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Abstract—The innovative “three comprehensive education” model can
mobilize the initiatives of students in higher vocational colleges, whose book
borrowing behaviors are affected by “three comprehensive education”. This
paper mainly studies the psychological motivations of students for book
borrowing in libraries of higher vocational colleges from the perspective of “three
comprehensive education”. Firstly, the psychological motivations for book
borrowing were analyzed in details under the mechanism of “three
comprehensive education”. Then, a dataset was created from the mass data on
book borrowing and students. The relevant features were compressed as model
inputs, aiming to improve model performance and reduce storage cost. Finally, a
perception model was constructed to analyze the psychological motivations of
students for book borrowing, and used to solve the five-class classification
problem based on the directed acyclic graph. Experimental results prove the
scientific of the psychological pattern analysis and the effectiveness of the
proposed model. The research results provide a theoretical and practical reference
for the effect analysis of “three comprehensive education”.

Keywords—Three comprehensive education; higher vocational college; book
borrowing; psychological pattern analysis

1 Introduction

In 2017, the State Council and the Central Committee of the Communist Party of
China jointly issued the Opinions on Strengthening and Improving the Ideological and
Political Work in Colleges and Universities under the New Situation, which mentioned
that we must “adhere to whole-staff education, whole-process education and all-round
education” or “three comprehensive education” for short. The “three comprehensive
education” requires higher vocational colleges to integrate moral education resources
and enhance the effectiveness of moral education among higher vocational college stu-
dents [1-5]. The innovative “three comprehensive education” model can help mobilize
the initiatives of higher vocational college students to conduct self-management, self-
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education and self-service [6-8], and students’ book borrowing behaviours due to their
interdisciplinary learning interests are just the manifestation of the “reading, culture and
service-based education” mechanism in the “three comprehensive education” [9-14].
Therefore, studying students’ psychological motivations for book borrowing in libraries
of higher vocational colleges from the perspective of “three comprehensive education”
is of great significance to transitioning the moral education operating mechanism in
colleges from theory to practice.

In order to help students find the books they desire more efficiently, Yan et al. [15]
conducted Apriori association rule mining on their book borrowing behaviour patterns,
and implemented book recommendation and borrowing guidance based on the mining
results. Through the algorithm optimization operation - jumping forward and backing
fill, the mining efficiency of the algorithm was greatly improved. McKay et al. [16]
started with revealing students’ interdisciplinary learning interests and borrowing be-
haviour patterns, and then conducted quantitative analysis of the big data of book bor-
rowing from the perspective of behavioural dynamics using the scaling law, constructed
a student learning interest network based on the analysis results, and implemented book
recommendation based on students’ learning interest ratings. Feng et al. [17] conducted
a statistical analysis of popular books, popular books on humanities and high borrowing
rates in the libraries of higher vocational engineering colleges by grade and major, and
the results showed that popular non-engineering books mainly include literature, Eng-
lish and computer teaching-aid books, supplemented by music books like musical in-
strument tutorials and popular readings represented by social science books. Zhang et
al. [18] compared the advantages and disadvantages of common library book recom-
mendation technologies and conducted the analysis of students’ psychology and behav-
iours of borrowing from the perspectives of borrowing time series and student charac-
teristics. It performed cluster analysis of students’ borrowing behaviours with borrow-
ing frequency as the main reference using the software IBM SPSS Modeler and imple-
mented book recommendation based on the correlation analysis results of different
books. Tang [19] used the K-means algorithm based on matrix data to cluster the stu-
dents borrowing books by the number of books borrowed, summarized the distribution
of age, gender and borrowing and returning time in each category of students, and at
last drew the conclusion that students borrow books mostly for the purpose of helping
their major courses and English learning and improving their literary and artistic ac-
complishments.

So far, the research on the “three comprehensive education” has mostly focused on
its connotation, value and characteristics and the construction of cultivation strategies,
and no research has conducted any empirical analysis of its implementation effect [20,
21]. To this end, this paper studied students’ psychological motivations for borrowing
in libraries of higher vocational colleges from the perspective of “three comprehensive
education”, which verified the role of the “three comprehensive education” moral edu-
cation model in mobilizing higher vocational college students’ initiatives for self-man-
agement, self-education, and self-service. Section 2 of this paper first analyses students’
psychological motivations for book borrowing from the perspective of “three compre-
hensive education”, and gives the specific analysis process of students’ learning inter-
ests across disciplines and psychological motivations for book borrowing. Then,
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regarding the data sample set formed from the massive borrowing information and data
of students, Section 3 optimizes the model input based on feature dimension compres-
sion to improve the model performance and reduce the storage cost. Section 4 con-
structs a perception model for students’ psychological motivations for book borrowing,
and solves the five-class classification problem of the perception model based on the
directed acyclic graph. The experimental results prove the scientificity of the psycho-
logical pattern analysis method used and the effectiveness of the proposed model.

2 Analysis of Students’ Psychological Motivations for Book
Borrowing from the Perspective of “Three Comprehensive
Education”
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Fig. 1. Flow chart of cross-discipline learning interest analysis from
the perspective of “three comprehensive education”

The book borrowing system in a college is a complex one, whose overall character-
istics are manifested by the behaviours of students. Each student has his own major and
the books he or she borrows may fall within different disciplines and subjects. If a stu-
dent changes his or her borrowing behaviour and even develops learning interests
across disciplines, it can be regarded that this student’s psychological pattern of book
borrowing has changed under the influence of the “three comprehensive education”
moral education model. This paper believes that, from the statistical point of view, if
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students majored in a certain discipline borrow a large number of books that belong to
other disciplines, then there must be certain knowledge connections between these dis-
ciplines, and such potential knowledge connections can be used to characterize the
changes in students’ learning interests and psychological motivations for book borrow-
ing from the perspective of “three comprehensive education”.

Students’ book borrowing records include borrowing and returning records. For each
book, the record contains basic information such as its title, classification number and
discipline category. From the borrowing and returning records, how long a student bor-
rows a book can also be derived. To analyse and dig out students’ learning interests, the
basic information of students and books and the information of book borrowing must
be incorporated into one information sheet. The purpose of the “three comprehensive
education” reform is to achieve the development and improvement of ideological and
political work in higher vocational colleges under the new situation, and to promote the
full implementation of the fundamental moral education. The effectiveness of this edu-
cation model is subtle, and a single sample cannot be used as the only criterion for
verification. During the implementation of the comprehensive reform model, massive
amount of students’ book borrowing information and data was analyzed, from which,
the similarity analysis results regarding the psychological motivations for borrowing
were obtained, with statistical significance. These analysis results can be used for re-
search on identification of student learning interest groups and book association rule
mining, and the conclusions from the effect analysis of “three comprehensive educa-
tion” also have certain significance.

Based on the ideas of learning interest analysis and learning interest group identifi-
cation, the analysis flow diagram for students’ psychological motivations for book bor-
rowing was constructed from the perspective of “three comprehensive education”, as
shown in Figure 2. The analysis process is divided into three stages: input optimization,
psychological motivation and pattern perception and effect analysis of “three compre-
hensive education”. The psychological pattern perception model proposed in this paper
is to perceive the psychological motivations of students for book borrowing in higher
vocational colleges under the guidance of the “three comprehensive education:” con-
cept, so as to predict their psychological motivations for book borrowing. The judgment
on a student’ psychological motivation for book borrowing is the output result of the
constructed model. Under the guidance of the “three comprehensive education” concept
for higher vocational colleges, students’ psychological motivations for book borrowing
are classified into five types, namely learning assistance, professional research, casual
pleasure, curiosity and speculation and rebellion. Therefore, the psychological pattern
perception model is essentially to solve the five-class classification problem in super-
vised learning. In this paper, to reduce the dimensions of massive borrowing infor-
mation and data, the model input was optimized using the genetic algorithm, and then
the support vector machine algorithm was selected as the classification model algorithm
for the psychological motivations of students for book borrowing in the libraries of
higher vocational colleges from the perspective of “three comprehensive education”.
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Fig. 2. Analysis flow chart for students’ psychological motivations for book
borrowing from the perspective of “three comprehensive education”

3 Optimization of the Samples of Students’ Book Borrowing
Information and Data

For the data sample set constructed from the massive borrowing information and
data of students, the purposes of optimizing the model input based on feature dimension
compression are to improve model performance and reduce storage costs. The reason
that the genetic algorithm is used in this paper for feature dimension compression is
that it can select the optimal feature combination from the multi-dimensional features
of the massive borrowing information and data samples. It first calculates the fitness
function based on the distance criterion to complete the iteration of the data samples
with classification identifiers, and finally selects the most ideal feature combinations
for accurate classification based on the roulette wheel selection strategy. Suppose that
the i-th mean vector of students’ borrowing data samples is represented by Formula (1):

1 . .
Si =5 2pta By @)

where, N; is the number of samples corresponding to the i-th category. The total
mean vector of the sample set is represented by Formula (2):

1

S= N g=1B;i7 = i5=1 Q(wy)S; 2

where, Q(wi) is the prior probability of students’ borrowing data samples being clas-
sified into the i-th category. Then the scatter matrix between the samples of the same
category can be expressed by Formula (3):

My =550 Q (@) - Zpla (B =SB = 50T ©)
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The scatter matrix between the samples of different categories can be expressed by
Formula (4):

Mo = 2%, | Q@) - Zpta (Si = $)(Si = 5] (4)

The fitness function in the model based on distance criterion is calculated by For-
mula (5):

_ tr(So)
FIT =% 5)

To make the classification effect of the support vector machine better, the distances
between samples of the same category must be minimized, and those between samples
of different categories maximized. The fitness function equal to the inter-class to intra-
class distance ratio can be used to measure the classification effect of the support vector
machine - the larger the function value, the better the classification effect of the model.
The roulette wheel selection strategy of roulette can be expressed by Formula (6):

i FITy
N FIT;

Q; = (6)

It can be seen from the formula that the ratio of the individual fitness value to the
population fitness value is used as the selection criteria for the next generation of ge-
netic population. The higher the fitness value, the higher the probability of being se-
lected. Figure 3 shows the flow chart of the algorithm.

It takes several stages to prepare the training sample set of students’ borrowing in-
formation and data. The first is to obtain the identification data. Since the proposed
psychological pattern perception model in this paper is a 5-class classification model,
identification data are needed to mark the sample data sets. The identifications are ob-
tained based on the psychological test scores of book borrowing, and then combined
with the identification data and the processed feature dimensions, the sample set of
students’ borrowing information and data is formed and according to the above feature
selection method, the optimal feature dimension combination is selected and applied in
the training of the support vector machine.

82 http://www.i-jet.org



Postgraduate Microfilm National
entrance Man and and defense and
exam nafure documentary military
English Prac_hca Music
Law books skills
textbooks . dance
guide
Input sample
optimization
Papulati
on
Mutation Crossover Select
operation ] operation [ operation

i Optimal feature dimension

combination output

X 0 X 0

Fig. 3. Flow chart of the genetic algorithm for input optimization

4 Construction of the Perception Model for Students’
Psychological Motivations for Book Borrowing

14 o Br=1 o B+e—0

Fig. 4. Principle of the binary classification of the support vector machine

Figure 4 is a schematic diagram of the principle of binary classification of the support
vector machine. It can be seen that the purpose of the support vector machine is to seek
a straight line or hyperplane to distinguish between two types of sample data based on
spacing maximization. Let Bn= {b%,,b?,,...,bM.} represent the feature dimension vector
of a group of M-dimensional input data samples, and I, be the corresponding classifi-
cation identifier, and then the data set composed of N groups of M-dimensional input
data samples can be expressed as B={(B1, 11),(B2,l2),...,(Bn,In)}. Suppose the weight
vector is expressed as w'={w1,wz,...,om}, and ¢ denotes the bias term, then the linear
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hyperplane used for classification in the support vector machine can be expressed by
Formula (7):

H:o" -B+&=0 (7

The classification boundaries H+ and H. corresponding to the hyperplane can be ex-
pressed by Formula (8):

H, o' B+e>1l=1
H:0'B+e<-11=-1

®)
The distance between H. and H. can be calculated by Formula (9):
d =£ s.t. Ii(a)T B +¢ 21),i =12,-- N
z o

The distance between H. and H. that satisfies the spacing maximization condition is
the objective function of the support vector machine:

OF =max = =min L[of’ st. (o' B +e21)i=12, N

oc Joof - ew 2 (10)

Based on the convex optimization problem solving principle and the KKT condition,

the optimal solution to Formula (10) is calculated, and the constrained objective func-

tion shown in Formula (10) is converted to the simplified unconstrained Lagrangian
objective function shown in Formula (11):

N N N
min 1Z:Z:O‘iO‘J'Iin(Bi'BJ')_Z:O!i
« 29394 Y
N
st. Y al=0,020,i=12, N
- (1)

where, «; is a Lagrangian multiplier greater than or equal to 0. With the aid of the
sequential minimal optimization algorithm, the optimal solution o*=(a1",a2",...,on")"
can be calculated, and then the optimal solutions w* and &* can be obtained. And in this
way, the hyperplane, namely the decision plane, is obtained. w™* can be calculated using
Formula (12):

N N
o =>¢aB st Y al =0,¢>0i=12: N
i = (12)

There is at least one positive component a;" that is greater than zero in a*, so £* can
be calculated using Formula (13):
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N

g =1,-Yal(B8B)

i=1 (13)
Therefore, the desired separating hyperplane can be expressed as:
w -B+e =0 (14)

The corresponding separation decision function can be expressed by Formula 15:
f(B)=sign(ew’ -B+&") (15)

Considering the non-linear-separability of students’ book borrowing data samples,
they can be mapped to a high-dimensional feature space and then the optimal solution
of the linear support vector machine can be found. Suppose the mapping function from
the input space to the feature space is expressed as ¢(x), then the inner product between
instances involved in the objective function and the classification decision function in
Formulas (11) and (15) can be replaced by the kernel function defined in Formula (16)
so as to complete the mapping process:

K(A,B) = (@(A), ¢(B)) = ¢(A) - ¢(B) (16)

After the appropriate K(A,B) and the penalty function C which is greater than zero
are selected, the optimal solution of the non-linearly-separable support vector machine
can be obtained, as shown in Formula (17):

min- ¥, joraialiiK(B; - B) — XX,
a 2
sit. YN al;=0,a;20,i=12,-,N 17)
The optimal solution of the bias term in Formula (13) can be updated as:
&= l] — IiV=1 al*llK(Bl . B]) (18)
The separation decision function can be updated as:
f(B) = sign(Ti, a;L;K (B - By) +&") (19)

In this paper, the 5-class classification problem of the perception model for students’
psychological motivations for book borrowing was solved through a directed acyclic
graph. Figure 5 shows the organizational structure of the support vector machine, where
ten binary support vector machines were set up for the five psychological motivations,
namely A learning aid, B professional research, C casual pleasure, D curiosity, and E
speculation and rebellion. In the classification of the book borrowing data samples of
any student, the category with the most votes would be the category of these samples.
During training, the vectors corresponding to A, B; A, C; A, D; A, E; B,C; B, D; B, E;
C, D; C, E; and D, E were trained, from which, 10 groups of training results were ob-
tained. In the testing stage, 10 sets of test samples were also tested, and finally the
optimal results were obtained and output based on the voting results.
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5 Experimental Results and Analysis

In this paper, a perception model was constructed for students’ psychological moti-
vations for book borrowing in libraries of higher vocational colleges from the perspec-
tive of “three comprehensive education”. To verify the model, experimental data sets
needed to be constructed from massive historical data of students’ book borrowing be-
haviours in higher vocational colleges. In this paper, the data used were from the library
of a higher vocational college which is implementing the pilot program of “three com-
prehensive education”, and 28 disciplines set up in this college were taken as the target
disciplines for analysis of students’ learning interests. Finally, more than 370,000 book
borrowing records of over 7,800 students majored in 28 disciplines were obtained as
data samples, which were further divided into the training set and the test set in propor-
tion to the number of records in each discipline. Each book borrowing record contains
information like the student’s name, ID and major, book title, discipline category and
borrowing time.

Figure 6 shows the distribution curves of students’ learning interest span and disci-
pline popularity. It can be seen that students’ span of interest in different disciplines are
small, indicating that, under the guidance of “three comprehensive education”, most
vocational college students are interested in new interdisciplinary knowledge, and their
interests are relatively unified and concentrated. There are obvious differences in the
popularity of different disciplines. Therefore, in future implementation of “three com-
prehensive education”, more attention should be paid to the cross integration of disci-
plines, and interesting and helpful books should be recommended to students according
to their interests, so as to carry forward the university spirit.

Now that the distribution of students’ learning interests are known, further analysis
can be made on the attributes, importance and associations of students’ areas of interest
and their psychological motivations for book borrowing. Figure 7 shows the changes in
the clustering coefficient of students’ psychological motivation types regarding book
borrowing with the popularity of the discipline. The clustering coefficient here is used
to characterize, for a sample classified into a certain psychological pattern by the sup-
port vector machine, the probability that its neighbours are still neighbours to each
other. It is used to reflect the clustering degree of samples after classification. It can
also be seen from the figure that the clustering coefficient is negatively correlated with
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the popularity of a discipline, but the feature that “the larger the number of samples of
a certain class, the sparse the distribution” is not obviously shown in the model con-
structed in this paper. That is because, even when a discipline is popular, students’
learning interests are still concentrated, and the corresponding clustering coefficient is

also large.
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Table 1 shows the logistic regression results of the psychological pattern types of
students regarding book borrowing from the perspective of “three comprehensive edu-
cation”. This paper conducted univariate binary logistic regression analysis on the ex-
isting static variables - learning interest span and popularity, and the dependent varia-
bles were divided into 5 groups according to the 5 types of psychological motivations
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for borrowing. From the table above, it can be seen that, for students borrowing books
for learning aid and professional research, their learning interest and the popularity of
the disciplines have greater impacts on their psychological motivations and patterns,
and that the P value is smaller than 0.05, indicating that the results have a certain sta-
tistical significance. For other three types of motivations, the P values are all greater
than 0.05, so learning interest and discipline popularity are not statistically significant
for psychological motivations and can be ignored.

Table 1. Logistic regression results of students’ psychological
motivations for book borrowing

Type of psychological pattern Popularity/interest | Regression | Standard
- : S Z value | p>|z]
regarding book borrowing span coefficient | error
L Learning interest 0.129 0.093 -0.045 |0.046
Learning aid — -
Discipline popularity 0.277 0.131 -0.027 0.043
Professional research Learning interest 0.243 0.051 -0.081 |0.034
Discipline popularity 0.492 0.465 0.091 |0.049
Casual pleasure Learning interest 0.074 0.207 -0.046 |0.159
P Discipline popularity 0.021 0.060 -0.075 |0.078
. Learning interest 0.115 0.054 0.094 |0.113
Curiosity — -
Discipline popularity 0.079 0.468 -0.086 |0.184
Speculation and rebellion Learning interest -0.319 0.202 -0.025 |0.279
P Discipline popularity -0.214 0.061 0.011 |0.105
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Fig. 8. Effect chart of feature combinations produced by the genetic algorithm

Figure 8 is the effect chart of feature combinations produced by the genetic algo-
rithm, where the vertical axis is the fitness value, and the horizontal axis is the number
of features combined. After the types of psychological motivations for book borrowing
and the 2 static variables were determined, the last step was to find out the distribution
patterns of the 5 types and the associations and dependency between these types, as
well as the sample classification identifiers. Figures (a), (b), (c), (d) and (e) show the
different feature combinations of the 5 types. It can be seen that when there were 10, 7,
7, 8 and 8 features combined, the effect was the best.
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6 Conclusion

This paper studied students’ psychological motivations for book borrowing in librar-
ies of higher vocational colleges from the perspective of “three comprehensive educa-
tion”. First, students’ psychological motivations for book borrowing was analysed from
the perspective of “three comprehensive education”. The analysis process consisted of
three stages — input optimization, psychological motivation and pattern perception and
effect analysis of “three comprehensive education”, each of which was discussed in
detail. Then, for the data sample set formed from the massive borrowing information
and data of students, the model input was optimized based on feature dimension com-
pression, which effectively improved the model performance and reduced the storage
cost. The experimental results verified the effect chart of the feature combinations pro-
duced by the genetic algorithm. Finally, a perception model was constructed for stu-
dents’ psychological motivations for book borrowing, and solved the five-class classi-
fication problem of the perception model based on the directed acyclic graph. The ex-
perimental results showed the analysis results of the learning interest span of higher
vocational college students and the popularity of disciplines and the logistic regression
results of their psychological motivations for book borrowing, proving the scientificity
of the psychological pattern analysis method used and the effectiveness of the model
proposed in this paper.
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