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Abstract

As technology enterprises continue to advance their role as core drivers within innovative
systems, the impact of university knowledge spillover on their development remains
unclear. Thus, this paper systematically explores the specific mechanisms and effects of
knowledge spillover on technological innovation within enterprises. Through in-depth
investigations in technology-intensive regions among universities, technology enterprises,
and institutional personnel, this study categorizes university knowledge spillover into four
core dimensions: the transformation of research achievements, the mobility of high-skilled
talent, university-industry collaboration models, and innovative cultural atmospheres.
Utilizing a linear regression model, this empirical research examines the impact
mechanisms and effects of university knowledge spillover on the innovation and
development capabilities of technology enterprises, while also considering transmission
pathways and recommendations for sustainable development. The study finds that
university knowledge spillovers make a significant positive contribution across all
dimensions to enterprise innovation. This conclusion not only validates the applicability of
knowledge spillover theory within the technological innovation system but also
emphasizes the vital role of universities as sources of knowledge innovation. Practically,
the research findings have significant implications for promoting deep integration between
academia and industry and accelerating the efficient transfer of scientific achievements
from university laboratories to enterprise production lines. Strengthening cooperation
mechanisms between universities and enterprises and optimizing the environment for
knowledge flow and sharing can effectively enhance the overall efficiency of the
technology innovation system and drive high-quality economic and social development.
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The Impact of University Knowledge Spillover on the
Innovation and Development of Technology Enterprises

1. Introduction

In the context of increasingly fierce global technological competition, innovation in high-
tech fields can enhance a nation's core competitiveness. Technology enterprise parks are
often co-established with numerous universities and research institutions, and their close
geographic proximity facilitates convenient and close collaborative sharing relationships.
The presence of many universities within these parks provides abundant resources and
conditions for knowledge spillover, while a multitude of high-tech enterprises and research
institutions offer platforms for receiving technological spillover achievements. This
collaborative relationship between universities and enterprises not only aids in the effective
utilization and output of internal personnel, skills, and resources within universities but
also enhances enterprise brand value, drives the iteration and upgrading of innovative
products, stimulates innovation efficiency and potential, and supports regional industrial
structure upgrading and the optimization of corporate internal innovation atmosphere and
management models, securing a leading position in market competition.

Existing research indicates that companies with promising prospects for innovation and
development potential often have close relationships and cooperation with universities,
which are sources of outstanding talent. By engaging in scientific research collaboration
with these universities, such as establishing cooperative projects and joint laboratories,
technology enterprises can gain early access to cutting-edge technologies and priority use
of the latest research achievements, patents, and equipment resources, thereby accelerating
the transformation and application of scientific achievements, enhancing core
competitiveness and market share, driving innovation-driven development in regional
economies, and increasing their domestic and international reputation and influence. This
knowledge spillover effect is often manifested in the transformation of university research
achievements into enterprises, the flow of skilled talent from universities stimulating
enterprise R&D transformation, the development of university-industry collaboration
models, and the radiation of unique university innovation culture into enterprise innovation
development. Therefore, this paper empirically analyzes the effects of university
knowledge spillover from the perspective of its impact on enterprise innovation and
development, further exploring the specific channels of influence and the variations in
university knowledge spillover effects under different contexts and providing
recommendations and outlooks(Cheng H;Huang SQ;,Yu YH;Zhang ZY;Jiang MF, 2011).

However, current literature examining whether and in what aspects universities can
enhance corporate innovation performance yields inconsistent results, primarily due to
differences in evaluation criteria. Furthermore, research specifically focused on university-
industry collaboration remains scarce within this context. Consequently, the contributions
of this study are primarily manifested in two aspects. Firstly, it enriches the theory of
university knowledge and technology fostering enterprise innovation, elucidating how
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universities can imbue targeted, universal, and stable knowledge into technological
enterprises, thereby advancing related policies to support collaborative technological R&D
and igniting the internal innovation potential of these enterprises. Secondly, universities'
management research and case studies can offer enterprises fresh managerial insights and
methodologies(Lundberg ,H; Oberg, C., 2020). Economists and management experts at
universities often conduct profound analyses and forecasts of market trends. Such
knowledge and information can spill over to enterprises through collaborative projects,
seminars, lectures, and other forms, enabling enterprises to optimize internal management
processes, enhance operational efficiency, mitigate management risks, and better grasp
market dynamics. This, in turn, facilitates the formulation of target market strategies to
avert market risks and achieve steady growth. Through collaborations with universities,
enterprises can promptly access risk assessment and early warning information regarding
technology, market, and management, thereby strengthening their risk prevention
capabilities. Meanwhile, this research also holds practical significance. Thirdly, for
enterprises, the research findings on innovation performance conducted by universities
encourage them to prioritize R&D intensity and elevate their innovation capabilities, which
is pivotal for building intelligent and modern industrial chains. For governments, the
research outcomes provide a basis for optimizing support policies. Governments should
adhere to market development patterns, dynamically adjust subsidy amounts and intensities,
and facilitate rational resource allocation.

To address these issues, the second part of this study conducts a theoretical analysis. In
the third part, the four dimensions of university knowledge spillover are further analyzed,
and research hypotheses are proposed. In the fourth part, universities and technology
enterprise institutions in various regions are selected as research samples, and the selection
of variables is determined; an empirical analysis system is used to examine the impact of
university knowledge spillover on enterprise innovation and development, and the
potential pathways for enterprise development under different manifestations of university
knowledge spillover are explored. The fifth part summarizes this paper and further provides
policy recommendations and outlooks.

2. Theoretical Analysis and Research Hypothesis

2.1 The Impact of University Research Achievements on Corporate Technological
Innovation

University research, both applied and fundamental, frequently generates new scientific
technologies, patents, and intellectual property. These research outcomes, through
technology transfer mechanisms such as technology licensing and intellectual property
utilization, disseminate their knowledge resources to enterprises, where they are adopted
and commercialized by high-tech companies. This process creates a knowledge spillover
effect that drives industrial innovation and upgrading, thereby influencing the
technological innovation capabilities of enterprises. Research by Cheng, H., et al. suggests
that the transformation of university research outcomes should be effectively integrated
with science, technology, and the economy to facilitate university-industry collaboration
(UIC) and the transformation of research achievements. Moreover, a favorable policy
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support environment can protect research outcomes and respect the intellectual property
rights of researchers, reducing concerns about intellectual property theft and enhancing the
scope and effectiveness of knowledge transfer. Incentive mechanisms by university
administrators to encourage the transformation of research outcomes can promote a culture
of knowledge sharing and broaden the reach of university research transformation. Based
on the above analysis, we propose the first hypothesis:

H1. The transformation of university research achievements positively influences
corporate technological innovation.

2.2 The Impact of University Human Resource Mobility on Corporate Technological
Innovation

Universities and research institutions serve as talent cultivation centers, supplying high-
quality talent to high-tech industries. The mobility of university human resources primarily
refers to the career changes and employment choices of university faculty and students.
When these individuals move, they transfer their rich knowledge, including personal
experiences, technical expertise, and academic research findings, to individuals and
organizations within enterprises(Yang, JJ; Li, SL; Li, CF., 2023; Liu, C., Cao, J. M., Wu,
G. D., Zhao, X. B., & Zuo, J., 2022; Gao, X., Guo, X., & Guan, J. C., 2014). Research by
Yang, JJ, et al. highlights the importance of a university education system oriented towards
the labor market, demonstrating that enhancing human capital can significantly promote
corporate innovation and development . When university faculty and students move due to
positive motivations such as career advancement and personal growth, they are more
inclined to share knowledge, facilitating the collision and diffusion of innovative ideas.
This leads to increased knowledge spillover effects, driving technological innovation in
enterprises(Lu, Y., & Yang, J. ,2024; Evans, N., Miklosik, A., & Du, J. T., 2024). The
management and organization of high-quality talent by enterprises determine the value
these individuals can contribute and influence the extent to which knowledge resources are
maximized in production innovation. Based on the above analysis, the second hypothesis
can be drawn:

H2. The mobility of university talent positively influences corporate technological
innovation.

2.2 The Impact of University-Industry-Research Collaboration on Corporate
Technological Innovation

Universities and enterprises exchange the latest academic research findings, professional
knowledge, and technology, providing companies with innovative ideas and solutions. This
process promotes the commercialization of knowledge, thereby enhancing the
technological strength and innovative capacity of enterprises. If the knowledge produced
by universities is relevant, and both parties are highly motivated to collaborate and possess
strong knowledge absorption capabilities and technical expertise, the effectiveness of
knowledge spillover will be further enhanced, facilitating knowledge renewal and
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technological advancement in enterprises(Cheng, XF; Zhang, ZM; Yang, Y; Yan, ZH.,
2019; Coutinho, C., Cretan, A., da Silva, C. F., Ghodous, P., & Jardim - Goncalves, R.,
2016; Lu, Y.,2021). Research by Cheng, H, et al. demonstrates that university-industry
collaboration (UIC) policies, through collaborative investments and knowledge output
transformation, have a significant positive impact on university knowledge innovation and
achievement transformation (Liang, LM;Chen, LX;Wu, YS;Yuan,JP.,2012). When
universities and enterprises jointly participate in R&D projects and engage in in-depth
exchanges and cooperation, this collaborative innovation mechanism accelerates the pace
of innovation in enterprises, enhances innovation outcomes, improves R&D efficiency, and
broadens the influence of knowledge spillover(Pittayasophon, S;Intarakumnerd, P., 2017).
Especially when universities act as partners with specific relationships to enterprises, they
exert every effort to assist companies in solving technical challenges, further generating
novel knowledge, technology, and ideas. Based on the above analysis, we propose the third
hypothesis:

H3. University-industry-research collaboration positively influences corporate
technological innovation.

2.4 The Impact of University Innovation Culture Dissemination on Corporate
Technological Innovation

The unique innovation culture of universities, with its inherent values and concepts,
profoundly influences the recognition and acceptance of innovation within enterprises
through widespread dissemination, thereby stimulating corporate innovation vitality(Lu,
Y. ,2022). As core institutions of knowledge creation and dissemination, universities foster
an innovative culture that not only facilitates the flow of knowledge between academia and
industry but also significantly enhances the overall knowledge level within enterprises.
Research by Pittayasophon, S. indicates that different campus environments and corporate
operational models yield varying effects on collaboration and development (Jagdev,
HS;Thoben, KD, 2001). The behavioral patterns inherent in the university cultural
atmosphere—exploration, openness, inclusivity—exert a positive demonstrative effect on

individual and organizational management within companies, guiding them to change
traditional thinking and behavioral habits. The social attributes of corporate personnel
determine their ways of functioning within specific environments, and such environments
greatly influence group dynamics(Hou, BJ; Hong, J; Wang, H; Zhou, CY., 2019).
Therefore, when the innovation culture of universities successfully spreads to enterprises,
it fosters a positive internal atmosphere that encourages technological innovation and
development. Based on the above analysis, we propose the fourth hypothesis:

H4. The dissemination of university innovation culture positively influences corporate
technological innovation.
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3. Research Design

3.1 Questionnaire Design and Sample Selection

In this survey, questionnaires were distributed to universities and technology enterprises in
a technology-intensive area in Beijing, China (the Zhongguancun district). Using a
sampling survey method, 432 questionnaires were collected, of which 405 were valid after
excluding invalid responses, resulting in a response rate of 93.8%.

The design of this survey was divided into personal information and scale assessment.
University knowledge spillover was examined across four dimensions(Caulfield, B.;
Furszyfer, D., 2022). First, we asked whether enterprises had received technology licenses
and transfers from universities, along with the frequency and quantity, to analyze the
contribution of technology transfer to technological innovation and product upgrades. We
also gathered data on the number and duration of collaborative projects between enterprises
and universities to assess whether these collaborations improved work efficiency or
promoted innovation. Furthermore, we examined whether universities provided enterprises
with solutions and services for the transformation of research achievements, assessing their
effectiveness and practicality, including the proportion and speed of transformation into
technologies or products. This helped evaluate the transformation of university research
achievements within enterprises.

Second, we assessed the participation of enterprise personnel in university talent mobility,
academic activities, and conferences, as well as the impact on corporate talent development
and technological innovation, to understand the flow of talent resources between
enterprises and universities(Falk, M., 2012). By examining whether universities have
provided necessary talent and intellectual support to enterprises, and whether universities
and enterprises have conducted independent joint technological research and talent
cultivation, such as whether both parties have jointly established research centers, institutes,
laboratories, science and technology parks to conduct scientific research and incubate
achievements, whether special funds for industry-university-research cooperation have
been set up, or whether corporate and social funds have been absorbed to form a school
board of directors to establish high-tech enterprises in universities. From the perspective
of cooperation content, it is necessary to investigate whether universities provide
technology transfer, technology development, joint construction of R&D institutions or
laboratories, establishment of economic entities, joint talent cultivation, sharing of
scientific and technological resources, technical consultation or services, etc. From the
output level, the number of jointly researched topics, products, and authorized patent
applications between universities and enterprises is examined, demonstrating the efficiency
of scientific research capabilities and the results of scientific research achievements
transformation in universities, and reflecting the number of scientific and technological
achievements with independent intellectual property rights obtained through industry-
university-research cooperation(Xu, R.; Shen, Y., 2023).

Third, we evaluated the effectiveness of university-industry-research collaboration by
examining the economic, social, and environmental benefits of projects and assessing the
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contribution of collaborative projects to technological innovation, product upgrades, and
market expansion.

Finally, we assessed whether the content of university campus culture dissemination
covered core values, management concepts, and innovation spirit of enterprises.Analyze
the diversity of forms of campus culture dissemination, including lectures, seminars,
cultural exchange activities, corporate internships and practical training, and whether these
forms can effectively transmit the university's campus culture to enterprises. Furthermore,
examine the attitudes and perspectives of enterprise personnel towards the dissemination
of university campus culture, thereby demonstrating the extent to which the dissemination
of innovative university culture influences the development of corporate culture(Lu, Y.,
Zheng, X., Li, L., & Xu, L. D. ,2020; David, P.A.; Hall, B.H., 2000 ;Safitri, V.A.; Sari, L.,
2020)). We evaluated whether enterprises were willing to actively embrace university
campus culture dissemination and assessed their understanding, recognition, and
application of the content, including whether they could integrate university campus
culture with corporate culture to promote development and innovation.

3.2 Data Analysis
Table 1. Reliability Analysis.

Cronbach's Alpha Based on
Standardized Items
.649 701 5

The results of the data analysis indicate that the alpha values for the university
knowledge spillover variables are above 0.6, and the overall alpha value for the
questionnaire is above 0.7, suggesting that the reliability of this scale is within an
acceptable range

Cronbach’s Alpha N of Items

Table 2. KMO and Bartlett” s Test of Sphericity

Kaiser-Meyer-Olkin measure of Sampling Adequacy 761
Approx. Chi-Square 409.117
Bartlett's Test of Sphericity df 10
Sig. .000

The Kaiser-Meyer-Olkin (KMO) value for the survey questionnaire is 0.761,
indicating good validity. The significance level is 0.000, demonstrating highly significant
results.

3.3 Model Setting

This study focuses on the impact of university knowledge spillover on corporate
innovation and development. University knowledge spillover is categorized into four
dimensions. To test the hypothesis, the transformation of university research
achievements, human resource mobility, university-industry-research collaboration, and
the dissemination of innovation culture are included in the regression model as
explanatory variables, while the effects on corporate innovation and development are
treated as explained variables (Ma, C.; Yang, H., 2021; Brink, T, 2017; Di Domenico, M;
Tracey, P; Haugh, H, 2020). Furthermore, based on the different manifestations of these
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four dimensions, we analyze the effects and extent of their impact on corporate
innovation and development to determine whether university knowledge spillover can
enhance corporate innovation efficiency. Consequently, the model is created as follows:

Transformation of university research achievements
Mobility of university talent
University Knowledge Spillover Innovation and Development of Technology Enterprises

University-industry-research collaboration

Dissemination of university innovation culture

Figure 1. Research Model Setting

4. Empirical Results and Analysis
4.1 Descriptive Statistics

The statistical analysis of the relevant questionnaire yielded the following results. Among
the survey respondents, enterprises accounted for 62.72%, universities for 17.78%, and
research institutions for 19.5%, indicating a well-balanced representation of each type of
institution. The high level of participation from technology enterprises in the surveyed area
suggests a strong interest in university knowledge spillover and technological innovation,
highlighting the significant reference value of this study's findings for technology

enterprises.
Table 3. Statistics of Participants
Institution Proportion
Universities 17.78%
Enterprises 62.72%
Research Institutions 19.51%

4.2 Correlation Analysis
This paper conducts data analysis using SPSS 26.0.

Table 4. Correlations

University
. . . . . .. knowledge
Transformation ore university- Dissemination _, . .
. ., Mobility of . ., dissemination
of university . . industry- of university
university . . promotes
research research innovation .
. talent ) innovative
achievements collaboration  culture
development
of enterprises
Pearson 1 179** 179** .073 128**
Transformation ~Correlation
of university ~ Coefficient
research  Sig. (2-tailed) .000 .000 142 .010
achievements
Number of 405 405 405 405 405

Cases
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Pearson 179%* 1 568** 498%* 401%*
. Correlation
Mo.blht}f of  Coefficient
““tl;eeft“y Sig. (2-tailed) .000 .000 .000 .000
N“é“ber of 405 405 405 405 405
ases
Pearson 179%* 568** 1 A461** 321
university- Correlation
industry- Coefficient
research  Sig. (2-tailed) .000 .000 .000 .000
collaboration  Number of
Cases 405 405 405 405 405
Pearson .073 498** 461** 1 .380**
Dissemination ~ Correlation
of university ~ Coefficient
innovation  Sig. (2-tailed) 142 .000 .000 .000
culture Number of
Cases 405 405 405 405 405
University Pearson .128%* A401** 3271** .380** 1
knowledge  Correlation
dissemination  Coefficient
promotes Sig. (2-tailed) .010 .000 .000 .000
innovative
development ~ Number of
of enterprises Cases 405 405 405 405 405

Table 4 indicates that the significance values for variables such as human resource
mobility and university-industry-research collaboration are 0.000, demonstrating a
significant correlation between university knowledge spillover and corporate innovation
and development. The Pearson correlation coefficients for the four variables of university
knowledge spillover are 0.128, 0.401, 0.380, and 0.380, all greater than 0, indicating a
positive correlation between university knowledge spillover—through research
achievement transformation, human resource mobility, university-industry-research
collaboration, and innovation culture dissemination—and corporate innovation and
development. This suggests that university knowledge spillover plays a facilitating role in
corporate innovation and development.

4.2.1 Regression Analysis

Table 5. Model Summary

Adjusted R Std. Error of Durbin-
Square  the Estimate = Watson
1 141a .020 .010 1.014 1.767

Model R R Square

Table 5 provides a description of the regression equation's fit. The Durbin-Watson value
should be close to 2, indicating that the samples are independent and suitable for regression
analysis. The DW value is 1.767, which is close to 2, demonstrating that there is minimal
autocorrelation among the samples, and they are indeed independent. The correlation
coefficient (R) is 0.141, and the square of this coefficient, known as the coefficient of
determination, is 0.020. This preliminary assessment suggests that the model has a good fit
and is appropriate for regression analysis.

Table 6. ANOVA
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f
Model Sum o df Mean Square F Sig.
Squares
reggff“ 9.580 4 2.395 21.623 .000b
L Re 44306 400 111
als
Total 53.886 404

Table 6 illustrates the significance test of the regression equation, specifically the
significance test of the univariate linear regression equation. The F-value is 21.623,
indicating that the variance between groups is much larger than the variance within groups,
and the contribution of the between-group variance to the total variation is substantial. The
significance level, P, is 0.000, which is less than the significance level \(\alpha = 0.05\),
indicating an extremely low significance level. Therefore, the null hypothesis should be
rejected, suggesting that there is a significant difference between the regression coefficient
and zero. This indicates that the linear relationship between the explanatory variables and
the explained variable is significant. This finding demonstrates that the univariate linear
regression model, established to assess the extent to which university knowledge
spillover — through research achievement transformation, human resource mobility,

university-industry-research collaboration, and innovation culture dissemination —
promotes corporate development, possesses significant statistical meaning.

Table 7. Coefficients

Unstandardized Standardized

Model Coefficients Coefficients t p
B Std. Error Beta
(Constant) 543 .079 6.868 .000
Transformation of (025 .022 .053 1.136 257
university research
achievements
Mobility of 383 .068 313 5.614 .000
1 university talent
University- 162 .064 139 2.527 .012
industry-research
collaboration
Dissemination of - 011 .016 -.031 -.687 493
university

innovation culture

As shown in Table 7, the output of the model includes estimates of partial regression
coefficients, comprising non-standardized coefficients, standardized coefficients, and t-
tests for the statistical significance of each partial regression coefficient (i.e., whether it
differs significantly from 0, indicating a linear relationship with the dependent variable).
Also, the significance tests for the regression equation and the regression coefficients serve
the same purpose. The significance levels for the four dimensions and the constant are close
to 0.000, all passing the significance tests. This indicates that the linear relationship
regression equation between the four independent variables and the impact of university
knowledge spillover on corporate development is as follows:
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\[ H = 0.025 \times (\text{Effect of Research Achievement Transformation}) + 0.383
\times (\text{Degree of Talent Exchange}) + 0.162 \times (\text{Effect of University-
Industry-Research Collaboration}) - 0.011 \times (\text{Spread of Innovation Culture}) +
0.543.\]

Among these, Standardized Coefficients (Beta) remove the impact of different units
among independent variables and are calculated using standardized data, where
standardized data = (Original Data - Mean) / Standard Deviation. The constant term in the
standardized regression equation is 0, and the standardized regression coefficient Beta is
derived as Beta = 3 * (Standard Deviation of Independent Variable X / Standard Deviation

of Dependent Variable Y). When statistically significant, a larger absolute value of the
standardized regression coefficient indicates a stronger effect of the corresponding
independent variable on the dependent variable Y. This implies that, with other
independent variables held constant, a change of one standard deviation in the independent
variable leads to a corresponding change in the number of standard deviations in the
dependent variable. After standardization, all variables have a mean of 0 and a standard
deviation of 1, and the constant term is 0. In this example, Beta = 0.383 (for Mobility of
University Talent) > 0.162 (for University-Industry-Research Collaboration), indicating
that, under the premise of both factors having a facilitating effect, the Mobility of
University Talent exerts a greater influence on University Knowledge Dissemination
Promoting Innovative Development of Enterprises compared to University-Industry-
Research Collaboration.

In conclusion, this shows that university knowledge spillover has an overall positive
linear correlation with corporate innovation and development and can promote the
prosperity and growth of enterprises.

Table 8. Residual Statistics

Min. Max. Mean S.D. N
Predicted Value 1.06 1.69 1.16 154 405
Residual -.694 933 .000 331 405
Std Predicted -.667 3.482 .000 1.000 405
Value
-2.086 2.805 .000 .995 405
Std.Residual

In the context of linear regression analysis, the residual is a paramount concept,
representing the discrepancy between the estimated value and the observed value. It
encapsulates the variation in the dependent variable that arises from all factors not included
in the model despite being analyzed as potential independent variables. The Durbin-
Watson test outputs predictive values, residuals, standardized predictive values, and
standardized residuals. The test statistics, the DW value, is displayed in the model summary
table as a result of this analysis. In essence, the residual signifies the portion of the
dependent variable that cannot be estimated or predicted by the analyzed independent
variables. Graphically, the residual is depicted as the distance from an observed data point
to the fitted regression line, offering a visual representation of the model's deviation from
the actual observations.
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Figure 2. Standardized Residual Histogram

By outputting a Histogram alongside a normal distribution curve, one can examine
whether the standardized residuals conform to a normal distribution through the histogram
and P-P plot. Scatter plots of standardized residuals against standardized predicted values
can be utilized to inspect linearity and homoscedasticity. Outliers can be detected using
studentized residuals.

Under normal circumstances, the residuals follow a normal distribution with a mean of
0 and a variance of 02, while the standardized residuals follow a normal distribution with

a mean of 0 and a variance of 1.

Outlier Examination: Residuals that exceed three standard deviations are considered
outliers, and these can be visually identified on a residual plot. Additionally, the results of
outlier analysis are also output in the case analysis.

Homoscedasticity Examination: Scatter plots of standardized residuals against
standardized predicted values or individual independent variables can be constructed to
assess homoscedasticity. If the standardized residuals are randomly and evenly distributed
above and below the horizontal line at 0, it can be assumed that the variances are
approximately equal. However, if the standardized residuals exhibit spreading or
convergence as the standardized predicted values increase, it may indicate a lack of
homoscedasticity.

Linearity Examination: If the standardized residuals exhibit a curved pattern, it suggests
that the relationship between the dependent variable and the independent variables may not
be linear, or that the residuals may not be independent.
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Figure 3. Standardized Residual Scatter Plot

Table 8 and Figures 2, 3 show that the standardized residual histogram is symmetrical
on both sides. From the P-P plot of standardized residuals, it can be observed that the scatter
points are mostly close to the diagonal line, indicating that the normality of the residuals is
satisfactory. The model summary table shows that the residuals passed the Durbin-Watson
(DW) test, confirming that the residuals are independent. In the standardized residual
scatter plot, the majority of the scatter points fall within plus or minus two standard
deviations, suggesting that the model fits the data well.

This paper first examines the linear trend, which assumes a linear relationship between
the dependent variable and the independent variable. A preliminary assessment is made
through a scatter plot (simple linear correlation) using Table10. to visualize the relationship.
During the testing, it is observed that the observations of the dependent variable are
mutually independent, indicating that the covariance between the residuals of any two
observations is zero. The Durbin-Watson test can be employed to ascertain the absence of
autocorrelation.

Subsequently, the normality is observed. For any linear combination of the independent
variables, the dependent variable follows a normal distribution. Here, normality implies
that when a particular independent variable takes multiple identical values, the
corresponding observations of the dependent variable exhibit a normal distribution.
However, in practical samples, a fixed value of an independent variable often corresponds
to only a limited number of observations, sometimes even just one, making it impossible
to directly assess the normality of the dependent variable's observations. Instead, the model
shifts the focus to examining whether the residuals conform to a normal
distribution(Preuveneers, D; Joosen, W; Ilie-Zudor, E, 2018; Johnston, A; Prokop, D, 2024;
Abramo, G; D'Angelo, CA; Di Costa, F, 2011).

Additionally, the examination of homoscedasticity is conducted. Similar to normality,
the model utilizes residual plots to assess whether the residuals satisfy the assumption of
homoscedasticity. It is observed that there is no multicollinearity among the independent
variables. The presence of multicollinearity can lead to various issues, including
discrepancies between results and objective facts, as well as instability in the estimation
equations(Kwong, C., Tasavori, M., & Cheung, C. W. M., 2017; Kurdve, M., Bird, A., &
Lage - Hellman, J., 2020; Hu, J. W., Gao, S., Yan, J. W., Lou, P., & Yin, Y., 2020; Miao,
Y., Shi, Y., & Jing, H., 2024). Stepwise regression can be employed to restrict the entry of
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strongly correlated independent variables into the equation. In cases of multicollinearity,
one can eliminate the independent variable responsible for the collinearity, combine
independent variables, or alternatively utilize ridge regression, principal component
regression, partial least squares regression, among other methods. Multicollinearity can be
investigated using various methods, including tolerance, variance inflation factor (VIF),
characteristic roots, condition indices, variance proportions, correlation coefficients, and
residual plots(Li, X. B., & Tan, J., 2020; Wulan, M. Q., & Petrovic, D., 2012; Darabi, F.,
Saunders, M. N. K., & Clark, M., 2020; Lu, Y., & Williams, T. L., 2021; Gertner, D.,
Roberts, J., & Charles, D., 2011).

In this case, there are no outliers identified, but there may be a high leverage point
present. Regardless of the changes in the predicted values of the dependent variable, the
standardized residuals are randomly distributed above and below the horizontal line at 0,
indicating no exceptional points and maintaining a relatively stable pattern, which can be
considered as evidence of homoscedasticity. As Figure 10 shows, the residuals are
generally randomly distributed on both sides of the 0 horizontal line, with no apparent
positive or negative bias, suggesting that the four dimensions of university knowledge
spillovers—Transformation of university research achievements, Mobility of university
talent, University-industry-research collaboration, and Dissemination of university
innovation culture—all exhibit a linear relationship with the innovative development of

enterprises(Braziotis, C., & Tannock, J., 2011; Sun, T. T., & Cheng, X. H. ,2024; Yin, X.
M., Li, F., Chen, J., & Zhai, Y. D., 2024; Savarese, C., Huybrechts, B., & Hudon, M., 2020;
Lu, Y., Sigov, A., Ratkin, L., Ivanov, L. A., & Zuo, M. , 2023).

4.3 Research Results Analysis

The data analysis results indicate that university knowledge spillovers significantly
impact the technological innovation and development of technology enterprises through
four aspects: the transformation of scientific research achievements, human resource
mobility, industry-university-research cooperation, and the dissemination of innovative
culture. In particular, enterprises that advance in all four dimensions concurrently exhibit
particularly robust innovation and development momentum.

As a crucial base for scientific research and innovation, universities directly contribute
to the technological innovation of enterprises through the transformation of their research
achievements. More than 90% of the enterprises located near universities have participated
in the transformation of university research achievements or invited university personnel
for training and technical support, indicating frequent interactions between the two parties
in terms of knowledge and technology. By collaborating with universities, these enterprises
have absorbed the universities' capabilities in intellectual property management and
technology transfer mechanisms, enriching their technological options. This allows them
to transform the latest research and development achievements into practical productivity,
which better aligns with market demands, enhancing their technological level and market
competitiveness.

The mobility of human resources between universities and enterprises is one of the
significant avenues for knowledge spillovers. The survey revealed that many enterprises
actively recruit talents from universities, particularly those with innovative spirits and
R&D capabilities. The integration of these talents not only brings fresh ideas and creative
resources to the enterprises but also promotes the updating and optimization of their
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internal knowledge structures. Additionally, when university personnel enter enterprises,
their academic backgrounds and professional expertise provide invaluable intellectual
support to the companies.

Industry-University-Research  (IUR) cooperation represents the most direct
manifestation of knowledge spillovers. Through such collaboration, universities can apply
their latest research achievements and ideas to actual production, while enterprises can
leverage the research capabilities and resource advantages of universities for technological
innovation and industrial upgrading. The fact that up to 91.89% of enterprises have
collaborated with universities on projects and utilized university patents is a tangible
indicator of the close cooperative relationship between universities and enterprises in the
surveyed area. According to enterprise personnel, those who collaborate with universities
have not only improved their work efficiency but also demonstrated stronger
competitiveness and innovative capabilities in technological innovation and product
development. Evidently, [UR cooperation enables both universities and enterprises to fully
leverage their respective strengths, realize resource sharing and complementary advantages,
and thereby promote technological innovation and industrial upgrading(Wang, Y. D., Hu,
R.F., Li, W. P, & Pan, X. F., 2016; Paay, J., Kuys, B., & Tafte, S., 2021; Lei, X. P., Zhao,
Z.Y., Zhang, X., Chen, D. Z., Huang, M. H., & Zhao, Y. H., 2012; Li, Q., Wang, Z. Y.,
Cao,Z.C.,Du,R. Y., & Luo, H., 2015; Kesting, T., Gerstlberger, W., & Baaken, T.,2018).

As a crucial source of cultural heritage and innovation, universities play a pivotal role in
driving and fostering an innovative cultural atmosphere within technological enterprises.
Overwhelmingly, 87.2% of enterprises acknowledge the influence of universities'
innovative culture on them. Through collaboration and exchanges with enterprises, the
innovative culture of universities can gradually permeate into corporate cultures, inspiring
creativity and an innovative spirit among employees, enhancing corporate image and brand
value, and strengthening corporate cohesion and centripetal force. This heightened
enthusiasm among staff helps enterprises acquire new technological insights and solutions,
boosting brand recognition. Consequently, it not only fosters technological innovation
within enterprises but also assists them in enhancing their market influence and
maintaining a leading position amidst fierce market competition
5. Discussion
5.1 Innovative Applications
This study analyzes the critical role of university knowledge spillovers in the development
of technology enterprises. In technology parks, where enterprises are densely concentrated
and information exchange is frequent, there are abundant opportunities and effective
outcomes for university knowledge spillover. Through the dissemination of research
findings, academic exchanges, and talent mobility, universities transfer new ideas,
technologies, and knowledge to enterprises, stimulating their innovative vitality.
Geographical advantages facilitate collaboration with universities and research institutions,
enabling joint R&D activities and the use of each other's resources to enhance their
innovation capabilities(Peng, C., & Meng, Y. J., 2016; Li, B., Xu, C.J., Wang, Y. C., Zhao,
Y., Zhou, Q., & Xing, X. D., 2024). This close integration of academia, industry, and
research further enhances the effects of knowledge spillover.

Moreover, existing successful cases demonstrate the significant advantages of university
knowledge spillover in driving surrounding enterprises. The close interaction between
Stanford University and companies in Silicon Valley has resulted in notable knowledge
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spillover and innovation benefits for both parties. Stanford's breakthroughs in fields such
as computer science and electrical engineering are shared with Silicon Valley companies
through methods like patent transfers. The collaboration between Stanford University and
surrounding enterprises is mutually beneficial, as companies gain access to external
university knowledge while also contributing technological resources and development
platforms back to the universities through their R&D activities and innovation outcomes.
This bidirectional flow of knowledge and technology further promotes the development of
renowned university-enterprise collaborative innovation ecosystems globally(Alpaydin, U.
A.R.,2019).

As crucial bases for scientific research and innovation, universities play a direct role in
driving technological innovation in enterprises through the transformation of their research
achievements. Many companies actively recruit university talent with innovative spirit and
R&D capabilities, bringing fresh ideas and creative resources that facilitate the updating
and optimization of corporate knowledge structures. Through university-enterprise
collaboration, universities leverage intellectual property management and technology
transfer mechanisms to apply the latest research outcomes and concepts to practical
production. At the same time, companies can use scientific research strengths and resource
advantages to drive technological innovation and industrial upgrading. Furthermore, as the
innovation culture of universities gradually permeates corporate culture, it inspires
innovation among employees and strengthens organizational cohesion and alignment.

Companies collaborating with universities not only improve work efficiency but also
demonstrate stronger competitiveness and innovative capacity in technology and product
development. It is evident that university-industry-research collaboration effectively
harnesses the respective advantages of universities and enterprises, achieving resource
sharing and complementary strengths, thereby promoting technological innovation and
industrial upgrading.

Based on the above analysis, this paper offers the following recommendations regarding
the four dimensions of university knowledge spillover:

Universities should actively engage in various forms of academic exchanges and
community service activities to promote the widespread dissemination of innovative
culture and expand channels for knowledge dissemination, creating more opportunities for
the transformation and application of knowledge. Fostering long-term stable partnerships
between universities and enterprises can facilitate the continuous transfer and sharing of
knowledge, enhancing overall collaborative innovation capabilities. To improve the
efficiency of knowledge dissemination and transformation, we need to promote close
cooperation between universities and enterprises, effectively enhancing corporate
technological levels and R&D capabilities through training and talent recruitment, thereby
strengthening product performance and market competitiveness. Additionally,
governments should play a role by introducing policies such as tax incentives and financial
support to encourage and support the transformation of university research outcomes and
knowledge spillover, improving intellectual property protection systems, strengthening
intellectual property application management, and ensuring that universities' legal rights
are fully protected.

It is noteworthy that the research activities of universities do not necessarily yield
significant positive spillover effects across all types of high-tech industries. The extent and
effectiveness of these spillovers are often contingent upon factors such as the
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characteristics of the industry, technological maturity, market environment, and policy
support. Consequently, in practical applications, it is imperative to devise tailored
strategies and measures based on specific circumstances to maximize the innovative
impetus of university research activities on high-tech industries.

6. Conclusions

As countries increasingly integrate university-industry collaborations in education and
manufacturing, more regions are relocating industries to areas rich in high-quality talent,
such as universities, to achieve better sustainable innovation development. Against this
backdrop, this study uses the technology-intensive enterprises and university parks in
Beijing's Zhongguancun district as research samples to empirically examine the impact of
university knowledge spillover on corporate innovation and development. The research
finds that university knowledge spillover primarily manifests in four aspects: research
achievement transformation, high-skilled talent mobility, university-industry-research
collaboration, and the dissemination of an innovative cultural atmosphere. Furthermore,
each of these four dimensions of university knowledge spillover contributes significantly
and positively to corporate development, and these conclusions remain robust even after
testing with alternative variables and instrumental variables. Additionally, it is further
revealed that the combined effect of the four dimensions of university knowledge spillover
has a more pronounced impact on the sustainable development of high-tech enterprises.
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