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Abstract: The technology innovation of high-tech industries has become an important support for
the innovation-driven strategy. This study introduces innovation ecosystem synergy as a mod-
erating variable from a systemic and holistic perspective based on the traditional perspective of
innovation factor input-output, and helps construct a technology innovation performance driving
model based on the Cobb–Douglas knowledge production function, which enriches the discussion
perspective and theoretical model research on technology innovation performance. With a sample
of 28 provinces in mainland China, this study empirically analyzed the moderating mechanism of
innovation performance by innovation synergy in high-tech industries during the two stages of
technology development and technology transformation. The findings of the study are as follows:
(1) Independent research and development has a positive and significant impact on technology
development performance; product innovation has a positive and significant impact on technology
transformation performance; (2) Technology introduction can weaken technology development per-
formance due to technology dependence and the inhibitory effect on independent innovation, and
inefficient technology renovation can negatively and significantly affect technology transformation
performance.; (3) The degree of synergy has a positive and significant impact on the performance
of technology development innovation and technology transformation innovation. The degree of
synergy has a positive moderating effect on the innovation performance of independent R&D and
technology development, as well as product innovation and technology renovation, and a negative
moderating effect on the innovation performance of technology introduction and technology develop-
ment, but no significant moderating effect on technology renovation and technology transformation
performance. The research results can provide a reference for the improvement of the technology
innovation performance of regional high-tech industries.

Keywords: technology innovation performance; innovation ecosystem; synergy degree; Cobb-Douglas
knowledge production function; independent R&D

1. Introduction

In recent years, China’s economy has been in the transition stage of shifting from
high-speed growth to high-quality development [1]. The implementation of an innovation-
driven development strategy to achieve a fundamental shift in the dynamics of economic
and social development has become an inevitable requirement and strategic initiative
to enhance China’s comprehensive national power and international competitiveness.
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Technology innovation plays a very important role in economic and social development as
well as coping with global emergencies in the context of the COVID-19 pandemic. High-
tech industries, which are knowledge- and technology-intensive, have long been the main
carrier and driving force of technology innovation in China [2]. Based on the subjective
desire for industrial upgrading or the objective need of the market, technology innovation
has become an important driving force for the transformation and upgrading of high-tech
industries and the enhancement of their core competitiveness [3]. Technology innovation
is an important basis for the development of the high-tech industry, the performance of
technology innovation is an important indicator to measure the development level of the
high-tech industry, and it is of great theoretical and practical significance to explore the
mechanisms to enhance the technology innovation performance of the high-tech industry
to achieve high-quality economic development.

Scholars have focused on the technology innovation performance of high-tech indus-
tries in the following two aspects: on the one hand, from the perspective of the influence of
innovation factor inputs (including human, knowledge, technology, and funding factors) on
technology innovation performance. In terms of the human factor, Wei et al. (2020) focused
on the relationship between international talent inflow and enterprises’ R&D investment,
and from this established a mathematical model of the synergistic effect of the two on
the enterprises’ technological innovation performance [4]. Concerning knowledge factors,
Zhou and Li (2012) analyzed the impact of external knowledge acquisition on radical
innovation [5]. From a technical perspective, Usai et al. (2021) revealed the impact of digital
technology adoption on the technological innovation performance of firms [6]. Considering
the impact of funding sources, Yigitcanlar et al. (2018) empirically analyzed the impact of
different sources of funding on innovation performance with the help of firm-level data
from Brazil [7]. Focusing on government support, Shao and Chen (2022) discussed the role
of government R&D subsidies in promoting green technology innovation [8].

On the other hand, from the perspective of the influence of industry-related charac-
teristics and attributes on technology innovation performance. Wang and Wang (2022)
used absorptive capacity as a mediating variable and confirmed that knowledge search
capability is an effective way to rapidly improve technology innovation performance [9];
Kim and Kim (2018) analyzed the positive impact of IP management capability on firms’
open innovation performance using the ICT industry as an example [10]; Yang et al. (2020)
investigated the interactive effects of global value chains and industrial agglomeration on
technology innovation performance using the manufacturing industry as an example [11].
Puriwat and Hoonsopon (2022) discuss the impact of organizational agility and flexibility
on technology innovation performance in the context of technological turbulence [12].
Hu et al. (2020) contrasted the impact of different innovation models on technology innova-
tion performance, arguing that the impact of innovation models on technology innovation
performance is regionally heterogeneous [13]. Lee and Tsai (2005) argued that a firm’s
operating model indirectly affects technology innovation performance by influencing the
innovation ability of the enterprise [14]. Jian and Heng (2017) argue that seeking external
knowledge sourcing under open innovation conditions and valuing non-R&D innova-
tion pathways are effective innovation transformation strategies compared to traditional
in-house R&D innovation and internal R&D [15].

In general, the existing literature mostly considers the impact of a single factor or
a combination of several factors on technology innovation performance. However, tech-
nology innovation is a complex systemic process, and the influence of related factors on
innovation performance does not function independently [16]. The impact of correlated
factors on technology innovation performance often works by influencing the technology
innovation ecosystem [17]. The discussion of factors influencing technology innovation
performance through single factors as well as simple combinations of several factors has
yielded rich results, but related studies have neglected the impact of the degree of syn-
ergy between factors in the technology innovation ecosystem on technology innovation
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performance. Thus, it is necessary to further discuss the impact of synergy on technology
innovation performance from the perspective of the innovation ecosystem.

Therefore, this study introduces the innovation ecosystem synergy degree as a mod-
erating variable from the systematic and holistic perspective based on the technology
innovation input-output perspective. We construct a technology innovation performance
driving model based on the synergy degree model and knowledge production function,
with the high-tech industry as the research object, and divide the technology innovation
process into two stages: technology development and technology transformation, as shown
in Figure 1, and we empirically analyze the influence mechanism of the regional high-
tech industry innovation synergy degree on innovation performance with a sample of
28 provincial-level administrative regions in mainland China. This study enriches the the-
ory related to technological innovation performance by exploring the influence of system
synergy on the technological innovation performance of high-tech industries, and it also
provides relevant policy optimization references for regional technology innovation.
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Figure 1. Schematic diagram of the theoretical model.

The remainder of this paper is organized as follows. Section 2 provides a short review
of the synergy degree model and the technology innovation performance model, and
then explains the basis for the selection and screening of the variables and data; Section 3
conducts the correlation analysis and multicollinearity tests; Sections 4 and 5 provide the
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empirical estimates and discusses the results, respectively; Section 6 presents the concluding
remarks, policy implications, and limitations of this study briefly.

2. Materials and Methods
2.1. Synergy Degree Model

The synergy degree refers to the extent to which the innovative R&D population,
production and operation population, and innovation habitat are synergistic and consis-
tent with each other in the development of a high-tech industrial technology innovation
ecosystem [18]. The innovation R&D population consists of four types of indicators: R&D
innovation personnel, R&D innovation funds, R&D innovation technology, and R&D inno-
vation organization. The production and operation population is composed of three types
of indicators: production and operation scale, production experience quality, and product
innovation performance. The innovation habitat consists of two types of indicators: fixed
assets and basic investment.

According to the composite system synergy model proposed by Meng and Han [19],
the corresponding synergy measurement model of this study is established by combin-
ing the characteristics of the high-tech industrial innovation ecosystem. The innovation
ecosystem of high technology industries is denoted by T, and the population is denoted
by tj, j ∈ [1, m], m ≥ 1, and the population size variables in the development process are
represented by xj =

(
xj1, xj2, · · · xjn

)
, n ≥ 1, ϕji ≤ xji ≤ γji, i ∈ [1, n]. In this study, it is

assumed that the larger the value of xj =
(
xj1, xj2, · · · xjn

)
, n ≥ 1, ϕji ≤ xji ≤ γji, i ∈ [1, n],

the higher the degree of order in the system and vice versa. It is also assumed that the
larger the value of xj =

(
xjµ+1, xjµ+2, · · · xjn

)
, n ≥ 1, ϕji ≤ xji ≤ γji, i ∈ [1, n], the lower

the degree of order in the system and vice versa. We define the order degree of scale
component xji of the population Tj as tj

(
xji
)
, as shown in Equation (1):

tj
(
xji
)
=


xji−ϕji
γji−ϕji

, i ∈ [1, µ]
γji−xji
γji−ϕji

, i ∈ [µ + 1, n].
(1)

For a given initial moment t0, we set the orderliness of the population to t0
j
(

xj0
)
,

j ∈ [1, m]. Then, for the whole innovation complex system at moment ti in the evolution
process, the order parameter of each population is ti

j
(
xji
)
, j ∈ [1, m], and the synergy degree

of the innovation ecosystem of high-tech industries is T(xi), as shown in Equation (2):

T(xi) =
minm

j=1

[
ti

j
(

xji
)
− t0

j
(

xj0
)
6= 0

]
∣∣∣minm

j=1[t
i
j
(

xji
)
− t0

j
(

xj0
)
6= 0]

∣∣∣ m

√∣∣∣∏m
j=1

[
ti

j
(
xji
)
− t0

j
(

xj0
)]∣∣∣ (2)

2.2. Technology Innovation Performance Model

The knowledge production function reflects the relationship between knowledge
production inputs and outputs and is widely used to assess the impact of R&D inputs on
regional innovation levels [20,21]. Beckmann (1995) interpreted the knowledge production
model of economic organizations from the perspective of knowledge networks and argued
that when there is active cooperation among individuals, the knowledge production func-
tion is similar to the Cobb–Douglas production function [22]. Therefore, this study draws
on the Cobb–Douglas knowledge production function model to construct an econometric
model of technology innovation performance, as shown in Equation (3):

Y = AitKα
itL

β
it (3)

In Equation (3), Ait is the generalized level of technological progress, Kit is the enter-
prise technology innovation funding input, and Lit is the personnel input.
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Since the technological innovation population relationship and the synergy degree
(SD) also affect the technological innovation of enterprises, the ecological relationship
and the synergy degree of the innovation ecosystem of the high-tech industry are intro-
duced into the knowledge production function as the influencing factors of the innovation
performance of the high-tech industry, and Equation (3) is logarithmically processed. Con-
sidering the lagged influence of the innovation input on innovation performance, the
average lag period of the innovation input on the innovation performance of this study is
set to 2 years [23]. The technology innovation process was also divided into two stages:
the technology development stage and the technology transformation stage [23]. Consider-
ing the contribution of innovation inputs, such as independent R&D (R&D), technology
introduction (TI), product innovation (PTI), and technology renovation (TR) to innova-
tion performance, and considering the influence of production and operation scale (Scale)
and fixed assets and investment (FA) on innovation performance, this study constructs
two technology innovation performance measurement models: technology development
performance model and technology transformation performance model.

The technology development performance (TDP) model is shown in Equation (4):

lnTDPi,t = δ0 + δ1lnR&Di,t−2 + δ2lnTIi,t−2 + δ3lnSDi,t−2 + δ4lnScalei,t−2
+δ5lnFAi,t−2 + ε1

(4)

and the technology transformation performance (TTP) model is shown in Equation (5):

lnTTPi,t−2 = ϕ0 + ϕ1lnPTIi,t−2 + ϕ2lnTRi,t−2 + ϕ3lnSDi,t−2 + ϕ4lnScalei,t−2
+ϕ5lnFAi,t−2 + ε2

(5)

In Equations (4) and (5), i denotes different provincial domains, t denotes the year, and
given that the innovation performance has a lagged effect, the year of the variable other
than the explained variables are t− 2 and ε1, ε2 are random intervention terms.

2.3. Variables and Data

The data samples for this study were taken from the China High Technology Industry
Statistical Yearbook and China Statistical Yearbook, covering 28 provincial-level adminis-
trative regions in mainland China except for Tibet, Qinghai, and Xinjiang regions based
on data availability, with an annual range of 1998–2015, containing nine variables and a
total of 4032 observations. The data of the ecological relationships and synergy degree
are obtained based on the results of the previous measurements (refer to Supplementary
Materials for specific values). To further eliminate the effects of different magnitudes, this
study normalizes the data of other variables in the range of [1–100] and does logarithmic
treatment and corresponding deflator treatment for each variable. Meanwhile, because the
innovation output has a certain lag relative to the innovation input, this study treats the
technology innovation performance data with a two-year lag. The variable’s settings and
description are shown in Table 1, and the descriptive statistical analysis of the sample is
shown in Table 2.

2.3.1. Explained Variables: Technology Innovation Performance

Technology innovation is the process through which new (or improved) technologies
are developed and brought into widespread use [24]. In this study, technology innovation is
divided into two stages: technology development and technology transformation, and thus
technology innovation performance is composed of two parts: technology development
performance (TDP) and technology transformation performance (TTP).
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Table 1. Variables selection and description.

Variables Year Variable Codes Measurement Description

Explained variables
Technology Development Performance 2000–2015 lnTDP Number of patent applications

Technology Transformation Performance 2000–2015 lnTTP Sales revenue of new products
Explanatory variables

Independent R&D 1998–2013 lnR&D Expenditure of internal R&D

Technology Introduction 1998–2013 lnTI Expenditure on technology introduction,
absorption, and digestion

Product Innovation 1998–2013 lnPI Expenditure on new product development
Technology Renovation 1998–2013 lnTR Expenditure for technology renovation

Moderator
Synergy Degree 1998–2013 lnSD Synergy model measurement

Control Variables

Production and Operation Scale 1998–2013 lnScale Number of enterprises, enterprise personnel,
the main revenue

Fixed Assets and Investment 1998–2013 lnFA Fixed assets and investment amount

Table 2. Descriptive statistics of the sample.

Variables N Min Max Mean Std.

lnTDP 448 0.000 4.605 0.786 0.616
lnTTP 448 0.000 4.605 1.022 0.846
lnFA 448 0.003 4.376 1.192 0.935

lnScale 448 0.028 4.605 1.649 1.009
lnR&D 448 0.000 4.430 0.845 0.676

lnTI 448 0.000 4.293 1.141 1.100
lnPI 448 0.000 4.305 0.783 0.645
lnTR 448 0.000 4.605 1.549 0.997
lnSD 448 2.035 4.563 3.977 0.253

Technology development performance (TDP). Technology development refers to the
process of developing new technologies through both in-house research and development
and external technology introduction [24]. As the most valuable output in innovation
activities, patents are an important reflection of the innovation performance of industries
and regions [25]. Patent applications are less affected by human factors such as govern-
ment patent agencies, and better reflect the true level of innovation [26]; moreover, the
uncertainties of data statistics are smaller, there is no time lag for patent grants, and the
data are stable and accessible. Following the literature [26], this study selects the number
of patent applications in high technology industries as a measure of technology develop-
ment performance.

Technology transformation performance (TTP). Technology transformation is the
subsequent development, application, and diffusion of technology to increase productivity,
resulting in new products, processes, materials, and even industries [27]. Technology
transformation innovation is ultimately embodied in new products, and new product sales
revenue directly reflects the revenue generated by enterprises’ innovation activities, which
is an extremely obvious indicator to measure technology transformation performance [28].
Following the literature [28], this study selects new product sales revenue from the high-
tech industry to measure the technology transformation performance.

2.3.2. Explanatory Variables: Independent R&D, Technology Introduction, Product
Innovation, Technology Renovation

Technology development performance is mainly influenced by independent R&D
and technology introduction, whereas technology transformation performance is mainly
influenced by product innovation and technology renovation.
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Independent R&D (R&D) is the independent innovation activity carried out by enter-
prises relying on their strength. It is the primary way for countries and industries to achieve
technological progress [29]. Independent R&D can create and accumulate knowledge,
promote product and technological progress, and technology renovation, thus providing
a constant source of power and support for sustainable economic growth based on the
new economic growth theory [30]. Following the literature [30,31], R&D is measured by
the actual expenditure of the enterprise on internal R&D activities in the reporting year,
i.e., internal expenditure on R&D.

Technology introduction (TI) refers to the process of acquiring advanced technology
from abroad through international technology exchange and transfer [32]. It is an important
way for developing countries to achieve a technological catch-up. International trade
theory suggests that by introducing, digesting, and absorbing the advanced technology
from developed countries, developing countries can acquire new international inventions,
creativity, and technology more quickly [30]. Following the literature [33], TI is measured
by the sum of expenditure on technology introduction, digestion and absorption, and
purchase of domestic technology.

Product innovation (PI) refers to the use of new technical principles, new design con-
cepts, or significant improvements in structure, materials, and processes over the original
product, thereby significantly improving the performance of the product or expanding the
function of the product, to achieve technology transformation innovation, development,
and production of new products [34]. According to the literature [34], product innovation
investment contributes significantly to technology transformation innovation, therefore,
product innovation is measured by expenditures on new product development in this study.

Technology renovation (TR) refers to the enterprise adhering to the premise of scientific
and technological progress, the application of scientific and technological achievements
in the field of products, equipment, processes, etc., with advanced technology, equipment
instead of backward technology, equipment, to achieve the expansion of reproduction based
on internal content, to improve product quality, to promote product renewal, energy saving,
reduce consumption, and improve overall comprehensive economic benefits. Following
the literature [35], since organizations often view technology renovation investments as
a way to combat competition by improving productivity, profitability, and operational
quality, technology renovation is, therefore, measured by the expenditure on technology
transformation in this study.

2.3.3. Moderator Variables: Synergy Degree

Synergetics focuses on how open systems evolve spontaneously from disordered
to ordered states through their internal synergies in the presence of material or energy
exchange with the outside world [36]. Synergy degree (SD) is a measure of the degree of
synergy between the subsystems in a system [36]. The synergy degree (SD) of the high-tech
industry in this study is measured by using the calculated synergy degree of the high-tech
industry innovation ecosystem in 28 provinces of China and is standardized to adjust the
value range of [1,100], which is assumed to have an impact on innovation performance.

Following the literature [18], the development level of the production and management
population consists of three types of indicators: production and operation scale, production
and operation quality, and production and innovation performance The scale of production
and operation is measured by the number of enterprises, the number of employees, and
the main business income; the quality of production and operation is measured by the total
profit and the value of export delivery; the performance of production and innovation is
measured by the sales revenue of new products, the number of valid invention patents,
and the number of patent applications.

Following the literature [18,32,33], the level of innovative R&D population develop-
ment consists of four types of indicators: R&D innovation personnel, R&D innovation
funds, R&D innovation technology, and the R&D innovation organization. R&D innovation
personnel are measured by a full-time equivalent of R&D personnel, R&D innovation funds
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are measured by the internal expenditure of R&D funds and expenditure of new product
development funds, R&D innovation technology is measured by technology renovation
funds and technology introduction funds, and the R&D innovation organization is mea-
sured by the number of R&D institutions, personnel of R&D institutions, and expenditure
of R&D institutions. The level of innovative habitat development consists of two types
of indicators: basic investment and fixed assets, with basic investment measured by the
amount of investment and fixed assets measured by new fixed assets.

2.3.4. Control Variables: Production and Operation Scale, Fixed Assets and Investment

The innovation performance of a high-tech industrial innovation ecosystem is also
influenced by the scale of production and operation and the level of fixed assets and
investment. The scale of production and operation measures include the number of
enterprises, enterprise personnel, and the main business income. In this study, the raw data
of the above three factors are normalized and optimized, and then the average weighting
method is applied to calculate the production and operation scale to measure the production
and operation scale [18,28]. The level of fixed assets and investment (FA) also has an impact
on innovation performance, and the measured data are the values of fixed assets and
investment [18].

The descriptive statistics of the data of the nine variables related to this study are
shown in Table 2, which shows that the standard deviation of each variable is smaller
than the mean value, which meets the requirements of normal distribution, which lays the
foundation for the subsequent regression analysis.

3. Correlation Analysis and Multicollinearity Test
3.1. Correlation Analysis

In this study, the correlation analysis was conducted on the variables related to tech-
nology development performance and technology transformation performance, and the
results are shown in Tables 3 and 4, respectively. From the test results of the correlation
coefficients, it can be seen that the probability of significance of t-values p is less than 0.01,
the correlation relationship between the measured variables is more significant, and the set
model is initially verified. Meanwhile, the correlation coefficient of all variables is less than
0.7, which preliminarily excludes the existence of a multicollinearity of variables.

Table 3. Correlation analysis results of technology development performance.

Variables lnTDP lnFA lnScale lnR&D lnTI lnSD

lnTDP 1 0.791 ** 0.768 ** 0.751 ** 0.642 ** 0.635 **
lnFA 0.791 ** 1 0.716 ** 0.790 ** 0.482 ** 0.667 **
lnSize 0.768 ** 0.716 ** 1 0.799 ** 0.752 ** 0.577 **

lnR&D 0.751 ** 0.790 0.799 1 0.711 0.617 **
lnTI 0.642 ** 0.482 ** 0.752 ** 0.711 ** 1 0.400 **
lnCD 0.635 ** 0.667 ** 0.577 ** 0.617 ** 0.400 ** 1

Note: **. Significantly correlated at the 0.01 level (bilaterally).

Table 4. Correlation analysis results of technology transformation performance.

Variables lnTTP lnFA lnScale lnPI lnTR lnSD

lnTTP 1 0.750 ** 0.719 ** 0.700 ** 0.669 ** 0.598 **
lnFA 0.750 ** 1 0.716 ** 0.798 ** 0.637 ** 0.667 **
lnSize 0.719 ** 0.716 ** 1 0.892 ** 0.785 ** 0.577 **
lnPI 0.700 ** 0.798 ** 0.792 ** 1 0.726 ** 0.632 **
lnTR 0.669 ** 0.637 ** 0.785 ** 0.726 ** 1 0.363 **
lnSD 0.598 ** 0.667 ** 0.577 ** 0.632 ** 0.363 ** 1

Note: **. Significantly correlated at the 0.01 level (bilaterally).

Moreover, the correlation analysis of the other related variables reveals that the corre-
lation among the three variables of new product development expenditure, independent
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R&D expenditure, and independent R&D personnel is extremely high, so they cannot ap-
pear in one model as explanatory variables at the same time, otherwise, serious covariance
may arise. Because of the strong correlation between new product development expendi-
ture and technology transformation performance, new product development expenditure
is used as an explanatory variable for technology transformation performance, whereas
independent R&D expenditure and independent R&D personnel cannot appear as explana-
tory variables at the same time. The preliminary verification of the correctness of selecting
new product development expenditure and technology transformation expenditure are
the main explanatory variables for technology development performance. For technology
transformation performance, the strongest correlation is between independent R&D ex-
penditure and technology development performance, so independent R&D expenditure
is chosen as an explanatory variable, so then new product development expenditure and
independent R&D personnel cannot be used as explanatory variables. Therefore, it is also
appropriate for technology transformation innovation to choose independent R&D funding
and technology introduction funding as the main explanatory variables.

3.2. Multicollinearity Test

Multicollinearity refers to the distortion of model estimates or difficulty in estimating
accurately due to the presence of exact correlations or high correlations among the explana-
tory variables in a linear regression model [37]. False regressions may occur if there is
multicollinearity among the explanatory variables, so the explanatory variables should be
tested for multicollinearity before regression analysis. If the tolerance ≤ 0.1 or the variance
inflation factor VIF (which is the inverse of the tolerance) ≥ 10, it indicates a serious case
of multicollinearity among the independent variables. The variables were analyzed for
multicollinearity separately, and the results are shown in Table 5. The results show that the
tolerance of the explanatory variables is greater than 0.1, and the VIF are all less than 10,
indicating that there is no multicollinearity between the explanatory variables of the lnTDP
model and lnTTP model, which lays the foundation for the next regression analysis.

Table 5. Multicollinearity statistics.

lnTDP lnTTP
Variables Tolerance VIF Variables Tolerance VIF

lnFA 0.233 4.284 lnFA 0.269 3.715
lnScale 0.122 8.166 lnScale 0.143 6.989
lnR&D 0.168 5.952 lnPI 0.175 5.707

lnTI 0.363 2.757 lnTR 0.361 2.767
lnSD 0.528 1.896 lnSD 0.495 2.019

4. Empirical Analysis
4.1. Analysis of Technology Development Performance

The empirical analysis of technology development performance was analyzed by the
hierarchical regression method, and the variables were standardized to further reduce the
effect of possible multicollinearity before constructing interaction terms, and the results of
the regression analysis are shown in Table 6.

Model 1 introduces two control variables (production and operation scale, fixed
assets and investment) in the regression equation, and the results show that the control
variables have significant explanatory power on technology development performance
(R2 = 0.774, Adjusted R2 = 0.773), and the regression coefficients and F − values reach
0.01 significant level, which indicates that the control variables have a significant influence
on the explanatory variables, with the coefficients of production and operation scale being
0.605, and the coefficient of fixed assets and investment is 0.242, which indicates that
both control variables have a positive effect on technology development and innovation
performance, and the effect of the production operation scale is stronger than that of the
fixed assets and investment.
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Table 6. Regression results of technology development performance.

Model 1 Model 2 Model 3 Model 4

Constant −0.500 *** −0.116 *** −0.927 *** −1.420 ***
Control variables lnFA 0.242 *** 0.067 ** 0.035 0.007

lnScale 0.605 *** 0.070 * 0.081 ** 0.162 ***
Explanatory variables lnR&D 0.922 *** 0.901 *** 0.768 ***

lnTI −0.063 *** −0.066 *** −0.094***
Moderator lnSD 0.214 *** 0.334 ***
Interactive item lnSD ∗ lnR&D 0.054 ***

lnSD ∗ lnTI 0.070 ***
R2 0.774 0.911 0.913 0.924

Adjusted R2 0.773 0.910 0.912 0.923
F 761.273 *** 1131.657 *** 924.151 *** 769.421 ***

∆R2 0.137 0.002 0.012
∆F 340.491 *** 9.301 *** 34.315 ***

Note: * in the table is the significance level p < 0.1, ** is p < 0.05, *** is p < 0.01.

Model 2 introduces two explanatory variables (independent R&D innovation and
technology introduction innovation) based on model 1 to test the contribution of explana-
tory variables to the explained variables when controlling for the control variables. Af-
ter introducing the two variables of independent R&D innovation and technology in-
troduction innovation, model 2 is significant (F = 1131.657, p < 0.01) and has a bet-
ter explanatory power of 91.1% for technology development performance than model
1 (∆R2 = 0.137, ∆F = 340.491, p < 0.01). The regression results of model 2 showed
that the independent R&D innovation had a significant positive effect on technology
development performance (δ = 0.922, p < 0.01), whereas technology introduction in-
novation had a significant negative effect on the technology development performance
(δ = −0.063, p < 0.01).

Model 3 introduces the moderating variable (synergy degree) based on model 2 to test
the contribution of the moderating variable to the technology development performance.
After adding the moderating variable, model 3 is significant (F = 924.151, p < 0.01) and
has better explanatory power than model 2 (∆R2 = 0.002, ∆F = 9.031, p < 0.01) with
an explanatory power of 91.3% on technology development performance. The results of
model 3 regression analysis showed that the synergy degree of the innovation ecosystem
in high-tech industries had a significant positive effect on the technology development
performance (δ = 0.214, p < 0.01).

Model 4 incorporates an interaction term between the moderating variable and the
independent variable to test the moderating effect of the synergy degree of the innovation
ecosystem of high-tech industries on the relationship between independent R&D innova-
tion, technology introduction innovation, and technology development performance. With
the introduction of the interaction term, model 4 was significant (F = 769.421, p < 0.01)
and had 92.4% explanatory power for the technology development performance, which
had a better explanatory power than model 3 (∆R2 = 0.012, ∆F = 34.315, p < 0.01). The
regression results show that the interaction between the independent R&D innovation and
synergy degree is significant, with a positive regression coefficient of the interaction term
(δ = 0.054, p < 0.1); the interaction between the technology introduction innovation and
synergy degree is significant, with a positive regression coefficient of the interaction term
(δ = 0.070, p < 0.01). The above results indicate that the synergy degree of the innovation
ecosystem in high-tech industries can significantly enhance the positive effect of indepen-
dent R&D innovation on innovation performance, and it also has a positive effect on the
relationship between technology introduction innovation and innovation performance.

To explain more intuitively the moderating effect of synergy degree on the performance
of independent R&D innovation, technology introduction innovation, and technology
development innovation, according to the research methods of the literature [38], this
study plots the moderating effect of synergy degree on independent R&D innovation and
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synergy on technology introduction innovation, with one standard deviation above and
one standard deviation below the mean, respectively, as shown in Figures 2 and 3.
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In Figure 2, the solid line indicates the impact relationship of independent R&D
innovation on the technology development performance in the case of a high level of
synergy degree in a high-tech industrial innovation ecosystem, and the dashed line indicates
the influence relationship of independent R&D innovation on the technology development
performance in the case of a low level of synergy degree accordingly. It can be seen that
the slope of both the solid and dashed lines are positive, indicating that independent R&D
innovation positively influences technology development performance, and the slope of
the solid line is larger than the slope of the dashed line, so with the increase in independent
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R&D innovation, a high level of synergy degree can produce relatively high technology
development performance.

Similarly, in Figure 3, the solid line indicates the influential relationship between
technology introduction innovation and technology development innovation at a high
level of synergy degree, and the dashed line indicates the influential relationship between
technology introduction innovation and technology development innovation at a low level
of synergy degree. It can be seen that the slopes of both the solid and dashed lines are
negative, indicating that technology introduction innovation negatively affects technology
development performance, and the slope of the dashed line is smaller than the slope of the
solid line, indicating that with the increase in technology introduction innovation, the high
level of synergy degree can produce a relatively high technology development performance.

4.2. Analysis of Technology Transformation Performance

Hierarchical regression was used to empirically study the technology transformation
performance, and the variables were standardized before constructing the interaction terms
to further reduce the effect of possible multicollinearity. The results of the regression
analysis of technology transformation performance are shown in Table 7.

Table 7. Regression results of technology transformation performance.

Model 5 Model 6 Model 7 Model 8

Constant −0.549 *** −0.259 *** −0.843 ** −1.071
Control variables lnFA −0.100 *** −0.106 *** −0.126 *** −0.136 ***

lnScale 0.952 *** 0.756 *** 0.756 *** 0.782 ***
Explanatory variables lnPI 0.552 *** 0.532 *** 0.463 ***

lnTR −0.175 *** −0.165 *** −0.157 ***
Moderator lnSD 0.153 * 0.207 **
Interactive item lnSD ∗ lnPI 0.033 *

lnTR ∗ lnSD 0.006
R2 0.844 0.888 0.889 0.890

Adjusted R2 0.844 0.888 0.888 0.888
F 1206.704 *** 885.272 *** 711.467 *** 509.466 ***

∆R2 0.044 0.001 0.001
∆F 88.624 *** 2.695 * 1.383

Note: * in the table is the significance level p < 0.1, ** is p < 0.05, *** is p < 0.01.

Model 5 introduces two control variables (production and operation scale, fixed assets
and investment) in the regression equation, and the results show that the explanatory power
of the control variables on technology transformation performance is high (R2 = 0.844,
Adjusted R2 = 0.844), and the regression coefficients and F-values reach 0.01 significant
level, indicating that the control variables have a significant impact on the explanatory vari-
ables, with the coefficients of production and operation scale being 0.952, and the coefficient
of fixed assets and investment is −0.100, indicating that both production and operation
scale have a positive effect on technology transformation performance, whereas both fixed
assets and investment have a positive effect on technology transformation performance.

Model 6 adds two explanatory variables (product innovation, technology renovation)
to model 5 in order to test the contribution of explanatory variables to the explained vari-
ables, controlling for the control variables. With the introduction of two variables, product
innovation and technology renovation, model 6 is significant (F = 885.272, p < 0.01) and
has a better explanatory power of 88.9% for technology transformation performance than
model 5 (∆R2 = 0.044, ∆F = 88.624, p < 0.01). The regression analysis of model 6 showed
that product innovation had a significant positive effect on technology transformation per-
formance (ϕ = 0.552, p < 0.01), whereas technology transformation innovation had a sig-
nificant negative effect on technology transformation performance (ϕ = −0.175, p < 0.01).

Model 7 introduces a moderating variable (synergy degree) based on model 6 to test
the contribution of the moderating variable to the technology transformation performance.
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After adding the moderating variable, model 7 is significant (F = 711.467, p < 0.01) and has
an 88.9% explanatory power on the technology transformation performance, which is simi-
lar to the explanatory power of model 6 (∆R2 = 0.001, ∆F = 2.695, p < 0.01). The results
of model 7 regression analysis showed that the synergy degree of the innovation ecosystem
in high-tech industries had a significant positive effect on the technology transformation
performance (ϕ = 0.153, p < 0.1).

Model 8 incorporates an interaction term between the moderating variable and the
independent variable to test the moderating effect of the synergy degree of the innovation
ecosystem of high-tech industries on the relationship between product innovation, tech-
nology renovation, and technology transformation performance. With the introduction
of the interaction term, model 8 was significant (F = 509.466, p < 0.01) and had a better
explanatory power of 89.0% on technology transformation performance than model 7
(∆R2 = 0.001, ∆F = 1.383, p < 0.01). The regression results show that the interaction
between product innovation and synergy degree is more significant, and the regression
coefficient of the interaction term is positive (ϕ = 0.033, p < 0.1); the interaction between
technology renovation and synergy is not significant. The above results indicate that the
synergy of the innovation ecosystem in high-tech industries enhances the positive effect
of product innovation on innovation performance, and it has no significant effect on the
relationship between technology renovation and innovation performance.

To more intuitively explain the moderating effect of the synergy degree on product
innovation and innovation performance, this study depicts the graph of the moderating
effect of the synergy degree on product innovation with one standard deviation above
the mean and one standard deviation below the mean, respectively, as shown in Figure 4,
which shows that as the investment in the product innovation increases, the higher synergy
degree in the innovation ecosystem of high-tech industries can produce a relatively higher
innovation performance of technology transformation.

Systems 2022, 10, x FOR PEER REVIEW 13 of 19 
 

 

whereas both fixed assets and investment have a positive effect on technology transfor-
mation performance. 

Model 6 adds two explanatory variables (product innovation, technology renova-
tion) to model 5 in order to test the contribution of explanatory variables to the explained 
variables, controlling for the control variables. With the introduction of two variables, 
product innovation and technology renovation, model 6 is significant (𝐹𝐹 = 885.272,𝑝𝑝 <
0.01) and has a better explanatory power of 88.9% for technology transformation perfor-
mance than model 5 (Δ𝑅𝑅2 = 0.044, Δ𝐹𝐹 = 88.624,𝑝𝑝 < 0.01 ). The regression analysis of 
model 6 showed that product innovation had a significant positive effect on technology 
transformation performance (𝜑𝜑 = 0.552,𝑝𝑝 < 0.01), whereas technology transformation in-
novation had a significant negative effect on technology transformation performance (𝜑𝜑 =
−0.175,𝑝𝑝 < 0.01). 

Model 7 introduces a moderating variable (synergy degree) based on model 6 to test 
the contribution of the moderating variable to the technology transformation perfor-
mance. After adding the moderating variable, model 7 is significant (𝐹𝐹 = 711.467,𝑝𝑝 <
0.01) and has an 88.9% explanatory power on the technology transformation performance, 
which is similar to the explanatory power of model 6 (Δ𝑅𝑅2 = 0.001,Δ𝐹𝐹 = 2.695,𝑝𝑝 < 0.01). 
The results of model 7 regression analysis showed that the synergy degree of the innova-
tion ecosystem in high-tech industries had a significant positive effect on the technology 
transformation performance (𝜑𝜑 = 0.153,𝑝𝑝 < 0.1). 

Model 8 incorporates an interaction term between the moderating variable and the 
independent variable to test the moderating effect of the synergy degree of the innovation 
ecosystem of high-tech industries on the relationship between product innovation, tech-
nology renovation, and technology transformation performance. With the introduction of 
the interaction term, model 8 was significant (𝐹𝐹 = 509.466,𝑝𝑝 < 0.01) and had a better ex-
planatory power of 89.0% on technology transformation performance than model 7 
(Δ𝑅𝑅2 = 0.001, Δ𝐹𝐹 = 1.383,𝑝𝑝 < 0.01). The regression results show that the interaction be-
tween product innovation and synergy degree is more significant, and the regression co-
efficient of the interaction term is positive (𝜑𝜑 = 0.033,𝑝𝑝 < 0.1); the interaction between 
technology renovation and synergy is not significant. The above results indicate that the 
synergy of the innovation ecosystem in high-tech industries enhances the positive effect 
of product innovation on innovation performance, and it has no significant effect on the 
relationship between technology renovation and innovation performance. 

To more intuitively explain the moderating effect of the synergy degree on product 
innovation and innovation performance, this study depicts the graph of the moderating 
effect of the synergy degree on product innovation with one standard deviation above the 
mean and one standard deviation below the mean, respectively, as shown in Figure 4, 
which shows that as the investment in the product innovation increases, the higher syn-
ergy degree in the innovation ecosystem of high-tech industries can produce a relatively 
higher innovation performance of technology transformation. 

 
Figure 4. The moderating effect of synergy degree on the product innovation and technology
transformation performance.

5. Results and Discussion

The results of the hierarchical regression analysis of technology innovation perfor-
mance are analyzed and discussed in the following three aspects:

(1) According to the results of the regression analysis of the technology development
performance above, it can be seen that in China’s provincial high-tech industries, indepen-
dent R&D can significantly and positively influence technology development performance,
and technology introduction can significantly and negatively influence technology devel-
opment performance. Moreover, the absolute value of the regression coefficient of the
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independent R&D variable is much larger than that of the regression coefficient of the
technology introduction variable, which indicates that the effect of the independent R&D
on technology development performance is much stronger than that of the technology
introduction on technology development performance, i.e., the internal expenditure of R&D
funds can significantly increase the number of patent applications, whereas technology
introduction can significantly reduce the number of patent applications.

The reason for this result is that, on one hand, since patents, as representatives of orig-
inal technology and knowledge, can be generated mainly through independent innovation,
an increase in investment in independent R&D will inevitably enhance technology devel-
opment performance, which is reflected in an increase in the number of patent applications.
On the other hand, the organization can improve the manufacturing capability, technology
level, and management level of the enterprise faster through technology introduction.
However, technology introduction tends to cause technology dependence in the organi-
zation, which inhibits the intrinsic motivation of technological innovation and results in
poor performance of technology innovation. Moreover, with the limited total investment in
technology innovation, the increase in technology introduction funds will inevitably lead to
the reduction in independent R&D, which will also make the driving force of independent
R&D decrease, resulting in a further reduction in technology innovation performance [39].

(2) According to the results of regression analysis of technology transformation perfor-
mance, it can be seen that product innovation can significantly and positively influence tech-
nology transformation performance, whereas technology transformation can significantly
and negatively influence technology transformation performance in China’s provincial high
technology industries. Moreover, the absolute value of the regression coefficient of product
innovation is much larger than the absolute value of technology renovation, so the strength
of the influence of product innovation on technology transformation performance is much
stronger than that of technology renovation on technology transformation performance.

The reason for this result is that, since the new products are developed and produced
using new technology principles, new design concepts, or in a certain aspect such as
structure, material, and technology, there is a significant improvement over the original
products, thus significantly improving the performance of the products or expanding the
use of the products, thus the new product development expenditure is bound to increase the
new product sales revenue [40]. However, technology renovation refers to the application
of technological achievements in various fields of production such as products, equipment,
and processes by enterprises under the premise of adhering to technological progress,
which should have also improved the quality of new products and increased the sales
revenue of new products, but the empirical results are the opposite, on the one hand,
because of the low efficiency of technology renovation in China’s high-tech industries, the
contribution to product quality improvement is low [35]. On the other hand, because the
amount of expenditure on technology renovation is too large, which to a certain extent
limits the investment in new product development under a certain total amount of funding,
and the two reasons lead to the negative impact of technology renovation on technology
transformation innovation performance [27].

(3) From the regression results, it is clear that the synergy degree of the innovation
ecosystem of the high-tech industry has a positive and significant effect on both technology
development performance and technology transformation performance, and the effect
on technology development performance is stronger. The system synergy degree has a
significant positive moderating effect on the technology innovation input and technology
innovation performance. This indicates that the higher the degree of synergy, the greater
the positive influence of independent R&D on technology development performance, and
the greater the influence of product innovation on technology transformation performance.

The reason for this result is that the differentiation of interests among innovation
subjects in the innovation ecosystem is an important obstacle that restricts collaborative
innovation between industry, university, and research [41]. The synergy of the technology
innovation ecosystem reflects the closeness, orderliness, and intensity of interaction among
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the innovation elements in the evolution of the system [16]. By enhancing the synergy of the
innovation ecosystem, it can promote the innovation subjects within the system can form a
close combination and positive interaction between education and economy, technology
research and development and industrialization through the cross-organizational synergy
of resources and technologies, and promote the formation of a social system with close
synergy and effective interaction among various types of science and technology innova-
tion subjects to achieve the optimal allocation of innovation resources and thus enhance
innovation performance. Enterprise innovation usually includes both independent R&D
innovation and collaborative innovation [4]. Synergy in innovation ecosystems reflects
the optimal allocation of innovation resources by reflecting the process of moving from
disorder to order in complex ecosystems, thereby improving the efficiency of firms’ inde-
pendent R&D and product innovation capabilities and enhancing technological innovation
performance [42,43].

6. Conclusions and Implications
6.1. Conclusions

This study introduces an innovation ecosystem synergy as a moderating variable
from a systemic and holistic perspective based on the traditional perspective of innovation
factor input-output, and constructs a technology innovation performance driving model
based on the Cobb–Douglas knowledge production function, which enriches the discussion
perspective and theoretical model research on technology innovation performance. With a
sample of 28 provinces in mainland China, this study empirically analyzed the moderating
mechanism of innovation performance by innovation synergy in high-tech industries
during the two stages of technology development and technology transformation. The
findings of the study are as follows: (1) independent R&D positively and significantly affects
technology development performance, and product innovation positively and significantly
affects technology transformation performance; (2) technology introduction can weaken
technology development performance due to technology dependence and the inhibitory
effect on independent innovation, and inefficient technology renovation can negatively
and significantly affect technology transformation performance; (3) the synergy degree
of the innovation ecosystem positively and significantly affects technology development
performance and technology transformation performance. The synergy degree of the
innovation ecosystem of the high-tech industry has a positive moderating effect on the
innovation performance of independent R&D and technology development, as well as
the innovation performance of product innovation and technology renovation, and has
a negative moderating effect on the innovation performance of technology introduction
and technology development, but has no significant moderating effect on the technology
renovation and the technology transformation performance.

6.2. Policy Implications

This study offers the following three policy implications for local governments and
enterprises to improve their technology innovation performance:

(1) At the stage of technology development, enterprises should focus on the combi-
nation of independent R&D and technology introduction to realize the transformation
from technology integration to technology leap [30]. Although the introduction of tech-
nology can promote the innovation ability of high-tech industries for a short time, this
technological advantage may also disappear soon in the short term. Without independent
R&D and innovation investment, enterprises will still face problems, such as a lack of
new technology sources and the difficulty of technological breakthroughs, and thus fall
into the dilemma of technological dependence. Therefore, after the rapid technological
upgrading, enterprises should continuously increase their R&D efforts, seize the short-lived
technological advantage acquired through technology introduction, and use the innovation
platform of current technology introduction as a “springboard” to complete the major leap
forward from technology integration and absorption to technology creation, to enhance the
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innovative competitiveness of China’s high-tech industry in the global value chain. The
government should increase its support for enterprises’ independent innovation through
financial subsidies and other incentives, making targeted adjustments to the subsidy rules
according to differences in regions, industrial chains, and asset sizes, and establish a mech-
anism of responsibility for the whole process of supervision to improve the efficiency of the
use of financial funds [44]. The government should also guide the participation of external
financing channels, broaden financing channels, reduce financing costs, and promote more
social capital support for technological innovation.

(2) At the stage of technology transformation, enterprises should take product inno-
vation as the strategic core of survival and development. The process of developing new
products is the process of technology transformation. Due to the limited resources at the
disposal of the enterprise, to optimize the allocation of resources, the enterprise should
allocate limited talent, capital, and facilities effectively to the much-needed development
projects so that product innovation can achieve the best results, while accurately grasp-
ing the direction of product innovation, strengthening the research and evaluation of the
pre-product innovation, taking the real or potential market demand as the basis of product
innovation, seeking the intersection of enterprise advantages and market demand with
the support of technological innovation capability, and taking whether it can achieve the
maximum expected return on investment as the final selection criteria. For enterprises
lacking in knowledge and technology accumulation, they should adopt external coopera-
tion or rely on other subjects for product development when developing new products for
innovation. They should focus on technology accumulation, strengthen communication
and cooperation among enterprises, conduct technical knowledge learning and exchange,
tap innovation information, and also make full use of global resources to cooperate with
R&D institutions or enterprises in other countries to introduce and absorb technologies
related to product innovation in order to promote R&D and the innovation of enterprises.
The government should improve the rule of law environment for product innovation,
provide appropriate tax incentives, introduce policies to support product innovation ac-
cording to specific market conditions, strengthen the importance of the intellectual property
protection system, increase the supervision and punishment of intellectual property rights
and other crimes, and create an atmosphere that encourages product innovation [45]. The
government should also clarify the relationship between the government and the market,
play a decisive role in optimizing the allocation of resources, and strengthen and optimize
the supervision and management of the market.

(3) The government should improve the government–industry research synergetic in-
novation system and play the role of moderating the technology innovation performance by
the synergy degree of the industrial innovation ecosystem. It is important to build a healthy
industrial innovation ecosystem to stimulate the regional technology innovation driving
force and improve the regional innovation strength [27]. Therefore, it is necessary to im-
prove the government–enterprise–university research institution collaborative innovation
mechanism, in which the government’s innovation policy guidance role should be brought
into play, and the policy environment should be gradually improved in terms of research
management system formulation, modern market system improvement, technological inno-
vation policy support, entrepreneurship support policy, and innovation culture cultivation.
Enterprises must play a leading role in technological innovation and make every effort to
promote the optimization and upgrading of the innovation ecosystem. Follower enterprises
need to achieve incremental and intensive innovation through internal development, joint
development, or open innovation under the influence of innovation of leading enterprises.
New start-up enterprises, on the other hand, need to grasp the entrepreneurial timing and
carry out breakthrough variant innovation through cooperation with research organiza-
tions or independent innovation. Scientific research organizations should take advantage
of original innovation, realize the evolutionary upgrading of the innovation ecosystem,
make full use of the basic scientific research resources provided by the government, and
vigorously carry out basic, public welfare and original innovation activities.
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6.3. Contributions

First, this study further extends to the systemic and holistic perspective based on
the input-output perspective and introduces the innovation ecosystem synergy degree
as the moderating variable of technology innovation input and technology innovation
output-related variables, which enriches the research perspective of technology innova-
tion performance.

Second, this study constructs a technological innovation performance driving model
based on the synergy model and the Cobb–Douglas knowledge production function, which
provides a theoretical reference for further research on the driving mechanism of technology
innovation performance in high-tech industries.

Third, at the practical level, the relevant research findings of this study can provide
policy and practical references for the technology innovation performance upgrading of
regional high-tech industries.

6.4. Limitations

There are two limitations to this study that need to be improved in subsequent studies:
first, the selection of variables in this study was not comprehensive and did not cover the
full range of influencing factors, as technological innovation is a complex system that is
also influenced by factors such as government attention and market size; second, in terms
of variable measurement, specific data are not precisely characterized for each variable
due to the limitation of data availability, and subsequent studies should further strengthen
data integrity to improve the analysis of the impact mechanism of innovation ecosystem
synergy on technology innovation performance.
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