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THE IMPACT OF TECHNOLOGICAL INNOVATION
ON THE COMPETITIVENESS OF FIRMS IN EMERGING ECONOMIES

This study investigates the impact of technological innovation on the international competitiveness of Chinese A-share listed
manufacturing firms from 2016 to 2021. It identifies a positive relationship between technological innovation and international
competitiveness, clarifies the mechanisms by which innovation enhances competitiveness, and focuses on firms in emerging
markets. The findings suggest that increased R&D investment significantly improves a firm's export technology complexity,
thus strengthening its global market position. The study also highlights the importance of strategic innovation management,
knowledge accumulation, and technological capability development in driving sustainable competitive advantage. The results
provide practical implications for policymakers and firm managers seeking to enhance the global performance of companies
operating in emerging economies.
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IzinBen Xe, lsin baii
Hayionanvnuti mexniunuii ynigepcumem Yxpainu
«Kuiscoxuti nonimexuiunuti incmumym imeni leopsa Cikopcbko2o»

BIIVIMB TEXHOJOTITYHUX IHHOBAIIIM HA KOHKYPEHTOCIPOMOXHICTH
NIIIPUEMCTB Y KPATHAX 3 EKOHOMIKOIO, IIIO PO3BUBAETHCS

Cmammio npucesyeno ananisy naugy mexHoa0iuHUX iHHOB8AYIll HA MIJICHAPOOHY KOHKYPEHIMOCHPOMOICHICHb KUMAUCLKUX
BUPOOHUYUX KOMNAHIL, arkyii AKkux Komupyiomscsa Ha Oipoci A-share, y nepioo 3 2016 no 2021 pix. OcHoeéna mema pobomu
NONSI2AE Y BUSHAUCHHI MO20, SIKUM YUHOM THEeCmuUyii 6 MexHON02IUHI IHHOBAYI] CRPUSIOMb NIOSUWEHHIO 30AMHOCIE NIONPU-
€MCME KOHKYPY8AMU HA 2I00ATbHOMY PUHKY, 0COONUBO ) KOHMEKCMI eKOHOMIK, Wo po3susaiomvcs. Buasneno, wjo icnye cmiii-
KUutl nO3UMUGHUL 38'930K MIdiC Di6HeM MEXHONO2IYHUX THHOBAYIU Ma MIdNCHAPOOHOIO KOHKYPEHMOCHPOMONCHICIIO KOMAAHI,
a MaKooic BU3HAYEHO K008I MeXanizmu, yepes fAKi iHHo8ayil niosuwyoms KOHKYpeHmHI nepesacu. 30Kkpema, pesyivmamu
NOKA3yI0Mb, WO 30i1bUeHHs IH8eCMUYill Y 00CIONHCeHHA Ma PO3POOKU SHAYHO NIOBUUYE MEXHONOIYHY CKIAOHICIb NPOOYKY,
KA eKCROPMYEMbCS, W0, Y CE0I0 Hepey, 3MIYHIOE NOZUYLT KOMNAKIU HA CEIMOBOMY PUHKY. J{OCTIOHMCEH S MAKONC NIOKPECIOE
PONbL cMpameziuno20 ynpasnints iHHO8AYIAMU, HAKONUYEHHS 3HAHb MA PO3GUMK) MEXHON02INHO20 NOMeHYiany K akmopis,
wo 3abesneuyioms CMIUKy KOHKYPeHmMOCnpomodcHicmo. Kpim moeo, poboma euceimuioc npakmuuti Haciioky OJisi NOAIMUKie
i MeHeOdicepis nionpuemcme, NPONOHYIOUU peKkomerdayii wooo onmumizayii ingecmuyiti y R&D, opmysanns inHosayiiiHux
cmpameziti ma nioguwyeHHs MexHoN02iUHOI CKAaOHocmi npoOYKYii Ol NOKpaujerHs 2100a1bHOT no3uyii KOMRAHIL Y Kpainax,
Wo po36ueaiomuvca. JJoCnioNHceHHs CRPUE NOTUOTIEHOMY POZYMIHHIO 83AEMO38 SI3KY MIdIC THHOBAYIAMU A MIJCHAPOOHOIO KOH-
KYPEHMOCNPOMONCHICIIO | HA0AE OCHOBY OISl NOOANLUUX OOCTIONCEHb ) chepi THHOBAYIUHO20 MEHeONCMEHNTY Mda PO3GUMKY
nionpuemcme Ha enobanvuomy punxy. Ilepcnekmueu nooarbuux 00CIioNCeHb BKIIOUAIOMb BUBYEHHS GNIUGY YUDPOo8izayii ma
UWMYYHO20 THMENEKNMY HA KOHKYPEHMOCHPOMONCHICIb RIONPUEMCING, AHANI3 poni iHmespayii' y enobaibHi 6upoObHUYI ma iHHO-
BAYIUHI TAHYIO2U, A MAKONC NOPIGHAHHA eEeKMUBHOCTE MEXHONOSIYHUX THHOBAYIN y PISHUX cekmopax npomuciosocmi. Taki
O00CHIONCEHHS MONHCYMb HAOAmU 2nubuLe po3yMIiHHs MO20, SIK KOMNAHIT 8 eKOHOMIKAX, W0 PO3GUBAIOMBCS, MONCY b SMIYHIOGAMU
€80i no3uyii na 2106anbHOMY PUHKY Ma QOpMYE8amu 00820CMPOKOGI KOHKYPEeHMHI nepesazi.

Knrouosi cnosa: mexnonoziuni inHo8ayii, MiXCHAPOOHA KOHKYPEHMOCHPOMONCHICIb, PUHKU, WO PO3BUBAIOMbCS, (DIHAHCOBT
NOKA3HUKU.

Problem statement. In today's globalized and high-
ly competitive business environment, technological
innovation is increasingly recognized as a key driver of
international competitiveness [1]. To stand out in global
markets and secure a competitive edge, firms must excel
at developing and commercializing new technologies, a
crucial step for maintaining growth and capturing market
share. This is particularly true for innovative firms that
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rely on technological capabilities to navigate and thrive in
dynamic and unpredictable environments.

The relationship between technological innovation and
international competitiveness has been widely studied,
with research exploring the role of R&D investment
and the impact of innovation on export performance.
However, despite the extensive literature, several key
areas remain underexplored. Specifically, there is a need
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for deeper investigation into the mechanisms through
which technological innovation enhances international
competitiveness. While existing studies have established
a general link between innovation and competitiveness,
the specific pathways and processes by which innovation
translates into superior financial performance and success
in international markets remain poorly understood [2; 3].

Another notable gap in the literature is the limited focus
on emerging markets. Most research on technological
innovation and international competitiveness has
concentrated on developed economies, such as the United
States and Europe [4; 5]. Given the rapid growth and
increasing prominence of Chinese firms in the global
economy, gaining a deeper understanding of the role of
technological innovation in shaping their competitiveness
can provide valuable guidance for managers and
policymakers seeking to promote innovation and economic
growth in China and other emerging markets.

The remainder of this paper is structured as follows:
we first review the relevant literature and develop our
hypotheses, then describe our data and methods in detail.
We then present our empirical results and discuss their
implications for theory and practice.

Analysis of recent research and publications. Tech-
nological innovation, encompassing the development and
commercialization of new technologies, products, and pro-
cesses, enables companies to differentiate themselves from
competitors, penetrate new markets, and secure sustai-
nable competitive advantages. This is particularly crucial
in international business, where firms must continuously
innovate to withstand intense competition from foreign
rivals and maintain their market position [6; 7].

In previous studies, the Resource-Based View (RBV)
has provided a theoretical framework for understanding the
link between technological innovation and international
competitiveness [8; 9]. According to RBV, firms possess
unique resources and capabilities that can be leveraged to
achieve a competitive advantage [10; 11]. Technological
innovation, in particular, is viewed as an indispensable
resource that enables firms to enhance their performance
and differentiate themselves in the market [12].

Empirical research confirms that technological
innovation is a critical driver of firm performance [13;
14; 15]. Studies show R&D intensity positively correlates
with key financial metrics, including ROA, sales growth,
and profitability [16; 17], and that innovative firms
better differentiate themselves and capture market share,
enhancing their international competitive position.

Based on these insights, we propose the following
hypothesis:

1) Firms enhance their international competitiveness
through technological innovation by improving financial
performance.

Firm size moderates the innovation-competitiveness
relationship. While larger firms possess greater resources
for R&D investment, they tend to face bureaucratic inertia
and slower decision-making. In contrast, SMEs benefit
from organizational flexibility and dynamic capabilities
that enable rapid adaptation to market trends. Empirical
evidence confirms that R&D investment yields greater
competitive gains for small firms than large ones [10; 18;
19; 20].

Based on the above views, we put forward the following
hypothesis:
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2) Firm size negatively moderates the relationship
between technological innovation and international
competitiveness.

Emerging economies present an important yet
under-researched context for studying innovation and
competitiveness. Most existing studies focus on developed
economies, overlooking the unique institutional, cultural,
and economic factors shaping emerging markets [21; 22].
To fill this gap, this study focuses on China’s A-share-listed
manufacturing enterprises from 2016 to 2021, aiming to
provide actionable insights for managers and policymakers
in these rapidly developing regions.

Formulating the purposes of the article. This study
examines the impact of technological innovation on the
international competitiveness of Chinese A-share listed
manufacturing firms from 2016 to 2021, making three
marginal contributions: first, it identifies a positive effect of
technological innovation on international competitiveness;
second, it clarifies the specific mechanisms through
which technological innovation influences international
competitiveness; and third, it focuses on firms in emerging
economies, an increasingly important yet under-researched
group in the global economy.

Methodology. We selected data on China's A-share-
listed manufacturing enterprises from 2016 to 2021. This
period is particularly appropriate, as it coincides with a
phase of rapid technological development in China and
intensifying global competition, making it well-suited
for examining the relationship between technological
innovation and international competitiveness. The data
comes from the China Stock Market and Accounting
Research (CSMAR) database. After removing financially
distressed firms and missing data points, we obtained
7,209 valid data points and truncated the continuous
variables at the 1st and 99th percentiles, respectively. This
study examines the impact of technological innovation on
enterprises' international competitiveness. Considering
the individual differences between enterprises, such as
management practices, strategic choices and other factors
that may affect international competitiveness, we use fixed-
effect models to explain these differences. In addition,
macroeconomic conditions, industry trends, policy
changes, and other factors will affect enterprises over
time. Therefore, we use a two-way fixed-effects model,
including individual and time fixed effects, to construct the
regression model specified in Equation (1).

TechComplex, =0, +o,RD, + 0o, X, +9,+¢c, +¢, (1)

Based on the mechanism and transmission path
analysis discussed above, enterprise technology innovation
has a positive impact on international competitiveness
by improving operational performance. Therefore, we
introduce operational performance into the regression
model as a mediating variable, as shown below:

ROAit =Yt YlRDit + YZXit T+, t¢ +eg, (2)

TechComplex, =3, +8,RD, + 3)
+8,RO4, +8, X, + @, +c, +¢,

Enterprises of different sizes tend to allocate resources
and focus in different ways, especially in R&D investment.
This observation raises an important question: Will the
scale of enterprises moderate the relationship between
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R&D intensity and international competitiveness? To
examine this issue, this study has developed a moderation
model in which SIZE, is the key variable representing the
enterprise's scale. The model formula is as follows:

TechComplex, =B, +B,RD, +B,SIZE,, + (4)
+B,SIZE, *RD, +B, X, + ¢, +¢ +g,

where i denotes the firm and ¢ denotes the year, spanning

from 2016 to 2021. TechComplex, represents the
export technological complexity of firm i in year ¢,
measured as the natural logarithm of export technology
complexity. R&D, represents the R&D intensity of firm
i in year t. ROA, represents the return on assets. SIZE,
represents firm size, measured as the natural logarithm
of total assets. X, denotes a vector of control variables,
as described in Table 1. \mathrm ¢, captures year fixed
effects, ¢, represents firm fixed effects, and ¢, denotes
the error term.

Presentation of the main research material. There are
various ways to measure international competitiveness.
This study draws on the research methods of Ardito et
al., and uses export complexity as a proxy for firms’
international competitiveness [2]. Export complexity not
only reflects the diversity of enterprise products but also
their technological complexity and added value, thereby
indirectly reflecting enterprises' competitive position in
the global market. Since international market competition
largely depends on technical advantages and innovation
capabilities, export complexity, as a comprehensive
indicator, can effectively assess enterprises' technological
innovation and product differentiation performance.
Based on the above considerations, we believe that export
complexity is a reasonable and effective indicator of
international competitiveness.

This research focuses on enterprise technology
innovation. Drawing on the research by Exposito and
Sanchis-Llopis, we use R&D intensity as an indicator,
defined as the ratio of an enterprise's R&D expenditure to
its total operating income [6].

Given the mediating role of financial performance in
the relationship between technological innovation and
international competitiveness in the existing literature,
this study uses return on assets (ROA) as a proxy for
enterprise performance [23; 24]. As an intermediary
variable, ROA reflects the impact of technological
innovation on financial performance, enabling us to further
test whether improvements in ROA enhance international
competitiveness. Similarly, in order to test whether the size
of an enterprise regulates the relationship between R&D
investment and international competitiveness, this study
draws on the methods of Ahmed et al. and Tadevosyan, and
adopts firm size (measured by the logarithm of total assets)
as the moderating variable [24; 25]. This variable helps to
reveal the differential impact of technological innovation
on the international competitiveness of enterprises of
different sizes.

Table 1 provides a specific description of each variable.
By carefully constructing and rigorously screening these
variables, this research aims to establish a solid theoreti-
cal and empirical basis for examining the impact of tech-
nological innovation on the international competitiveness
of enterprises and, at the same time, to provide a variable
design framework for future research.

Before constructing the model, descriptive statistics
and correlation analysis were carried out in this study to
evaluate the suitability of the data for regression analysis.

Table 2 shows the descriptive statistics of the dataset
containing 7,209 observations. A comprehensive overview
of'the relevant variables demonstrates the data set's stability
and its applicability to subsequent regression analysis. The
average R&D intensity is 10.969, with a standard deviation
of 2.067, indicating a significant difference in R&D
expenditure. The average export technological complexity
is 18.082, with a standard deviation of 1.342, indicating
that the sample's export technological complexity is at a
medium level. There are significant differences in R&D
expenditure across the samples, and the level of export
technological complexity is moderate and relatively stable.
The relationship between technological innovation and

Table 1
Variable Definitions
Variable Symbol Definition

Export Technology Complexity | TechComplex |Natural logarithm of export technology complexity

R&D Intensity R&D R&D expenses / Total operating revenue

Return on Assets ROA Net income after taxes / Average net assets

Number of Employees In_emp Natural logarithm of the number of employees

Firm Age Infirm_age | Natural logarithm of firm age

Firm Size SIZE Natural logarithm of firm size

Patent Technological Output Patent output | Natural logarithm of patent technological output
Source: compiled by the authors

Table 2
Descriptive Analysis
VarName Obs Mean SD Min Max

TechComplex 7209 18.082 1.342 9.971 22.802

R&D 7209 10.969 2.067 0.000 13.899

ROA 7209 0.048 0.097 -3.164 0.664

In_emp 7209 7.550 1.125 3.497 12.211
Infirm_age 7209 1.800 1.034 0.000 3.434

SIZE 7209 21.977 1.188 17.806 27.307

Source: compiled by the authors
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international competitiveness needs further analysis in the
following analysis.

Table 3 presents the results of the correlation analysis,
indicating a significant positive correlation between
R&D intensity and the complexity of export technology.
In addition, the number of employees and the years of
the company's establishment also have a significant
positive correlation with the intensity of R&D and the
complexity of export technology. This shows that larger,
longer-established companies are more likely to increase
their investment in R&D, thereby producing more
technologically complex products.

The multicollinearity analysis shown in Tables
4 and 5 indicates that the average variance inflation factor
(VIF) across variables is 1.30, indicating low to medium
multicollinearity and no substantial impact on regression
reliability. The results of the Hausman test further support
the fixed-effect model over the random-effect model in this
study. The chi-square statistic is 16.38, and the p-value is
close to zero, indicating that the fixed-effect model is a
more suitable choice.

Table 6 shows the regression analysis results of the
impact of R&D investment on the export technology
complexity (TechComplex).

In column (1), when the control variable is not
included, the coefficient of R&D input is 1.58e-10 and
the t statistic is 2.09, indicating that there is a statistically
significant positive relationship between R&D input and
export complexity at the significance level of 5%. This
shows that even under the basic model setting, the increase
in R&D investment is positively associated with export
complexity. Column (2) introduces control variables, and
the coefficient is slightly increased to 1.68e-10 (statistics =
2.22). The improvement in t-statistics and the magnitude
of the coefficient indicate that accounting for additional
enterprise-level characteristics can strengthen the re-
lationship between R&D input and export complexity.
Column (3) also includes fixed effects for year and
enterprise. After including these additional controls, the
coefficient on R&D investment increased slightly to 1.73e-
10, and the t statistic rose to 2.31, confirming that, even
after controlling for heterogeneity in time and enterprise

Table 3
Correlation Analysis
Tech Complex R&D In_emp Infirm_age ROA SIZE
Tech Complex 1
R&D 0.083*** 1
In_emp 0.354%** 0.151%** 1
Infirm_age 0.196%** 0.199%** 0.424%** 1
ROA 0.011 0.037%** -0.030%** -0.196%*** 1
SIZE 0.392%** 0.279%** 0.835%** 0.481%** -0.031%*%* 1
Source: compiled by the authors
Table 4
Multicollinearity Analysis
Variable VIF 1/VIF
R&D 1.45 0.690501
In_emp 1.24 0.808154
Infirm_age 1.22 0.819740
Mean VIF 1.30
Source: compiled by the authors
Table 5
Hausman Test
Test F-test Prob > F chi2(3) Prob > chi2
F-test 16.38 0.0000
Hausman Test 7.68 0.0000
Source: compiled by the authors
Table 6
Regression Analysis
. TechComplex
Indicator o) 2 3)
1.58e—10** 1.68e—10** 1.73e—10 **
R&D (2.09) (2.22) (2.31)
Constant 9.035%** 8.818*** 8.483***
(42.99) (49.20) (39.18)
Control variables — Yes Yes
Year fixed effects — — Yes
Corporate fixed effects — — Yes
Observations 7209 7209 7209
R2 0.059 0.072 0.086

Source: compiled by the authors
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factors, the positive impact of R&D investment on export
complexity remains robust. The R? value increased from
0.059 in column (1) to 0.086 in column (3), indicating
that the explanatory power of the model is improved as
more variables and fixed effects are incorporated. Overall,
these results show that higher R&D intensity significantly
increases the technological complexity of enterprises'
export products, thereby supporting the view that
R&D investment contributes positively to international
competitiveness.

On the basis of the previous discussion, this study
further explores the mechanism of enterprise innovation to
improve international competitiveness. R&D investment
drives technological innovation by promoting product
development, process efficiency and overall operational
capacity. These innovations, in turn, enhance firms’
financial performance, as reflected in higher returns on
assets (ROA), indicating improved profitability and more
efficient asset utilization. This improvement in financial
performance provides enterprises with the resources and
credibility to further invest in technology development and
expand their businesses in international markets.

Table 7 shows the analysis of the mediating effect
and examines the mediating role of enterprise financial
performance (ROA) in the relationship between
R&D investment and export technology complexity
(TechComplex). In column (1), the regression of
TechComplex on R&D shows a significant positive effect
of R&D on export complexity, with a coefficient of 1.73e-
10, indicating that increased R&D investment is associated
with improved export complexity. In column (2), the
regression analysis of ROA on R&D shows that R&D
investment has a significant positive impact on financial
performance, thus confirming that R&D helps to improve
ROA. As shown in column (3), when R&D and ROA are
included in the regression model of TechComplex at the
same time, the coefficient of R&D drops slightly to 1.61e-
10, and ROA exerts a significantly positive effect on export
complexity. The addition of ROA has led to a decline in
the R&D coefficient, indicating that part of R&D's impact
on export complexity is achieved by improving financial
performance. Overall, the research results show that R&D
investment not only directly promotes the improvement
of the complexity of export technology but also indirectly
strengthens the complexity of export technology by
improving the return on assets (ROA) of enterprises,
thus confirming the mediating role of enterprise financial
performance in the relationship between technological
innovation and international competitiveness.

Based on the benchmark and intermediary analysis
results from the preceding analyses, this study further
explores whether the positive impact of R&D intensity on
export technology complexity varies by enterprise size.

Table 8 shows that enterprise size moderates
the relationship between R&D intensity and export
technological complexity. Although the R&D coefficient is
significantly positive, its value is very small, suggesting
that R&D effectiveness is not uniform across emerging-
market enterprises, prompting us to regard firm size as a
key regulatory factor.

The positive coefficient of firm size shows that large-
scale enterprises tend to have a higher baseline level of
export technological complexity, holding other factors
constant. This may be because they have richer resources

Table 7
The mediating effect of corporate financial performance
. @ ) 3
Indicator TechComplex ROA TechComplex
1.73e-10 ** | 9.36e—12%** 1.61e—10**
R&D
(2.31) (2.62) (2.15)
- - 1.319%**
ROA
— — (5.34)
Constant 8.483%** 0.023%%* 8.452%%*
(39.18) (2.26) (39.10)
Cor}trol Yes Yes Yes
variables
Corporate
fixed effects Yes Yes Yes
Year fixed Yes Yes Yes
effects
Observations 7209 7209 7209
R2 0.086 0.064 0.089
Source: compiled by the authors
Table 8
Heterogeneity of Firm Scale
0
TechComplex
-1.46e-10 *
R&D
(0.000)
0.823%**
1ZE
S (0.037)
-0.506%**
R&D * SIZE
& S (0.037)
Constant -3.609%"%
(0.605)
Control variables Yes
Corporate fixed effects Yes
Year fixed effects Yes
Observations 720
R2 0.106

Source: compiled by the authors

and better infrastructure, which can support more complex
technological innovation.

More importantly, the scale of enterprises has a
significantly negative moderating effect on the relationship
between R&D intensity and international competitiveness.
As the enterprise scales up, the positive impact of R&D
intensity on export technological complexity gradually
weakens. Specifically, although R&D investment is
beneficial to all enterprises, smaller enterprises seem to gain
arelatively greater competitive advantage from R&D work.
This may be due to their flexibility and ability to implement
innovative changes faster, while larger enterprises may be
constrained by more rigid organizational structures.

The evidence in Table 8 not only highlights the
different reactions of emerging market enterprises to R&D
investment, but also calls for differentiated innovation
policies — not only to make full use of the flexibility of
small enterprises, but also to support the more complex
structure of large enterprises.

Overall, these findings provide a detailed perspective
on innovation in emerging market economies. The basic
advantages of large enterprises in terms of technological
complexity are offset by small enterprises' strong ability
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to translate R&D results into internationally competitive
performance. This insight is crucial for policymakers
and business strategists aiming to improve international
competitiveness, because it shows that R&D policies and
support mechanisms tailored to differences in firm size can
yield more effective innovation outcomes.

Conclusions. This study investigates the impact of
technological innovation on the international competi-
tiveness of innovative firms, focusing on A-share listed
manufacturing firms in China from 2016 to 2021. The
research reveals several key findings: First, firms with
higher R&D intensity demonstrate stronger international
competitiveness. Second, the relationship between tech-
nological innovation and international competitiveness is
mediated by financial performance, indicating that inno-
vation's influence on competitiveness is both direct and
enhanced by profitability. Moreover, the effect of techno-
logical innovation on international competitiveness varies
according to firm size, with smaller firms benefiting more

from increased R&D investment. This may be due to their
greater flexibility and agility in leveraging R&D efforts for
innovation.

Given the significant impact of R&D intensity on
international competitiveness, managers should prioritize
resource allocation to R&D activities and maintain con-
sistent investment over time. Beyond formal R&D invest-
ments, managers should also foster an organizational culture
that encourages creativity, experimentation, and continuous
improvement. Additionally, innovation strategies should be
tailored according to firm size. Smaller firms may benefit
from focusing on rapid, iterative product development and
leveraging their agility to quickly respond to market oppor-
tunities. Conversely, larger firms may need to streamline
their R&D processes and cultivate a more entrepreneurial
mindset to overcome bureaucratic inertia. The insights pro-
vided by this study offer guidance for policy formulation and
strategic planning not only in China but also in other emerg-
ing markets facing similar challenges.
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