examine the issues. The main idea is that, in each particular market, firms
conduct two decisions. First, they decide to adopt or not. Second, those firms that decide to adopt
have to decide a particular technology adoption from a list of five choices.

The paper contributes to the literature of innovation, FDI, and young SMEs’ behavior in several
points. First, it is the first one to explore factors behind YACs’ choices of technology adoptions in the
context of developing countries. Second, it examines the concerning issues along the supply chain,
and thus the vertical effects of technology transfers are captured in their multi-dimensions. Third,
by distinguishing technology transfers from technology spillovers, their direct and indirect impacts
are estimated.

The article is presented as follows. Section 2 presents the literature review. Section 3 is about
data and methods. Section 4 exhibits empirical results and discussion. Section 5 delivers the
main conclusions.

2. Literature Review

There are heterogeneous approaches concerning the determinants of the adoption decision of firms,
namely: rank, stock, order, and epidemic models. The rank model, referring to the firm characteristics
(e.g., the firm size), is critical to explaining firms’ decision to adopt (Mansfield [40], David [41],
Davies [42], Ireland and Stoneman [43]). The stock model derives from the assumption that expected
profits from the use of new technology decreases as the number of previous adopters increases [44],
while the order model implies that the firm’s position in the adoption order determines its return
from the adoption of the new technology, therefore causing competition to be first in the technological
race [45]. The epidemic model stresses the role of information in the diffusion process [40], which is
acquired through informal contacts between firms.

Within the framework of the above-mentioned models, plenty of work has been done so far.
For rank theory, firm size with a positive effect (or the “Schumpeterian hypothesis”) is found in
studies of Faria, et al. [46], Arvanitis and Hollenstein [47], Karshenas and Stoneman [48], Bartoloni and
Baussola [20], Chang and Robin [18], Kelley and Helper [49], and an “inverted-U” pattern in Chang
and Robin [18]. Apart from firm size, other aspects of firm characteristics have been examined, such as
workforce age (Meyer [50]), and location (Faria, Fenn and Bruce [46], Kelley and Helper [49], Antonelli
and Gottardi [51]).

Many studies also distinguish the heterogeneity between domestic firms and foreign affiliates
in the implementation of technology adoption. Wang and Blomström [23] study technology transfer
activities by domestic and foreign firms and find that domestic firms invest in learning certain new
technologies from the multinational companies until the domestic firms become more competitive,
as more new technology would be transferred. The view that investment in learning or imitation
by domestic firms spurs new technology transfer by multinational companies is also supported by
Vishwasrao and Bosshardt [37].
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In addition, Karpaty and Kneller [52] suggest that the smaller technology gap between domestic
firms and the foreign affiliates is usually associated with the higher rate of technology transfer.
Glass and Saggi [21] also found that shrinking the technology gap between FDI firms and domestic
ones tends to improve the quality of technology transferred by FDI firms. These papers thus suggest
that interaction between domestic and foreign-owned firms is an important aspect of the process of
technology adoption.

Other empirical results contribute to the understanding of determinants of technology adoption.
Blomström, et al. [53] found that technology purchasing and increased investment by domestic firms
are significant determinants of technology transfer by multinationals. Vishwasrao and Bosshardt [37]
found those firm characteristics, market structure, and competition for foreign technologies impact
the technological adoption decisions of Indian firms and foreign subsidiaries. Chang and Robin [18],
using a panel of 27,754 firms from 1992 to 1995 in twenty 2-digit Taiwanese industries, found that, in
all industries, the intensity level of technology imports is highly associated with firm size, following an
“inverted-U” relationship. Siddharthan and Safarian [54] used pooled data on Indian manufacturing
firms and found that a firm’s years of operation are positive in determining the import of capital goods
without foreign equity participation and the purchase of technology from the market. However, Pandit
and Siddharthan [55] found that the age of factories and machinery harmed technological opportunities
in various Indian manufacturing industries for the same period. Siddharthan and Safarian [54] also
found market share to be unimportant as a determinant of capital goods importing in the case of
foreign affiliates in Indian chemical and other industries during 1987–1989.

Recent research development of FDI-related technology transfer evokes that FDI motivation is led
by qualified labor and suitable labor costs, the host country’s local market size, global supply chain
involvement [39,56], and financial and economic constraints [38].

The overview of empirical studies so far suggests that much understanding of technology
spillovers has been attained. However, as suggested by Smeets [32], and Giroud, Jindra and Marek [33],
direct effects of linkages between firms with foreign investment and domestic enterprises need to be
carefully examined, especially in the relationship with technology adoption strategies where empirical
evidence is still so rare. On top of that, technology transfers derived from such linkages, economic
obstacles, and the interactions between them also call for an investigation.

3. Data and Methodology

3.1. Data

The current study explores two data sources. The first data set was obtained from the Vietnam
Technology and Competitiveness Survey (TCS), which was conducted in 2011, 2012, and 2013, by
the Central Institute for Economic Management (CIEM), the General Statistics Office (GSO), and the
Development Economics Research Group (DERG) of the Department of Economics, University of
Copenhagen (CIEM and University of Copenhagen [56], CIEM and University of Copenhagen [57],
CIEM and University of Copenhagen [58]). The TCS questionnaire asks firms about technology adoption.
About either domestic or international suppliers, the questionnaire asks, “do any of these relationships
with domestic suppliers result in technology transfer from the supplier to your enterprise?”. Then,
“if the answer is “yes”, is the technology transfer mainly: (1) intentional and part of the legal contract,
(2) intentional, but not part of the legal contract, (3) unintentional?”. Concerning either domestic or
international customers (to those domestic firms providing inputs), the questionnaire also asks similar
questions. The TCS collects information from a consistent list of firms in 2011, 2012, and 2013, and thus,
this gives the advantage for building a panel dataset. Some studies employ the TCS in their analyses,
so far, such as Newman, Rand, Talbot and Tarp [24].

The TCS questionnaire also asks firms about constraints delaying or obstructing the enterprise’s
performance. Answers range from 0 to 10, in which 0 means “does not apply”, 1 means “slightly
important”, and 10 means “very important”. Specific constraints relate to (1) the basic infrastructure
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(electricity, energy, land), (2) the transport infrastructure (roads, airports), (3) the communication
infrastructure, (4) the financing constraints (credits, foreign capital), (5) the labor force (number), (6) the
technological know-how (skilled labor), and (7) technologies (machinery, equipment).

The second data source was the Vietnam Enterprise Survey (VES) in 2011, 2012, and 2013. The VES,
which includes more enterprises than the TCS does, is collected by GSO. The survey information
includes firm characteristics, location, industries, and especially detailed information about accounting
and financial performance. Many pieces of research employ the VES in their analyses: Ngo and
Nguyen [59], Newman, Rand, Talbot and Tarp [24], Anwar and Nguyen [60], and Anwar and
Nguyen [61].

Our final sample derived from the two sources of the above datasets (TCS and VES) using the
identifiers of firms consists of 3252 unbalanced Vietnamese domestic SMEs in 2011–2013. The unified
dataset is unique, not only in Vietnam, but also in developing countries in transition.

3.2. Methodology

Figure 1 illustrates how technology adoptions along the supply chain (obtained through direct
transfer of technology between linked firms) are defined.
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Talbot and Tarp [24].

Technology adoptions include embodied and disembodied adoptions. Embodied technology
adoption is intentional and a part of the legal contract, or intentional but not a part of the legal
contract. Disembodied technology adoption is the unintentional one. Technology adoptions can
also be divided by (1) forward linkage (technology is transferred from either domestic or foreign
suppliers), (2) backward linkage (technology is transferred from either domestic or foreign customers),
and (3) purchasing (in case of importing inputs from either domestic or foreign suppliers). In practice
as in Figure 1, we define EBA as embodied adoption with backward linkage or when technology
is transferred from either domestic (DoEBA) or foreign (FoEBA) customers to a domestic firm as a
supplier. EBP is defined as embodied adoption with backward linkage or when technology is imported
from either domestic (DoEBP) or foreign (FoEBP) customers to a domestic firm as a supplier. EFA is
defined as embodied adoption with forward linkage or when technology is transferred from either
domestic (DoEFA) or foreign (FoEFA) suppliers to a domestic firm as a customer. EFP is defined as
the embodied adoption with a forward linkage of technology that is imported from either domestic
(DoEFP) or foreign (FoEFP) suppliers to a domestic firm as a customer. Additionally, DIA is defined as
technology purchased by a domestic firm from either domestic (DoDIA) or foreign (FoDIA) suppliers
(disembodied adoption by a domestic firm).
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We established a set of five equations reflecting five technology adoption choices, namely: EBA,
EBP, EFA, EFP, and DIA. The model for each choice is as follows:

Pr (being a firm that adopted a particular technology from five choices = 1) = Pr (adopt = 1; adopt
the particular technology choice = 1|x) = Pr (adopt the particular technology choice = 1 | adopt = 1, x)
X Pr (adopt = 1; x).

Hence, we apply a probit model correcting by sample selection. The main idea is that, in each
particular market, firms adopt two decisions. First, they decide to adopt or not. Second, those firms
that decide to adopt have to decide a particular technology adoption from a list of five choices. In the
following part, we specify the two models.

The first equation considers the probability of a firm’s decision to adopt. To be specific:

y1it =

{
1 i f y∗1i = f (x1iβ1 + Z1iδ1 + u1i) > 0

0 otherwise
(1)

where y1i is a dummy variable, which indicates that a firm i decides to adopt in time t. Variable
y*

1it is a latent dependent variable, x1it are the determinants of the firm’s adoption, Z1i is a matrix of
time-varying firm-specific control variables, β1t and δ1t are the vector of coefficients to be estimated,
and u1it is the error term which follows N(0, σ2

1). A firm “it” will adopt if y*
1it is positive. Equation (1)

includes the following set of explanatory variables (x1i): Size (sales lagged one period), Age (years of
operation), ShareExp (export share in sales), FDIDomSup (firm having relationship with FDI domestic
suppliers), FDIDomCus (firm having relationship with FDI domestic customers), BInfrasT (difficulties
in terms of basic infrastructure such as electricity, energy, land), TranInfrasT (difficulties in terms of
transport infrastructure such as roads, airports), ComInfrasT (difficulties in terms of communication
infrastructure), FinT (difficulties in terms of financial constraints such as credits, foreign capital),
LabornbT (difficulties in terms of the number of the labor force), KnowhowT (difficulties in terms of
technological know-how, namely skilled labor), and TechT (difficulties in terms of technologies such as
machinery, equipment), MarketShareP (market share at province level), MarketShareC (market share
at country level), ComP (competition at province level), and ComC (competition at country level), as
shown in Table 1—Panel A.

The second main equation is the probability of conducting a particular technology adoption
from the five choices. The dependent variable y2i is a dummy variable that takes a value equal to 1
when a firm decides to conduct a particular technology adoption choice. The second equation has the
form below:

y2i =

{
1 i f y∗2i = f (x2iβ2 + Z2iδ1 + u2i) > 0

0 otherwise
(2)

where y*
2i is the latent dependent variable, x2i are the determinants of conducting a particular

technology adoption choice, Z2i is a matrix of time-varying firm-specific control variables, β2t and
δ2t are the vector of coefficients to be estimated, and u2i is the error term which follows N(0, σ2

2).
y2i is observed only when y*

1i is equal to 1. Equation (2) depends on the following set of explanatory
variables (x2i): Size (sales lagged one period), Age (years of operation), ShareExp (export share in
sales), FDIDomSup (firm having a relationship with FDI domestic suppliers), FDIDomCus (firm having
a relationship with FDI domestic customers), BInfrasT (difficulties in terms of basic infrastructure
such as electricity, energy, land), TranInfrasT (difficulties in terms of transport infrastructure such as
roads, airports), ComInfrasT (difficulties in terms of communication infrastructure), FinT (difficulties
in terms of financial constraints such as credits, foreign capital), LabornbT (difficulties in terms of the
number of the labor force), KnowhowT (difficulties in terms of technological know-how, namely skilled
labor), and TechT (difficulties in terms of technologies such as machinery, equipment), as shown in
Table 1—Panel B. Equations (1) and (2) might contain some commonly omitted variables and therefore
the correlation term ρ between u1 and u2 might be unequal to zero. This correlation may appear
since those firms that adopt demonstrate non-unobserved characteristics, which make them conduct a
particular technology adoption choice.
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Table 1. Variables in the technology adoption model and the model of particular technology adoption choices.

Variable Description
Panel A: Technology

Adoption Model
Panel B: Technology
Adoption Choices

Mean (Standard Deviation); Number of Observations

Dependent Variable

Adopt A firm decides to adopt or not (=1) 0.27 (0.44); 12,004
Adoption choices A firm conducts a particular technology adoption choice

EBA (=1) 0.50 (0.50); 3252
EBP (=1) 0.09 (0.28); 3252
EFA (=1) 0.69 (0.46); 3252
EFP (=1) 0.14 (0.35); 3252
DIA (=1) 0.03 (0.17); 3252

Independent Variable

Size ln(sales). Variable lagged one period 9.19 (1.66); 11,994 9.51 (1.67); 3251
Age ln(age). Variable lagged one period 2.11 (0.37); 11,994 2.09 (0.37); 3250

ShareExp Export share in sales (%) 9.87 (27.17); 12,004 10.80 (27.95); 3252
FDIDomSup A firm having relationship with FDI domestic suppliers (Dummy) 0.06 (0.23); 12,004 0.08 (0.27); 3252
FDIDomCus A firm having relationship with FDI domestic customers (Dummy) 0.14 (0.34); 12,004 0.16 (0.37); 3252

FDIDomSupTech A firm having relationship with FDI domestic suppliers resulted in technology transfer (Dummy) 0.01 (0.11); 12,004 0.04 (0.20); 3252
FDIDomCusTech A firm having relationship with FDI domestic customers resulted in technology transfer (Dummy) 0.02 (0.14); 12,004 0.07 (0.28); 3252

Constraints Level of difficulties that delay or obstruct the realization of technology in terms of (0 = does not apply, 1 = slightly important, 10 = very important):
BInfrasT Basic infrastructure 5.3 (3.7); 12,004 5.8 (3.7); 3251

TranInfrasT Transport infrastructure 4.3 (3.4); 12,004 4.6 (3.4); 3251
ComInfrasT Communication infrastructure 3.7 (3.2); 12,004 4.0 (3.3); 3251

FinT Financial constraints 6.4 (3.37); 12,004 6.7 (3.3); 3251
LabornbT Number of labor force 4.95 (3.31); 12,004 5.2 (3.3); 3251

KnowhowT Technology know-how 5.59 (3.23); 12,004 5.9 (3.2); 3251
TechT Technologies 5.82 (3.38); 12,004 6.2 (3.3); 3251

Market share Market variables which indicate:
MarketShareP The market share gained by the firm at the province level (%) 24.64 (28.66); 3252
MarketShareC The market share gained by the firm at the country level (%) 21.19 (26.18); 3252
Competition Level of competition faced by the firm:

ComP The number of competitors at the province level 16.63 (43.76); 3252
ComC The number of competitors at the country level 13.63 (53.16); 3252

Note: Technology adoption choices: embodied backward adoption (EBA), embodied backward purchasing (EBP), embodied forward adoption (EFA), embodied forward purchasing (EFP),
and disembodied adoption (DIA). Source: Author’s suggestion.
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Following the works of Newman, Rand, Talbot and Tarp [24], Giroud, Jindra and Marek [33],
Smeets [32], and Marin and Bell [62], we go further by examining FDI spillovers in two ways.
Specifically, first, we examine the direct adoption impact of linkages and direct technology transfers
from FDI. This is operated through the estimation of Equations (3) and (4):

y1it =


1 i f y∗1i = f

 x1iβ1 + Z1iδ1 + γ1FDI_SUP1it + γ2FDI_CUST1it+

γ3FDI_SUPTECH1it + γ4FDI_CUSTTECH1it + u1i

 > 0

0 otherwise

(3)

y1it =


1 i f y∗1i = f

 x2iβ1 + Z2iδ1 + γ1FDI_SUP2it + γ2FDI_CUST2it+

γ3FDI_SUPTECH2it + γ4FDI_CUSTTECH2it + u2i

 > 0

0 otherwise

(4)

where FDI_SUP takes the value 1 if the firm is supplied by an FDI firm (0, otherwise), and FDI_CUST
takes the value 1 if the firm has an FDI firm as a customer (0, otherwise). FDI_SUPTECH and
FDI_CUSTTECH take the value 1 when the firm received technology transfers from FDI suppliers and
FDI customers, respectively (0, in other cases).

Second, we examine the effects of the economic constraints used in Equation (4), given the direct
linkage between FDI and domestic firms and FDI technology transfer as suggested by Newman, Rand,
Talbot and Tarp [24]. In other words, we explore the interaction between economic constraints and
the status of direct linkage with foreign firms in the supply chain. The estimation model is given in
Equations (5) and (6).

y1it =


1 i f y∗1i = f


x1iβ1 + Z1iδ1 ++γ1FDI_SUP1it + γ2FDI_CUST1it+

γ3FDI_SUPTECH1it + γ4FDI_CUSTTECH1it+

λ1Z1i · FDI_SUP1it + λ2Z1i · FDI_CUST1it+

µ3Z1i · FDI_SUPTECH1it + µ4Z1i · FDI_CUSTTECH1it + u1i


> 0

0 otherwise

(5)

y2it =


1 i f y∗2i = f


x2iβ1 + Z2iδ1 ++γ1FDI_SUP2it + γ2FDI_CUST2it+

γ3FDI_SUPTECH2it + γ4FDI_CUSTTECH2it+

λ1Z1i · FDI_SUP2it + λ2Z1i · FDI_CUST2it+

µ3Z2i · FDI_SUPTECH2it + µ4Z2i · FDI_CUSTTECH2it + u1i


> 0

0 otherwise

(6)

The current paper applies the Mundlak–Chamberlain approach (Mundlak [63], Chamberlain [64]),
which includes two steps as follows:

Step 1: Estimate three different selection probit models (i.e., use pooled probit) and compute three
inversed Mills ratios.

Step 2: Estimate a system of equations with three inversed Mills ratios on the selected sample
(i.e., use panel probit). This yields consistent estimates of coefficients.

4. Empirical Analysis

4.1. Descriptive Statistics

Table 2 shows a sample of young SMEs. The database has 12,004 observations in the three-year
unbalanced panel. The percentage of YACs accounts for around 27.35 percent of the sample in 2011,
and this indicator reduces to 19.12 percent in 2013. For young non-adoption companies (YNACs),
the value is around 72.65 percent in 2011, and it is equal to 80.88 percent in 2013.
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Table 2. Distribution of sample of young SMEs, 2011–2013.

Year
Young SME Sample

YACs, n (%) YNACs, n (%) Full Sample, N (%)

2011 1099 (27.35) 2919 (72.65) 4018 (100.00)
2012 1389 (34.84) 2595 (65.16) 3984 (100.00)
2013 765 (19.12) 3237 (80.88) 4002 (100.00)

Total 3252 (27.09) 8752 (72.91) 12,004 (100.00)

Note: YACs: young adoption companies, YNACs: young non-adoption companies. Source: Author’s calculation
from Vietnam Technology and Competitiveness Survey (TCS) and Vietnam Enterprise Survey (VES).

Table 3 shows the distribution of the sample of young SME adoption. The database has
3252 observations in the three-year unbalanced panel. The five different technology adoption
strategies include: (1) embodied backward adoption (EBA), (2) embodied backward purchasing (EBP),
(3) embodied forward adoption (EFA), (4) embodied forward purchasing (EFP), and (5) disembodied
adoption (DIA).

Table 3. Distribution of technology adoption SMEs, 2011–2013.

Year
Technology Adoption SME Sample

EBA, n (%) EBP, n (%) EFA, n (%) EFP, n (%) DIA, n (%) Sample, N (%)

2011 648 (39.54) 109 (37.98) 782 (34.94) 142 (31.56) 39 (38.61) 1099 (33.78) (100.00)
2012 561 (34.23) 99 (34.49) 1124 (50.22) 107 (23.78) 42 (41.58) 1389 (42.70) (100.00)
2013 430 (26.24) 79 (27.53) 332 (14.83) 201 (44.67) 20 (19.80) 765 (23.52)

Total 1639 (100.00) 287 (100.00) 2238 (100.00) 450 (100.00) 101 (100.00) 3252 (100.00) (100.00)

Note: Technology adoption choices are defined in Table 1. Source: Author’s calculation from TCS and VES.

The percentage of EBAs represents around 39.51 percent of the sample in 2011, while this value
reduces to 26.22 percent in 2013. With respect to EBPs, the value is around 37.98 percent in 2011, and it
is equal to 27.53 percent in 2013. Regarding EFAs, the value is around 34.94 percent in 2011, and it is
equal to 14.83 percent in 2013. Concerning EFPs, the percentage is around 31.65 in 2011, and it is equal
to 44.67 percent in 2013. About DIAs, the proportion is around 38.61 percent in 2011, and in 2013, it is
equal to 19.80 percent.

Table 4 shows the main characteristics of six groups of firms—five types of YACs and YNACs.
We observe differences among YACs and with their counterparts in profiles as follows.

Regarding firm characteristics, first, YACs (including EBA, EBP, EFA, EFP, and DIA) have a higher
number of workers and capital volume (both total assets and equity in absolute terms) than YNACs,
while the mean size of the other firms has the lowest value regardless of whether we consider the
number of employees or volumes of total assets and equity. Second, in reference to the sales volumes,
YACs have higher volumes in absolute terms than both YNACs and other firms. Third, in relation
to the age, firms with EBA, EFA, or DIA are younger than YNACs, while EBP and EFP are older.
Fourth, concerning the openness to international trade, EBP is more internationally tradable in terms
of both exports and imports, EFP is more in terms of imports, while other YACs are less internationally
tradable than YNACs in terms of both exports and imports.
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Table 4. Descriptive summary, young SMEs (average 2011–2013).

Variable
EBA EBP EFA EFP DIA YNACs

(1) (2) (3) (4) (5) (6)

Sales (mill. VND) 39,367.78 (75,630.74) 86,798.56 a***

(156,677.74)
49,128.39 b***

(159,191.45)
121,226.02 a***, c***

(312,977.25)
87,291.87 a***, c**

(299,176.99)
38,210.49 b***, c***, d***, e***

(133,013.74)

Employees (persons) 54.64 (57.88) 120.9256 a*** (88.51) 66.98 a***, b*** (67.75) 96.35 a***, b***, c***

(76.93)
65.99 a*, b***, d***

(64.59)
51.59 b***, c***, d***, e***

(57.71)

Age (years) 8.67 (2.87) 9.10 (2.88) 8.41 a**, b*** (2.79) 9.44 a***, c*** (2.89) 7.81 a***, b***, c**, d***

(2.69) 8.83 c***, d***, e*** (2.88)

Assets (mill. VND) 35,910.19 (90,670.05) 68,181.6256 a***

(123,756.93)
38,550.45, b***

(102,415.20)
90,013.56a***, c***

(153,390.26)
52,724.70 a*, d**

(109,551.72)
29,183.43 b***, c***, d***, e**

(110,827.72)

Equity (mill. VND) 12,517.91 (33,763.83) 23,038.2856 a***

(46479.54)
12,847.17 b***

(35,334.41)
30,523.78 a***, c***

(52,789.27)
18,119.24 d**

(41,365.17)
10,112.24 b***, c***, d***, e**

(37,449.70)
Firm exports (%) 84 (37) 94 a*** (24) 78 a***, b*** (41) 83 b***, c** (38) 82 b*** (38) 87 a*, b**, c***, d** (34)
Firm imports (%) 87 (34) 90 (31) 79 a***, b*** (41) 92 a**, c*** (28) 86 c*, d* (35) 87 c***, d*** (33)

Note: Standard deviation in brackets; a, b, c, d, e: statistically significant compared to EBA, EBP, EFA, EFP, DIA, respectively; * p < 0.10, ** p < 0.05, *** p < 0.01. Technology adoption choices
are defined in Table 1; YNACs: young non-adoption companies. Source: Author’s calculation from TCS and VES.
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Regarding constraints delaying or obstructing the enterprise’s performance, as shown in Figure 2,
firstly, in general, larger percentages of YACs state that they suffer most of the constraints in basic
infrastructure (electricity, energy, land), transport infrastructure (roads, airports), communication
infrastructure, financing (credits, foreign capital), the labor force (number of laborers), technological
know-how (skilled labor), and technologies (machinery, equipment) than YNACs do. Secondly,
similarly, larger percentages of a firm with EBA, EBP, EFA, EFP state that they suffer most of the
constraints than firms with DIA do. Thirdly, larger percentages of firms with EBA and EBP state
that they suffer severer constraints in basic infrastructure, financing, labor force, and technological
know-how. Fourth, a larger percentage of firms with EBP state that they suffer severer constraints in
technological know-how, while a larger percentage of firms with EFP state that they suffer severer
constraints in technologies.
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Figure 2. Constraints on young SMEs’ economic performance; average points over 2011–2013.
Note: Seven types of constraints: (1) basic infrastructure (electricity, energy, land), (2) transport
infrastructure (roads, airports), (3) communication infrastructure, (4) financing (credits, foreign capital),
(5) labor force (number of laborers), (6) technological know-how (skilled labor), and (7) technologies
(machinery, equipment). The level of constraints is measured as average points of each constraint
(range from 0 to 10). Source: Authors’ calculation from TCS.

The business environment can affect spillovers in some ways. One that has been detailed in
the literature as particularly important is that of competition, with a positive correlation between
competition and the strength of spillovers. Abraham, et al. [65] concluded that spillovers were only
positive in sectors with greater levels of competition. It appears that competition acts as a catalyst
through which domestic firms improve their performance (as mentioned by Wang, et al. [66]). This may
be the result of increased numbers of competitors promoting quality improvements to attract customers
or cost minimization to reduce price and gain market share.

Firms with EBP, EFA, EFP, and DIA report fewer competitors at the provincial level than YNACs
do, as shown in Figure 3. Firms with EBP and EFA also report fewer competitors at the national level
than YNACs do. However, firms with EFP and DIA report more competitors at the national level than
YNACs do. This indicates that firms with EFP and DIA tend to be more expansive in the competitive
national market. Firms with EBA face the highest competitors at the international level than any other
YACs and YNACs do.
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Furthermore, larger percentages of firms with EBA, EFA, EFP, and DIA state that they face
competition in the main field of activity, as shown in Figure 4. A larger percentage of firms with DIA
state that their market shares of main activity are within a province. A larger percentage of YNACs
state that their market shares of main activity are within the country. It is noted that a larger percentage
of YNACs and firms with a DIA status are “price taker” firms, while obviously, we observe ahigher
percentage of “limited autonomy” or “significant autonomy in setting prices” for some YACs, such as
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Figure 4. Competition and firms’ market power by YACs and YNACs; average percentage over
2011–2013. Note: YACs: young adoption companies, YNACs: young non-adoption companies.
Technology adoption choices are defined in Table 1. Source: Authors’ calculation from TCS.

To summarize, we find that firms differ substantially in terms of the number of workers,
age, physical capital intensity, sales volumes (growth ability), and openness to international trade.
These attributes capture a firm’s capability to acquire and absorb newly acquired technology. Second,
firms face different constraints on their economic performance. Third, firms face different levels of
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competition. In the following, we will present an econometric framework in which the differences in
technology adoption behavior are linked to the differences in constraints on their economic performance
along the supply chain and technology transfer.

4.2. Empirical Results

The overall aim of our analysis was to determine the extent to which a particular technology
adoption choice by young domestic SMEs is related to economic constraints, FDI linkages, and FDI
technology transfer. We began by estimating the basic specification of economic constraints, FDI
linkages, and FDI technology transfer given in Equation (4) and obtain the results in Table 5. The three
inverse Mills ratios in models of EBA, EBP, EFA, and EFP are significant at the 1 percent level, indicating
that the estimated coefficients are consistent after correcting the selection sample problem.

We find that a firm with FDI domestic customers resulted in technology transfer (technology transfer
through backward linkages) is more likely to adopt EBA. However, a firm only having a linkage with FDI
domestic customers is less likely to adopt EBA. We also find that a firm with FDI domestic suppliers is
more likely to adopt EFP. A firm with FDI domestic suppliers resulted in technology transfer (technology
transfer through forward linkages) is more likely to adopt EFA. However, a firm only having a linkage
with FDI domestic suppliers is less likely to adopt EFA. These findings confirm the importance of
interactions between domestic and FDI firms in the process of technology adoption as suggested in the
literature of adoption (Glass and Saggi [21], Wang and Blomström [23]).

With respect to firm characteristics, firm size shows significant positive coefficients in models EBP
and EFP, which is in line with the study of Vishwasrao and Bosshardt [37] with Indian data from 1989 to
1993. Our findings interestingly show that, while firm size plays a positive impact on the probability of
becoming an EBP or EFP, the effect vanishes in the case of becoming a DIA. The positive impact of firm
size has also been found in Scherer [67], Kamien and Schwartz [68], Katz and Shapiro [69], Loury [70],
Fudenberg and Tirole [45], and Chang and Robin [18]. The negative impact of firm age in models EBA,
EFA, and DIA shows that older firms are more incentivized to spend small efforts to conduct such EBA,
EFA, and DIA activities, and this has been found in Vishwasrao and Bosshardt [37], and Pandit and
Siddharthan [55]. However, the positive sign of the firm’s years of operation in model EFP shows that
long-lasting firms are more likely to devote big efforts to spend money in EFP activities. This result is
also found in the study of Vishwasrao and Bosshardt [37] and Siddharthan and Safarian [54].

Regarding the export orientation, we find interesting results between particular technology
adoption choices. While both EBA and EFA firms show a significantly negative impact, the impact
is significantly positive for the likelihood of being an EBP. That means exporting firms do not tend
to conduct embodied backward or embodied forward adoptions, but they are more likely to adopt
embodied backward technology through purchasing. The explanation may come from a fact that firms
in an internationally competing market already have a competitive product or competitive productivity.
Hence, we may notice that young small exporting firms are not inclined to choose an EBA or EFA and
thereby decrease the dangers that can harm their competitive product or competitive productivity.

With reference to the domestic competitiveness of the firm proxied by the number of province-level
competitors, the impact follows an inverse U-shaped pattern for the probability of being an EBA,
but a U-shaped pattern for the probability of being a DIA. Our results indicate that the level of
competitiveness likely increases the possibility of being an EBA, while decreases the likelihood of being
a DIA at the first stage of growth. At the later stage, the level of competitiveness likely decreases the
probability of being an EBA, while increasing the probability of being a DIA. The finding of significant
competition’s role is in line with Scherer [67], Kamien and Schwartz [68], Katz and Shapiro [69],
Loury [70], and Fudenberg and Tirole [45].

Concerning the market power in terms of the market share at the national level, we also observe a
significantly inversed U-shaped pattern for the probability of being an EBA. Our results indicate that
the volumes of the market power likely increase the probability of being an EBA at the first stage of
growth and decrease the probability of being an EBA at the later stage of growth. This is in accordance
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with what [67] found—technology transfer is spurred by competition, but that too much competition
does not allow payment for the transfer. An explanation may be when a firm has more market power,
it may have less competition incentive to invest more in technology transfer, even if it can have more
financial resources to do so.

The significantly negative influence has been found: the barriers of basic infrastructure (such as
electricity, energy, land) on the probability of being an EBP, communication infrastructure (such as
road, airports) on EBP, the labor force (number of laborers) on EFA, technologies (such as machinery,
equipment) on EBA as expected in the literature of adoption. However, the significantly positive effect
has been found on the barriers of communication infrastructure on the probability of being an EBP or a
DIA, financial constraints (such as credits, foreign capital) on EBA, labor force on EBA, technological
know-how (skilled labor) on EFA. Hence, in the case of communication infrastructure, our results
may suggest that this type of constraint pushes firms to look for sources of technology that may not
depend on communication infrastructure or even ease the lack of communication infrastructure. In the
case of financial constraints, this type of constraint pushes firms to look for other sources of financing
or to switch between internal and external financial sources. A constraint in the labor force, on the
other hand, stimulates firms to engage in a type of embodied technology transfer. In the same vein,
constraint in technological know-how, on the other hand, stimulates firms to engage in a type of
embodied technology transfer.

Table 5. Impact of constraints, foreign direct investment (FDI) linkage and vertical spillovers (marginal
effect), 2011–2013.

Variable EBA EBP EFA EFP DIA

FDI Linkages and Vertical Spillovers
Having FDI domestic customers −0.7480 *** 0.2160 0.0068

FDI domestic customers with technology transfer 2.8170 *** 0.3740 0.7160 **
Having FDI domestic suppliers −0.4150 *** 0.9080 *** −0.0420

FDI domestic suppliers with technology transfer 2.7630 *** 0.3020 −0.4170
Level of Difficulties

Basic infrastructure 0.0207 −0.0489 ** −0.0042 −0.0034 −0.0341
Transport infrastructure 0.0138 0.0143 0.0132 −0.0081 −0.0481

Communication infrastructure −0.0254 * 0.0504 ** −0.0112 0.0169 0.0541 *
Financial constraints 0.0371 *** −0.0029 −0.0074 -0.0246 0.0200

Labor force 0.0251 * 0.0317 −0.0370 *** −0.0170 0.0113
Technology know-how −0.0141 0.0444 0.0288 ** 0.0211 −0.0214

Technologies −0.0254 * −0.0270 0.0165 0.0273 −0.0142
Firm Characteristics

Sales lagged one period (log) 0.0229 0.2420 *** −0.0325 0.2580 *** 0.0085
Age (Log form) −0.2310 ** 0.1900 −0.2920 *** 0.5620 *** −0.5180 ***

Export share in sales (%) −0.0080 *** 0.029 *** −0.0050 *** 0.0020 −0.0010
Market Power and Competition

Market share (province, %) 0.0015 −0.0064 −0.0054 −0.0013 −0.0034
Market share (province, %), squared 0.0 0.0 0.0 0.0 0.0

Market share (country, %) 0.0104 ** 0.0043 0.0060 0.0041 −0.0056
Market share (country, %), squared −0.0001 ** 0.0 0.0 0.0 0.0

Competitors (province) 0.0039 ** −0.0031 −0.0023 −0.0026 −0.0150 ***
Competitors (province), squared 0.0 0.0 0.0 0.0 0.0

Competitors (nation) −0.0023 0.0010 0.0021 0.0024 0.0
Competitors (nation), squared 0.0 0.0 0.0 0.0 0.0

T inverse Mills Ratio
EBA −2.6470 ***
EBP 0.4250 **
EFA −0.7950 ***
EFP 0.7740 ***
DIA −0.0810

Number of firms 2054 2054 2054 2054 2054
Log Likelihood −1930 −633.6 −1795 −1088 −412.8

rho 0.581 0.595 0.406 0.555 0.550
Likelihood-ratio test of rho = 0 193.5 70.33 79.95 92.41 23.64

Note: Each model is estimated using random effects. * p < 0.10, ** p < 0.05, *** p < 0.01. 0.0: Very small. Technology
adoption choices are defined in Table 1. Source: Authors’ estimation from TCS and VES.
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We then continue to look at the indirect effects by estimating the interaction specification of
economic constraints, FDI linkages, and FDI technology transfer following Equation (6) in Table 6.
The three inverse Mills ratios in models of EBA, EBP, EFA, and EFP are significant at the 1 percent
level, indicating that the estimated coefficients are also consistent after correcting the selection
sample problem.

Table 6. Impact of interactions between constraints and FDI linkage and vertical spillovers (marginal
effect), 2011–2013.

Variable EBA EBP EFA EFP DIA

Interactions with FDI Domestic Suppliers
Basic infrastructure −0.0835 0.0189 −0.1160

Transport infrastructure 0.1380 * 0.0833 0.0352
Communication infrastructure −0.0299 0.0024 0.3010

Financial constraints 0.0174 −0.0735 0.0063
Labor force 0.0868 −0.0781 0.0144

Technology know-how −0.1060 0.0541 0.3390 *
Technologies −0.0456 0.0207 −0.2810

Interactions with FDI Domestic Customers
Basic infrastructure −0.0415 0.0007 0.0707

Transport infrastructure 0.0763 −0.0825 −0.0481
Communication infrastructure −0.0131 −0.0157 −0.3350 **

Financial constraints 0.0452 0.1140 −0.1560
Labor force 0.0699 0.0428 0.2220**

Technology know-how −0.1430 ** 0.0124 −0.0150
Technologies 0.0252 0.0863 0.0913

Interactions with FDI Domestic Suppliers Resulted in Technology Transfer (Vertical Spillovers through forward Linkages)
Basic infrastructure 224.2000 0.0467 −0.1550

Transport infrastructure −105.8000 0.0265 0.3860
Communication infrastructure 27.3500 −0.0526 −0.6360 *

Financial constraints −12.7000 0.0396 0.1210
Labor force −53.1200 −0.0225 0.5030

Technology know-how 38.6500 −0.0637 −0.3860
Technologies 53.0800 −0.0037 −0.2500

Interactions with FDI Domestic Customers Resulted in Technology Transfer (Vertical Spillovers through Backward Linkages)
Basic infrastructure 0.0312 −0.1520 −0.1140

Transport infrastructure 0.0557 −0.0099 −0.1220
Communication infrastructure 0.0203 0.0478 0.2460

Financial constraints −0.0867 −0.0754 0.1910
Labor force 0.1340 0.1250 −0.2920 **

Technology know-how 0.0695 −0.1660 −0.0100
Technologies −0.1440 0.1230 0.1310

Number of firms 2054 2054 2054 2054 2054
Log Likelihood −1920 −622.6 −1766 −1123 −392.9

rho 0.584 0.600 0.429 0.521 0.537
Likelihood-ratio test of rho = 0 190.2 70.32 82.09 83.39 19.96

Note: Each model is estimated using random effects. Time-varying firm-level control variables included in Table 6
are also included here but are not presented for ease of expression. They are available on request. * p < 0.10,
** p < 0.05, *** p < 0.01. Technology adoption choices are defined in Table 1. Source: Authors’ estimation from TCS
and VES.

We find that among firms with FDI domestic suppliers, the significantly positive influence has been
found on the barriers of transport infrastructure on the probability of being an EFA, and technology
know-how on DIA. Second, among firms with FDI domestic customers, the significantly negative
effect has been found on the barriers of communication infrastructure on the probability of being
at DIA, and technological know-how on EBA as expected in the literature of adoption. However,
the significantly positive impact has been found on the barriers of the labor force on the probability
of being a DIA. A constraint in the labor force, on the other hand, stimulates firms to engage in a
type of embodied technology transfer. Third, among firms with FDI domestic suppliers resulting
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in technology transfer (technology transfer through forward linkages), the significantly negative impact
has been found on the barriers of communication infrastructure on the probability of being a DIA as
expected in the literature of adoption. Fourth, among firms with FDI domestic customers resulting in
technology transfer (technology transfer through backward linkages), the significantly negative impact
has been found on the barriers of the labor force on the probability of being a DIA as expected in the
literature of adoption.

5. Conclusions

SMEs’ technology adoption is crucial to increase long-term productivity. However, empirical
evidence related to young private SMEs’ adoption is mixed and this is a problem for designing effective
support schemes. This article aimed to examine the impacts of direct linkages and technology transfer
between FDI firms and young SMEs that cause different technology adoption strategies along the
supply chain (through direct transfer of technology between linked firms) by YACs. Five different
technology adoption strategies considered were the embodied backward adoption, the embodied
backward purchasing, the embodied forward adoption, the embodied forward purchasing, and the
disembodied adoption. Throughout the research, the current paper distinguished technology transfers
from technology spillovers. The dataset consisted of a sample with 3253 Vietnamese young SMEs in
the period 2010–2013. We estimated the panel probit model controlling for the sample selection since
firms that decide to adopt are different in comparison with the other firms.

The analysis results highlight the importance of direct linkages, technology transfer between FDI
firms and young SMEs, economic obstacles, and the interactions between them that cause young SMEs
to conduct technology adoption strategies in the supply chain (obtained through direct transfer of
technology between linked firms). Specifically, our results indicate that exporting firms do not tend
to conduct embodied backward or embodied forward adoptions but are more likely to adopt the
embodied backward technology through purchasing. In addition, our results indicate that the impact
of the level of competitiveness follows an inverse U-shaped pattern for the probability of being an
embodied backward adoption, but a U-shaped pattern for the probability of being a disembodied
adoption. In terms of market power, our results point out a significantly inversed U-shaped pattern
for the probability of being an embodied backward adoption. The significantly negative impact has
been found on the barriers of basic infrastructure on the probability of being an embodied backward
adoption, communication infrastructure on the probability of an embodied backward purchasing, labor
force on the probability of an embodied forward adoption, and technologies on the probability of being
an embodied backward adoption. Firms that overcome some barriers in communication infrastructure,
financial constraints, labor force, and technological know-how may look for other sources of technology
that may not depend on communication infrastructure, or to switch between internal and external
financial sources, and/or to engage in a type of embodied technology transfer.

Under the impact of FDI linkages and vertical spillovers, the current paper finds that technology
transfer through backward linkages is associated with the embodied backward adoption and that
technology transfer through forward linkages is likely associated with the embodied forward adoption.
However, a linkage with FDI domestic customers is less likely associated with the embodied backward
adoption, and linkage with FDI domestic suppliers is less likely associated with the embodied forward
adoption. With respect to economic constraints, we find that, under a linkage with FDI domestic
suppliers, the barrier of communication infrastructure is negatively associated with the disembodied
adoption and technological know-how with the embodied backward adoption. Moreover, firms can
overcome some barriers in transport infrastructure and the labor force, owing to the linkages with FDI
domestic customers and/or suppliers. Finally, we find that under technology transfer through forward
linkages, the barrier of communication infrastructure is negatively associated with the disembodied
adoption, and under technology transfer through backward linkages, the barrier of the labor force is
negatively associated with the disembodied adoption.
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While policies aiming to promote young SMEs’ technology adoption obtain a consensus, it is less
understandable why firms decide to undertake different types of technology choices. The technology
linkages and firm’s characteristics influence the firm’s adoption behavior. Therefore, concerning
policies must be aware that indifferent incentives may not reach the outcomes for young SMEs.
Important equally, policy-makers must consider a broader range of sectoral characteristics that may
influence adoption behavior, such as export orientation, competitiveness, and market power.

While the attempt to breakdown the dataset has been done and various adaptation strategies are
defined, some limitations of the data (namely, lacking technology expenditure) delay the intensive
analysis, such as the level of investment in technology adoption. Further, a longer time span could help
to understand the sustainable pattern of adoption choices and continuity/discontinuity of technology
adoption as well. Lines of future research can focus on these directions.
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