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Abstract

Under the historical background of the national development strategy of mass entrepreneurship and innovation,
the education of innovation and entrepreneurship has gradually become an important indicator to evaluate the
quality of talent cultivation in colleges and universities. To expand the evaluation methods of innovation and
entrepreneurship education in colleges and universities, this paper adopts literature analysis, case analysis, BP
neural network method and other research methods. Focusing on the research of quality evaluation methods of
college graduates' innovation and entrepreneurship education, based on a brief introduction of innovation and
entrepreneurship education, teaching quality evaluation and artificial neural network, this paper combines
expert questionnaires and interview results, and establishes a three-level college graduate innovation and
entrepreneurship education evaluation index system. Based on BP neural network, an evaluation model of
innovation and entrepreneurship education based on BP neural network has been established, and the tourism
major of S University is selected as an example to apply the innovation and entrepreneurship education
evaluation model constructed in this paper. By integrating qualitative analysis with quantitative analysis, the
quality of innovation and entrepreneurship education is evaluated, and corresponding improvement suggestions
are put forward for the evaluation results.
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Mass entrepreneurship and innovation are important ways to promote social and economic development.
With the rapid development of economy and society, world competition is becoming increasingly fierce, and
the demand for innovative and entrepreneurial talents is increasing gradually. At present, the development of
innovation and entrepreneurship has not reached the expected level (Barton et al., 2007). Colleges and
universities, as the base for talent cultivation, are shouldering the important mission of meeting social needs
and cultivating qualified talents, and they need to improve the quality of innovation and entrepreneurship

education in the process of education and teaching (Xiao et al., 2009).

As early as in 1970, the University of Purdue had held an entrepreneurial conference meeting. Subsequently,
many colleges and universities in Canada and the United States had held annual conferences and seminars on
entrepreneurship education (Mcclure, 2016). In 1990s, UNESCO proposed that entrepreneurship is an important
skill that should be granted to the graduates by colleges and universities. Compared with foreign countries,
China's innovation and entrepreneurship education is still in its infancy, existing researches mainly focus on the
introduction of foreign entrepreneurship education theories, the connotation and purpose of entrepreneurship
education, etc., however, for now, there is no scientific or systematic quality evaluation method for innovation

and entrepreneurship education.

Artificial neural network (Harkema and Scshou, 2008) is an algorithmic mathematical model that simulates
the synaptic connection structure of the brain and consists of a large number of processing units (neurons) for
distributed performance information processing. It has self-learning, self-organization, and self-adaptation
abilities. BP neural network is a multi-layer feedforward neural network. At present, it has formed a relatively

mature mode in the quality evaluation of innovation and entrepreneurship education.

Based on the above analysis, this paper takes the quality evaluation method of college graduates’ innovation
and entrepreneurship education as the research goal (Alvarezguerra et al., 2008). Based on a brief introduction
of relevant theories, combined with the results of expert questionnaires and interviews, the quality evaluation
system of college graduates' innovation and entrepreneurship education is constructed (Oehler et al., 2015).
After introducing BP neural network, an evaluation model of innovation and entrepreneurship education based
on BP neural network is established. Taking the tourism major of S University as an example, the neural network
function is calculated by Matlab software, then the established evaluation model is applied to analyze the current
situation of the teaching quality of innovation and entrepreneurship education, and the analysis results are taken

as a basis to propose corresponding improvement suggestions.

Relevant Theoretical Basis

Innovation and entrepreneurship education

Innovation education is an educational philosophy that insists on “innovation orientation”. Unlike the
traditional “passive-receiving” education, innovation education focuses on the cultivation of students' practical

ability and secondary discovery ability.
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Entrepreneurship education has a broad sense meaning and a narrow sense meaning. The narrow sense
meaning of entrepreneurship education is to enable learners to start their own businesses. In a broad sense,
entrepreneurship education pays more attention to the spirit and skills, and it refers to cultivate talents to have

the pioneering spirit.

Innovation education is the foundation of entrepreneurship education. The goal of both is to cultivate people
with innovative spirit and practical ability. Therefore, innovation and entrepreneurship education is a kind of

practical education to cultivate students' awareness, ability and spirit of innovation and entrepreneurship.

Teaching quality evaluation

There is no scientific management without scientific evaluation. The evaluation of teaching quality is an
intermediate link in the rational allocation and design of the talent cultivation mode, and it has a decisive role
in it. The evaluation of teaching quality is the value judgment of whether the educational achievements are in

line with the educational purpose (Byrne & Flood, 2003).

The evaluation values of education can be divided into three stages: with educational achievements as the
main evaluation object, “Taylor evaluation mode” as the leading factor, and focusing on education itself,
educational process, and seeking diversified evaluation methods (Denekens, 2007). The theories of education
evaluation have experienced three stages: the behavioral goal mode focusing on teaching outcomes, the

idealized mode for seeking improvement, and the diversified developmental teaching evaluation mode.

Artificial neural network

Artificial neural network (Harkema and Scshou, 2008) is an algorithmic mathematical model that simulates
the synaptic connection structure of the brain and consists of a large number of processing units (neurons) for
distributed performance information processing, its structure is shown in Figure 1. It has high fault tolerance,
strong self-adaptability and good nonlinear processing capability, which is widely used in various evaluation

mechanisms (Bissola et al., 2017).

X1

X2

X3
Figure 1. General description of neurons

BP neural network is a multi-layer feedforward network trained by error back propagation algorithm (lezzi,

2005). Figure 2 shows the BP neural network learning flow chart. It has powerful nonlinear mapping ability, it
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can realize autonomous modelling, the output is accurate, and it can solve the problem of quality evaluation of

innovation and entrepreneurship education in colleges and universities.
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Figure 2. Neural network learning flow chart

Quality evaluation of college graduates' innovation and entrepreneurship education

based on BP neural network

Construction of quality evaluation system

Innovation entrepreneurship education is a highly complex work. It is influenced by the individual factors
such as the education mode and family situation of the students, the external factors such as the government,
the enterprises and the social environment, and the internal factors such as the quality of the teachers and the
teaching links (Mustar, 2009). Therefore, it is impossible to objectively and comprehensively evaluate it from

one single dimension. Through interviews with education evaluation experts, and referring to the evaluation

3117



Li / Research on the Quality Evaluation Method of College Graduates' Innovation and Entrepreneurship Education...

index system of teaching work in ordinary colleges and universities, this paper summarizes the dimensions of
teaching quality evaluation of college graduates' innovation and entrepreneurship education as shown in Figure
3.

Curriculum School Campus Teacher :
system setting philosophy culture team Practice base
School level
Social Funding
atmosphere —\ F investment
Corporate . Management
group Social level Government level System
Social Policy
reputation optimization
Student level
Research Innovative Innovation .
ability practice rate Innovation

Figure 3. The dimension of teaching quality evaluation of innovation and entrepreneurship education

Table 1 shows the college graduates' innovation and entrepreneurship education quality evaluation system
which contains 4 level-1 indicators, 6 level-2 indicators and 12 level-3 indicators after screened by the expert

investigation method and the dimensions of college graduates’ innovation and entrepreneurship education

quality evaluation.

Table 1
The Quality Evaluation System of Innovation and Entrepreneurship Education
First Secondary indicators Three-level indicator
indicator
Innovation and National policy implementation x;
College links  entrepreneurial Entrepreneurship competitions x,
environment Number of school-enterprise cooperation projects Xs
Teachin Course design Ratio of practical courses to theoretical courses x,
session 9 teaching Core curriculum ratio xs
method Number of open courses for entrepreneurs and entrepreneurs Xg
Teacher background Practlce_ survey, case teach_lng ratio x;
Proportion of entrepreneurial experience teachers xg
Teachers Innovation and Number of papers cited xo
entrepreneurship . . . -
education Innovative entrepreneurship education case study ability X1
Student Student background Proportion of students who have participated in entrepreneurship
- COUrSEeS X1
evaluation

Student performance

Student innovation rate increase ratex;,
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Calculation process of quality evaluation of college graduates’ innovation and entrepreneurship

education—Taking the tourism major of S University as an example

Determination of node number. (1) Input layer nodes: determined by the number of factors affecting the
evaluation results. Table 1 shows there are 12 level-3 indicators in the factors affecting the quality of innovation
and entrepreneurship education, therefore, the node number in the input layer is 12. (2) Hidden layer nodes: the
number of hidden layer nodes determines the fault tolerance and extensiveness of BP neural networks, its
number is generally determined by formula (1). (3) Output layer node: namely the evaluation result, it’s the

score of the quality of college innovation and entrepreneurship education, so it is 1.
g=+Vn+m+a (1)

Determination of neuron number. (1) Number of neurons in the hidden layer, If the number is too small,
the fault tolerance is poor; if it’s too large, it reduces the convergence speed of the neural network and increases
the error. Usually, it needs continuous training to find the optimal number of hidden layer neurons in the BP
neural network. In this paper, the trial-and-error method is applied (the results are shown in Table 2), and the
number of neurons in the hidden layer is finally determined to be 8. (2) Learning rate  and dynamic factor a,
If 5 is too large, unstable conditions will occur during the operation; if it’s too small, the convergence speed
may be prolonged. The learning rate is usually determined according to experience and learning results. This

paper selects #=0.04 by comparing the learning rate training results.

Table 2

Convergence Contrast
Hidden layer unit 4 5 6 7 8
Number of training 11 16 7 11 6
Error 9.63061 4.00230 3.88315 2.25445 2.0123

Data initialization processing. This paper uses the maximum and minimum method to normalize input

values so that the input values and the output values are between [0-1], the transformation formula is as follows:

Xi—Xmin
~ Xmax -Xmin (2)

Table 3
Output Value Level Division

Grade standard Neural network output value

excellent 0.90-1.00

good 0.80-0.89

moderate 0.70-0.79

Pass 0.60-0.69

failed below 0.59

Table 3 shows the classification based on the output value of the neural network, which is divided into five
levels: excellent, good, medium, pass, and fail. Table 4 shows the neural network output values after
normalization.
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Table 4
Processing data values
Index C1l Cc2 C3 C4 C5 C6 C7

X1 0.1362 0.2478 0.1567 0.0660 0.0355 0.1478 0.0506
X2 0.2346 0.0789 0.0567 0.1458 0.2790 0.0434 0.1023
X3 0.0657 0.1500 0.2002 0.0646 0.2158 0.1734 0.1159
Xa 0.1736 0.1419 0.0466 0.1269 0.0628 0.1736 0.2689
X5 0.1869 0.1708 0.2956 0.0305 0.1082 0.0454 0.1559
Xs 0.0875 0.0439 0.1549 0.2878 0.1103 0.0879 0.2214
X7 0.2104 0.1308 0.0516 0.1833 0.2359 0.0778 0.1044
Xg 0.1403 0.0609 0.3324 0.0869 0.0342 0.1745 0.1569
Xg 0.0908 0.0718 0.1264 0.2355 0.1809 0.1446 0.1466
X10 0.3146 0.2122 0.0819 0.0319 0.1139 0.1804 0.0647
pett 0.0607 0.0749 0.1658 0.1355 0.0749 0.1969 0.2868
X12 0.1952 0.1756 0.1558 0.2538 0.0775 0.0384 0.0979

Experiment process. In this paper, the neural network toolbox of Matlab7.0 software is used for modeling.
The neural network model is established for the above normalized data, the numerical values and precision of
each parameter are determined, and the neural network training and simulation calculation are performed
(Ritchings et al., 2002). Figure 4 shows the input nntool neural network main interface, Figure 5 shows the
input data interface. The main calculation steps of the Matlab neural network toolbox are: first, use the init
function to complete the setting of weights and initial values, and then create a network prediction model for
network training and network simulation. Figure 6 shows the output result interface (Peel, 1998). Table 5 shows
the output results of each index; the obtained comprehensive network output value is 0.7262. According to the
classification of the neural network output values in Table 3, it can be known that the S University's innovation
and entrepreneurship education is in a medium level.

| # Neural Network Fitting Tool (nftool)

| w Welcome to the Neural Network Fitting Tool.

Solve an input-output fitting problem with a two-layer feed-forward neural network

Introduction

In fitting problems, you want a neural network to map between a data set of
numeric inputs and a set of numeric targets.

Examples of this type of problem include estimating house prices from such

input variables as tax rate, pupil/teacher ratio in local schools and crime rate
; estimating engine emission levels based on measurements

of fuel consumption and speed

bodyfat level based on body measurements

: or predicting a patient's

The Neural Network Fitting Tool will help you select data, create and train a
network, and evaluate its performance using mean square error and
regression analysis.

W To continue, dick [Next]

“ Neural Network Start W

Neural Network

Hidden Layer Output Layer

5 {EeB {5oH

A two-layer feed-forward network with sigmoid hidden neurons and linear
output neurons can fit multi-dimensional mapping problems

Output

|

arbitrarily well, given consistent data and enough neurons in its hidden layer
The network will be trained with Levenberg-Marquardt backpropagation
algorithm , unless there is not enough memory, in which case scaled

conjugate gradient backpropagation will be used

* o % Next | @ Cancel

Figure 4. Enter the main interface of nntool neural network
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4 Neural Network Fitting Tool (nftool) - >
% Select Data
I whatinputs and targets define your fitting problem?
Get Data from Workspace Summary
Input data to present to the network. Inputs ‘input’ is a 45x7 matrix, representing static data: 7 samples of 45
¥ Inputs: input = = elements.
Target data defining desired network output. Targets "output’ is a 1x7 matrix, representing static data: 7 samples of 1
@ Targers: output A element.
Samples are: @ s Matrix columns O 8] Matrix rows
‘Want 1o try out this tool with an example data set?
Load Example Data Set
) To continue, dick [Next].
“ Neural Network Start W welcome ®Back @ Next O cancel
Figure 5. Input data interface
DU AREIC B8 0| Curent Folder FAFS\01743B\BPRERIEFA -
Shortcuts  How to Add & What's New
Currant Foider 0.2 %/ Command Window 200 X Workspace SBLE)
« 017438 » BN * 5@ ® Newto MATLAB? Watch this Ve, see Demos, ot tead Gelting Started « Wl AN Suck |0 Select datatoplat +
Name * wiARG L Name « Valve
{3 datot met 4N KT il < doubl>
g T {ffan <3eld double>
14 data mat test sl Neural Network ot <10 double?
L ot Diiping
LBPasv 06801 0nB 0T {1 mput_tran <4t double>
i npun < Gouble>
o {Hinputn_test <4x14 double>
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w0l <Ix! network>
Train Network {Houtpat <193 double>
{1 outpul_est <4 doudle>
Train the network to fit the inputs and targets. lii o vai A6 doudl>
T Network Ronults {Houpn <6 doubk>
] : [H outputps <fxt shep
Trin using Levenberg- Marquarct backpropagabon. (i) Gsomples  Hwst ar {f/tet_smu 06801071230724
ok 5 . {Htrain_simy <35 double>
N @ Training: 1 621300012 9999901
@ Valdation: 1 M2 0000000 e |
W Testing: 2 4021491 -1.00000e0 Connudision onx
atteel 8l
it
Yl Wi . idact data_out=rand(l, 7);
Y P 9 pemproving, & g
y squar of the Plot Regression data, outadata_out
Notes Input=dsts;
stedats_out;
% Training multiple times wil generate different results 8 q s the average squared diff i lu\“
due to different initial conditions and sampling. Detween outputs and targets. Lower values are output=output |
better. Zero means no error, disp(( WEMBOWLD: ' madetr (tes
7 Regression Rk Vaues measure the correlation between disp(( WEMEORLY ' nuadstr (tes

AR
Figure 6. Output result

Table 5
Output Results of Various Indicators

outputs and targets. An R value of | means a close.

reltionship, 0 a random relationship.

1

disp(( WERBORLY: ', nadste (tes

Index Result Index Result Index Result Index Result Index Result Index Result
X1 0.60 X2 0.70 X3 0.95 X4 0.48 X5 0.50 X6 0.80
Index Result Index Result Index Result Index Result Index Result Index Result
X7 0.73 Xs 0.59 X9 0.80 X10 0.72 X11 0.86 X12 0.90
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Analysis of evaluation results

Through the result analysis of the evaluation indicators, we can see that S University's academic
achievements in innovation and entrepreneurship education are significant, and a system of extracurricular
activities has been initially formed. Basically, the school takes both the innovative and entrepreneurial

knowledge and the professional knowledge into account, but it still has the following shortcomings:

The education concept of innovation and entrepreneurship is missing. It can be seen from the indicators
x2=0.70, x6=0.80 that the acceptance and recognition of the concept of innovation and entrepreneurship
education in colleges and universities is not deep enough. The main purpose of carrying out innovation and
entrepreneurship education is to solve the problem of college students' employment, and has not established a

good entrepreneurial atmosphere (Mok, 2015).

Insufficient policy support enforcement. The evaluation indicator of national policy implementation level
is x,=0.60, indicating that although the state has introduced many relevant policies to encourage and support
colleges and universities to carry out innovation and entrepreneurship education, the policies have not been
well-implemented, and the colleges and universities haven’t formulated detailed policies or systems to support

college students' entrepreneurship, and the relevant financial support is also very limited.

Insufficient teacher resources for innovation and entrepreneurship education. As transmitters of
knowledge in innovation and entrepreneurship education, teachers should have rich practical experiences while
possessing solid professional knowledge, and adopt flexible teaching methods suitable for innovation and
entrepreneurship education, so that they can give effective guidance to students. However, from the teacher-
related indicators (xg=0.59, x10=0.72), it can be seen that full-time teachers lack entrepreneurial and business
management experiences, while part-time teachers lack teaching experience, so the quality of innovation

entrepreneurship classroom teaching needs to be further improved.

Improvement suggestions for the innovation and entrepreneurship education of college graduates

In view of the problems existing in the innovation and entrepreneurship education of college graduates, this

paper puts forward the following improvement suggestions:

Improve the guarantee system of innovation and entrepreneurship education in colleges and
universities. The implementation of innovation and entrepreneurship education in colleges and universities is
inseparable from the support of various administrative departments. Therefore, the government and other
relevant departments should give organizational guarantee to the colleges and universities, providing
preferential policies for innovation and entrepreneurship education of colleges and universities when
formulating relevant policies, and support them with relevant fund, they should also provide communication
channels between experts and entrepreneurs. At the same time, graduates' innovation and entrepreneurship are

also inseparable from the support of relevant business groups and families.

Form a good entrepreneurial atmosphere for college students. A good innovative and entrepreneurial

information platform can provide relevant resources, policies, projects, and other services for students'
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innovation and entrepreneurship. The rules of innovation and entrepreneurship law are the legal guarantee for
college students to start their own businesses. Therefore, establishing a good campus and social entrepreneurial

atmosphere is a positive driving force for promoting college students' innovation and entrepreneurship.

Establish a strategic vision of innovation and entrepreneurship education. Action is guidance based on
concept. Therefore, besides previous emphasis on the cultivation of applied and research-oriented talents,
colleges and universities should upgrade the teaching concept, and take the cultivation of innovative and
entrepreneurial talents with creativity and practical ability as the focus of the work; also, they need to
comprehensively reform the curriculum system, teaching objectives, teaching methods, and teaching design,

and firmly establish the concept of advanced innovation and entrepreneurship education.

Conclusion

After sorting out the related references of innovation and entrepreneurship education, teaching quality
evaluation and artificial neural network at home and abroad, this paper takes the problem of quality evaluation
method of college graduates' innovation and entrepreneurship education that is urgently needed to be solve in

China's education field as the research goal, and obtains following conclusions after research:

With reference to the evaluation index system of teaching work in colleges and universities, combined with
the results of expert surveys and interviews, a quality evaluation index system for college graduates' innovation

and entrepreneurship education was established in this paper.

This paper constructed an evaluation model of innovation and entrepreneurship education for college
graduates based on BP neural network, and introduced the parameter determination in detail. By taking S
University as an example, the model constructed in this paper was used to evaluate the quality of college

graduates’ innovation and entrepreneurship education.

The evaluation results showed that the current innovation and entrepreneurship education in S University is
at a medium level, and there are problems such as the missing educational concepts and insufficient teacher

resources, targeting on these problems, this paper proposed corresponding improvement suggestions.

References

Alvarezguerra, M., Gonzélezpifiuela, C., Andrés, A., Galan, B., & Viguri, J. R. (2008). Assessment of self-
organizing map artificial neural networks for the classification of sediment quality. Environment
International, 34(6), 782-790. https://dx.doi.org/10.1016/j.envint.2008.01.006

Barton, G., Lisboa, P., Lees, A., & Attfield, S. (2007). Gait quality assessment using self-organising artificial
neural networks. Gait & Posture, 25(3), 374-379. https://doi.org/10.1016/j.gaitpost.2006.05.003

Bissola, R., Imperatori, B., & Biffi, A. (2017). A rhizomatic learning process to create collective knowledge in
entrepreneurship education: Open innovation and collaboration beyond boundaries. Management Learning,
48(2), 206-226. https://dx.doi.org/10.1177/1350507616672735

3123



Li / Research on the Quality Evaluation Method of College Graduates' Innovation and Entrepreneurship Education...

Byrne, M., & Flood, B. (2003). Assessing the teaching quality of accounting programmes: An evaluation of the
course experience questionnaire. Assessment & Evaluation in Higher Education, 28(2), 135-145.
https://dx.doi.org/10.1080/02602930301668

Denekens, J. (2007). Student evaluation of teaching quality in higher education: development of an instrument
based on 10 likert-scales. Assessment & Evaluation in Higher Education, 32(6), 667-679.
https://dx.doi.org/10.1080/02602930601117191

Harkema, S. J. M., & Scshou, H. (2008). Incorporating student-centred learning in innovation and
entrepreneurship education. European Journal of Education, 43(4), 513-526.
http://dx.doi.org/10.1111/j.1465-3435.2008.00372.x

lezzi, D. F. (2005). A method to measure the quality on teaching evaluation of the university system: The Italian
case. Social Indicators Research, 73(3), 459-477. https://dx.doi.org/110.1007/s11205-005-2923-6

Mcclure, K. R. (2016). Building the innovative and entrepreneurial university: An institutional case study of
administrative  academic  capitalism.  Journal of Higher Education, 87(4), 516-543.
https://dx.doi.org/10.1353/jhe.2016.0023

Mok, K. H. (2015). The quest for global competitiveness: promotion of innovation and entrepreneurial
universities in Singapore. Higher Education Policy, 28(1), 91-106. https://dx.doi.org/10.1057/hep.2014.30

Mustar, P. (2009). Technology management education: innovation and entrepreneurship at mines Paristech, a
leading French engineering school. Academy of Management Learning & Education, 8(3), 418-425.
http://dx.doi.org/10.5465/amle.2009.44287940

Oehler, A., Hofer, A., & Schalkowski, H. (2015). Entrepreneurial education and knowledge: Empirical evidence
on a sample of German undergraduate students. Journal of Technology Transfer, 40(3), 536-557.
https://dx.doi.org/10.1007/s10961-014-9350-2

Peel, S. (1998). An innovative problem-solving assessment for groups of first-year medical undergraduates--
think tanks. Medical Education, 32(1), 35. https://dx.doi.org/10.1046/j.1365-2923.1998.00155.x

Ritchings, R. T., Mcgillion, M., & Moore, C. J. (2002). Pathological voice quality assessment using artificial
neural networks. Medical Engineering & Physics, 24(7-8), 561. https://dx.doi.org/10.1016/s1350-
4533(02)00064-4

Xiao, Z., Ye, S. J., Zhong, B., & Sun, C. X. (2009). BP neural network with rough set for short term load
forecasting. Expert Systems with Applications, 36(1), 273-279.
https://dx.doi.org/10.1016/j.eswa.2007.09.031

3124



