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Abstract

Based on structural equation modeling, this paper measures and evaluates the transformation of scientific and
technological achievements of colleges and universities in terms of implicit and explicit variables. The PLS algorithm is
used to measure the intrinsic factor, which is designed to follow the Gaussian distribution and reach the expected value
through iterative loops. The indicators and parameters of the explicit variables are evaluated by combining the principal
component analysis and the great likelihood method. According to the results, the factors that are influenced by the
policy environment account for 16.5%, while the problem of capital investment accounts for 36.3%. The number of
invention patents increased by 8.93% after measuring and assessing them using the method presented in this paper. It

demonstrates that universities can explore their technological achievements in depth and enhance their scientific
research level.
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1 Introduction

While the technological innovation of industry-university-research cooperation is getting more and
more attention and the cooperation between industry-university-research is getting more and more,
the problem of the low rate of transformation and research institutes has not been effectively solved
for a long time [1-3]. Due to the differences in economic system and resources, China’s scientific
and technological system is different from that of Western countries; most of the resources are
concentrated in universities, and most of the SMEs cannot independent development. At present,
although there are some industry-university-research cooperation docking and exchange meetings,
the a lack of unified organization and policy coordination [4-6]. At the same time, due to the lack of
scientific and technological management departments scientific and technological information
consulting organizations to analyze, regulate, and information dissemination platforms, resulting in
the university of the supply and demand of information exchange is not good. On the other hand,
some scientific topics of universities lack market orientation, mainly focusing on theoretical
analysis and evaluation, so the market research is not specific enough, so many research results or
patents can not be articulated with the market and can not be developed and applied by enterprises,
seriously affecting the effectiveness and popularizability of the results [7-10]. Therefore, we must
vigorously promote the transformation of achievements into real productivity. It is necessary to
think about the effectiveness of the way of transformation of scientific and technological
achievements from a deep level, as well as the fundamental obstacle factors, and put forward policy
recommendations to promote the cooperation between industry, academia and research, and the
construction of an innovative country has important practical significance [11-12].

Based on structural equation modeling, this paper constructs an analysis platform to transform
scientific and technological achievements in colleges and universities. Firstly, the PLS algorithm is
used to measure the intrinsic variables of the factors that affect the transformation of scientific and
technological achievements, and the complex relationships are standardized and analyzed. Then,
after extracting the principal component weights of the indicators of scientific and technological
achievements through principal component analysis, the great likelihood method is used to provide
a comprehensive score for the transformation ability of scientific and technological achievements of
high-level scientific and technological colleges and universities. Finally, the validity of the method
of this paper is verified in the practical analysis through the results of the analysis of influencing
factors and the effect of scientific and technological achievements transformation services. It is
proved that after the precise analysis of the structural measurement model, the transformation
market of scientific and technological achievements of universities is improved, and the profit of
enterprises is also improved.

2 Literature review

Zhang, L used the location quotient method to measure industrial clusters, empirically analyzed the
agglomeration status and development of high-tech industries in science and technology innovation
platforms according to the principle of regional economics, estimated the location quotient as well
as the agglomeration status, and provided a basis for the government to designate the relevant
policies [13]. Liu, Q designed a scientific research information management system that provides
convenient and fast scientific research and teaching tasks for university research management [14].
Dong, Z utilized data envelopment analysis and hierarchical analysis to assess the efficiency of
marine science innovation in Zhejiang, firstly, the efficiency of technological innovation was
analyzed from the aspects of dynamics and static, respectively, and secondly, in the selection of
industrial advantages from the aspect of technological content, economic benefits are evaluated [15].
Li, W considered that the efficiency of the transformation of technological achievements is related
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to the development factors of the region, and the improvement of the transformation efficiency has
a good effect on the promotion of ecological environmental protection [16].

3 Constructing a platform for analyzing the transformation of scientific and technological
achievements in colleges and universities based on structural equation modeling

3.1 Structural equation modeling

Structural equation modeling verifies whether the model is reasonable and gives suggestions for
optimization. The method focuses on estimating the degree of fit between the whole model and the
sample data and determining which model as a whole is more consistent with the complex
relationships presented by the data [17-19]. Structural equation modeling consists of measurement
techniques and structural assessment techniques, where the basic purpose of measurement
techniques is to describe the suitability of the observed marker variables as a test for latent variables
or factors, while structural assessment techniques are used to assess the interrelationships between
latent variables. Figure 1 illustrates the modeling of structural equations.
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Figure 1. Structural equation model

Structural equation modeling variables include hidden and explicit variables. The hidden variables,
also known as structural variables, include exogenous hidden variables &£ and endogenous hidden

variables 7. Explicit variables, also known as observed variables, are denoted by X,y. Each

hidden variable corresponds to two systems of equations, the internal system and the external
system, and the two systems of equations are utilized in an iterative loop to progressively
approximate the true values of the hidden variables so that the formula for the transformable form
of the ith sample is as follows:

Bn,+I'é=¢ 1)

The structural model describes the causal relationship between different stealth variables &, of the

form:
& =2, P +s, 2

Le.:
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Y; = (Z_J:thxjh)* =(X;w;)’ (3)

In the above equation, w,; is a vector of weights and * represents the normalization of the

estimates.

Scientific and technological results contain both tacit and explicit knowledge, and structural
equation modeling allows not only to study the correlations between explicit variables, to estimate
linear relationships between multiple and interrelated dependent variables, to deal with
unobservable assumptions, to account for errors, and to analyze the structural relationships between
latent variables.

3.1.1 Factor Measurement

In this paper, the PLS algorithm is utilized to derive an estimate of the hidden variable scores 7,,
&, through which the samples are subdivided. The ith sample in class Kk is set to obey a Gaussian
conditional distribution f;|, (77 i £B,.[ . F)), ie.:

|Bk| 1 np-1
f 16 BT W) =—— — = B+ e )P (B i+T
||k(77||§ k ) (27Z)M/2|‘Pk| exp( 2( 7+l &) (Bin7+1',&)) 4

Where k=1,---,K is the subdivided k nd category and m=1-.-,M refers to the m th
endogenous internal system. The matrix of B, =(8,.), MxM | refers to the path coefficients
between endogenous internal systems in category Kk, where r=1..-,M . W, refers to the

variance of the regression residuals for each endogenous internal system in category K. Then for
any 7,, obeys the Gaussian conditional distribution of the finite mixture model, i.e:

m= . |o ] (m]& BT ¥,) 5)

In Equation (5), p, is the weight of the class. The class to which the data point belongs before

subdivision can be regarded as the hidden information in the data, so the subdivision problem can
be regarded as a kind of incomplete data or residual data problem. The residual part of the data is
denoted by z, . According to the full probability formula, the posterior probability that the ird

sample comes from the k th class, i.e:

|pk fi|k (n i |§. B . I, W)
ZkK:1|pk fi|k(77 i |§. Bk ’Fk’lPk)

P(z =1) (6)

In the above equation, p, is the expected value of the residual part of the data,
Pi = E(z) = p(z; =1).

For the mrd endogenous internal system of the dependent variable, the dependent variable is
Yni =77, and the independent variable is X, =((&,),(77,,)) . According to the method of least

squares, the path coefficient is calculated as:
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T = ((Bor)s Vg )) = (X0 X)X, Y ©)

A given random sample (X,X,,---,X,)' X for a n -dimensional random variable
X = (X, X,,--+, X)) follows a Gaussian distribution with mean 4 and covariance 2. If the ij

th term of the covariance matrix 2. is 0, then its counterparts X; and X; are conditionally

independent given the other variables. Let szfl, S be the sample covariance matrix, the

corresponding log-likelihood equation is obtained:

InL=|Q+tr(QS) - p|Q, (8)

Where €2 is a nonnegative positive definite matrix, tr denotes the trace of the matrix, and ||Q||1

-1

is the norm of the sum |, of the absolute values of the Z elements.

In order to achieve some kind of equilibrium or compromise between the target value and the
degree of likelihood, this paper introduces the PLS algorithm to iteratively solve the fuzzy vectors
in the results of scientific and technological transformations, as well as the expectations of each
element in the vectors its.

3.1.2 Structural assessment

After the standardized analysis of the intrinsic factors of scientific and technological achievements
conversion through PLS algorithm, this paper starts from this basis, this paper adopts the method of
combining principal component analysis and great likelihood method.

Let the study of something involve P indicator, denoted by X, X,,---, X, respectively, and

these P indicators form a P -dimensional random vector of X = (X, X,,---, X ).

A linear combination of X forms a new composite indicator, denoted by F , i.e., the new
composite indicator can be linearly represented by the original variables, satisfying the following
equation:

F=a,X +a,X,++a,X,,i=12,..k (9)

The correlation coefficient matrix of the initial matrix is as follows:
X=|: : : (10)

The correlation coefficient between the original variables X, and X is:

"X = X)X =X,
XXX, X)) o

| \/Z:=1(Xsi - Xi)zz;(xsi - >Z,-)2
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The formula for calculating the contribution rate to the variance of the original index data is as
follows:

O = ,75;_ n (12)

ZL}“J‘

2t

j=177]

The cumulative variance contribution ratio , indicates how much information has been

extracted X, X,,---, X cumulatively from the previous Kk principal components. The

p

relationship between the principal component loading matrix a

;j and the factor loading matrix by,

is shown below:
8 =—F— (13)

Suppose there is a data table for a certain moment t, denoted by H. Here, H there are n
sample points e,e,,---,e, and each sample point is described by 2p indicator variables, i.e.,

X, %, K, X, where x,X,,K,x, are p exogenous explicit variables, again constituting a set of
endogenous explicit variables. At the tth moment, the data for the n sample points in the 2p
-dimensional space can be represented by a nx2p-dimensional data table H :

H =[x Kx, K xp}nxzp (14)
Standardize all the significant variables in H , viz:
XX i
X = S 1=12,K,n;j=12K,p (15)

j

- 1 n n - )
Where X; =—z Xj, S;= \/LZ(X” —Xj)2 , the standardized data removes the effect of the
n iz n-143

variable’s magnitude, notation H = (X )nezp -

The formula for calculating the indicators of the transformation of scientific and technological
achievements is shown below:

s _ A
= 16
S (16)
W, =B, A(k=12,13[i =1,2,3) (17)

14
M = Zkzlck *W, (18)
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In the above formula, C, indicates the specific value of each index, and M is the maturity score
of scientific and technological achievements transformation.

3.2 Construct a platform for analyzing the transformation of scientific and technological
achievements

Promoting scientific and technological achievements in universities is an important guarantee for
promoting the national innovation and development strategy. Achievement transformation is a
complex scientific and technological economic activity, scientific and technological achievements
conversion performance is a dynamic accumulation of dynamic results, scientific and technological
achievements into economic and social value, often need years, it is not easy to measure with a
single indicator, must first construct the university scientific research quality evaluation index
system [20-21]. In this paper, the intrinsic factors of converting scientific and technological
achievements are standardized and analyzed using the PLS algorithm.

The overall structure of the university’s scientific and technological achievements transformation
analysis platform is shown in Figure 2. Colleges provide technical patents or information for the
government as a source of knowledge and information, and the government acts as the information
control center of the whole system, formulates corresponding policies and systems, channels
scientific achievements, and grasps the direction and development trends of the market. Enterprises
are the direct actors in the transformation of scientific achievements, the applicators of
achievements, and the executors of the industrialization of achievements. They are able to respond
quickly to market changes and demands. Their main roles are to track the world’s advanced
technology, collect information about enterprises and the market, carry out scientific research
activities according to the needs of the market, and then provide enterprises with patents and
technologies to improve the productivity of the enterprises. Colleges have rich human resources and
high-level scientific with intellectual advantages, academic advantages, multidisciplinary
comprehensive advantages, and talent training advantages, and they are the main body of scientific
and technological innovation in the system of scientific and technological achievements
transformation. The goal of university scientific research institutes is to select and realize the
technologies with specific purposes, to provide the enterprises with the technologies, and to
promote the development of the enterprises.

Policy Assurance
Mechanism

Industry-University-
Research Cooperation
Innovation Model

Figure 2. Analysis of scientific and technological achievements in flat
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This paper is based on the structural equation modeling constructed by the university scientific and
technological achievements transformation analysis platform. The method is measured from the
intrinsic and extrinsic factors, respectively, and then comprehensively formulate the policy to guide
the development of innovation. It constantly promotes technology innovation and product
upgrading by occupying the market or exploring new markets to achieve the virtuous circle of
university work. Conduct an adequate market analysis to ensure that the achievements are adapted
to market demand. After achieving the achievement, please choose the appropriate time to
transform it and realize its value. In terms of actively exploring new mechanisms, it can ensure that
the direction of technological development of enterprises transforming the results does not deviate
from the right track, which enhances the scale and level of scientific research of university
organizations.

4 Practical analysis of the analysis platform for the transformation of scientific and
technological achievements

4.1  Analysis of influencing factors

4.1.1 Data acquisition

1) Relevant data from universities and enterprises in the region were collected to obtain an
assessment of the intrinsic and extrinsic factors of the transformation of scientific and
technological achievements in universities.

2) Relevant interviews were designed for the intrinsic factors of information communication
mechanism between universities and enterprises, intellectual property rights attribution
issues, teachers’ evaluation, and transformation service capacity to understand the
perceptions and experiences of relevant participants. Scale scores or qualitative analyses
were used to obtain the average values and correlations of these factors.

3) Data on the government’s financial input and related policy documents were collected for
the extrinsic factors that affect the transformation of scientific and technological
achievements, such as financial input and policy environment. In addition, interviews with
representatives of universities, enterprises, or relevant stakeholders were conducted to obtain
qualitative feedback and views on these factors.

4) Following the data collection phase, data were analyzed using structural equation modeling.

4.1.2 Analysis of results

Table 1 shows the results of the analysis of influencing factors. From the perspective of intrinsic
factors, the information communication mechanism between universities and enterprises has a high
influence, with a mean value of 3.29 and a marginal probability occupying 10.1%, followed by
intellectual property rights attribution issues, occupying 9.5%. Faculty evaluation and
transformation service capacity have mean values of 3.35 and 3.38, respectively. From the external
perspective, the influence of the financial investment problem on the transformation of scientific
and technological achievements is high, reaching 36.3%, and the policy environment accounts for
16.5%.
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Table 1. Results of the analysis of influencing factors.

Variable Explanation Total Mean Marginal probability
Intellectual Property Attribution 1085 3.32 9.5%
Intrinsic Teacher Evaluation 1085 3.35 6.2%
Factors Transformation Service Capability 1085 3.38 7.3%
Corporate Information Communication 1085 3.29 10.1%
Financial Support 1085 3.79 36.3%
External Policy Environment 1085 | 356 16.5%

Factors

Service System 1085 3.45 11.2%

This paper uses the structural analysis model to evaluate and count the research personnel invested
by the universities in this region in the past 10 years so as to analyze the influencing factors of the
transformation of scientific and technological achievements in universities more obviously. Figure 3
shows the results of analyzing the input of scientific research personnel. There have been relatively
more teaching and scientific research personnel in colleges and universities in the region over the
years, with an average of about 4,500 per year, followed by research and development personnel,
which reached a maximum of 3,800 in 2011 and an average of about 2,000 per year after that.
However, the number of research results applications and service personnel is relatively small. The
average number of personnel is only 861 people. The region’s scientific and technological
achievements application and service full-time personnel in 2011 there are 3,500 people. In 2022,
800 people, in the second place, are in its scientific and technological personnel structure to occupy
a large proportion. The structural equation model analyzes the factors influencing the
transformation of scientific and technological achievements in this university at a deeper level and,
therefore, reacts to the fact that university researchers must have the appropriate knowledge transfer
capacity in order to transfer the transferred results to the enterprises in the appropriate form, manner,
and way.

=
(2]
o

[ R&D science and technology results application and services
140 |- [ Research and Development Staff

Teaching and Research Staff

[

N

o
T

100

S 2] [o}
o o o

Technology talent input (Thousands of people)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year (year)

Figure 3. Results of researcher input analysis
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4.2  Effectiveness of services for the transformation of scientific and technological
achievements

4.2.1 Efficiency of services

The most important criteria for consideration in the scientific and technological achievements of
universities are the number of academic papers published, the number of patents authorized, and the
achievements in the transformation of scientific and technological achievements are inseparable
from the role played by the technology transfer and intellectual property management departments.
Through the analysis of the above-influencing factors, therefore, in 2016, the scientific and
technological achievements transformation analysis platform was used to analyze the scientific and
technological transformation achievements of the universities in the region, as well as to evaluate
the benefits of the transfer of the achievements to enterprises, so as to improve the efficiency of the
service of scientific and technological achievements transformation in universities. The service
efficiency of the transformation of scientific and technological achievements of universities in the
region from 2011 to 2020 can be seen in Figure 4.

Figure 4(a) shows the earnings of enterprises and the number of papers published from 2011 to
2015. From the point of view of the earnings of enterprises, foreign-funded enterprises compared to
state-owned and private enterprises, the earnings situation is higher, on average, reaching 1.34
million yuan per year, followed by the state-owned enterprises in 2011 earnings of only 900,000
yuan, although after a few years of an upward trend, but the number of earnings are for about 1.1
million yuan. Private enterprises are less, with an average gain of less than 800,000 yuan per year.
In terms of the number of papers published, in these five years, the number of scientific and
technical papers published by universities in the region was small, although there was an upward
trend. Among them, the papers about scientific and technological works are only 5,116 per year on
average, and the papers about the number of invention patents are 7,340 on average. It can be seen
that the lower number of scientific and technological research of the universities in the region has
led to the enterprises investing less in the universities, and therefore, they will lose the ownership,
advantage, and privileged position of knowledge.

Figure 4(b) shows the enterprise earnings and the number of papers published from 2016 to 2020.
The number of patents authorized for scientific and technological achievements in colleges and
universities grows rapidly, and the proportion of invention patents is higher than others. From 2016,
the total number of patents authorized for scientific and technological achievements of universities
is 17,418, of which 10,216 are invention patents, accounting for 49.72% of the proportion of all
patents authorized, and rising to 2020, the total number of patents authorized for scientific and
technological achievements of universities is 68,971, of which the invention patents rise to 34,294,
accounting for 58.65% of the proportion of all patents authorized. And the enterprise revenue
increases with the growth of invention patents, which averages 1.23 million yuan per year. It shows
that the number of university scientific and technological achievements that have been authorized
for patents has rapidly grown in recent years, as measured by the resultant equation model.
Compared with the other two patent types of utility model and design, the invention patent requires
the highest technological content, especially the requirement of novelty and inventiveness is more.
The patent authorization of scientific and technological achievements of universities is not only
abundant in quantity but also guaranteed in quality.
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Figure 4. Service efficiency of science and technology transformation

4.2.2 Patent classification

Colleges and universities are of different types and have different specialized fields of expertise, so
there are significant differences in their patent classification. Selecting representative colleges and
universities in different regions and classifying them by group according to the 2016-2020 patent
authorization data can show the specific distribution of the patent technology field of a particular
college or university. Table 2 shows the number of patents in the field of technology in universities.
From the data in the table, it can be seen that different universities have different fields of scientific
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and technological research. This paper, after structural equation modeling, analyzed the
transformation of scientific and technological achievements of each university and screened out the
key disciplinary areas of scientific and technological innovation activities, in which the university A
for the study of line faults has a higher number of patents of 283, and the school B and the school C
are respectively on the preparation of the regeneration and catalytic methods The research on
copper refining patents. The number of patents on copper refining research is 123, mainly in the
research area of school D. The research of University E is about the fabrication of nanostructures,
with 105 patents. This shows that structural equation modeling can focus on the layout and mining
of the patent technology field to form the core patents with high patent value so as to improve the
scientific research level of universities.

Table 2. Number of patents in the field of university technology

School Number Technology Type Number of patents
A Line failure 283
B Recycled Manufacturing 170
C Catalytic methods 132
D Copper refining 123
E Fabrication of nanostructures 105

5 Conclusion

With the goal of analyzing the factors affecting the transformation of scientific and technological
achievements in universities, this paper analyzes the regional, hierarchical, and quantitative
characteristics of the transformation of scientific and technological achievements in universities in
detail based on the structural equation model. The transformation of scientific and technological
achievements in colleges and universities can be analyzed through statistical analysis, data
correlation analysis, and factor analysis. Firstly, the PLS algorithm is used to analyze the expected
value of intrinsic variables obeying the Gaussian distribution. Then, the index system of scientific
and technological achievements transformation of high-level scientific and technological colleges
and universities is constructed by objectively assigning weights to the evaluation index system with
the use of the principal component analysis method. The model parameters are estimated with the
use of the great likelithood method. Finally, the effectiveness of the method presented in this paper is
verified through practical analysis. The results show that the factors affecting the transformation of
scientific and technological achievements are influenced by the policy environment, which occupies
16.5%, and the problem of capital investment, which occupies 36.3%. After a thorough analysis, the
percentage of patents authorized by universities reached 58.65%. It is an annual increase of 1.23
million yuan in corporate earnings and mining of research fields of different schools to form core
patents with high patent value and improve the scientific research level of colleges and universities.
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