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Abstract. In order to analyse the non-linear characteristics and heterogeneity
of influencing factors of university innovation, this paper empirically analyses
the non-linear impact of R&D investment on University Innovation by using
semi-parametric model based on the University Innovation samples of Guang-
dong Province. The main conclusions can be gain as follows: (1) Human capital
elements have nonlinear characteristics on university innovation; (2) The impact
of R&D investment of different types of projects on university innovation is het-
erogeneous; (3) R&D funds have a positive impact on university innovation, the
linear model underestimates the impact of R&D funding on university innova-
tion. The main suggestions are as follows: (1) Funding policies and evaluation
mechanism should be formulated respectively according to the characteristics of
different projects and the differences of their impact on university innovation;
(2) The non-linear characteristics and types of the impact of human capital ele-
ments on university innovation should to be accurately grasped, and enhance the
construction of communication platform and mechanism of university scientific
research and innovation personnel, and improve the synergy of human capital
elements in scientific research and innovation activities; (3) Further increase the
overall investment of R&D funds related to innovation activities in Colleges and
universities, and formulate differentiated policies for different types of projects
and innovative achievements, so as to improve the efficiency of R&D funds.
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1 Introduction

As an important subject of scientific and technological innovation, especially as an
important source of original innovation achievements, universities play an important
role in industrial development and regional economic development. Therefore, univer-
sities are important national strategic resources and the key to the transformation from
technological innovation to growth mode innovation. Although the human resources and
R&D funds invested in innovation in universities have increased significantly in recent
years, there are also problems such as improper resource allocation and internal resource
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efficiency to be improved. How to improve the innovation efficiency of universities with
limited resource investment and maximize the efficiency of innovation resources has
become an important issue in China’s current research on innovation in universities.
Accurately understanding the impact of R&D investment on university innovation is
one of the key steps to solve this problem.

University Innovation is a production process of new scientific and technological
knowledge. Production process input mainly includes capital input (c) and labour input
(L) according to Cobb Douglas production function. This paper plans to use R D funds
as capital input indicators, and scientific and technological human resources as labour
input indicators. Due to the influence of factors such as diminishing marginal utility
and scale effect, capital input and labour input in the production process may have a
nonlinear influence process on university innovation. Therefore, it is proposed to adopt
the semi-parametric model method to empirically analyse the nonlinear influence factors
in the university innovation process, so as to more objectively and accurately grasp the
influence process and features of R&D investment on university innovation. It provides a
basis for giving better play to the utility of innovation resources in universities, reasonably
allocating innovation resources and improving innovation efficiency in universities.

2 Literature Review

As university innovation is an important driving force and source of technological inno-
vation, scholars from various countries have carried out research on university innova-
tion from different perspectives. Motoyama (2014) found that universities play a central
node role in R&D network in university industrial cooperation based on case study [1];
Zhang (2019) found that there is a more obvious positive interaction between research
institutions and universities [2]; Elenig (2019) found that enterprises that believe that
R&D institutions are more important sources of innovative knowledge than universities
have a better possibility of developing service innovation [3]; Vicente-Saez (2020) sug-
gests that an open exploration policy and a government led open platform for scientific
research and innovation in universities will promote the value of social innovation [4];
Nelson (2018) found that the result of external ranking competition is that colleges and
universities lose their internal academic creativity and autonomy [5]; Lyu (2019) stud-
ied universities and industrial cooperative innovation organizations and found that the
innovation cooperation network has shown an upward and outward expansion trend [6];
Baron (2017) found that the open innovation ability of Polish universities is only at a
potentially high level. They rarely serve open innovation although relevant support insti-
tutions have been set up [7]; Oliver (2019) studied the innovation of university industry
cooperation. The results shows that only when a project has positive output, it will have
an impact on the success of university industry cooperation [8].

3 Data and Method

3.1 Theoretical Basis and Assumptions

The university innovation process is a knowledge production process, which is insepa-
rable from the knowledge creation and reuse of relevant scientific researchers in univer-
sities. Traditional production functions such as Cobb-Douglas function also emphasize
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the importance of elements. Existing literature research also shows that human capital
has an important impact on the innovation process, However, there is no unified con-
clusion on the impact of scientific research human capital input on innovation output.
Hypothesis H1 is proposed based on the above analysis.

H1: The impact of human capital investment on university innovation is uncertain.

In addition to human capital investment, scientific research capital investment also
has an important impact on university innovation in the process of university innova-
tion. The more scientific research funds invested, the more sufficient resources required
for scientific research activities. Sufficient scientific research funds can provide better
scientific research conditions in terms of equipment, materials, etc., so that scientific
research activities can obtain more support and guarantee, and will also have a certain
encouraging effect on scientific researchers. Hypothesis H2 is proposed based on the
above analysis.

H2: Scientific research funding has a positive impact on University Innovation.

3.2 Data and Empirical Methods

This paper selects the relevant data of innovation output and basic projects, applied
research and experimental development of universities in Guangdong Province from
2001 to 2019 as the research samples, and uses the number of publications, patent appli-
cations and patent authorizations as the indicators of innovation output of universities.
The input personnel and allocated funds are used to represent the input of scientific
researchers and scientific research funds respectively. The data source is the Compila-
tion of Scientific and Technological Statistics of Universities from 2002 to 2020. The
empirical analysis model is implemented by R language.

Semi-parameters are introduced to achieve a more objective and accurate fitting
of the nonlinear relationship between university innovation input variables and univer-
sity innovation output in the empirical analysis, which can reduce the dimension of
explanatory variables of the non parametric model, and improve the fitting effect of the
model.

The linear model is shown in formula (1):

Yi = a; + BiXi + & (D

Y; refers to the innovation output of universities, X; refers to the input of innovation
projects of universities. The estimated values of the «; and B; are estimated respectively
according to the samples. In order to better fit the nonlinear relationship between vari-
ables, a nonparametric part is added to the model. The model is expanded as shown in
formula (2):

Yi =i+ BiXi + 8(Zi) + & 2
The kernel estimation of the nonparametric part is as shown in Eq. (3) if the window

width is Aj,.

2(Zi, B) =Y  Wu(Yi — i — BiXi) 3)

i=1
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If K (e) represents a function, then W,;(Z;) is as Eq. (4):

Wai(Zi) = — K(ﬁ> 4)
]=1 hy
A and B are as follows:
n
21(Z) =) WulZ)Y; 5)
i=1
n
82(Z) =) WulZ)X; 6)
i=1
Then model (2) is as Eq. (7)
Yi — BiXi = 81(Z) — Big2(Zi) + & @)
According to formula (7):
Y; — 81(Z) = BiXi — §2(Z) + & 3

It can be obtained the estimated values of «; and B; again according the results of
model (8) and g(Z;) is as Eq. (9):

2(Z) = Wu(Z)(Y; — & — piXy) ©)

i=1

The model is optimized by adjusting the window width #,,.

4 Empirical Results

In order to compare the advantages of semi-parametric model in data fitting, this paper
estimates the results of general linear model and semi-parametric model respectively,
and calculates the mean absolute error (MAE), mean square error (MSE) and mean
absolute percentage error (MAPE) of the two models.

The empirical results are shown in Table 1.

The following conclusions can be drawn from the empirical results:

(1) R & D investment has a significant positive impact on University Innovation: R & D
investment has a positive impact on different innovation achievements of universi-
ties, which is consistent with the previous theoretical analysis hypothesis H2. This
result shows that funding is an important factor in promoting university innovation.
R&D funding is one of the basic resources for universities to carry out various inno-
vative research activities, and it is an important supporting element of the entire
university innovation system. R&D funding is an important guarantee for basic
innovation, application technology promotion and other activities in universities.
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(2) Human capital has a nonlinear impact on university innovation: Comparing the
fitting errors of linear model and semi-parametric model, it is found that the fitting
effect of semi-parametric model is significantly better than that of linear model.
This shows that the fitting effect of model estimation is improved considering
the nonlinear impact of human capital factors on university innovation,, and the
semi-arametric model is more suitable for studying university innovation.

(3) The impact of R&D investment in different types of projects on university innova-
tion is heterogeneous: Different types of projects have different characteristics and
research purposes, which have different effects on university innovation. Applied
research projects have the greatest impact on the achievements of university papers.
Application research projects have the largest impact on the number of patent
applications and patent authorization, and basic research projects have the smallest
impact.

(4) Considering the nonlinear impact of human capital, the impact of R&D invest-
ment on university innovation increases: Considering the non-linear impact of
human capital investment, the estimated values of other relevant coefficients have
increased or remained unchanged except that the basic research investment has a
slight decrease in the coefficient estimates of university patent applications and
patent authorizations.

5 Conclusion

This paper analyses the nonlinear impact of human capital elements on university inno-
vation based on the semi parametric model estimation method. The study found that the
impact of human capital elements on university innovation has nonlinear characteristics,
the impact of three types of research projects’ R&D investment on university innovation
is heterogeneous, and R&D investment has a positive impact on university innovation.

We should formulate targeted subsidy policies and evaluation mechanisms accord-
ing to the heterogeneity of the impact of different projects on university innovation. It is
necessary to objectively analyse the nonlinear impact characteristics and types of human
capital elements on university innovation, strengthen the communication platform and
construction of University researchers, and improve the synergy of human capital ele-
ments in scientific research and innovation activities. We must increase the total amount
of innovation funds, and it is necessary to increase the corresponding research funds
according to the differences of project types and innovation achievements, so as to
improve the efficiency of the use of R&D funds in Colleges and universities.
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(DFA190319).



688 Y. Xue

References

1. Motoyama Y . Long-term collaboration between university and industry: A case study of
nanotechnology development in Japan[J]. Technology in Society, 2014, vol36,pp.39-51.https://
doi.org/10.1016/j.techsoc.2013.09.001

2. Zhang Y , Chen K, Fu X, et al. Scientific effects of Triple Helix interactions among research
institutes, industries and universities[J]. Technovation, 2019, vol86—87,pp.33—47. https://doi.
org/10.1016/j.technovation.2019.05.003

3. Eleni G , Pierre-Jean B , Pénin Julien. Same but different? Research and technology
organizations, universities and the innovation activities of firms[J]. Research Policy, 2019,
vol48,pp.223-233. https://doi.org/10.1016/j.respol.2018.08.008

4. Vicente-Saez R, Gustafsson R, Brande L V D . The dawn of an open exploration era: Emergent
principles and practices of open science and innovation of university research teams in a digital
world[J]. Technological Forecasting and Social Change, 2020, vol156, pp.1-10. https://doi.org/
10.1016/j.techfore.2020.120037

5. Nelson A R . Ranking university innovation: a critical history[J]. Entrepreneurship Education,
2018,vol16,pp.1-10. https://doi.org/10.1007/s41959-018-0002-y

6. Lyu L, Wua W, Hu H, et al. An evolving regional innovation network: collaboration among
industry, university, and research institution in China’s first technology hub[J]. The Journal of
Technology Transfer, 2019, vol44,pp.659-680. https://doi.org/10.1007/s10961-017-9620-x

7. Baron, Marcin. Open Innovation Capacity of the Polish Universities[J]. Journal of the
Knowledge Economy, 2017, vol 21, pp.1-23. https://doi.org/10.1007/s13132-017-0515-8

8. Oliver A L , Montgomery K , Barda S . The multi-level process of trust and learning
in university—industry innovation collaborations[J]. The Journal of Technology Transfer,
2019,vol43,pp.1-22. https://doi.org/10.1007/s10961-019-09721-4

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


https://doi.org/10.1016/j.techsoc.2013.09.001
https://doi.org/10.1016/j.technovation.2019.05.003
https://doi.org/10.1016/j.respol.2018.08.008
https://doi.org/10.1016/j.techfore.2020.120037
https://doi.org/10.1007/s41959-018-0002-y
https://doi.org/10.1007/s10961-017-9620-x
https://doi.org/10.1007/s13132-017-0515-8
https://doi.org/10.1007/s10961-019-09721-4
http://creativecommons.org/licenses/by-nc/4.0/

	Research on Nonlinear Influencing Factors of University Innovation Based on Semi-parametric Model
	1 Introduction
	2 Literature Review
	3 Data and Method
	3.1 Theoretical Basis and Assumptions
	3.2 Data and Empirical Methods

	4 Empirical Results
	5 Conclusion
	References




