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According to the characteristics of foggy images, such as high noise, low resolution, and uneven illumination, an improved foggy
image enhancement method based on dark channel priority is proposed. First, the new algorithm refines the transmittance and
optimizes the atmospheric light value and converts the restored image to HSV space. Second, the brightness V' component is
enhanced by MSRCR algorithm improved by bilateral filtering, and the saturation S is improved by adaptive stretching algorithm.
Finally, the image is converted from HSV space to RGB space to complete image enhancement. The new method solves the
problems of that the color of large area is uneven and the overall color of the image is dark when the traditional dark channel prior
method is used to remove fog. The experimental results show that from subjective evaluation and quantitative analysis the new
algorithm overcomes the shortcomings of noise amplification and edge blur when the conventional enhancement algorithm
enhances the image. It can improve image darkening and avoid image distortion in JPEG, BMP, GIF, PNG, PSD, and TIFF
formats. By comparing with other image enhancement algorithms, the improved algorithm performs better than DCP, SSR, MSR,
MSRCR, and CLAHE algorithm in PSNR, SSIM, and IE evaluation indexes. It has a good effect on preserving the edge information

and has good adaptability and stability for heavily polluted haze image enhancement.

1. Introduction

With the gradual aggravation of environmental pollution,
more and more cities frequently appear haze. Due to the low
contrast and saturation of the image collected in foggy days,
the color is prone to offset and distortion, which has a bad
impact on the computer vision system relying on image
information. Therefore, how to improve the image quality
through a simple and effective image defogging method is a
hot topic.

The commonly used image defogging methods mainly
include image enhancement and image restoration. How-
ever, the former does not consider the image degradation
caused by fog, and directly uses some image enhancement
algorithm to remove fog. It is mainly divided into global
image enhancement and local image enhancement. Global
image enhancement methods include global histogram
equalization algorithm, wavelet, and multiscale analysis

method, Retinex algorithm based on color constancy
principle. Local image enhancement methods include local
histogram equalization algorithm, local contrast enhance-
ment algorithm, and local variance enhancement algorithm.
Image enhancement realizes defogging by high-lighting the
details of the image, ignoring the essence. Based on the
physical model of atmosphere, the image restoration method
can get the parameters by applying prior conditions to
remove fog. The model is used to estimate the model pa-
rameters and then restore the image. The restoration of fog
image based on physical model mainly includes partial
differential equation based, depth relationship based and
prior information. In recent years, some experts have put
forward more and more defogging methods based on the
above ideas, and have made some achievements.

In order to solve the problem of blocking effect in the
restored image of large uniform regions such as sky, Tufail
et al. [1] proposed a single image defogging technique based
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on dark channel to estimate the atmospheric light, and
reconstruct the fog free image using atmospheric light and
transmission image. According to the density of fog, the
transmission image is adaptively selected to reconstruct the
image, and the transmission image is refined by the com-
bination of Laplacian filter and pilot filter. Salazar-Colores
et al. [2] proposed a image restoration algorithm based on
morphological reconstruction to solve the problem of haze,
smoke and fog caused by suspended particles (such as dust,
carbon, and water droplets) in the air which will lead to
image degradation. The experimental results were evaluated
qualitatively. Chen et al. [3] proposed an improved blind
image deblurring algorithm and solved the ringing effect
caused by incorrect fuzzy kernel estimation. High-pass filter
improved the image quality. The method of combining super
Laplacian priori and dark channel priori is used to estimate
the potential clear image. The accurate blur kernel is esti-
mated by alternating iteration from coarse to fine. A
deconvolution method based on Laplacian prior and reg-
ularization prior is used to restore the clear image. Raikwar
and Tapaswi [4] proposed that the accuracy and effectiveness
of single image deblurring depends on the accuracy of
transmitted light and atmospheric light. The problem of
transmission estimation is transformed into the estimation
of minimum color channel difference between blurred image
and nonblurred image, and a nonlinear model is proposed to
estimate the bound function, so as to realize the accurate
estimation of transmission. Anan et al. [5] proposed a
framework based on the segmentation of sky and nonsky
regions to restore the sky and nonsky parts, respectively. The
sky part is restored by contrast limited adaptive histogram
equalization (CLAHE) method, and the nonsky part is re-
stored by improved DCP method and fused to get the final
image. Wang et al. [6] proposed an image-defogging algo-
rithm based on different color wavelength compensation. It
can restore the haze free image and reduce the color dis-
tortion of the bright area. Zou et al. [7] proposed a new
defogging algorithm for blurred images. First, the loga-
rithmic pilot filter was used to estimate the ambient light,
which retained the characteristics of the image in the bright
light source region and improved the fuzzi-ness of the dark
light source region. Second, aiming at the disadvantage that
the brightness of dark channel prior and bright channel
prior is too high, the multichannel prior method is intro-
duced. Finally, an adaptive transmission value calculation
method based on multiple priors is proposed.

In recent years, image-defogging algorithm based on
neural network has made rapid development. Li et al. [8]
combined transmittance and atmospheric light into one
variable and proposed a multiscale network structure
(AOD-et). The network results eliminate the error of sep-
arate training of atmospheric light and transmittance and
achieve better restoration effect. But the result of the al-
gorithm is dark. Liu et al. [9] proposed a residual network
structure, combined with the foggy image and its hypothesis
or prior information, to estimate the transmittance, and then
get the restoration results. However, this method takes the
composite image as the training set, so the stability of the
restoration effect is poor, and the applicability for real
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outdoor foggy images is low. Chen et al. [10] proposes a
hybrid-learning algorithm DehazeNet based on patch
graph, which combines the two strategies by using a
hybrid learning technology including patch graph and
dual attention generation antagonism network. Sharma
et al. [11] studies the main problems of the image pro-
cessing technology based on physical model, decomposes
the existing deep learning methods into three categories:
convolution neural network, recurrent neural network
and generation confrontation network, and compares
their advantages and disadvantages. However, it does not
consider the nature of image degradation, resulting in the
trained model is full of uncertainty for fog image resto-
ration in real environment.

Therefore, based on the single image dark channel prior
defogging algorithm, this paper analyzes the degradation
process of foggy image, and improves the method based on
dark channel prior algorithm according to the image haze
distribution characteristics. In view of the uneven thickness
of cloud and fog in the original image, a linear attenuation
model based on the fog concentration distribution is
established to modify the atmospheric light value and
transmittance. By refining the atmospheric transmittance,
the atmospheric light value estimation is optimized to im-
prove the clarity of the output image. In view of the situation
that the brightness of the restored image is reduced, the
image is transferred to HSV space, the S component is
stretched linearly, and the brightness V component is
processed by MSRCR algorithm. The restored image is
enhanced twice. Finally, the image is transformed back to
RGB space to realize the defogging enhancement.

2. A Priori Method of Dark Channel

2.1. Atmospheric Scattering Model. When the light meets the
suspended particles in the atmosphere, part of the incident
light will be scattered by the particles, so that the light in-
tensity will be weakened [12-14]. Therefore, each suspended
particle in the gas can be regarded as a separate scatterer.
Generally speaking, the scattering intensity does not affect
each other [15, 16]. According to the study of atmospheric
scattering mechanism, Mie scattering mechanism can be
used to analyze the scattering effect of dust, mist, fog, dense
fog, and other adverse weather conditions [17, 18]. The
atmospheric scattering model is expressed as follows:

I(x) = J(x)t(x) + A(1 -t (x)). (1)

In the above formula, x is the position coordinate of the
current pixel, I(x) is the illumination intensity at x obtained
at the observation point, #(x) is the transmittance from x to
the observation point, which reflects the ability of light to
penetrate the medium. A is the global atmospheric light value,
and J(x) is the intensity of the reflected incident light of the
target in the detection scene. A(1 —t(x)) is the atmospheric
light component, that is, the light intensity of ambient light
scattered by haze and other media to the observation point.
J(x)t(x) is called direct attenuation, indicating the attenuation
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degree of reflected light at x in the atmosphere. The above
formula can also be written as follows:
_I(x) - A1 -t(x))
- t(x)

The key to solve the problem of clear and fog free image

J(x) is how to estimate the global atmospheric light value A
and transmittance #(x). #(x) can be expressed as follows:

J(x) (2)

t(x) = e P, (3)

The above formula indicates that the contrast of the
scene decreases exponentially with the increase of the depth
of field, B represents the scattering coeflicient caused by
light scattering and absorption by atmospheric particles. It
is considered to be constant. d is the depth of field of the
image.

2.2. Dark Channel Prior Theory. Image enhancement algo-
rithm only takes into account the numerical level of oper-
ation [19-22], although it improves the image tone and
contrast to a certain extent, but it does not go deep into the
essence of defogging, so it is not enough to only use image
enhancement algorithm, image enhancement based on
image restoration can achieve good results [23-25]. Based on
the physical model, the dark channel prior theory deduces
the unknown parameters of the model with reasonable
assumptions to re-store the fog free image.

In the dark channel prior method, when the foreground
part of the sky region is removed from the image, there will
always be a certain color channel of at least one pixel with a
very low intensity value, which is called dark primary color.
For any input image, the dark primary color points can be
solved by formula:

]dark(x) = min ( min (]C ()’))) (4)

cé{r,g,b} y€Q(x)

Among formula (4) J% (x) represents the dark channel
image of the image, and for the fog free image of the nonsky
region, the dark channel of J' dark' () tends to 0, Q(x) rep-
resents a square sliding window centered on pixel x, and J°
refers to one of several channels of color image. In the haze
image, because the particles make the atmosphere scatter,
the brightness of the image is increased, and the contrast is
decreased, so that the corresponding dark channel value no
longer tends to 0. For haze image processing, it is assumed
that the atmospheric light value A is given. Suppose a
window centered on pixels x, the transmissivity in Q(x) is
constant, denoted as 7 (x). The physical model of fog map is
simulated, and the size of local area is set as 2(x). As shown
in formula.

in (I°(x)) =% in (J° A (1-1(x))).
ygg&)( (x)) =#(x) min, (JF0+AQ-1(x). (5
The atmospheric light value A is not 0, and divide both

sides of formula (5) by A, the minimum value filtering is
made on three channels.

. ( . <IC (X)>>
min| min | ———
c \yeQx)\ A

~7(x) @n<ygg&)<]}f))> +(1-T(x)).

According to the prior principle of dark channel, the
dark primary color value of clear fog free image J*(x) tends to
0, and the transmittance 7 (x) is as follows:

fx)=1- m}n(yr;})i&)(liif))). (7)

So far, the estimated value of transmittance #(x) is
generally correct, but directly used for image defogging will
produce halo in some cases. We can use the filter to estimate
more precise transmittance, filter out halo, and obtain better
defogging effect. Because there are some particles in the clear
sky in real life, we can still feel the fog when watching distant
objects, so we can keep a certain degree of fog when re-
moving the fog. A constant w(0 < w £ 1) is introduced into
formula (8), set up w=85.

(6)

3 I
t(x) =1-w min min (3/)
y€eQ (x) ce{r,g,b} A

>(w € (0,1]). (8)

In the dark primary color image of haze image, the lower
the transmittance is, the thicker the fog is and the brighter
the image is. That is to say, when the transmittance tends to
0, the brightness value of the point with the densest fog is the
atmospheric light value. Therefore, the first 0.1% of the
highest brightness value in the dark channel image is se-
lected as the point with the highest fog. In the original fog
map, the highest value of each channel corresponding to
these points is selected as the atmospheric light value A.
Combined with the estimated transmittance f(x) and at-
mospheric light value A, the restored fog free image is
obtained.

:I(x)—A

T (9)

J (%)

Although the defogging method based on the principle
of dark primary color can restore fog free image more re-
alistically, it has some limitations. When processing the
image with sky area or high brightness area, the depth of field
is wide, the light of vehicle, large sky area and white object
will affect the estimation of atmospheric light value A,
resulting in poor defogging effect and color block effect in
the sky area. The results show that the defogging image has
obvious white edge effect, which is caused by the rough
transmittance. In addition, the defogging images are
generally dark. Aiming at the color block effect of dark
channel defogging, this paper solves it by reasonably es-
timating the transmittance and atmospheric light value,
and solves the problem of dark tone by MSRCR algorithm
enhancement.



3. New Image Defogging Algorithm

In view of the above problems in fog image enhancement,
this paper calculates the dark primary color image based on
the dark channel principle [26-29], optimizes the calculation
process of transmittance #(x) and the estimation of atmo-
spheric light value A, and then restores the image to HSV
space. In RGB color space, the relationship between the
values of the three-color components and the generated
colors is not intuitive. In HSV color space, it is easier to track
objects of a certain color than RGB. It is often used to
segment objects of a specified color. The V component is
enhanced by MSRCR algorithm, and the S component is
linearly stretched, which can improve the image clarity and
effectively alleviate the phenomenon of object edge blur and
halo, avoid image darkening, maintain the original color of
the image, and enhance the brightness and contrast details of
the image. The algorithm flow is shown in Figure 1 below.

3.1. Improvement of Atmospheric Light Value. In the above
inference, the atmospheric light A should be estimated
before the transmission rate f(x) estimation, and its esti-
mation accuracy greatly affects the final image restoration.
He and Sun [30] extracted the first 0.1% pixels in the dark
channel according to the brightness size, and then took the
maximum value of the original image corresponding to the
pixel as the value of A. However, this method may make the
A value of each channel close to the maximum pixel value
255, resulting in the color deviation, the brightness distor-
tion or a large number of color spots in the processed image.
In order to better estimate the value of atmospheric light A,
this paper proposes an optimization method of atmospheric
light based on the fog concentration distribution.

First, the sky and nonsky regions are segmented by
OTSU image segmentation method [31-34], and the average
intensity value of the sky region of the original image after
segmentation is taken as the estimated value of A. Since the
depth of field of the sky region can be regarded as infinite,
that is d (x) — + 00, we can know t(x) = 0, taking it into
equation (3), It can be seen that:

I(x) = A (10)

In the above formula, A is the brightness value of the
maximum fog area, so it is reasonable to take the average
intensity of the sky area as the value of atmospheric light A.
That is,

A = mean I (y),
ce{r,g,b} (11)

Where I represents a color channel in the sky, and
mean,, ;1 is the average filter, the final transmissivity is

obtained by introducing the above equation (8):

I“(y) ) 1)

yeQ (x) mean,(, 11 ()

f(x) =1-w min <min
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FIGURE 1: Algorithm flow.

3.2. Transmittance Estimation Based on Fog Concentration.
In the process of atmospheric imaging, atmospheric light A
foggy image I (x) and clear image J (x) are coplanar, and the
mode length decreases in turn. Obtaining J¢; (x) is the key
to estimate the transmission. There is a certain attenuation
relationship between foggy image and clear image. Wang
et al. [35] proposed a linear attenuation model based on

minimum channel, as shown in equation.

o )_Ifnin(x)—Min .

Tmin (%) = “Nax —Minmin
Where Max is the maximum of I¢, (x) and Min is the
minimum of I, (x). Under the condition of uniform
distribution of fog concentration, this attenuation can reflect
the relationship between the minimum channel of foggy
image and clear image, but under natural conditions, the fog
concentration of foggy image changes with the depth of field,
so the above attenuation cannot accurately reflect the
mapping relationship between the minimum channel.
It is found that, the fog concentration increases with the
increase of depth of field. It can be considered that for a clear
image, when affected by fog, the influence is different in the

(x), (13)
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close range and depth of field. For the depth of field region,
the degradation is more serious due to the influence of dense
fog, that is, in the dense fog region, the attenuation from
foggy image to clear image is more severe. Inspired by the
linear attenuation model, a linear attenuation model based
on fog concentration distribution is proposed in this paper.
The expression is as follows:

Jonin () = [y + W' (0] x Iy, (), (14)

Where y is the attenuation constant and W' (x)W' (x) is the
adaptive fog concentration attenuation function. In order to
accurately reflect the different attenuation speed in different
fog concentration regions, the adaptive fog concentration
attenuation function is defined as follows:

W 3 = W (00~ Won ()

(15)

It can be seen from equation (15), in the region with
high-fog concentration, W' (x) has a larger value, which
makes J¢ . (x) have a stronger pixel value in the dense fog
region. In the close range area, if W' (x)W' (x) is small, the
intensity of J¢ . (x) is low, even close to 0. This is in line with
the theory that dark channels tend to zero proposed by He
and Sun [30]. In order to further reflect the attenuation
difference between the dense fog and the close range area,
the attenuation constant is introduced to compensate for the
attenuation. In this paper, the value is the gray mean value of
the fog concentration, that is:

y = mean(W (x)). (16)

In conclusion, the transmittance can be expressed as
follows:
A=I . (x)
A-[y+ W' (x)] x I, (x)

min

t(x) = (17)

In order to eliminate texture, the transmission rate can
be smoothed by bilateral filtering, and then the transmit-
tance is obtained.

3.3. Combining Retinex Algorithm. The image after dark
primary color processing is generally dark in visual effect,
which can be improved by fusing Retinex algorithm [36, 37]
after restoration. However, in practical application, Retinex
algorithm 1is easy to produce halo at the edge when pro-
cessing the edge part with large brightness difference in
order to take into account the change of light in the image
[38, 39]. When it enhances RGB model, it will ignore the
relationship of three channels and may appear distortion.
Therefore, the original restored image is transformed from
RGB model to HSV model, and MSRCR image is enhanced
and S component is stretched in HSV color space.
Retinex theory holds that the image formed in human
eyes is formed by the object reflecting the light [40]. The
color of the object itself has nothing to do with the external
factors. What actually plays a role is the reflection ability of
the object to various types of light sources. Therefore, the
model consists of two parts, one is illumination component,

the other is reflection component. The model expression of
Retinex theory is as follows:

I(x,y) =R(x,y) x L(x, y). (18)

I(x, y) is the final received image information; R (x, y) is
the reflection component of the object, which usually has a
lot of high-frequency information. It represents the reflec-
tion ability of the object itself to light, and has nothing to do
with the light itself; L (x, y) is the illuminance component of
light, usually a low frequency signal. It can be seen that the
information of the object itself can be obtained by removing
the illumination component from the final received image,
so that the effect of image enhancement can be achieved.
Based on this, the SSR algorithm [41, 42] transforms
equation (18) into logarithmic domain, which is expressed as
follows. Where I;(x, y) is the i-th color component of the
input image, R;(x, y) is the output of the i-th color com-
ponent, and the illumination component is convoluted with
the image obtained by F(x, y):

R;(x,y) =log I, (x, y) —log[F (x, y) = I;(x, y)]. (19)
The expression of Gaussian function is as follows:

F(x,y) = Ke ()0, (20)

o is the scale parameter used to adjust the dynamic
compression range and color balance. K is the normalized
constant and satisfies the equation HF (x, y)dxdy = 1.

Since SSR cannot satisfy both dynamic range com-
pression and color fidelity, a multiscale Retinex (MSR)
[43, 44] is proposed, whose expression is

N
R;(x,y) = Y W, {log[I;(x, )] - log[I; (x, y) * F,, (x, )]},

n=1

(21)

Where W, is the weight factor of the nth scale, and satisfies
YN W, =1 and N represents the number of scales. By
adjusting the weight factor and scale parameters, dynamic
compression and tone reproduction can be achieved. The fog
image enhancement algorithm based on MSR not only
makes the details of the image clearer, the color fidelity
higher, and the global contrast higher but also removes the
large-scale convolution operation, suppresses the halo effect
of the image, improves the operation efficiency of the al-
gorithm, and can avoid the problem of uneven image en-
hancement of the traditional algorithm. Because the
processing results will have color distortion, this paper in-
troduces the MSRCR method [45, 46] of color recovery factor,
and introduces the color recovery factor C on the basis of
MSR. MSRCR algorithm has good color reproducibility,
brightness constancy, and dynamic range compression. It has
better image enhancement effect and more realistic color than
MSR. The local contrast of the image processed by MSRCR
algorithm is improved, and its brightness is similar to the real
scene, so the image is more realistic under visual perception.
The expression is as follows:
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FIGURE 2: Algorithms comparison of mountain. (a) Original image, (b) DCP, (c) SSR, (d) MSR, (e) MSRCR, (f) CLAHE, (g) the paper, and

(h) dark channel.

RMSRCR,; = C; (x, y)RMSR,; (x, ),
Blin (al, (x, )) 22
Ci(xy) =y -2,
=TSN T ey)

where f is the gain adjustment coefficient and « is the
nonlinear adjustment coefficient. MSRCR can get color fi-
delity and remove the color offset of the image.

After the luminance V' component is enhanced, the
saturation will also change accordingly, so the saturation
component S should be corrected. In order to balance the
saturation of the whole image and optimize the saturation of
images with different illuminances, an adaptive stretch al-
gorithm is adopted for saturation S. The saturation after
stretching is obtained as follows:

§(x,y) =1 +( My

emyi) %S (23)

M, represents the average image saturation, M repre-
sents the maximum image saturation, and m represents the
minimum image saturation. The drawing of formula (23)
makes the images of different brightness enhanced. After the
brightness of the image is enhanced, and the saturation is
corrected in HSV space, the image can be enhanced by
converting the image from HSV space to RGB space.

4. Experimental Verification and
Result Analysis

In order to illustrate the feasibility and effectiveness of the
algorithm, several haze images of different scenes are se-
lected for enhancement processing, which will be verified
and evaluated from subjective evaluation and quantitative
analysis. The experimental environment includes Windows
10 operating system, 8G memory, 3.6 GHZ CPU, and
MATLAB 2018. The image data used in this paper are all
from the public data set and the data collected in the
laboratory.

The subjective aspect is mainly based on human vision as
the evaluation standard. In order to illustrate the applica-
bility of the algorithm, different scene images with different
haze concentrations in the research group image data set
under natural conditions are selected for comparison of
different algorithms. According to Figures 2-5, it can be seen
that the defogging algorithm based on dark channel prior
(DCP) has a certain degree of defogging after dark channel
defogging, but the overall color is dark and has a certain
distortion. The image enhanced by SSR, MSR, and MSRCR
algorithms is prone to halo, edge blur and other phenomena
on the edge of the image. With the deepening of the fog
concentration, the defogging effect is getting worse and
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F1GURE 3: Algorithms comparison of buildings. (a) Original image, (b) DCP, (c) SSR, (d) MSR, (e) MSRCR, (f) CLAHE, (g) the paper, and
(h) dark channel.

(e) ® (® (B)

FIGURE 4: Algorithms comparison of woods. (a) Original image, (b) DCP, (c) SSR, (d) MSR, (e) MSRCR, (f) CLAHE, (g) the paper, and
(h) dark channel.

worse, the image quality is not clear, and the edge and other =~ processing in each neighborhood. CLAHE algorithm mainly
details of the sign are not obvious. Limited adaptive his-  enhances the local contrast to enhance the image details. The
togram equalization (CLAHE) can improve the contrast.  key of CLAHE algorithm is to restrict the contrast by
Compared with DCP, CLAHE uses contrast limited  clipping the histogram before calculating the conversion
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FIGURE 5: Algorithms comparison of traffic. (a) Original image, (b) DCP, (c) SSR, (d) MSR, (e) MSRCR, (f) CLAHE, (g) the paper, and
(h) dark channel.

(8 (h)

TaBLE 1: Performance comparison of image enhancement algorithms.

Evaluation criteria Algorithms Mountain Buildings Woods Traffic
DCP 17.131 20.651 21.745 18.356

SSR 18.952 21.542 23.462 20.532

PSNR MSR 20.349 23.747 25.854 22.646
MSRCR 22.642 28.484 27.245 24.894

CLAHE 24.958 26.102 26.457 25.461

The paper 27.593 30.452 31.532 28.127

DCP 0.067 0.075 0.082 0.071

SSR 0.091 0.135 0.177 0.186

SSIM MSR 0.206 0.228 0.332 0.316
MSRCR 0.478 0.582 0.596 0.517

CLAHE 0.513 0.682 0.641 0.701

The paper 0.709 0.831 0.847 0.734

DCP 10.542 11.245 12.935 11.523

SSR 12.854 13.087 14.515 13.723

IE MSR 15.778 15.961 16.274 14.852
MSRCR 16.345 16.095 19.025 17.037

CLAHE 17.154 17.549 19.574 17.562

The paper 18.675 19.534 21.452 18.048

function: first, the original image is divided into several small
blocks, then the histogram of each small block is calculated,
and finally the histogram is redistributed by restricting the
contrast of each small block. Although it improves the overall
brightness, it enlarges the noise. The improved method of
image enhancement has some improvement in color and
edge. The new algorithm can effectively defog the high
brightness areas such as the sky, and the contrast brightness of
the whole image has been improved very well. The color of the
image after defogging is more real, the details and certain

scene depth are preserved, and the images are more natural.
Figure 6 is the gray histogram after image enhancement of this
paper and Figure 7 is the comparison of running time of
different algorithms.

Objective verification objective evaluation uses peak
signal to noise ratio (PSNR), structural similarity index
measurement (SSIM), and information entropy (IE) as the
evaluation criteria between image enhancement algorithms.

The peak signal-to-noise ratio (PSNR) is an objective
criterion used to evaluate the fidelity of an image. It is
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FIGURE 6: Gray histogram after image enhancement. (a) Gray histogram of mountain image, (b) gray histogram of building image, (c) gray

histogram of woods image, and (d) gray histogram of traffic image.

defined by the mean square error (MSE). If the PSNR is
larger, the distortion of the image is smaller. The calculation
process of peak signal-to-noise ratio is as follows: where L is
the maximum gray value of the image.

12
PSNR = 10 log10<m).

The structure similarity is a measure of the similarity
between the defogging image and the original image, and the
value range is [0, 1]. The larger the value is, the more
complete the structure information of the original image is
preserved, and the stronger the restoration ability of the
defogging algorithm is. The calculation process of structural
similarity is shown in formula (25), where /, ¢ and s are the
contrast functions of brightness, contrast and structure, and
a, f and y are the weights of the three functions, which are all
positive numbers:

(24)

SSIM = I°cPs". (25)

Information entropy reflects the amount of information
an image has. If the information entropy is larger, it means

that the image has more information. The calculation
process of information entropy is as follows: M is the total
number of gray levels of the image, P; is the probability of the
pixel of the i-th gray level in the total pixel:
M-1
IE=-) Plog P,

i=0

(26)

It can be seen from Table 1 and Figure 8 that the data
through objective verification show that the improved al-
gorithm is better than DCP, SSR, MSR, MSRCR, and
CLAHE algorithm in PSNR, SSIM, and IE evaluation in-
dexes in the case of haze, low illumination, and other in-
terference factors. The image enhanced by the new algorithm
has obvious improvement in brightness, contrast en-
hancement, noise removal, and anti-distortion. The exper-
imental results show that the new algorithm can improve the
image darkening, avoid image distortion, and has a good
effect on preserving image edge information. It has good
adaptability and stability, and is more suitable for fog image
enhancement. The algorithm in this paper has good pro-
cessing results in the haze world of low-quality road traffic
images, the edge details of the enhanced results are more
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FiGure 7: Comparison of running time of different algorithms.
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FiGure 8: Comparison of image quality evaluation indexes.

prominent, the reconstructed image has no color distortion
and deviation, the image clarity and contrast have also been
improved, the image noise has been weakened, and the
prospective area has also been restored clearly, although the
complete information of the image in sunny weather cannot
be completely restored, but it can help restore image in-
formation and overall contour.

5. Conclusion

We breathe all the time. A person has to breathe more than
20,000 times a day and exchange at least 10,000 liters of gas
with the environment every day. Haze weather will directly
affect people’s quality of life and health. In haze weather,
there are a large number of particles, dust, pollutants,
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viruses, heavy metals, and other harmful substances floating
in the air. When the human body inhales the haze through
breathing, the toxic and harmful substances will invade the
human respiratory tract and lungs. It will cause respiratory
disease, cardiovascular disease, heart disease, and other
diseases. Aiming at the problem that haze affects the image
quality, an improved haze image enhancement method
based on dark channel priority was proposed.

The new algorithm solved the problem that the dark
channel prior method leads to the image color darkening,
refines the transmittance, and optimizes the atmospheric
light value. After restoration, the image was converted from
RGB space to HSV space for secondary enhancement. In
the process of enhancement, the V component was en-
hanced by MSRCR algorithm, and the saturation S was
improved by adaptive stretching algorithm. Finally, the
image was restored to RGB space, the haze image was
defogged and enhanced. Objective image quality evaluation
method is used to carry out quantitative evaluation. In-
formation entropy, image gradient, and image variance are
used as three indexes of image quality to evaluate the
optimization effect of the algorithm. In the complex en-
vironment, the new method can significantly improve the
brightness and contrast of the image, effectively remove the
noise, suppress the image halo phenomenon, better en-
hance the color and clarity of the image, and improve the
imaging effect. However, due to the low real-time per-
formance of the algorithm in this paper, it cannot be ap-
plied to the system with high real-time requirements.
Therefore, it is planned to further improve the real-time
performance of the algorithm and expand the application
scope of the system. In the follow-up research process, it
should also consider the impact of image depth on the
enhancement algorithm, use different enhancement coef-
ficients for local areas with different depths, and consider
its enhancement mechanism from many aspects. Therefore,
we should make more in-depth research and improve it in
the future.
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Objectives. The aim of this meta-analysis was to comprehensively evaluate the effects of exercise interventions on mental health in
Chinese older adults, according to the effects of intervention methods, intervention duration, intervention frequency, intervention
time, measurement tools, and subject types. Methods. We searched CNKI, Wanfang and Technology Journal Database for
randomized control trials, 15 original studies were extracted, reporting on 1509 Chinese older adults (Age: 55-79 years old). We
used CMA2.0 software. After heterogeneity test, suitable random effect model was selected. Results. Physical exercise had a
positive effect on mental health in Chinese older adults, combined effect [SMD = —1.25, 95% CI (-1.66, —0.84), P <0.001], anxiety
combined effect size [SMD =-1.45, 95% CI (-2.08, —0.83), P<0.001], depression combined effect size [SMD =-1.02, 95% CI
(-1.56, —0.48), P<0.001]. Significant differences in the intervention types, intervention duration, intervention frequency, in-
tervention time, and measurement tools were found. Conclusion. Physical exercise had positive intervention effect on the mental
health of the Chinese older adults, which was applicable to all older adults. Exercise rehabilitation was the more effective, and the
best intervention effect on the older hypertension. Due to the high heterogeneity of this study and the limited number of included
literature, more high-quality needed to be included in the subsequent studies.

1. Introduction

In October 2016, the Central Committee of the Communist
Party of China and The State Council issued the outline of
the “Healthy China 2030” plan, which mentioned
“strengthening the popularization of psychological health
and improving mental health literacy,” and promoting
mental health into a major strategy of national development.
With the advance of population aging, the health problems
of the older adults are becoming increasingly prominent. As
a part of healthy aging [1], mental health has become an
indicator to evaluate the health status of the older adults.
Mental health is a manifestation of people’s good psycho-
logical quality and an important part of people’s overall

health [2]. Previous studies have found that physical exer-
cise, as a means to improve the physical health of the older
adults, affects the development of their mental health [3].
And developed a one-year physical exercise strategy for 180
elderly people, and found that their mental health score was
significantly higher than the control group, and their anxiety
and depression indicators were significantly lower [4]. Fu
obtained the same result. They investigated the elderly with
more than 12 years of swimming experience, and found that
the mental health of the older adults with long-term exercise
was significantly higher than that of their peers, anxiety and
depression indicators were significantly lower, and the effect
of exercise intervention was more obvious in the female
older adults [5]. Meta-analysis confirmed that physical
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exercise also has positive effects on mental health of college
students and drug addicts [6,7]. However, Zhang found that
the two kinds of gigong exercises did not significantly im-
prove the depressed mood of the older adults [8].

The high inconsistencies of these results suggest the need
for systematic evaluation of existing studies based on quality
control. Previous studies in English languages have dis-
cussed the mental health problems of middle-aged and older
adults [9], but they only involve physical and mental ex-
ercise, without specific analysis of Chinese older adults
groups. Taking part in physical exercise in the Chinese older
adults, the project of obvious aboriginality, at the same time,
China’s elderly will help their children to look after the next
generation after retirement, also stressed that “to elderly
with love,” and in the countryside will also exist “left-behind
elderly,” this is obviously different from life in the elderly is
abroad, which has differences of pressure, and that affects
mental health. Therefore, it is necessary to explore the effect
of physical exercise on the mental health of the Chinese older
adults. So, what is the effect of physical exercise on the
mental health intervention of the Chinese older adults?
What are the moderating factors? These are all to be
resolved.

In this study, a sample of Chinese older adults was in-
cluded in a randomized controlled experimental study,
which in the way of intervention, intervention in a single
time, the frequency of intervention, intervention, measuring
tools, and the participants of the type on the adjustment
variable, in mental health and anxiety, depression for results
variables, using the meta-analysis to explore the effect of
physical exercise of mental health for the Chinese older
adults. In order to obtain more comprehensive and objective
results, but also can integrate the research design, improve
the application value of physical exercise projects.

2. Materials and Methods

This systematic review was conducted according to the
Preferred Reporting Item for Systematic Review and Meta-
Analyses (PRIMA) guidelines [10].

2.1. Search Strategy. We searched CNKI, Wanfang and
Technology Journal Database, and the key words were
mental health, mental state, psychological symptoms etc.
Anxiety, anxiety symptoms, depression symptoms, and
other outcome indicators; physical exercise, physical ac-
tivity, exercise, and other intervention words; paired com-
binations of words performed by older adults subjects. In
order to prevent omissions, we also search the references
which obtain literature and review. The deadline is October
31, 2021.

2.2. Selection Criteria. The selection criteria were based on
the PICOS criteria in order to define the characteristics of
the included studies. Population: studies including Chinese
older adults participants over 55 for age were included;
Intervention: studies evaluating the effect of physical exer-
cise were included; Comparator: studies comparing other
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exercise or no exercise were included; Outcomes: studies
assessing mental health were included; Studies design:
studies with experimental studies and any type of design
(i.e., within-subject and between-subject designs) were in-
cluded. One reviewer initially performed the article search,
after which one reviewer screened the titles and abstracts of
studies identified for potential selection by the search. Any
disagreements were discussed with each other, until a
consensus was achieved.

2.3. Methodological Quality Assessment. Studies included in
the meta-analysis were further assessed using the PEDro
scale. This instrument evaluates both internal and external
validity, gives a score out of 10, and is a reliable scale of the
methodological quality of randomized control trials. Each
article was scored independently by two reviewers, and
divergent scores were settled by discussion.

2.4. Data Extraction. Information on study details (i.e.,
author, year, sample size, average, standard deviation, in-
tervention type, intervention duration, intervention fre-
quency, intervention time, measurement tools, subject older
adults types, and outcome variables) were extracted from all
the included studies. If there was any missing or vague
information, we contacted the original author to obtain the
corresponding information. Data from included studies
extracted independently by two of the reviewers and any
discrepancies were solved by discussed with each other.

2.5. Data Analysis. Statics were calculated using CMA2.0
and IBM SPSS Statistics 21. The sample size and mean post-
pre intervention score with standard deviation (SD) from
intervention as well as control groups were used to calculate
the standardized mean differences (SMD). To assess the
heterogeneity I* was considered, and 25%, 50%, and 75%
were taken as the boundary values of low heterogeneity,
medium heterogeneity, and high heterogeneity [11]. The
publication bias test was performed using the Funnel Plot
and Rosenthal’s Classic Fail-safe N test.

3. Results

3.1. Search Results. A total of 1004 articles for potential
inclusion were initially retrieved through the search. After
removing duplicates, 481 articles remained for further
screening of titles and abstracts. Afterward, 190 full-text
articles were assessed for examination of their eligibility.
Finally, 15 articles were included in the systematic review.
The specific criteria for the screening process are shown in
Figure 1.

3.2. Quality of Studies. According to the PEDro scale, the
quality of the 15 included articles was evaluated. The score
ranged from 5 to 8. The results are shown in Table 1. The
quality of the included studies was above medium level, and
the overall research quality was relatively good.
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Full-text articles assessed

Studies included in

(meta-analysis)
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quantitative synthesis

Full-text articles excluded, with
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2.Correlation,meta-analysis (1 = 33)
3.Not fully articles (n = 29)
4.Survey study (n = 26)
5.Non-chinese elderly (n = 12)
6.No control group (n = 4)
7.Data incomplete (1 = 2)
8.No mental health measure (n =1)

FIGURE 1: Article selection process.
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Note: 1. Eligibility criteria; 2. Randomization; 3. Allocation hidden; 4. Similar group baseline; 5. Blinding of all subjects; 6. Blinding of all therapists; 7. Blinding

of all assessors; 8. Drops out <15%; 9. Intention to treat method; 10. Statistical between group; 11.print measures and measures of variability.

3.3. Study Characteristics. The study characteristics included
the author (year), intervention types, intervention duration,
intervention frequency, intervention time, measurement

tools, subject older adults types, and outcome variable
(Tables 2 and 3). According to the different types of in-
tervention methods included in the original study,
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TaBLE 2: Characteristics of studies included in the meta-analysis.
Author Intervention Intervention Intervention Intervention =~ Measurement Subject older Outcome
(year) types duration (min) frequency (time)  time (week) tools adults types variable
Xu [12] Tai Chi 60 7 12 STAI Healthy Anxiety
Xu [12] Dance 60 7 12 STAI Healthy Anxiety
[?;Tn etal Walk 20-30 5 16 SAS Hypertension Anxiety
Luo [14]  24-Form tai chi 60 3 24 SCL-90 Female ik
depression
Shen [15] Square dance 60 4 12 SCL-90 Healthy dAnXIet.Y’
epression
Sun and .
wang [16] Square dance 60 3 12 BFS Healthy Depression
Zhang and  Artery-relaxed .
Ma [8] scripture 45 7 8 SAS Healthy Anxiety
Zhao [17]  Fitness dance 90 3 12 GDS, SAS Healthy Anx1et.y,
depression
Zhao and . .
Xu [18] Fitness dance 90 3 12 GDS Healthy Depression
Maetal  piness walk 120 4-6 16 sCL.go ~ FmPty hestersin - Anxiety,
[19] rural areas depression
. Anxiety,
Gao [20] Qigong 60 5 24 SAS, SDS Healthy depression
Hou [21] Tai Chi 30 7 24 SCL-90 Healthy Anxiety,
depression
Ou [22] Tai Chi 60 3 24 SCL-90 Female Anxiety,
depression
Guan [23]  Square dance 50 3-4 12 SCL-90 Healthy Anx1et.y,
depression
Guan [23]  Tive-animal 50 3-4 12 SCL-90 Healthy Anxiety,
exercises depression
Exercise Anxiety,
Sun [24] rehabilitation 30 7 48 SAS, SDS Healthy depression
Exercise Anxiety,
Fan [25] rehabilitation 20-30 3 48 SCL-90 Healthy depression

intervention types were divided as follows: traditional ex-
ercise (7: referring to the number of literature included in
this meta-analysis), walk (2), dance (6), and exercise reha-
bilitation (2). The duration of a single intervention was
divided as follows: less than 30 minutes (2), 30-60 minutes
(including 30 and 60minutes, 12), and more than
60 minutes (3). As regular exercise (more than three times
per week) was used in the included literature, intervention
frequency was divided as follows: 3-6 times per week (12)
and 7 times per week (5). Intervention periods were divided
as follows: less than 12 weeks (1), 12-16 weeks (10), and more
than 16 weeks (6).

Each article was coded independently by two reviewers,
and divergent conditions were settled by discussion. The
coding consistency was 93.67%.

Square dance: a rhythmic dance performed spontane-
ously by Chinese residents in open spaces, such as squares
and courtyards, for the purpose of fitness usually accom-
panied by loud rhythmic music. Artery-relaxed scripture: an
exercise method in fitness qigong to strengthen the body and
strength, its main feature is the combination of movement
and stillness, internal stillness to collect the heart and breath,
external movement to strengthen the muscles and bones.
Fitness dance: a dance used for bodybuilding and slimming,

through the movement of the whole body muscles to achieve
the effect of trimming the body, beautiful lines. Five-animal
exercises: a gymnastic exercise created by Hua Tuo that
imitates the activities of animals (tigers, deer, bears, apes,
and birds (cranes)) and has a good exercise effect on the
body and the five organs. Exercise rehabilitation: the exercise
method mainly includes aerobic training, resistance train-
ing, and flexibility and balance training, all of which are
based on the physical condition of the elderly and adhere to
the principle of gradual progress.

3.4. Publication Bias Assessment. The effect value of physical
exercise on the mental health intervention effect of the older
adults was concentrated on both sides of the total effect value
(Figures 2—4). From the subjective funnel plot, it can be seen
that there is no serious publication bias in the research on
the effect of physical exercise on the mental health of the
Chinese older adults, but it still needs to be further tested.

Physical exercise on the intervention effects of mental
health, anxiety, and depression, which loss of safety factor is,
respectively, 1502, 1268, and 606 (Table 4), namely, the
corresponding amount of literature is needed to deny the
current judgment of the effect of physical exercise on mental
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TaBLE 3: Studies included in the analyses.
Author (year) Outcome variable Intervention groups Control groups
X1+SD1 nl X2 +SD2 n2
Xu (2005) [12] Anxiety 21.75+ 1.61 20 35.05 +5.27 14
Xu (2005) [12] Anxiety 21.55+5.96 18 35.05+5.27 14
Chen et al. (2017) [13] Anxiety 21.55 +5.96 18 35.05+5.27 14
Luo (2008) [14] Anxiety 23.02 +2.09 80 38,07 +3.74 80
Luo (2008) [14] Depression 0.28 +0.31 40 0.45+0.40 40
Shen (2016) [15] Anxiety 0.22+0.24 40 0.38 +£0.41 40
Shen (2016) [15] Depression 1.44+0.44 20 1.67 + 0.46 10
Sun and wang (2020) [16] Depression 1.58 +0.38 20 1.79 £ 0.54 10
Zhang and Ma (2011) [8] Anxiety 9.27+3.22 40 13.24+3.28 40
Zhao (2015) [17] Anxiety 32.64+8.84 21 44.62+7.98 52
Zhao (2015) [17] Depression 7.63+2.81 30 10.77 £2.30 30
Zhao and Xu (2015) [18] Depression 39.29+4.29 30 46.54+5.24 30
Ma et al. (2012) [19] Anxiety 9.23+2.62 30 10.00 + 2.41 30
Ma et al. (2012) [19] Depression 1.45+0.59 60 1.52+£0.58 60
Gao (2016) [20] Anxiety 1.37+0.56 60 1.45+0.61 60
Gao (2016) [20] Depression 33.05+6.49 149 36.73 + 7021 37
Hou (2011) [21] Anxiety 33.91+6.21 149 36.99 + 8.48 37
Hou (2011) [21] Depression 0.23+0.28 100 0.43+0.44 100
Ou (2010) [22] Anxiety 0.23+0.27 100 0.35+0.39 100
Ou (2010) [22] Depression 0.28 +0.31 40 0.45+0.40 40
Guan (2017) [23] Ancxiety 0.22+0.24 40 0.38 +0.41 40
Guan (2017) [23] Depression 1.33+0.43 16 1.43+0.47 16
Guan (2017) [23] Anxiety 1.26 £0.24 16 1.36 £0.24 16
Guan (2017) [23] Depression 1.20 +0.39 16 1.43+0.47 16
Sun (2019) [24] Anxiety 1.21 £0.27 16 1.36 £0.24 16
Sun (2019) [24] Depression 46.01 +2.59 45 56.58 +3.15 45
Fan (2019) [25] Anxiety 45.18 +2.37 45 56.35+2.15 45
Fan (2019) [25] Depression 12.64 + 3.85 80 19.25+4.34 80
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FIGURE 2: Funnel Plot of effect of physical exercise on mental health of the older adults.

health in the older adults, it shows that the current outcomes
are no publication bias.

Heterogeneity test (?=95.03) (Table 4) and I-Squared
>75% indicated high heterogeneity. It also indicated that
95.03% variation of the indicators of the effect of physical
exercise on the mental health of the older adults was caused
by the real difference in the effect value, and the study was
also affected by intergroup errors. Therefore, the random

effect model was used in this study to further explore the
source of heterogeneity.

3.5. The Effect of Physical Exercise on Mental Health of Chinese
Older Adults. A comprehensive analysis of the effect of
physical exercise on the mental health of the older adults
shows the combined effect of mental health [SMD = -1.25,
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FiGUure 4: Funnel Plot of effect of physical exercise on depression of the older adults.

TABLE 4: Publication bias and heterogeneity test.

Publication bias

Heterogeneity test

Outcome variable Number ) )

Fail safe N Q I Tau-squared
Mental health 28 3656 339.72 95.03 1.12
Anxiety 15 1268 331.86 95.78 1.42
Depression 13 606 206.60 94.19 0.91

95% CI (-1.66, —0.84), P = 0.000<0.001], the combined
effect of anxiety [SMD=-1.4595% CI (-2.08, -0.83),
P =0.000<0.001], and the combined effect of depression
[SMD=-1.02,95% CI (-1.56, —0.48), P = 0.000 < 0.001]
(Table 5). The results show that the total effect of physical
exercise on the mental health of the older adults which
intervention group is better than the control group, indi-
cating that as long as the exercise, it will improve the mental
health, anxiety, and depression of the older adults.

3.6. Results of Subgroup Analysis of Effect Sizes.
Heterogeneity tests showed that there was high heteroge-
neity among studies, which may indicate a significant
moderating effect. Subgroup analysis is one of the common

methods to explore the source of heterogeneity. Therefore,
this study further explores the source of heterogeneity and
its regulatory effect by subgroup analysis. This study
explored intervention types (traditional exercise, walk,
dance, and exercise rehabilitation), intervention duration
(less than 30minutes, 30-60minutes, more than
60 minutes), intervention frequency (3-6 times/week, 7
times/week), intervention time (less than 12 weeks, 12-16
weeks, more than 16 weeks), measurement tools (GDS,
SAS, SCL-90, SDS, STAI and BFS) and the subjects older
adults types (healthy, female, hypertension, and rural
empty nesters in rural areas)

The effect of physical exercise types on mental health
(P <0.001), anxiety (P <0.001), and depression (P <0.001)
of the older adults had a positive effect. Among them,
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TaBLE 5: The effect of physical exercise on mental health of Chinese older adults.

Outcome variable Number SMD LL UL Q p

Mental health 28 -1.25 -1.66 -0.84 542.970 0.00

Anxiety 15 -1.45 -2.08 -0.83 331.86 0.00

Depression 13 -1.02 -1.56 -0.48 206.60 0.00

exercise rehabilitation had the greatest effect on mental
health (d=-2.50), anxiety (d=-2.62), and depression
(d=-3.77) (Table 6).

The intervention time of physical exercise on mental
health (P <0.001), anxiety (P<0.001), and depression
(P <0.001) of the older adults had a positive effect. Among
them, the intervention time of 12 to 16 weeks had the
greatest effect on mental health (d=-1.46) and anxiety
(d=-1.70), and the intervention time of more than 16 weeks
had the greatest effect on depression (d=-1.54) (Table 9).

The physical exercise on the measurement tools of
mental health of the older adults (P<0.001), anxiety
P <0.001), and depression (P < 0.001) had a positive effect.
Among them, the intervention effect of physical exercise
measured by STAI on mental health of the older adults
(d=-2.91), anxiety (d = —-3.01) was relatively high, measured
by SDS on depression of the older adults (d=-2.68) is
relatively high (Table 10).

The physical exercise on the older adults types of mental
health (P <0.001), anxiety (P <0.001), and depression
(P <0.001) had a positive effect. Among them, the effect of
physical exercise on mental health (d=-4.97) and anxiety
(d=4.97) of hypertension was higher than that of healthy
older adults, female older adults, and rural empty nesters,
and the effect of physical exercise on depression of healthy
older adults was higher than that of female elderly and rural
empty nesters (Table 11).

4, Discussion

4.1. The Effect of Physical Exercise on Mental Health of Chinese
Older Adults. Through meta-analysis, this study conducted
a comprehensive quantitative analysis of 15 Chinese liter-
ature on the effect of physical exercise on the mental health
of the Chinese older adults. GDS, SAS, SDS, SCL-90, STAI,
and BFS scales were selected to evaluate mental health,
including three indicators of mental health, anxiety, and
depression.

It was showed that physical exercise had a positive
impact on the mental health of the Chinese older adults, that
is, physical exercise could help improve the mental health
level of the Chinese older adults. Compared with depression,
physical exercise had the greatest effect on anxiety. Previous
studies had suggested that the greatest benefits of exercise lie
in the psychological domain, not in the physical domain
[26]. Meta-analysis of Ma and Chen showed that the physical
exercise can effectively improve the mental health of college
students [27], and other studies had shown similar results,
confirming that the physical exercise is a method to reduce
the anxiety and depression [28-32]. This was consistent with
the results of this study on the Chinese older adults.
Therefore, we should pay attention to the effect of physical

exercise on the mental health of the older adults, especially
their anxiety. Physical exercise could improve the anxiety
and depression of the older adults and then improve the
individual mental health level.

4.2. Subgroup Analysis of Effect Sizes. Due to non-homo-
geneity, subgroup analysis was conducted to explore the
effect of physical exercise on the mental health of the
older adults, and conducted on the intervention types,
intervention duration, intervention frequency, inter-
vention time, measurement tools, and subject older
adults types.

4.2.1. Intervention Types. It was showed that the effect of
physical exercise intervention types on mental health of the
older adults had a positive effect. At present, the exercise
intervention for the mental health of the older adults is still
based on traditional exercise, which was related to the local
exercise mode in China, it had a long history, and had been
handed down to the present [32,33]. The effect of exercise
rehabilitation was better than walk, dance, and traditional
exercise. First of all, because of their walk’s intensity was
appropriate and mild, it could relieve the emotional tension
caused by physical reasons in the older adults to a certain
extent. Secondly, dance could increase the communication
between the older adults and their peers, had more op-
portunities to obtain social support, and make each other
find a sense of belonging and community, thus improving
their mental health status [34]. Thirdly, traditional exercises,
including Tai chi and qigong, could improve the emotional
conditions of the older adults. For example, Tai chi can
effectively regulate the emotional conditions of the older
adults. The exercise program focused on “mental concen-
tration,” focused the mind and eliminating distractions. In
addition, abdominal breathing could also help regulate
emotions and relieve stress [35], which was confirmed by the
the effect of pleasure. Finally, exercise rehabilitation could
improve some physical conditions in a more targeted way,
thus improving the mental health level of individuals and
achieving antianxiety and depression effects [37]. In the
future, physical exercise programs that are more suitable for
the physical and mental conditions of the subjects can be
developed.

4.2.2. Intervention Duration, Frequency, and Time. It was
showed that the duration of a single intervention of physical
exercise had a positive effect on the mental health of Chinese
older adults. Most studies had used intervention time of
more than 30 minutes, interestingly, but the intervention
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TaBLE 6: The moderating effects of intervention methods on mental health of the older adults.

Outcome variable Intervention methods Number SMD LL UL I Q P

Traditional exercise 12 -0.56 —0.68 -0.44 74.77 542.97 0.00
Walk 3 -0.81 -1.04 0.57 99.99
Mental health Dance 9 ~0.87 ~1.08 ~0.66 76.83
Exercise rehabilitation 4 -2.50 -2.74 -2.26 95.64

Traditional exercise 7 -0.92 -1.39 -0.44 85.86 331.86 0.00
Anxiety Walk 2 -2.55 -7.28 2.19 99.42
Dance 4 -1.06 -2.02 0.10 85.79
Exercise rehabilitation 2 -2.62 -4.63 —-0.61 96.39

Traditional exercise 5 -0.49 -0.67 -0.32 0.00 206.60 0.00
Depression Walk 1 -0.12 —0.48 0.24 0.00
Dance 5 -0.73 -1.18 -0.27 66.74
Exercise rehabilitation 2 -3.77 -6.00 -1.55 95.60

The effect of physical exercise duration on mental health, anxiety (P < 0.001), and depression (P < 0.001) of the older adults (P < 0.001) had a positive effect.
Among them, the intervention effect on mental health (d=—2.51) and depression (d = —2.67) of the older adults when the single exercise duration less than
30 minutes is the largest, and the intervention effect on anxiety of the older adults was the largest when the exercise duration is 30-60 minutes (d=—1.21)
(Table 7).

TasLE 7: The moderating effects of intervention duration on mental health of the older adults.

Outcome variable Intervention duration Number SMD LL UL P Q P

<30 min 3 -2.51 -2.76 -2.26 97.62 542.97 0.00
Mental health 30-60 min 20 —0.75 -0.86 —0.64 92.26

>60 min 5 -0.46 —-0.66 -2.26 97.62

<30 min 2 —0.81 -2.16 0.54 98.80 331.86 0.00
Anxiety 30-60 min 11 —-1.21 -1.80 0.63 92.49

>60 min 2 —0.81 -2.16 0.54 93.72

<30 min 1 -2.67 -3.09 -2.24 0.00 206.60 0.00
Depression 30-60 min 9 -0.99 -1.60 -0.39 94.19

>60 min 3 —0.53 -1.16 0.11 81.88

TaBLE 8: The moderating effects of intervention frequency on mental health of the older adults.

Outcome variable Intervention duration Number SMD LL UL P Q P
3-6 21 -0.85 -0.95 -0.74 93.91 542.97 0.00
Mental health 7 7 ~1.08 125 ~0.91 97.14
Anxiety 3-6 10 -1.07 -1.82 -0.32 95.86 331.86 0.00
7 5 -2.28 -3.71 -0.85 96.44
Depression 3-6 11 -0.75 -1.23 -0.27 90.74 206.60 0.00
7 2 -2.72 -7.03 1.59 98.96

The frequency of physical exercise on mental health, anxiety (P <0.001), and depression (P <0.001) of the older adults (P <0.001) had a positive effect.
Among them, the frequency of exercise 7 times a week on mental health (d = -1.08), anxiety (d = —2.28), and depression (d = —2.72) of the older adults which
intervention effect was higher than 3-6 times a week (Table 8).

TABLE 9: The moderating effects of intervention time on mental health of the older adults.

Outcome variable Intervention periods Number SMD LL UL P Q P
<12 1 —-1.46 -2.01 -0.90 0.00 542.97 0.00
Mental health 12-16 15 -0.87 -1.01 -0.72 94.58
>16 12 -0.91 -1.03 -0.80 96.08
<12 1 —-1.46 -2.01 -0.90 0.00 331.86 0.00
Anxiety 12-16 8 -1.70 -2.98 -0.43 96.77
>16 6 -1.15 -1.89 -0.42 95.19
Depression 12-16 7 -0.59 -0.98 -0.21 70.90 206.60 0.00
>16 6 -1.54 -2.54 -0.53 97.15

effect of less than 30 minutes of exercise is higher than 30-60  mental health of Chinese older adults. The intervention
minutes and more than 60 minutes. The frequency of  effect of daily physical exercise was higher than 3 to 6 times a
physical exercise intervention had a positive effect on the  week. The intervention time of physical exercise had a
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TaBLE 10: The moderating effects of physical exercise on the effect of measurement tools of mental health in the older adults.
Outcome variable Measurement tools Number SMD LL UL P Q P

GDS 2 -0.73 -1.10 0.35 82.57 542.97 0.00
SAS 5 -1.84 -2.08 -1.61 97.71
SCL-90 16 -0.63 -0.74 -0.53 89.48
Mental health SDS 2 118 ~151 084 9893
STAI 2 =291 -3.62 -2.21 69.66
BES 1 -1.22 -1.70 -0.74 0.00
SAS 5 -2.42 -4.02 -0.83 97.71 331.86 0.00
Anxiety SCL-90 8 -0.53 -0.93 -0.13 83.81
STAI 2 -3.01 -4.31 -1.70 69.66
GDS 2 -0.76 -1.66 0.14 82.57 206.60 0.00
Depression SCL-90 8 -0.70 -1.30 -0.09 92.84
p SDS 2 —-2.68 -7.07 1.71 98.93
STAI 1 -2.38 -3.29 —-1.47 0.00 STAI
TaBLE 11: The moderating effects of physical exercise on the mental health of subject older adults types.
Outcome variable Subject elderly types Number SMD LL UL P Q P
Healthy 21 -1.03 ~1.14 -0.93 93.84 54297 0.0
Female 4 -0.46 -0.69 ~0.24 0.00
Mental health Hypertension 1 -497 =559  -434  0.00
Empty nesters in rural areas 2 -0.13 —-0.38 0.13 0.00
Healthy 11 ~143  -203  -082 9307 33186 0.0
Anict Female 2 -0.48 -0.79 ~0.16 0.00
Y Hypertension 1 -4.97 -5.59 —4.34 0.00
Empty nesters in rural areas 1 —0.14 -0.50 0.22 0.00
Healthy 10 -1.24 -1.94 -0.54 95.00 206.60 0.00
Depression Female 2 -0.45 -0.77 —-0.14 0.00
Empty nesters in rural areas 1 —-0.12 —-0.48 0.24 0.00

positive effect on the mental health of the Chinese older
adults. The intervention effect of 12 to 16 weeks of exercise
was higher than that of less than 12 weeks and more than 16
weeks. They might be because of exercise in small amounts,
several times a week, and in moderation is more suitable for
older people, neither making them feel physically tired nor
reducing their psychological benefits. Prof Ji believed that
exercisers regularly exercise for 20-60 minutes each time,
which was conducive to improving mood and forming a
good emotional state [38]. The results of intervention dose
suggest that the study of mental health intervention for the
older adults was cost-effective, and the intervention time was
not the longer the better. Physical activity for less than 30
minutes a day and 12 to 16 weeks had the best results for
older adults, helping individuals improve their mental
health.

4.2.3. Measurement Tools. It was showed that physical ex-
ercise had a positive impact on the measurement tools of
mental health in the Chinese older adults. The possible
reasons for this result are as follows: first, the measurement
dimensions were inconsistent between scales. Some scales
only measure fixed variables, such as SAS and STAI, which
measure anxiety. GDS and SDS, which measure depression,
while SCL-90 and BFS measure somatization, fear, agitation,
calmness, and other dimensions in addition to anxiety and
depression. Second, the objects used in the scale were

different. GDS was only applicable to the older adults, while
other scales were applicable to the general person. The
measurement dimensions between scales were inconsistent
with the applicable objects, which might lead to some dif-
ferences in the results of measurement tools. These results
suggested that in the future, when choosing measurement
tools, we should try to select scales developed for the older
adults that fit the research needs. Compared with the other
measurement tools, SCL-90 scale was the most widely used
in mental health.

4.2.4. Subject Older Adults Types. It was showed that
physical exercise had a positive effect on the mental health of
the subjects’ older adults types. Different from other sub-
jects, the older adults with hypertension suffer from both
physical and psychological pressures, which jointly affect
their mental health level. The main motivation for the older
adults to participate in physical exercise is to enhance their
physical health [39]. In the process of physical exercise, the
older adults with hypertension will also bring this expec-
tation into it, thus affecting the effect of physical exercise.
This result is in line with the view of Maslow’s hierarchy of
needs theory. After the basic physiological needs were sat-
isfied, the older adults with hypertension pursue higher
levels of needs [40], and physical exercise just relieves the
dual pressure of body and mind, achieving twice the result
with half the effort.
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4.3. Limitations. Due to the database limitations, the co-
cited research was not analyzed. So, high-quality Chinese
articles that have made important contributions in this field
cannot be sorted out and cannot be compared with the
articles in English. In the future, relevant research can
further expand the scope of literature retrieval, research
group, research content, and analyze current research
hotspots and trends more comprehensively.

5. Conclusion

In this study, a meta-analysis was conducted to explore the
effect of physical exercise on the mental health of the
Chinese older adults. The results showed that: (1) physical
exercise could improve the mental health, anxiety, and
depression of the older adults to a certain extent; (2) The
intervention effect of physical exercise on the mental health
older adults was significantly moderated in the intervention
types, intervention duration, intervention frequency, in-
tervention time, measurement tools, and subject older adults
types. Physical exercise had a positive effect on the mental
health of the older adults, which was applicable to all older
adults groups, but exercise rehabilitation was the most ef-
fective, and physical exercise had the best intervention effect
on the older adults with hypertension. In order to achieve
the intervention effect of improving mental health, it was
recommended that the older adults do exercise a small
number of times every day, 30 to 60 minutes each time, for
12 to 16 weeks to achieve the effect. In terms of measurement
tools, future research should try to select scales developed for
the older adults that fit the research needs.
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The deterioration of the environment in the 21st century has made environmental issues one of the most severe tests for modern
society. With this comes a change in energy structure from high-carbon to low-carbon direction, and electric vehicles are
gradually developing into the darling of a city with low-carbon transportation and safe travel. This paper carries out a systematic
analysis of landscape design and environmental protection in the development of new energy electric vehicle charging facilities in
urban habitat. By categorizing the content and provisions of published domestic and international standards, new requirements
for standardization are obtained, including barrier-free design, electromagnetic radiation, child safety protection, and urban
landscape integration. Among them, ecological landscape public charging facilities can enhance the overall quality of urban
environment. This paper analyzes the necessity of landscape design in charging facilities, explores the ecological concepts
extended by macroscopic landscape design principles and the problems of public charging facilities, and proposes a design and
evaluation method of ecologically landscaped public charging facilities based on hierarchical analysis and neural networks. The
hierarchical analysis method is introduced to establish a landscape design assessment index system, and then a neural network is
introduced to describe the characteristics of electric vehicle charging, and the landscape design assessment learning samples are
trained to establish a landscape design assessment model. Finally, a comparison experiment is conducted with other landscape
design assessment methods using specific examples, and the results show that the proposed method has more obvious advantages
in ecological landscape public charging facility design assessment with high accuracy, faster landscape design assessment, charging

efficiency, and environmental protection.

1. Introduction

The landscape compatibility problem in public charging
facilities foreign studies mainly focuses on the number of
charging facilities’ fixed capacity and site selection, without
considering its function as a building and the building itself
into the landscape mechanism and other aspects. As a kind
of public service facility with high sustainability and energy
ratio, most of the studies on charging facilities focus on
functional characteristics, grid mechanism, and operation
management, but there is a lack of studies on the charac-
teristic expression of landscape design in charging facilities.
Background and trend of landscape reference in public
charging facilities: Under the current environmental prob-
lems, the use and exploration of sustainable energy has
become one of the ways to solve the problems, and charging

facilities are expanding under the call of new energy [1-3].
New energy charging facility landscape architecture is a new
energy charging facility architecture integrated with aes-
thetic and artistic design, which can meet people’s dual
demand for low-energy consumption and architectural
aesthetics of the building. In recent years, the development
rate of new energy charging facility landscape architecture
has been increasing, the design research of new energy
charging facility landscape architecture has become a hot
spot, and landmark new energy charging facility landscape
architecture is emerging. Therefore, it is necessary to review
the development background and research history of new
energy charging facility landscape architecture, summarize
the development of new energy charging facility landscape,
and propose the method of new energy charging facility
landscape architecture. The existing public charging space
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has a single set of supporting facilities, grid technology
restrictions, and spatial landscape problems, while at this
stage the exploration of functionality is much more than the
exploration of landscape. In terms of form, the base station
extends outside the space in the form of rows of trees with a
canopy, providing a resting space and creating a quiet en-
vironment. Functionally, while satisfying the demand for
fast charging, the space is also designed with landscape
references to achieve a harmonious coexistence between
man and nature. The superfast charging station superim-
poses landscape performance based on meeting the needs of
functional use, as a type of landscape architecture. From the
development trend, the future use of landscape design for
charging facilities has become a general trend. The Vinci
diagram of the new demand analysis path for standardi-
zation of charging facilities in ecological landscapes is shown
in Figure 1.

In Figure 1, we analyze the new demand for standard-
ization of charging facilities in ecological landscapes, which
mainly includes three aspects: (1) Content of charging fa-
cility standards. To meet the latest development trend of
electric vehicles, charging facilities need to be designed
according to the latest standards. (2) New demands of
ecological protection. (3) New demands of landscape design
of charging facilities. The popularity of electric vehicles to
enhance the ecological protection of society, set point fa-
cilities are also an important component of the electric
vehicle industry chain and need to further enhance eco-
logical protection. New energy vehicle charging device can
be divided into fast and slow charging. Slow charging is the
use of AC charging device to input single-phase AC power,
the output of the car AC power, but not directly used in the
new energy vehicle storage device, and the use of charging
devices to achieve the purpose of charging for new energy
vehicles. Slow-charging devices can also be combined with
the specific use of each type, to be divided into public
charging and home charging, where home charging is
generally a small-output power, power is usually within
2.8kW, so the charging time is relatively long, but the cost
design is small, so many residents are favored, but the public
charging power is relatively high, but the highest power must
be within 7.5 kW. The charging time is shorter than that of
home charging [4-6]. In addition, in the design and con-
struction of equipment, the construction of JIATO charging
equipment is relatively easy and less costly, so it can be well
used in construction. Fast charging is a generally used DC
mode to charge, which belongs to the battery charging type;
there are many manufacturers of this mode charging device;
there will be differences between the maximum output
power, basically must be suitable to control between 22 kW
and 220kW. In addition, priority should be given to DC
equipment of good-quality brand, which can well bear the
output voltage and current at the same time, and because of
its relatively large variation within the interval, it can
generally be used in various models of new energy vehicles
so as to achieve the actual needs of various types of new
energy vehicle charging, and the installation method of new
energy vehicle fast charging device basically adopts the floor

type [5].
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FiGure 1: Diagram of the new demand analysis path for stan-
dardization of charging facilities in ecological landscapes.

The existing charging facilities lack reasonable expres-
sion of landscape design factors and are not given much
attention in this field. The use of urban fragmented space
while relying on the urban road network reflects the eco-
logical concept, and the landscape architecture is reasonably
planned according to the geographical location, materials,
and grid structure. First, for geographical location, the
materials of the ultra-fast charging station are collected from
its nearby forest park, utilizing the sustainability of the
building materials, and the ecological concept is reflected
everywhere in the future maintenance of the base station
with zero waste and docking of the materials, and the main
building materials are considered for future maintenance,
while the complexity of the surrounding road network
extension from the route also determines its embodiment in
functional applications [6]. The location of the base station
makes use of the urban debris space, forming a transition
space between the city and nature. More importantly, the use
of debris space creates a prerequisite space for the harmo-
nious development of man and nature in an urbanized city.
Architecture in ecology becomes a carrier of human ac-
tivities and landscape environment. Second, for the use of
materials, the sustainability of wood is constantly reflected in
the landscape architecture, fitting the ecological concept and
rational planning of sustainability and the fixed capacity of
facilities. The main body of local materials highlights the
ecological concept of landscape design embodied in the
building itself, while the use of materials is also the basis for
the charging facilities reflecting the principles of landscape
design [7]. The main contributions of this paper include the
following: (1) analyzing the existing charging facilities’ lack
of reasonable expression of landscape design factors, which
are not paid attention to in this field. (2) To obtain ideal
landscape design and environmental protection effect and
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evaluation results of electric vehicle public charging facili-
ties, this paper designs hierarchical analysis method and
neural network landscape design effect assessment method,
which has the advantages of hierarchical analysis method
and neural network and overcomes their disadvantages. (3)
The results of simulation experiments show that the method
in this paper obtains ideal results for the evaluation of the
design effect of ecological landscape public charging facil-
ities, and the efficiency of landscape design effect evaluation
is also obvious. Moreover, the efficiency of landscape design
effect assessment is significantly better than the landscape
design effect assessment methods of hierarchical analysis
method and neural network.

2. Related Work

2.1. Ecological Landscape Public Charging Facilities

Landscape Design Environmental Protection Electric Vehi-
cles. With the development of clean energy and the pro-
motion of the concept of sustainable development, electric
vehicles have gradually become the mainstream trans-
portation. The large number of electric vehicles put into use
has reduced environmental pollution and saved energy, but
it also brings its charging problem. Charging piles, as an
important charging place for electric vehicles, seriously
affect the development of electric vehicle industry and the
convenience of car owners with their cars [8].

Therefore, it is necessary to plan the site selection,
construction capacity, and charging network of charging
piles. Power battery performance such as mass specific
energy, volume specific energy, charging multiplier, and so
on has an important impact on the development of EV
charging facilities. Specific energy determines the range of
electric vehicles (the driving range of one charge) and
charging multiplier determines the charging time. In this
paper, we believe that the promotion of electric vehicles can
be divided into 3 stages: demonstration, public welfare, and
commercial operation. The characteristics of charging fa-
cilities planning are different in different stages. In the
demonstration stage, the electric vehicle technology is not
yet fully mature, and the market mechanism to promote the
development of electric vehicles in a sustainable way has not
yet been formed. The charging facility planning in the
demonstration stage can be regarded as the recent planning.
At this stage, EV technology is developing rapidly, but it is
still at a low level and there are hidden bottlenecks, such as
safety factors; the total number and proportion of EVs at this
stage are still relatively low and the economy is not high. The
development mode is to rely on government subsidies and
lead the propaganda of acceptable charging EVs, which can
be expanded to electric buses, public vehicles of large en-
terprises and institutions, and a few social vehicles. This
stage of charging facilities planning can be regarded as
medium-term planning. At this stage, the technology of
electric vehicles is basically mature, and the total amount of
electric vehicles has reached a certain scale and the variety of
electric vehicles is relatively rich. At this stage, the economy
of electric vehicles is equal to or even surpasses that of fuel

vehicles, and the development mode is mainly market
driven. The planning of electric vehicle charging facilities at
this stage can be regarded as long-term planning.

The basic framework of the habitat standardization
system for electric vehicle charging facilities is shown in
Figure 2. In this paper, a systematic analysis of the current
situation and demand for common standardization of new
energy electric vehicle charging facilities in urban habitat is
carried out. Firstly, two research methods, content analysis
and semistructured questionnaire research, were identified,
and the logical analysis path was “induction-deduction”
[9-11]. Then, two independent coders categorized the
contents and clauses of published domestic and interna-
tional standards by content analysis, summarized eight types
of standardization needs, and compared the missing con-
tents of domestic standards from international standards.
Finally, a semistructured questionnaire survey was used to
collect the factors that the public thinks need to be included
in the consideration of the habitat environment in addition
to the existing contents of the standards. The results of the
standard code comparison and questionnaire survey show
that the current domestic standard system for electric vehicle
charging facilities already covers (1) site planning, (2) in-
stallation arrangement, (3) environmental requirements, (4)
fire safety, (5) energy saving and environmental protection,
(6) lighting requirements, (7) noise impact, (8) signs and
markings, and other eight aspects of the habitat environ-
ment. The four new requirements not yet covered are (9)
barrier-free design, (10) electromagnetic radiation, (11) child
safety protection, and (12) urban landscape integration. The
results of the standard code comparison and questionnaire
survey show that the current domestic standard system for
electric vehicle charging facilities already covers (1) site
planning, (2) installation arrangement, (3) environmental
requirements, (4) fire safety, (5) energy saving and envi-
ronmental protection, (6) lighting requirements, (7) noise
impact, (8) signs and markings, and other eight aspects of
the habitat environment [12-14].

Public charging facilities at home and abroad account for
the background status public charging facilities; that is,
public charging stations are a sustainable energy supply
facility derived from the current energy structure trans-
formation. New energy vehicles tend to improve the de-
velopment of energy utilization as the main means, and their
charging facilities should be on the same level of hard
functionality. In terms of architecture, the open building
structure is supposed to be an extension of the space di-
vision. Taking the fast-charging station as an example, the
basis of functional embodiment extends to the public
landscape, and the addition of landscape elements to a
certain extent complements the industry, focusing on the
symbiosis of architecture and environment and the co-to-
pology of the environmental planning industry chain.
Second, the principle of scientific nature of landscape design
materials. The choice of materials should also fit the char-
acteristics of sustainable development of charging facilities,
the reality of the environment in the material of the facility
site has not considered the ecological concept, or even the
facility site is under the open air. In terms of materials, the
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FIGURE 2: The basic framework of habitat standardization system for electric vehicle charging facilities.

materials age and fall off due to the long-term environment
in the open air, which shortens the service life of the ma-
terials. Therefore, the choice of materials should consider
the influence of external factors, and at the same time, the
choice of materials should pay attention to echoing the
environment of the facility place. The material selection of
the facility space should be combined with the material
qualities, environment, and other external objective factors,
based on the ecological concept, scientific selection of
materials, reasonable protection of landscape architecture,
and the principle of scientific should be used to configure
landscape materials [15-17]. In the design, the charging
station is shown in the form of anthropomorphic trees, and
the modular construction method makes the charging
station scalable and can perform a “forest” according to the
needs. In the use of materials, to reflect the form of the base
station, trees selected by the Nature Conservancy were
used, and the toughness of the wood meets the require-
ments to a certain extent, while the attachment of solar
panels is ensured [18, 19].

2.2. Artificial Intelligence and Landscape Design. With the
continuous development and improvement of China’s
economy, people’s living standards are constantly improv-
ing, families and public places have carried out some
landscape design, landscape design can bring people a more
comfortable feeling, and each person has different re-
quirements for landscape design, so the landscape design
effect needs to be accurately assessed to better provide people
with the best living, working and leisure environment,
therefore, landscape design effect assessment has been the
focus of people’s attention. For landscape design effect as-
sessment, domestic and foreign research institutions have
conducted in-depth research, and there are many effective
landscape design effect assessment methods. The current
landscape design effect assessment method is divided into

two kinds of qualitative analysis and quantitative analysis,
among which the most representative qualitative analysis
method is the hierarchical analysis method, which is based
on the landscape design effect assessment indexes; according
to the weights of various indicators to the landscape design
effect assessment results, the method is relatively simple and
belongs to the linear modeling method, while the landscape
design effect and evaluation indexes are a nonlinear map-
ping relationship, resulting in the deviation of landscape
design effect assessment is relatively large, and the practical
application value is low; the most representative quantitative
analysis method is artificial neural network, such as RBF
neural network, BP neural network, limit learning machine
network, and so on. The artificial neural network has strong
nonlinear modeling ability and gets better landscape design
effect assessment results. Since landscape design effect as-
sessment is very complex, single hierarchical analysis
method and neural network both have their own short-
comings and cannot describe landscape design effect
comprehensively and accurately, so landscape design effect
assessment faces great challenges [20].

With the concept of developing clean energy and pro-
moting sustainable development, electric vehicles have
gradually become the mainstream transportation. Although
the large number of electric vehicles put into use has reduced
environmental pollution and saved energy, it also brings its
charging problem. Charging piles, as an important charging
place for electric vehicles, seriously affect the development of
electric vehicle industry and the convenience of car owners
with their cars. Therefore, it is necessary to plan the site
selection, construction capacity, and charging network of
charging piles. Landscape scheme design and quality eval-
uation is divided into subevaluation and overall evaluation
where subevaluation is more rational and tends to focus on
whether the specific functions of the landscape scheme are
reasonable or not, but overall evaluation is also important; it
is often a comprehensive evaluation of the landscape scheme
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by experts based on their own experience. In the past, we
often encountered the following situation: every indicator of
the landscape scheme is at a medium level, but the total score
is low; while some schemes only have a few indicators but
score high and other indicators score average, but the total
score is high. This fully illustrates that there is a nonlinear
relationship between the overall quality of the landscape and
the evaluation factors. In this paper, a BP neural network
model is used to explain the nonlinear relationship between
the quality of natural ecological river landscape schemes and
their evaluation factors [20, 21].

Landscape ecological planning is the practical activity of
using the principles of landscape ecology to solve ecological
problems at the landscape level, which concentrates the
application value of landscape ecology, and it is especially
significant to apply it to the urban fringe areas with fragile
ecology and complex landscape pattern changes. Landscape
ecological planning can be understood as follows: based on
regional natural, social, and economic information, from a
macro, overall, and comprehensive perspective on the re-
gional landscape pattern to make dynamic planning, in
order to optimize the structure, protect the ecological bal-
ance, and promote the sustainable development of the re-
gion. The landscape pattern can be reflected by a set of
landscape indices, so the landscape ecological planning
process is essentially a nonlinear mapping process, that is, a
nonlinear mapping relationship between various topo-
graphic factors and various disturbance effects (especially
the role of human) and a set of landscape indices. The ar-
tificial neural network method that has emerged at home and
abroad in recent years can perform large-scale parallel
processing of information, is good at association, general-
ization, analogy, and reasoning, and can extract regular
knowledge from a large amount of raw or statistical data,
which is very suitable for quantitative research of landscape
ecological planning. With the development of artificial
neural network technology, researchers have designed a
variety of neural network models, which describe and
simulate the biological neural system at different levels from
different perspectives and are applied in various fields, of
which 80%-90% of the artificial neural network models use
BP networks or its variant forms, reflecting the best part of
artificial neural networks [22, 23].

The Embodiment of Landscape Design Principles in Facilities.
First, the extension of landscape design in space is tackled. In
the existing charging facilities, the landscape of the facility
and the building space are separated, and the landscape
environment design mostly exists in the external environ-
ment [24]. The comfort given by the landscape cannot be
extended to the facility body, and the functionality of the
space monolith and the landscape environment are out of
place. At the same time, in the limited facility space, the
planning of landscape design has limitations, and the
landscape guided by the principle of natural environment
compatibility is extended in the facility. This time, we need to
reflect the principle of extension of landscape design, not
only in the space inside and outside the environment, but
also in the landscape design of plants, visual angle, and

landscape carrier extension [25]. In short, the audience’s
visual angle and sensory experience in the public charging
facilities will not have a greater sense of difference when they
are extended outside the facilities. Take the high-speed tram
charging station as an example; the open space design ex-
tends the landscape from internal to external natural space,
and the use of pavilion structure extends the tree canopy
from the top of the charging station, truly integrating the
facility with the landscape, and thus extending the internal
environment of the base station to the external environment
[26]. Meanwhile, in terms of vegetation, the surrounding
plants are mainly local greenery species that can be selected
in cooperation with natural resources conservation, and the
plant configuration is also an extension from nature to
architecture. As mentioned above, the material of the base
station is collected from the nearby forest park, which ex-
tends from the environment to the facility so that the au-
dience can feel the public charging facility and the
environment in the space without any difference. In con-
trast, the current charging base stations do not consider the
extension of landscape design in the space, and the internal
and external environments often fail to achieve harmony,
and the peripheral environment is only used as green
decoration, and the use of the site is more a reflection of
function [27].

3. Methods

3.1. Ecological Landscape Charging Facility Site Selection
Model. The overall model structure is shown in Figure 3. To
make more reasonable and full use of electric energy re-
sources, optimize charging station area configuration and
maximize people’s charging demand for electric vehicles, a
maximum cut-off model for electric vehicle charging sta-
tions is constructed to maximize the service range and
charging efficiency of charging stations.

(1) Model assumptions: It is assumed that electric vehicle
trips are mainly distributed on the shortest route between
the origin and destination. In a transportation network,
suppose there are n nodes; then there are n* (n — 1) shortest
routes. The set of shortest routes between two places is
C= {Cl, C,,...C, (n_l)}, the length of the shortest route is
Dc, and Nc is the set of nodes on the cth shortest route.
Assume that the traffic flow on each route can be deter-
mined. That is, the traffic route network is deterministic, and
the road traffic flow on each route is stable without con-
sidering the effect of individual road construction or
building. Assume that the traffic route network is a network
system, where the set of nodes is N = {n,,n,,...n,}, the set
of edges is A = {a,,a,,...a,}, Q is the number of charging
stations set up, and R; is the flow of electric vehicles on a;.
H,ax is the maximum distance between stations. Define two
0-1 variables, located on the path of a; to set charging
stations; then x = 1, otherwise 0; located on the shortest route
to plan at least one charging station, y=1, otherwise 0.
Assume that there is an upper limit to the number of
charging posts in a single charging station. One charging
station may not be able to meet the charging demand of all
users. Let the charging station have charging piles f units,
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and f denotes the number of charging piles installed in
charging station i.
(2) Modeling:

Max Z Rix;, (1)

a;€A.

P
i-1

Z fcxi < S’ (2)

ceC

D, x(1-y.)<H .0

Yo Xj € {0, 1} (3)

The objective function is the maximum traffic flow
intercepted; the constraint is the total number of # charging
facilities installed; the constraint is the maximum capacity of
charging facilities not exceeding S; the constraint indicates
that the user can still charge the electric vehicle during the
remaining trips. The constraint indicates that the decision
variable takes the value of 0 or 1.

(3) Algorithm solving: Ant colony algorithm refers to an
optimization algorithm that simulates the foraging behavior
of ants to find the optimal path. By identifying a series of
solutions to be optimized as the solution space of feasible
solutions, the ant colony algorithm is driven by the pher-
omone and iterates in a continuous loop to find the optimal
path under the influence of positive feedback mechanism
and then obtains the optimal solution of the problem. The
algorithm is mainly applied to the assignment problem,
traveler problem, network routing, and other optimization
combination problems. Related scholars at home and abroad

improve the ant colony algorithm; the most classical one is
the maximum-minimum ant colony system (MMAS), which
mainly improves three aspects, such as initializing the
amount of information 7, (0) = 7,,,,, to find the ant re-
leasing pheromone of the shortest path after one cycle and
limiting 7;, (0) between [Tmin, Tmax]. The main parameters
are chosen as follows: information heuristic factor a, ex-
pectation heuristic factor 3, ant colony size m, and infor-
mation volatility factor p.
a € [0,5],
B € [0,5],
m € [10,10000],
p € [0.1,0.99].

(4)
€
€

Calculation Method: Variable Initialization. Determine the
range of the study; n denotes the number of regions; that is,
the range of the study is n regions. Create a matrix of weights
for n regions, and the weights, namely, pheromones, are
expressed in terms of EV traffic flow on each traffic path and
specify the distance of each shortest path. Perform iterations.
Specify the maximum number of iterations, and when the
maximum number of iterations is reached, the iteration
stops, and the best route and its distance are recorded. The
probability of ants choosing a route is the probability that the
charging station is set in a certain path, and the probability is
calculated by the formula b; = (1;,/) 7;) X R;. The prelim-
inary station setting scheme is determined according to the
probability size. According to the constraints in the model, if
the conditions are met, the calculation continues to the next
step, and if not, the probability is recalculated to determine
the new station setting scheme. Select the path according to
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TaBLE 1: Landscape design effect comprehensive assessment index system.

Target layer

Level 1 indicators

Level 1 indicators

Scientific Overall conformity
Artistic Functionality
Protective System integrity
Economical Natural aesthetics

Level 1 indicators

Space creation

Comprehensive assessment Scientific Vernacular culture
of landscape design effects Artistic Landscape pattern protection
. Vernacular culture preservation
Protective

Level 1 indicators

Conscious space preservation
Project cost
Maintenance costs
Landscape economic vitality

the objective function. Bring the number of site settings that
meet the conditions into the model objective function, take
the maximum value, and record the best path and update the
pheromone. Continue the drop generation until the number
of drop generations reaches the maximum value and stop.
Get the best station setting value.

3.2. Landscape Evaluation of Public Charging Facilities.
To evaluate the landscape design effect with high precision,
an optimal landscape evaluation index system must be
established. In this paper, a landscape evaluation index
system 1is established based on the principles of represen-
tativeness, measurability, comparability, validity, and sci-
entific, as shown in Table 1.

The quantitative operation of the landscape design effect
is carried out in the form of a 100-point system, and they are
described specifically as shown in Table 2.

We use the hierarchical analysis method to determine
the weights of landscape design assessment indexes, and the
specific process is as follows: (1) The landscape design effect
assessment indexes are quantified and the judgment matrix
of landscape design effect assessment indexes is established,
as shown in the following equation:

a;p 412 Ay

= ay1 Gop o Gy

A= ’ > ", (5)
Am1 Am2 " Amm

where a; ;is the relative weight of indicator i relative to j. (2)
Calculate the product of the elements of each row of
equation (5); that is,

n
M; =[]ay;. (6)
j=1
(3) Calculate the nth root of M;:
w; = M, (7)

(4) Normalize w; using the following

eﬁuation to obtain
the weight vector as W = [w;, w,,. ..

,wy]”.

gl

i
w:

w;

(8)

=

)

1

TABLE 2: Scoring criteria for comprehensive assessment results of
landscape design effects.

Landscape design effect assessment grade Score
Excellent medium 90-100
Qualified 80-90
Unqualified 70-80
Landscape design effect assessment grade 60-70
Excellent medium 60

3.3. Design Algorithm of Public Charging Facilities in Eco-
logical Landscape. The number of input, implicit, and
output nodes of the BP neural network are N, L, and M,
respectively. The structure of the neural network is shown in
Figure 4. The input vector is X = [xy, x,...,xy_;]; the
weights between the implicit layer point j and the input layer
point i and the output layer node k are V;; and Wy, re-
spectively, and the thresholds of the output and implicit
layers are ¢; and ;. The outputs of the nodes in the implicit
layer and the output layer are computed as

Vijxi - ¢j>’

Calculate the deviation of y, from the target output; that

N-1

>

i=l

h; =

f@0=f<

9)

L-1

yi = f(a) :f<ZWijhi_6k

is,

8 = (di = yi)yi (1= yi)s

. M-1 (10)
S =hi(1-h;) Y &Wj
k=0
The weight adjustment size is calculated as
AW 4 (n) = néih;,
jk k'™ (11)

AV, (n) = 115;7 X;.

The adjustment of weights is given as
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FiGure 4: Neural network structure.

Wi (n+1) =W (n)+ AW j (n) + pAW i (n-1)V;; (n+1)
=V, (m+AV;;(n)+pAV;; (n-1).
(12)

Landscape Design and Evaluation Process. (1) Establish the
index system for landscape design evaluation. (2) Use hi-
erarchical analysis to determine the weights of the indicators
for landscape design assessment. (3) Collect sample data for
landscape design assessment and use experts to score the
effect of landscape design assessment, and form a sample set
with its landscape design assessment indexes. (4) Adopt the
number of landscape design assessment indicators to de-
termine the number of input nodes of BP neural network,
landscape design assessment effect as the output of BP neural
network and determine the number of implied nodes of BP
neural network according to certain formula so as to es-
tablish the topology of BP neural network. (5) Initialize the
relevant parameters of the BP neural network. (6) Adopt the
BP neural network to learn the training samples for land-
scape design evaluation and determine the optimal pa-
rameters with the landscape design evaluation accuracy as
the training target. (7) Establish a landscape design as-
sessment model according to the optimal parameters and
test the model performance using the landscape design
assessment test sample. The specific process of landscape
design assessment by hierarchical analysis method and
neural network is shown in Figure 5. The main steps include
establishing the evaluation system and data collection, de-
termining the BP neural network structure, and training the
network. Finally, the performance of the model is tested
using a landscape design evaluation test sample.

4. Experiments and Results

4.1. Experimental Setup. To test the performance of the
hierarchical analysis method and neural network for the
design and evaluation of ecological landscape public
charging facilities, specific experiments were used to test

their performance, and their measurement environment is
shown in Table 3. To make the landscape design evaluation
results of hierarchical analysis method and neural network
comparable, the landscape design evaluation of hierarchical
analysis method and landscape design evaluation method of
BP neural network are selected for comparison test, and the
evaluation accuracy and evaluation time are selected as
performance evaluation indexes. The method proposed in
this paper performs 30 epochs on the training dataset. The
specific training method is as follows: the initial vector is set
to 0.0001; the Adam optimizer is used; and the batch size is
set to 8 (the batch size is the size of a training sample selected
and the limitation of the device GPU to choose the best
optimization and speed according to the model). The
training process performance improvement and loss con-
vergence diagram is shown in Figures 6 and 7. Analysis by
Figures 6 and7 shows that a total of 30 epochs are trained,
and the overall performance of the training process im-
proves smoothly, and the model performance improves
faster after 14 epochs, and the final accuracy converges
to 99%.

4.2. Test Objects. For the effect of 50 ecological landscape
public charging facility design solutions, multiple experts
were used, and multiple peers scored according to the values
of landscape design indicators as well as their own experi-
ence and knowledge, and the results of each landscape
design scoring were counted, as shown in Figure 8.

From Figure 8, it can be found that the scoring results of
different ecological landscape public charging facility design
effects are different, indicating that the ecological landscape
public charging facility design effects are characterized by
certain randomness and nonlinear changes.

4.3. Comparison of Evaluation Accuracy of Indicator Layer.
Ten ecologies landscape public charging facility design so-
lutions were randomly selected as test samples and others as
training samples, and five simulation tests were conducted
for each method to reflect the fairness of the experimental
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TaBLE 3: Test environment setup.

Parameter Parameter values
CPU AMD 3.0 GHz
RAM 16 GB
Hard disk 1000 GB SDD
Network card 1000M
Operating system Win 10
Programming tool VC6.0++

results, and the accuracy of landscape design effect assess-
ment is shown in Figure 9.

Comparing the accuracy of ecological landscape public
charging facility design with Figure 9, we know that the
average accuracy of ecological landscape public charging
facility design of this paper is 91.52%, that of hierarchical
analysis is 84.20%, and that of BP neural network is 86.3%.
Compared with the comparative methods, the error of the
ecological landscape public charging facility design effect
assessment of this paper decreases significantly, which is
mainly because the method of this paper integrates the
advantages of hierarchical analysis and neural network,
solves the defects of the current landscape design effect
assessment with large errors, and verifies the superiority of
the landscape design effect assessment method of this paper.

4.4. Ecological Landscape Charging Efficiency. According to
the queuing theory model and the determined parameters, the
charging stations and the installed charging piles are coded to

generate the initial population, and then the dominant in-
dividuals are identified and entered the next generation of
genetic operation based on the requirement of the least
queuing time of the objective function. After a series of it-
erations, the final solution for selecting the location of
charging stations and allocating the number of charging piles
to make the objective function optimal is generated.
According to the problem of charging station service effi-
ciency, the number of populations, the length of individuals,
the maximum number of iterations, the crossover rate, and
the variation rate are 10, 9, 20, 0.8, and 0.01, respectively,
when the number of charging stations is 120, 150, and 180,
and the software is used for the programming operation of the
ant colony algorithm. The basic process mainly includes the
following steps: coding, creating the initial population,
guiding the direction according to the fitness value after it-
eration, selection, crossover, variation, substitution to cal-
culate the objective function value, and outputting the
optimal solution. Result Analysis. When the number of
charging posts is set to 120, the objective function value
reaches the optimum at the 14th iteration and the least time is
used (as shown in Figure 10). From the whole process of the
change of the objective function value and the number of
genetic iterations, the construction of the model and the
selection of parameters are more scientific, and the objective
value shows a continuous decline. Through simulation, it can
be concluded that when 9 cells such as h1, h2, h3, h4, h5, h6,
h7, h8, and h9 are selected to build stations, and the numbers
of their charging posts are assigned as 16, 22, 15, 13, 5, 14, 11,
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9, and 15, respectively; the total time consumption that canbe ~ The effect of neural network on the ecological landscape of
achieved is 226.83, as shown in Table 4. charging facilities is shown in Figure 11. The decentralized

From the above table, the selection of 9 traffic districts ~ layout of ecological landscape public charging facilities
for setting charging stations makes the ecologies landscape ~ shortens the time consumed by users in the whole process of
public charging facilities more widely radiated to all areas.  charging, makes it possible to get charging services nearby,
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TaBLE 4: Optimization results of charging facility site selection.

Charging station setup Charging pile setup Demand share (%) Queuing time (h) Detour time (h) Total time consumption (h)

h1 (pcs) 13

h2 16 18

h3 22 12

h4 15 11

h5 13 4 50.61 176.22 226.83

hé6 5 12

h7 14 9

h8 11 7

h9 9 12
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FiGure 11: The effect of neural networks for ecological landscaping of charging facilities.

saves the time of detouring and queuing, optimizes the
network system, and maximizes the utilization rate of
charging facilities and user satisfaction.

5. Conclusion

Landscape design is an important part of public charging
facilities, and the functionality of the facilities nowadays is
much more than the landscape. The application of landscape
design in public charging facilities has not been explored to
coordinate the environment, the value carried by the
landscape itself, and the application of landscape design in
public charging facilities. The combination of landscape
design and base station is the protection and improvement
of the living environment so that the ecological concept is
used in the space: “The intelligent person hears in silence,
and the wise person sees in the unformed.” The sustainable
development of the charging station lies in the coprogression
of the thinking of the times and environmental protection
consciousness, reflecting the spirit of different places and
social connotation in the ecological consciousness. In the
present era of pursuing low carbon and environmental
protection, public charging facilities in cities will certainly
become an indispensable part. In addition to the main
charging function, the principles and concepts of its land-
scape design have positive marketing to the urban living

environment and can play the role of embellishment. The
human-oriented design concept should be applied to give it
better convenience and functionality, better meet the public
demand in the information age, realize greater value, create a
more harmonious and beautiful urban environment, add
fun, and facilitate people’s daily life.

In response to the defects in the current evaluation
process of ecological landscape public charging facility de-
sign, based on the theory of combinatorial optimization and
using the respective advantages of hierarchical analysis and
neural network, we propose a landscape design effect
evaluation method of hierarchical analysis and neural net-
work, using hierarchical analysis to establish a scientific and
objective evaluation index system of ecological landscape
public charging facility design and using the nonlinear fitting
ability of neural network. Tracking the changing charac-
teristics of landscape design, they overcome the defects of
single hierarchical analysis method and neural network. The
main steps of the proposed method are as follows: (1) es-
tablish the evaluation system and data collection; (2) de-
termine the BP neural network structure; (3) initialize the
neural network and train the network; and (4) build the
landscape design evaluation model according to the optimal
parameters and test the performance of the model using the
landscape design evaluation test samples. The final test re-
sults show that this paper’s method is a high-precision and
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fast landscape design effect assessment method, and the
assessment results can provide valuable reference opinions
for the design staft of ecological landscape public charging
facilities, which has a very wide application prospect. In the
future, we plan to conduct research on public charging
facilities for electric vehicles based on knowledge mapping
and recurrent neural networks that integrate landscape
design and environmental protection.
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With the development of big data concept and technology, big data has an important impact on human development. This paper
studies the relationship between the consumption pattern and mental health of enterprise employees under the normalization of
epidemic prevention and control. Starting from the consumption structure and behavior of enterprise employees, it defines the
meaning of enterprise employees” consumption and the connotation of enterprise employees” health psychology and analyzes the
relationship between consumption behavior and consumption psychology and the elements of enterprise employees’ health
psychology. Based on the change of employees’ income structure and consumption patterns, this paper speculates the relationship
between employees’ consumption patterns and mental health, analyzes the correlation between employees’ consumption patterns
and mental health through a questionnaire survey, and calculates the Correlation Clustering statistical results. It plays an
important role in building a good enterprise staff consumption culture under the normalization of epidemic prevention and

control and effectively realizes the significance of purifying the social consumption environment.

1. Introduction

During the epidemic period, not only the economic situation
changed but also the behavior and attitude of global con-
sumers had changed dramatically. The purpose of studying
consumer psychology also includes meeting the psychological
and physiological requirements of consumers, developing
appropriate strategies for consumer services, and providing
strong support for the protection of consumer interests. In
daily life, in addition to learning, work, and entertainment,
satisfying the desire of consumption leads to pleasure and
happiness. The study of consumers’ psychology and behavior
mode can better meet the consumption pleasure of con-
sumers. In consumer psychology, the study of consumers’
subjective feelings, experience, and satisfaction is a necessary
prerequisite for formulating service strategies. How to protect
the employees at the grassroots level, what changes have taken
place in people’s consumption mentality, and what is the
difference between the consumer market and the past? These
problems have become the focus of people’s attention.
Therefore, from the perspective of normalization of epidemic

prevention and control, this paper studies the correlation
probability between employees’ consumption patterns and
mental health. In general, risk can be expressed as a function
of the probability of events and their consequences [1-3],
namely,

R=F(P,C), (1)

where R is the epidemic risk degree; P is the probability of
changes in consumption patterns of enterprise employees
after the epidemic; and C is the consequences of changes in
consumption patterns and mental health of corporate em-
ployees after the epidemic.

The occurrence probability of this kind of bad event is
described by the epidemic risk degree in the above function,
so the risk is always associated with the loss. Therefore, the
loss is regarded as the starting point of the research on the
correlation between the consumption style and mental
health of enterprise employees, that is, the concept of dosage
is used to specify the risk [4, 5]. The probability of loss refers
to the probability or opportunity of loss in a certain period of


mailto:2200648@s.hlju.edu.cn
https://orcid.org/0000-0001-7748-0098
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6894141

time. In a more popular sense, risk actually represents an
uncertainty that is always associated with potential losses.
Mental health problems are the result of the compre-
hensive action of various factors. There are many reasons for
the increase of employees’ psychological problems, mainly
including social environmental factors, enterprise environ-
mental factors, family environmental factors, and employees’
psychological factors. Employees’ mental health problems will
inevitably be reflected in daily work, study, life, social in-
teraction, etc., and will have a negative impact on work ef-
ficiency, work stability, and even the harmonious
development of the whole society. Enterprise managers and
even the whole society should incorporate the adjustment and
release of employees” psychological problems into their daily
management work and strive to improve the mental health
level of employees. The main countermeasures to solve the
mental health problems of employees are paying close at-
tention to their mental health, improving their social
adaptability, striving to create a good environment conducive
to the mental health of employees, and reducing stressors.
Therefore, in the research on the relationship between em-
ployees’ consumption patterns and mental health, we can follow
the idea of empirical research on definition behavior and psy-
chological analysis. Then, the definition of a healthy personality of
employees is given, and the constitution of the healthy personality
is analyzed. Finally, using the change of employees’ income
structure and employees’ consumption patterns, we speculate the
relationship between employees’ consumption patterns and
mental health and calculate the Correlation Clustering statistical
results. The flow chart of this paper is shown in Figure 1.

2. Materials and Methods

2.1. Consumer Definition. Consumption is a kind of eco-
nomic relationship. In the case of consumption activities,
employees’ consumption includes work and production
needs, transportation needs, living environment needs, and
material needs. An earlier meaning of consumption is a
process of spending money to meet one’s own needs [6-9].
And, consumer behavior is a kind of external activity driven
by consumer psychology, which may be practical or spiritual
things and may include now paid music, paid TV programs,
food, daily necessities, and so on.

In the process of social development, the study of
consumer behavior is not limited to the field of psychology,
but closer to the field of sociology.

This paper discusses the consumption pattern of en-
terprise employees under the normalization of epidemic
prevention and control, discusses consumption level and
consumption structure of enterprise employees before and
after the epidemic, and analyzes the influence of enterprise
employees’ healthy psychological environment on con-
sumption behavior, so as to make a comprehensive analysis
of enterprise employees’ daily life and social economy.

2.2. Analysis of Consumption Behavior and Consumption
Psychology of Enterprise Employees. The consumption psy-
chology of enterprise employees is a kind of inner
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FIGURE 1: Flow chart of research ideas on the correlation between
employees’ consumption patterns and mental health.

emotional process of spending money and time to obtain
various goods. What we call the desire to buy certain things
and the psychological comfort after purchasing certain
things all belong to the consumption psychology of en-
terprise employees [10-15]. At present, employees in en-
terprises generally have the following situations when they
consume.

The first is task-based consumption behavior. When
purchasing certain goods, it is because of the requirements of
the leaders or the company, including but not limited to
customizing the company’s uniform clothing, raising funds
for group construction, and requiring some office software
or office equipment needed for work. In these cases, most
employees are reluctant to consume.

Second, the consumption behavior of the company’s
employees is not the consumption behavior required by
the company, but the consumption behavior caused by
the comparison with colleagues. This includes, but is not
limited to, buying clothes, accessories, lunches, and
things better than what colleagues buy. In comparative
psychology, most consumption is the spontaneous be-
havior of employees. Third, the employees of the com-
pany have a relatively pure consumption psychology,
which is based on a real demand for goods. After con-
sumption, the company’s employees can get psycho-
logical comfort.
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The abovementioned enterprise employees’ consump-
tion behavior is based on employees’ consumption psy-
chology, which is a predictable activity. In order to study the
relationship between the consumption pattern and mental
health of enterprise employees under the normalization of
epidemic prevention and control, it is necessary to study the
consumption psychology. The consumption behavior and
consumption psychology of enterprise employees comple-
ment each other and are inseparable [16, 17].

Based on the observation and analysis of employees’
consumption behavior, this paper uses the symbolic con-
sumption theory, conspicuous consumption theory, and
fashion consumption theory of consumption sociology to
reveal the change trend of employees’ consumption

psychology.

2.3. Consumerism. How to evaluate the relationship between
consumer behavior and mental health? Healthy consumption
psychology can make the consumption behavior of enterprise
employees more reasonable, and at the same time, healthy
psychology can make the consumption behavior of enterprise
employees more clear, can weaken the enterprise employees’
desire of comparison and excessive shopping desire, also
make the consumption behavior of enterprise employees
more in line with China’s national conditions, and advocate
the consumption concept of diligence and thrift.

2.4. Analysis on the Construction of Healthy Personality.
The mental health of the employees needs the assistance of
healthy personality. Therefore, we need to clarify the con-
notation of the healthy personality of the employees. Healthy
personality is a good character, which includes no aggressive
personality, no violence, sincerity, and good treatment,
which makes the employees of enterprises have a more ideal
personality [18-21]. In order to analyze the mental health
and consumption behavior of enterprise employees, it is
necessary to analyze the definition of the healthy personality
and the constitution of the healthy personality of the
employees.

2.5. The Definition of Healthy Personality of Enterprise
Employees. The healthy personality of enterprise employees
is basically consistent with other personality, so it has not
been clearly defined. For the convenience of this study, this
paper can define the healthy personality of enterprise em-
ployees as a comprehensive ability that enterprise employees
can adapt to the environment and solve problems when they
encounter various challenges, difficulties, or major changes
in the company or work [22-24]. Such capabilities include
the following:

(1) How to regulate personal emotions and not bring
them into work?

(2) How to improve the working environment and
choose a favorable way to solve the difficulties?

(3) How to mobilize the enthusiasm of individual em-
ployees when they are tired or repetitive?

This is a kind of continuous ability, or a kind of psy-
chological adaptability. For enterprise employees, healthy
personality can make employees have a strong ability to
resist pressure, make them have a certain sense of security
without needing others, make them release kindness to
enterprise employees, make them strive to live their own life,
help them do their own work well, make them observe the
environment correctly and objectively, and adapt to the
environment. This kind of personality can make enterprise
employees less likely to panic when they encounter emer-
gencies which leads to abnormal consumption behavior of
enterprise employees.

Even people with a perfectly healthy personality can
acquire mental health concerns, and it is crucial to under-
stand how the concept of a healthy personality and the
existence of mental health issues has been conceptualized. A
person with a healthy personality, such as good working
abilities and a high moral character, might yet suffer from
mental health problems.

2.6. The Constitution of Healthy Personality of Enterprise
Employees. This paper analyzes how to develop a healthy
personality in enterprise employees on the basis of obtaining the
consumption psychology and behavior of enterprise employees.

First of all, the most important thing for an enterprise is
its employees’ working ability. Frankly speaking, it can bring
benefits to the company. Therefore, the most important
thing for an enterprise employees’ healthy personality is
their working ability. Ability includes two aspects: one is
self-ability and the other is the potential ability of enterprise
employees, that is, learning to improve their own ability,
which is the cornerstone of healthy personality of enterprise
employees.

Secondly, the moral character of employees is also one of
the important factors. In the process of work, enterprise
employees need to follow their heart and be compassionate.
Excellent enterprise employees should not only pay atten-
tion to current affairs, but also try their best to help others
[25]. Therefore, excellent moral character plays an important
role in the healthy personality of employees.

Therefore, good temperament cultivation is also an
important part of the healthy personality of enterprise
employees. The elements that constitute the healthy per-
sonality of enterprise employees are of multilevel, and there
is an organic systematic connection between them. They
have an inseparable nature in the complete personality
structure. They are intertwined, interdependent, interre-
lated, and interactive, and together constitute the overall
healthy personality of enterprise employees.

3. Analysis on the Relationship between
Consumption Style and Mental Health of
Enterprise Employees

3.1. Analysis on the Change of Enterprise Employees’ Con-
sumption Patterns under the Normalization of Epidemic
Prevention and Control. In order to verify the relationship
between consumption patterns and mental health of



enterprise employees under the normalization of epidemic
prevention and control, firstly the consumption patterns and
sources of funds of enterprise employees are collected. This
paper randomly selects 3000 employees from 10 enterprises
in a city to analyze the sources of consumption funds of
employees in different enterprises in 2018, and the results are
shown in Table 1.

Analysis of Table 1 shows that due to the different family
conditions, wages, consumption patterns, and consumption
concepts of enterprise employees, the sources of con-
sumption funds for enterprise employees are different.
Among the 3000 employees, 986 used their wages for
consumption, accounting for 32.87%, 523 used their credit
cards for consumption, accounting for 17.43%, and 1062
used their flowers, Mayi Pay, which is a consumer credit
product launched by Ant Financial, for consumption, ac-
counting for 35.40%. The overall analysis of the above details
shows that Huabei and credit card are the main ways of
enterprise employees’ capital consumption, which shows
that with the development of network technology, people’s
living conditions and consumption ideas have changed.

However, the current outbreak has changed the con-
sumption mode of enterprise employees again. Therefore,
this paper makes a return visit to the 3000 employees in 2020
and analyzes the changes of consumption mode of enterprise
employees under the normalization of epidemic prevention
and control, and the results are shown in Table 2.

According to the analysis of Table 2, in 2020, 1868
employees of 3000 enterprises spent their wages for con-
sumption, accounting for 62.23%, 298 employees used their
credit cards for consumption, accounting for 9.93%, and 663
employees spent their money for consumption, accounting
for 22.10%. 148 people spent through bank loans, accounting
for 4.93%. 23 people consumed in other ways, accounting for
only 0.07%. Comparing Tables 1 and 2, it can be seen that
under the influence of the epidemic in 2020, the number of
employees taking wages as the main source of consumption
increased from 986 to 1868, accounting for 62.23% from
32.87%. At the same time, in 2020, the number of employees
who used credit card and E-Payment as the main con-
sumption mode was significantly reduced, indicating that
the epidemic has affected the consumption psychology and
mental health of enterprise employees.

3.2. The Consumption Quota of Enterprise Employees under
the Normalization of Epidemic Prevention and Control. In
order to further study the consumption situation of enter-
prise employees under the normalization of epidemic pre-
vention and control, 3000 employees with different salaries
were selected for consumption analysis and the consump-
tion funds of employees of different enterprises in 2018 were
obtained. The results are shown in Table 3.

By analyzing Table 3, we can see the consumption sit-
uation of employees in 2018. For the employees with a salary
of 0-3000 yuan, one-tenth of them are paid in the range of
10000-15000 yuan and about 47% of them are paid in the
range of 3000-10000 yuan. This shows that half of the
employees’ wages are below 10000 yuan before the outbreak
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TaBLE 1: Proportion of capital sources of employees’ consumption
in 2018.

The source of enterprise employees’ Number/  Proportion/
consumption funds person %
Wages 986 32.87%
Credit card 523 17.43%
Flowers 1062 35.40%
Bank loans 426 14.20%
Other 3 0.01%
Total 3000 100%

TaBLE 2: Proportion of capital sources of enterprise employees’
consumption in 2020.

The source of enterprise employees’ Number/  Proportion/
consumption funds person %
Wages 1868 62.23%
Credit card 298 9.93%
Flowers 663 22.10%
Bank loans 148 4.93%
Other 23 0.07%
Total 3000 100%

of the epidemic. According to the analysis of the way of
consumption of their employees, 59% of the employees who
earn less than 3000 yuan are paid by WeChat, Alipay, and
other electronic payment methods. 31.2% of the employees
spend their money through flower and credit cards, and only
9.8% of their employees are paid by cash. Of the employees
earning 8000-10000 yuan, 56% were paid by WeChat,
Alipay, and other electronic payment methods. 20% of the
employees were paid using Huabei and credit cards, and 24%
of the employees were paid by cash. Comparing the two
kinds of employees, the higher the salary, the smaller the
proportion of people who use overdue consumption such as
Huabei and credit card. This is also true for employees with
an income of 10000-15000 yuan or more.

In order to compare the consumption situation of en-
terprise employees under the normalization of epidemic
prevention and control, the consumption situation and
income situation of 3000 enterprise employees in 2020 were
collected and the consumption funds of employees were
obtained as shown in Table 4.

According to the analysis of Table 4, under the influence
of the epidemic, the income of these 3000 employees has
changed. The number of employees whose wages were
0-3000 yuan increased from 1000 to 1200, and the number
of employees whose wages were 10000-15000 yuan or more
decreased by 380. This shows that the epidemic environment
has affected the wages of most enterprise employees and
changed their living or working environment. Compared
with 2018, 81.83% of the employees who earned 0-3000 yuan
were more dependent on Alipay and WeChat’s electronic
payment methods and the number of people who used
advanced consumption methods such as Huabei and credit
cards decreased from 312 to 122, which indicated that the
epidemic environment affected the consumption patterns of
most employees. That is to say, the epidemic prevention and
control has a certain impact on the consumption style and
mental health of employees.
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TaBLE 3: Consumption analysis of employees in different enterprises in 2018.

Salary range (yuan)

Consumption pattern of enterprise employees

Huabei, credit card Cash WeChat, Alipay Total number
0-3000 312 98 590 1000
3000-5000 385 215 160 760
5000-8000 58 94 88 240
8000-10000 100 120 280 500
10000-15000 50 155 95 300
Over 15000 15 87 98 200

TaBLE 4: Consumption analysis of employees in different enterprises in 2020.

Salary range (yuan)

Consumption pattern of enterprise employees

Huabei, credit card Cash WeChat, Alipay Total number
0-3000 122 96 982 1200
3000-5000 285 220 45 550
5000-8000 45 58 127 230
8000-10000 189 301 310 800
10000-15000 4 21 95 120
Over 15000 12 33 55 100

TaBLE 5: Correlation between consumption patterns and mental health after cluster analysis.

Consumption level/month Type I Type II Type IIT F value
0-500 55.823 +1.66 43.935+1.08 55.842+7.16 63.554
500-1000 53.832+1.88 23.845+1.31 55.643 +2.62 231.543***
1000-2000 14.411+2.16 53.653 +2.26 55.643 +4.51 164.553***
3000-5000 22.563 +£6.43 76.753 + 4.86 55.635+1.99 431.542***
5000-8000 52.521 +3.11 23.532 +2.56 55.342 +1.97 643.231***
8000-15000 54,376 +£4.32 53.643+4.16 55.654+1.76 743.321%**
15000-20000 65.887 £3.13 35.326+3.32 55.133+1.54 234.664***
20000-50000 54.896 +4.21 64.642 +5.33 55.568 + 1.64 243.431%**
Over 50000 32.843+2.16 66.532 +6.16 55.642 +1.31 532.321***
Class size 46.25% 24.21% 29.54% —

3.3. Cluster Statistical Analysis of the Correlation between
Consumption Patterns and Mental Health. The correlation
between consumption patterns and mental health of en-
terprise employees under epidemic prevention and control
can be obtained through cluster statistics. This paper selects
the above experimental data to obtain the correlation.

In Table 5, when p <0.001, it is indicated by “***” which
indicates that there is a statistically significant correlation
between employees’ consumption style and mental health
under the epidemic prevention and control. We have three
ways of employee consumption: type I (electronic payment),
type II (advanced consumption), and type III (cash). In this
paper, consumption skills can be described as the ability of
employees to spend money and time to get what they need.
Consumption skills fundamentally determine whether
consumers can get satisfaction from the consumption of
products and services, that is, whether the purpose of
consumption can be achieved. It can be seen from Table 5
that there is a certain correlation between employees’
consumption patterns and mental health under the epidemic
prevention and control, and nearly half of the employees
prefer electronic payment. Any kind of consumption activity
includes both the psychological activity and the consump-
tion behavior of consumers. Accurately grasping the psy-
chological activities of consumers is the premise of

accurately understanding consumer behavior. Consumption
behavior is the external expression of consumer psychology,
which is more realistic than consumer psychology.

In the future, based on big data mining technology, an
analysis system construction strategy for consumer char-
acteristics can be proposed. Through the effective mining
and analysis of massive data, the market prospect and
consumer purchase behavior of products can be predicted,
so as to support auxiliary enterprises to develop reasonable
marketing strategies.

4. Conclusion

In the research on the relationship between employees’
consumption patterns and mental health, we can follow the
idea of empirical research on definition behavior and psy-
chological analysis. Then, the definition of a healthy per-
sonality of employees is given and the constitution of the
healthy personality is analyzed. Finally, using the change of
employees’ income structure and employees’ consumption
patterns, we speculate the relationship between employees’
consumption patterns and mental health and calculate the
Correlation Clustering statistical results.

In order to study the relationship between consumption
patterns and mental health of enterprise employees under



the normalization of epidemic prevention and control, this
paper analyzes the correlation between consumption pat-
terns and mental health from three experiments: the income
structure of enterprise employees, the correlation between
income levels and consumption patterns of enterprise em-
ployees, and cluster statistics:

(1) Under the influence of the epidemic, the number of
enterprise employees who take wages as the main
source of consumption increased by 882, accounting
for 62.23%. At the same time, the number of en-
terprise employees using credit card and flower
chant as the main consumption mode decreased
significantly, indicating that the normalization of
epidemic prevention and control has affected the
consumption psychology and mental health of en-
terprise employees.

(2) Compared with the preepidemic situation, 81.83% of
the employees who were paid 0-3000 yuan in the
enterprise were more dependent on Alipay and
WeChat’s electronic payment methods and the
number of people using advanced consumption
decreased by 190. The epidemic prevention and
control had a certain impact on the way of con-
sumption and mental health of employees.

Data Availability

The datasets used and/or analyzed during the current study
are available from the author on reasonable request.

Conflicts of Interest

The author declares no conflicts of interest.

Acknowledgments

This study was supported by the Guangxi Business Fund,
under 202006160001, Study on the Countermeasures of
Expanding Consumption in Guangxi under the Normali-
zation of Epidemic Prevention and Control.

References

[1] X. Ma, “The change of consumption in the digital economy:
trends, characteristics, mechanisms and model,” Finance and
Economics, vol. 32, no. 1, pp. 31-39, 2020.

[2] Q. He and J. Liang, “Comparison of College Students’ con-
sumption psychology and behavior of wooden ornaments,”
Forest products industry, vol. 13, no. 10, pp. 26-33, 2020.

[3] B. Li, “Research on the inherent logic and potential risks of
consumer voucher issue under the new crown epidemic,”
Price theory and Practice, vol. 13, no. 4, pp. 47-50, 2020.

[4] S. Zhao and Z. Bai, “Exploration and Reflection on the
construction of mental health education and service system
for College Students,” Journal of Henan University, vol. 14,
no. 6, pp. 22-32, 2020.

[5] T. Xing and Xi Zhang, “The influence of Internet Consumer
Finance on consumption upgrading and consumption ten-
dency change of urban residents,” Contemporary economic
research, vol. 285, no. 05, pp. 91-99+115, 2019.

Journal of Environmental and Public Health

[6] R. Wang, W. Zhu, S. Zhou et al., “Influence of different urban
and rural areas on mental health of college students in
Northeast China,” Occupation and Health, vol. 17, no. 21,
pp. 60-71, 2019.

[7] X. U. Wang, “A study of the characteristics, status quo and

potential of cultural consmnption in China’s ethnic minority

regions,” Journal of Yunnan Nationalities University (Social

Sciences Edition), vol. 037, no. 003, pp. 47-53, 2020.

Y. Qi and Y. Zhang, “The influence of product cognition and

mental health on College Students’ food consumption be-

havior under the concept of health,” China Economist, vol. 16,

no. 10, pp. 212-213, 2019.

H. Fang and J. Zhang, “Verification of the relationship be-

tween coping style, personality and mental health based on

stress system model,” Consumer Guide, vol. 01, no. 11,

pp. 239-240, 2018.

[10] M. Huang, “Investigation on consumption behavior and
psychology of undergraduates and postgraduates in Chang-
sha,” Time Education, vol. 12, no. 15, p. 129, 2017.

[11] Q. Wu, Ke Yang, M. Yu, and J. Diao, “The influence of new
mobile games on young students’ mental health and con-
sumption,” Teacher, vol. 01, no. 005, pp. 59-60, 2019.

[12] X.Zhang, Study on the Influence of Mental Health Status of the
Elderly on Their Health consumption[D], Shandong Univer-
sity, Jinan, China, 2020.

[13] S. Wu, “Analysis of College Students” consumption view and
mental health education under the background of Internet
Finance,” New Education Era, vol. 01, no. 32, p. 111, 2019.

[14] C.P. Heard and S. Yeo, “Walking the labyrinth: considering
mental health consumer experience, meaning making, and the
illumination of the sacred in a forensic mental health service |
American journal of occupational therapy,” Journal of Pas-
toral Care & Counseling Jpcc, vol. 69, no. 4, pp. 240-250, 2017.

[15] C. Schnieders and E. Saks, Conversation about the Saks In-
stitute for Mental Health Law, Policy, and Ethics and Our
Focus on the Mental Health Consumer, pp. 363-366, Uni-
versity of Southern California, Los Angeles, CA, USA, 2018.

[16] B. Scholz, J. Bocking, and B. Happell, “How do consumer

leaders co-create value in mental health organisations?”

Australian Health Review, vol. 41, no. 5, p. 505, 2017.

B. Happell, S. Gordon, J. Bocking et al., “Chipping away: non-

consumer researcher perspectives on barriers to collaborating

with consumers in mental health research,” Journal of Mental

Health, vol. 28, pp. 49-55, 2018.

[18] C. Cohen, “Confidentiality in mental health with deaf pop-
ulations perceptions of the consumer,” JADARA, vol. 36,
no. 1, pp. 5-9, 2019.

[19] J. Levick, K. Broome, R. Bruce, and F. Oprescu, “Consumer,

carer and multidisciplinary perspectives of consumer leisure

time-use on mental health inpatient units,” A Scoping Review,

vol. 12, no. 25, pp. 16-22, 2019.

B. Happell, S. Gordon, C. Roper et al., “Establishing an expert

mental health consumer research group: perspectives of

nonconsumer researchers,” Perspectives in Psychiatric Care,

vol. 57, no. 1, pp. 33-42, 2020.

[21] C.I. Mccray, “Consumer and family perspectives to achieve
mental health equity,” Psychiatric Clinics of North America,
vol. 43, no. 3, pp- 539-554, 2020.

[22] A. L. Rollins, J. Wright-Berryman, N. H. Henry et al,
“Managing physical and mental health conditions: consumer
perspectives on integrated care,” Social Work in Mental
Health, vol. 15, no. 1, pp. 66-79, 2017.

[23] S. L. Bernecker, K. Banschback, G. D. Santorelli, and
M. J. Constantino, “A web-disseminated self-help and peer

[8

[9

(17

20



Hindawi

Journal of Environmental and Public Health
Volume 2023, Article ID 9834764, 1 page
https://doi.org/10.1155/2023/9834764

Retraction

@ Hindawi

Retracted: The Construction of National Image of China by English
World Media in Public Health Emergencies

Journal of Environmental and Public Health

Received 25 July 2023; Accepted 25 July 2023; Published 26 July 2023

Copyright © 2023 Journal of Environmental and Public Health. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the

original work is properly cited.

This article has been retracted by Hindawi following an
investigation undertaken by the publisher [1]. This in-
vestigation has uncovered evidence of one or more of the
following indicators of systematic manipulation of the
publication process:

(1) Discrepancies in scope

(2) Discrepancies in the description of the research
reported

(3) Discrepancies between the availability of data and
the research described

(4) Inappropriate citations

(5) Incoherent, meaningless and/or irrelevant content
included in the article

(6) Peer-review manipulation

The presence of these indicators undermines our con-
fidence in the integrity of the article’s content and we cannot,
therefore, vouch for its reliability. Please note that this notice
is intended solely to alert readers that the content of this
article is unreliable. We have not investigated whether au-
thors were aware of or involved in the systematic manip-
ulation of the publication process.

Wiley and Hindawi regrets that the usual quality checks
did not identify these issues before publication and have
since put additional measures in place to safeguard research
integrity.

We wish to credit our own Research Integrity and Re-
search Publishing teams and anonymous and named ex-
ternal researchers and research integrity experts for
contributing to this investigation.

The corresponding author, as the representative of all
authors, has been given the opportunity to register their
agreement or disagreement to this retraction. We have kept
a record of any response received.

References

[1] D. Zhang, “The Construction of National Image of China by
English World Media in Public Health Emergencies,” Journal of
Environmental and Public Health, vol. 2022, Article ID
9669941, 8 pages, 2022.


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/9834764

Hindawi

Journal of Environmental and Public Health
Volume 2022, Article ID 9669941, 8 pages
https://doi.org/10.1155/2022/9669941

Research Article

@ Hindawi

The Construction of National Image of China by English World
Media in Public Health Emergencies

Dian Zhang ©"*

College of Foreign Languages, Hunan University, Changsha 41000, Hunan, China
2College of Foreign Languages, Hunan University of Humanities, Science and Technology, Loudi 417000, Hunan, China

Correspondence should be addressed to Dian Zhang; zd1983dz@163.com

Received 9 May 2022; Revised 31 May 2022; Accepted 2 June 2022; Published 27 June 2022

Academic Editor: Amit Gupta

Copyright © 2022 Dian Zhang. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Based on the latest coronavirus corpus of the English corpus collection list (English-corpora), this paper aims to do the data
mining of the China-related reports reported by the media of the United States, Canada, Britain, and Australia in public health
emergencies. It tries to analyze how the English world media construct China’s national image on the basis of the theory of
evidentiality. It is found that the national media in the English world media report on China’s national image show a dynamic
process of “concern-worry-stigmatization-dumping.” The western media made the construction of China’s national image by
subjective reports, objective but negative media discourse, and “double standards.”

1. Introduction

For a long time, English-speaking media have made use of
their status as the global mainstream media to guide public
opinion, influence the international public’s cognition and
attitude towards the image of other countries, and form
international relations and interaction behaviors conducive
to their own interests [1]. Sudden global public health events
provide a window to observe how English-speaking media
construct the image of other countries. By the way, it
provides enlightenment for the development of Chinese
news media, that is, China-related media reports are reliable
materials to study how English-speaking media construct
China’s national image by using their discourse power and
the dominant power of public opinion.

Based on the COVID-19 news reports on China from the
coronavirus corpus of the United States, the United King-
dom, Canada, and Australia from January 1 to June 14, 2020,
This paper studies how the National image of China under
the mirror image of the English-speaking world is con-
structed by western media in order to provide a reference for
China to cope with the construction of the national image in
international reports through data statistics, categorization,
and analysis.

1.1. The Process and Concrete Performance of the Construction
of China’s National Image by English-Speaking Media.
There are 360 million words capacity for the coronavirus
corpus, and the news corpus is continuously updated at 4
million words per day until June 14, 2020. It covers news
reports published in print and digital media in 20 countries,
including the United States, the United Kingdom, Australia,
and Canada since the outbreak of COVID-19. In the process
of studying the data, it found the dynamic “stigmatization”
of China in English-speaking media.

1.1.1. The English-Speaking World’s Media “Blame” and
“Stigmatize” the Performance of China. Based on the re-
trieval of the top 100 high-frequency words and their col-
location verbs and nouns in Chinese-related news from
English-speaking countries in the coronavirus corpus, it is
found that the peak of global Chinese-related news occurred
on February 1, 2020 (Table 1).

Table 1 confirms the collective “blame shifting” and
“stigmatization” of China in the Western media. Among the
top 100 high-frequency words matched with China, “virus”
ranked first and second in the United States, the United
Kingdom, Australia, and Canada. The collocation of these
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TaBLE 1: Time distribution of China-related news in English-speaking countries during the epidemic.

Section All  20-01-01 20-02-01 20-02-11 20-02-21 20-03-01 20-03-11 20-03-21 20-04-01 20-04-11 20-04-21 20-05-01

Freq 102,199 12,485 12,242 6,836 8,401 10,506 8,120 12,176 8,293 8,749 7,753 6,638

Words (m) 237 7.3 4.8 4.0 5.7 17.6 26.8 55.5 38.4 35.8 33.8 31.3

Per mil 430.04 1,700.90 2,570.14 1,707.95 1,466.45 595.46 302.79 219.27 215.86 24470  229.37 212.41

words with China indicated that the mainstream media of
the four countries believed that the virus originated from
China. The words “cover up,” “conceal,” and “biological
weapon” are 490, 210, and 77 frequency, respectively, in the
data, which were keywords used by Western countries to
insult China (Table 2).

The peak of China-related news in the USA, the UK,
Australia, and Canada on March 21 is because Trump used
the word “Chinese virus” on Twitter for the first time around
March 16, 2020 and mentioned coronavirus as “Chinese
virus” in the Press Conference on March 19, as shown in
Table 3. The frequency performance of “transparency”
should be concerned. The topic only made the top 70 in the
UK (Table 3).

Another manifestation of the Western media’s collective
“blame shifting” and “stigmatization” of China is that they
turned a blind eye to China’s positive response to the epi-
demic in the early stage. At the same time, when the epi-
demic broke out around the world, Western media rarely
mentioned China’s timely assistance to countries in need
and its active sharing of experience and contribution of
solutions to other countries. In Table 3, the frequency of the
collocation “help” in the United States, the United Kingdom,
Australia, and Canada is not more than 2, and most of them
praise the achievements made by other countries, such as
Japan and South Korea, in the prevention and control of
COVID-19 spreading around the world. The “China coro-
navirus” in the USA is 1,181 (m8.0), Canada at 7.0 (191),
Australia at 220 (11), and the UK at 309 (9.8). It can be seen
that there are many issues about the USA “stigmatizing” and
“blaming” China, while those about the UK, Australia, and
Canada “stigmatizing” China are concentrated. But “made in
China” and “virus made in China” (US 141, UK 34, Canada
26, and Australia 19) are still the main ones who deliberately
instigated the “demonization” of China. For example, the
Wall Street Journal said in its report that “China is the real
sick man of Asia” and used the epidemic to attack China
with racist colors. The British media Henry Jackson pub-
lished a report titled “Corona-virus Compensation?
Assessing China’s Potential Culpability and Avenues of
Legal Response.” It was an accurate calculation of how much
China would have to pay.

2. The Way of Constructing China’s National
Image by English-Speaking Media

As China has become the second-largest economy in the
world, its international influence has been greatly enhanced.
It is helpful for China to construct a good national image
with the help of the media. It also made the Western media
worried to crack down on China to a large extent. The

sudden outbreak of the epidemic has given some English-
speaking countries an opportunity to deliberately defame,
smear, discredit, and blame China and undermine the good
national image of China.

2.1. Western Media Stigmatize China by Subjectively Reporting
the Epidemic. Fairclough once proposed in his critical
discourse analysis that language is subjective and reflects the
speaker’s viewpoint and ideology [2]. Systemic functional
linguistics is the mainstream of critical discourse analysis
research. The analysis of modality, evidentiality, and dis-
course strategy is closely related to critical discourse analysis.
The analysis of evidentiality not only makes language reflect
reality but also explores different ideologies and different
power relations. Franz Boas proposed evidentiality, a lin-
guistic phenomenon that can indicate information source
and degree of affirmation, to judge the objectivity of news
report sources. The means to reflect the source of infor-
mation is called “evidential,” which helps judge how news
reporters cover up the truth of the facts by using language
skills or intentionally misleading the audience. And how can
we judge the “evidence” We can get the answer from the
language.
For example, we have the following:

(i) It is great

(ii) It is particularly great
(iii) I am not sure if it is great
(iv) Probably, it is great

(v) It should be great

It can be noted that language forms such as “generally,”
“not sure,” “probably,” “should,” and so on delivered the
cognitive attitude of humans. Therefore, the forms of
grammar are called evidentials [3]. Hu classified and inte-
grated Chafe’s evidentiality models: verbal evidence, sensory
evidence, hypothesis, belief, and reliability [4]. Systematic
analysis of a country’s mainstream media based on linguistic
theory is rare [5]. In English news discourse with strong
political nature, we can fully discover how political groups
convey implicit will and views under the cloak of objective
language through news media so that readers can clearly
understand how the state and media power affect readers
through news discourse. Through the analysis of the news
discourse of “evidentiality,” it is found that although western
news reports purportedly emphasize the fair, objective, and
true reflection of news events, in fact, the China-related
reports of the epidemic are obviously marked by ideology
and journalists’ personal views and attitudes. In news reports,
evidentiality plays a very important role in evaluating
meaning. It is often used to judge the reliability and source of
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TaBLE 2: A list of frequently used words with “China.”
Collocates Freq Pm Country Ranking Peak
Coronavirus 1181 8.5 USA 1 20-1-1
Virus 1131 8.1 USA 2 20-1-1
Outbreak 809 58 USA 4 20-2-21
Health 780 5.6 USA 5 20-3-1
Help 93 0.7 USA 21 20-4-1
People 387 2.8 USA 8 20-3-21
Virus 274 10.1 Canada 1 20-2-1
Health 143 52 Canada 6 20-1-1
Coronavirus 191 7.0 Canada 4 20-1-1
Death 130 5.0 Canada 15 20-2-1
Help 17 0.6 Canada 41 20-3-21
Coronavirus 309 9.8 UK 1 20-2-11
Virus 143 4.5 UK 2 20-1-1
Effort 30 1 UK 32 20-4-1
Help 64 2.0 UK 3 20-4-1
Economy 121 3.8 UK 5 20-2-11
Transparency 19 0.6 UK 68 20-4-21
Coronavirus 220 11.0 AU 1 20-2-1
Virus 131 6.6 AU 4 20-2-21
Help 18 0.9 AU 6 20-4-1
Cover up 490 2.2 USA, UK, AU, Canada 20-2-1
Conceal 210 0.9 USA, UK, AU, Canada 20-1-1
Biological weapon 77 0.3 USA, UK, AU, Canada 20-2-11
Transparency 102 0.4 USA, UK, AU, Canada 20-4-21
TaBLE 3: Time distribution of high-frequency words with “China.”
Section All 20- 20- 20- 20- 20- 20- 20- 20- 20- 20- 20- 20- 20- 20- 20-
01-01 02-01 02-11 02-21 03-01 03-11 03-21 04-01 04-11 04-21 05-01 05-11 05-21 06-01 06-11
Freq 666 37 15 4 3 17 60 301 87 79 38 25 0 0 0 0
Words(m) 237 7.3 4.8 4.0 5.7 17.6 26.8 55.5 38.4 35.8 33.8 31.3 30.5 36.1 29.3 16.2
Per mil 2.80 5.04 3.15 1.00 0.52 0.96 2.24 5.42 2.26 2.21 1.12 0.80 0.00 0.00 0.00 0.00

information. The sources of foreign media reports are un-
known, and subjective: journalists often use language skills to
cover up the truth of the facts or intentionally mislead the
audience. The analysis of the national image in international
public opinion under the evidentiality strategy provides a
reference for improving China’s international communica-
tion power and establishing a good national image.

2.1.1. The Analysis of Evidential Factors Found That Western
Media Reports on China Are Subjective. The USA media
“Money Life” reports that “The major countries affected by
COVID-19 are the United States, Spain, Italy, France, Ger-
many, and the United Kingdom, with more than 1.64 million
cases and an estimated 134,492 deaths. So who’s going to pay
for it?” [6]. Several reasons are mentioned in the article, “The
spread of COVID-19 could have been stopped. It goes without
saying that China is also to blame very significantly for its lack
of transparent sharing of information about COVID-19 (and
its depth and spread within China), both to the WHO and the
entire world during the period, from 1 December 2019 to 22
January 2020. Is it China? China, in my opinion, was neither
forthcoming nor transparent about the outbreak (of COVID-
19 in late 2019).” The article argues that China needs to take

heavy responsibility for not sharing transparent information
about COVID-19 (and its depth and spread in China) with the
WHO and the world. This article is highly subjective. When he
expresses that “China is neither honest nor transparent about
the OUTBREAK of COVID-19,” the distribution of data
implies the subjective attitude of the speaker. The expressions
such as “Could have been,” “in my opinion,” and “signifi-
cantly” show evidence of direct sensory perception by the
speaker. There are also obvious signs of authorial involvement
in the news, such as “I think, I guess, I believe, I suppose, I
notice, I report, in my opinion, etc.” It is hard to say that the
author is objective with objective expressions such as “it is
obvious that...,” “everyone admits...,” and so on. Nutyts
(1998) believes that if the speaker has doubts about the
evaluated thing, it means that the author needs enough space
to prove the reliability of the information [7]. The objective
degree of news report discourse depends on the degree of
intervention of the speaker. Of course, if there is no evidence to
prove the authenticity of the event, as long as he has an
evaluation of the facts described, it proves that he has evidence
to confirm the credibility of the information. Although the
reporter tries to make the information seem objective and the
facts he or she states more credible to help him or her avoid
responsibility, these seemingly objective expressions tend to be

»



subjective. For example, hearsay, whether quoted directly or
retold secondhand, is often used in news. Journalists are
objective observers who report objectively and truthfully
without personal evaluation. Newspapers succeed in influ-
encing readers’ ideologies while shirking their responsibility as
sources of information. Through the analysis of evidentiality, it
is found that verbal evidence and sensory evidence occupy the
main position in the transitive system framework of news
discourse. Reporters often unconsciously add their own
subjective attitudes and evaluation and try to influence readers.

2.1.2. According to the Analysis of the Sources of Information,
It Is Found That Western Media’s Reports on China Are
Subjective. Information sources of Chinese-related news
commonly used the subjective expressions such as “I think,”
“I suppose,” and “China’s official news agency claims.” For
example, WA today mentioned how the coronavirus will
strengthen the Belt and Road Initiative. “We are now only
beginning to pick up weak signals of Chinese ambitions on
the international stage,” “We should not wait for them to be
tully implemented to start thinking about policy options.” It
takes China to a hegemonic power with ambitions, but the
source of its information is a former French defense ministry
official, whose objectivity cannot be guaranteed. The New
York Times (October 20, 2020) titled a passage “China Says
Australia’s  Questions on Its COVID-19  Handling
Groundless,” and the Australian government has called for
an international investigation into the origin and spread of
the virus. “In Beijing, a Foreign Ministry spokesman said
Payne’s remarks were entirely without factual basis.” A
Foreign Ministry spokesman said the source of the infor-
mation was unclear. “China say”? Source: China? Chinese
government or official daily? Behind the seemingly objective
is the transmission of subjective consciousness.

In order to reflect the objectivity of this study, after
retrieving “China + [N*],” the result is that the word fre-
quency of China Daily is only 264, 1.1 million words. The
word frequency of “China News” is 26, 0.1 million words.
The word frequency of “China CDC” is 32. “A recent edi-
torial in China Daily, a state-run newspaper, denied dis-
crimination against foreigners, even as it said that “some
foreigners choose to flout China’s rules on containment.”
The source of the information is objectively stated as China
Daily, but the appositive mark is not “a state-run newspa-
per,” emphasizing that China Daily is a government-run
media, and the implied meaning is self-evident. “The epi-
demic is raging outside China, and foreigners are being
shunned, barred from public places and even deported,” the
report said. When it refers to “the expulsion of Africans,”
“Africans in the city say they have been evicted and forced
into quarantine.” According to the expression “Africans in
the city say,” it can speculate the source of the information is
“Africans.” It uses 2018 photos to tell readers that they have
been evicted and quarantined. “An epidemiologist was
quoted in the state-run paper China Daily as saying,” “China
Daily = the state-run paper.” The article appears to be an
objective statement of facts but later magnified the coro-
navirus death of Dr. Li Wenliang.

Journal of Environmental and Public Health

2.2. Western Media Reports Convey the Will of Construction of
the National Image. We took “[V*]” verb and “[N*]” noun
with China as the retrieval items and extracted high-frequency
collocation verbs and content words in news reports of
mainstream media in the United States, the United Kingdom,
Canada, and Australia, as shown in Figure 1. The results show
that mainstream media in English-speaking countries are
generally subjectively “smearing,” “stigmatizing,” and
“blaming” China. The United States, the United Kingdom,
Australia, and Canada stayed on the sidelines during the first
two months of 2020. The top 10 common high-frequency
verbs are “visit, said, praised, surpass, overtook, says, hit,
blame, left, and so on.” In March 2020, some words including
“targeting,” “blaming,” “accusing,” “criticized,” “bordering,”
“punish,” “banned,” “attack,” and “China” appeared.
Statistics show that China’s national image is “mis-
interpreted” by Western countries led by the United States,
as shown in Figures 2 and 3. The proportion of high-fre-
quency verbs in the news reports of China in the United
States in Figure 2, and four countries in Figure 3 are similar
and highly correlated, but the difference is relatively low,
indicating the dominant position of the United States in the
world public opinion. We classified the proportion of
stigmatized verbs in China-related news reports of the USA,
the UK, Australia, and Canada during the period of COVID-
19, as shown in Figure 4, and found that the proportion of
misreading of China’s national image was lower than that of
neutral classification. It is worth mentioning that when
analyzing the data of the UK, “demonize China” (6 words
frequency) appeared in the top 100 to demonize China.
There are nine elements that have an important impact on
the selection and processing of news, such as time span, in-
tensity, clarity, cultural proximity, consonance, unexpectedness,
continuity, composition, and sociocultural values [8]. Both the
intensity and unexpectedness make it more dramatic and more
likely to be taken seriously by the media. Western English-
speaking countries, led by the United States, are in a dominant
position in new media communication, and China-related re-
ports have been on a “rainy day” for a long time. By giving
negative connotations to public health emergencies, it creates
international attention and causes extensive adverse effects on
the international communication of China’s national image. In
particular, the early outbreak in the Western media objective
evaluation is given, such as the United States (83 words fre-
quency), Canada (21 words frequency), Britain (23 words fre-
quency), and other expressions, and all comments are just said
by the WHO, while countries such as Britain and America are
suspicious about WHO during the outbreak of epidemic pre-
vention skeptical. They criticized the WHO’s need to do the
institutional reform and threatened to withdraw from the WHO.
As the New York Times said in an article titled “Japan and
Thailand Confirm New Cases of Chinese Corona-virus” on
January 18, World Health Organization officials have praised
China’s aggressive response to the virus by closing trans-
portation, schools, and markets. The expression seems ob-
jective and fair, but the source of information is the WHO,
not the official attitude of the media. When Canada’s
mainstream media CBC mentioned that the government had
sent a chartered plane to repatriate Canadians trapped in the
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FIGURE 1: Analysis of high-frequency word cloud in Chinese-related news reports in English-speaking countries during the epidemic.
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FIGURE 2: The proportion of high-frequency verbs in China-related news reports in the USA during the epidemic.

coronavirus zone, Foreign Ministry spokesperson Hua
Chunying said that “most countries appreciate and support
China’s efforts in combating Corona-virus.” The article is a
paraphrasing of Hua’s remarks without making any com-
ments. And Australian state media quoted Nader Rowland, a
senior fellow at the Lowy Institute, as saying China is coming,
faster, bigger, more decisive, and more powerful. However,
the text “an implicit threat” holds a threatening attitude.
Evidentials have made no secret of their attitude toward
“stigmatizing” China. “China has invested a great deal of

energy in trying to prove itself as a savior through mask
diplomacy,” the article said, quoting Robert Lemahieu, di-
rector of the Lowy Institute’s Asia Power Program. However,
the real meaning of the article is that the global spread of the
“Belt and Road Initiative” is an inevitable trend. Even though
the epidemic has slowed down its spread, it still brings
positive energy to the economic development of Australia.
It can be seen from the data analysis that media around
the world make use of the power of public opinion to convey
the implicit will under the cloak of seemingly objective



LEAVE 3.22%

SURPASSED 3.01%
OVERTOOK 2.58%
SAYS 2.43%

BLAME 2.19%
HIT 2.09%
LEFT 1.97%

ACCUSED 1.82%
BLAMING 1.7%
SURPASS 1.64%
WAS 1.52%
BLAMED 1.46%
SURPASSING 1.46%
BELIEVE 1.31%
HOLD 1.31%
PRAISING 1.28%
OVERTAKEN 1.18%
BE 1.15%
HELP 1.15%
SEE 1.09%
GIVEN 1.03%
LEAVING 1.03%
VISITING 1.03%
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PRAISED 4.19%
1S 4.52%

SAID 7.13%

VISITED 8.04%

Others 37.46%

F1GURE 3: Proportion of high-frequency verbs in China-related news reports in the USA, Britain, Australia, and Canada during the epidemic period.

language under the monopoly and instigation of western
mainstream media. Due to the strong influence of Western
media in the field of international public opinion, such
negative reports have affected the subjective will and source
selection of some overseas journalists in specific news writing
to varying degrees [9].

2.3. Western Countries Use “Double Standards” to Accuse
China. The “double standard” of western countries is a
common phenomenon in international politics. Western
countries make arbitrary accusations and practice double
standards by using western values and discourse on free de-
mocracy to point fingers at other countries. The “double
standards” of the USA towards China have been fully dem-
onstrated in other areas. For example, on one side, they flaunt
freedom of the press, while on the other side, they obstruct
normal reporting by Chinese media in the USA. The US side
glorified the “Hong Kong independence” activists as “heroes,”
“fighters,” and “beautiful scenery” while calling the people
protesting against racial discrimination in the US “thugs.”
They criticized Hong Kong police, China for their restraint and
civilized law enforcement but threatened to shoot at domestic
protesters and even used the National Guard.

Taking COVID-19 as an example, the New York Times
reported that “China has blocked nearly 60 million people
and imposed strict quarantine and travel restrictions on
hundreds of millions of people to fight the corona-virus. This
action has cost people their daily lives and their freedom.” on
Facebook on March 7 and Twitter on March 8. However, the
re-reporting of the Italian lockdown turned into “Update:
Italy has locked down Milan, Venice and much of the north of
the country at economic risk as it tries to contain Europe’s
worst corona-virus outbreak.” There was only a 20-minute
gap between the two news, and the illustration was a “double
standard” between civilians and officials. The New York Times
commented that China’s lockdown caused great loss to
people’s life and freedom and was against human rights, while

it said that Italy’s lockdown took an economic risk and was
noble. This is a typical “double standard” of Western
countries. The New York Times criticized China under the
headline “The World needs Masks Made in China, but China
hides Them from Others,” saying, “China not only stopped
selling masks but also bought most of the rest of the world’s
supply.” However, the fact that China donated masks and
other protective items to 82 countries around the world
makes the US “double standard” untenable. When China
used big data drones for epidemic prevention and control,
CNBC reported that China was accelerating the deployment
of surveillance machines. However, when the United States
needed to use big data and other technologies for epidemic
prevention and control, the headline changed to “The United
States can learn from China to use robots and telemedicine to
combat novel Corona-virus outbreaks.” When the USA an-
nounced that it would donate to China in the early stage of the
epidemic, it made a big name of humanitarian aid, but when
China donated to other countries in the world, it said that
China was “expanding the world” for political purposes.
When China offered help to Europe, it was criticized by
western countries for “China’s ambition” and “vigilance
against China’s generous policies.” “Italian residents sing
patriotic songs on balconies during lockdown,” read The
Guardian’s headline about the “Spanish lockdown” are “What
new restrictions?” “Spain calls for lockdown to fight COVID-
19.” Britain’s Guardian newspaper said the lowdown was “a
long-awaited moment of joy.” But, in reporting on China,
sealing city is “the destruction of human rights,” “China’s
reaction to the coronavirus outbreak violates the human
rights,” and “China’s coronavirus lockdown strategy in China:
brutal but effective.” In addition to the “double standard” of
the title content, the illustration also embodies the double
standard. The image of Italian people enjoying music on their
balconies is in stark contrast to the depressed Chinese elderly
men in masks standing in front of rubbish dumps.

Table 4 shows the “double standard” of the English-
speaking world’s media in reporting COVID-19 in China.
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Neutral 36.27%

Others 20.94%

VISITING 1.03%
LEAVING 1.03%
HELP 1.15%
PRAISING 1.27%
BELIEVE 1.3%
SURPASSING 1.45%
BLAMED 1.45%
SAYS 1.48%
SURPASS 1.63%
BLAMING 1.69%
ACCUSED 1.81%

LEFT 1.96%

BLAME 2.17%

FIGURE 4: Proportion of stigmatized verbs in China-related news reports in the USA, the UK, Australia, and Canada during the epidemic

period.

TaBLE 4: Classification of “double standard” reports on China by media of English-speaking countries.

Lockdown Donation

China’s aids Mass surveillance

Italians sing patriotic songs from their
balconies and make harmonies across
empty streets to lift spirits and pass

Italy time (The Guardian GB). Orderly, Humanitarian aid

dour, cowed: How my beloved Italy is
changed by coronavirus? (The
Guardian GB).

China’s reaction to the coronavirus
outbreak violates the human right (The
Guardian GB). China’s corona-virus
lockdown strategy is brutal but
effective (The Guardian GB). The scale
of China’s Wuhan shutdown is
believed to be without precedent. (The
New York Times).

Spain orders nationwide lockdown to
battle coronavirus (The Guardian GB).
UK lockdown: what are the new
coronavirus restrictions? (The
Guardian GB). A long-awaited and
joyful moment (The Guardian GB).

China

Spain

UK

Listen to the medical experts. It is time
USA for a national lockdown (The New York
Times).

Political purpose; be
aware of China’s
generous policy

The World needs masks. Coronavirus could be a catalyst for

China makes them but has China to boost its mass
been hoarding them. (The surveillance machine, experts say
New York Times) (CNBC USA).

What America can learn from
China’s use of robots and
telemedicine to combat the
corona-virus (CNBC USA)?

3. Conclusion

In communication activities, there must be receivers of the
misinterpretation of the communicator’s intention [10].
However, this does not mean that media reports can de-
liberately distort and deviate from the actual situation to
make negative reports. Since the outbreak of the epidemic,
especially during the global outbreak, China has taken global

epidemic prevention and control as a general situation,
practiced the idea of “a community with a shared future for
mankind,” and built its image as a responsible major
country. However, the English world reports about the virus
situation in China are subjective, lack of fair, and “double
standards” and even makes negative construction of the
image of China. In the face of this negative image crisis, on
the one hand, we should constantly reveal the ideological
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Accurate prediction of crude oil prices (COPs) is a challenge for academia and industry. Therefore, the present research developed
a new CEEMDAN-GA-SVR hybrid model to predict COPs, incorporating complete ensemble empirical mode decomposition
with adaptive noise (CEEMDAN), a genetic algorithm (GA), and support vector regression machine (SVR). First, our team
utilized CEEMDAN to realize the decomposition of a raw series of COPs into a group of comparatively simpler subseries. Second,
SVR was utilized to predict values for every decomposed subseries separately. Owing to the intricate parametric settings of SVR,
GA was employed to achieve the parametric optimisation of SVR during forecast. Then, our team assembled the forecasted values
of the entire subseries as the forecasted values of the CEEMDAN-GA-SVR model. After a series of experiments and comparison of
the results, we discovered that the CEEMDAN-GA-SVR model remarkably outperformed single and ensemble benchmark

models, as displayed by a case study finished based on a time series of weekly Brent COPs.

1. Introduction

As a vital strategic resource, crude oil has a pivotal role in the
economic activities of countries worldwide [1]. However, as
COPs are often nonlinear and affected by many unob-
servable factors, it is difficult to forecast them accurately;
thus, exploring new paths and methods to accurately
forecast COPs is vital for optimising production and
managerial strategies, anticipating future oil price fluctua-
tions, and avoiding market risks [2]. Although experts have
not established an agreement on the methods and models
used to forecast oil prices, this crucial and difficult problem
has been extensively researched. [3-6]. However, COPs are
influenced by numerous complex factors, both observed and
unobserved [7-9]. Therefore, COP forecast is still a hot spot
in the academic literature and in industry. At present, the
common and highly accurate methods for predicting COPs
can be preliminarily classified into five types: (1) statistic
methods, (2) artificial intelligence (AI), (3) decomposition

and ensemble, (4) hybrid model methodology, and (5)
parameter optimisation.

Subsequently scholars have proposed statistical model-
ing methods to predict COPs, mostly using linear time series
models to ameliorate the accuracy of COP prediction. Some
have adopted an autoregressive integrated moving average
(ARIMA) modeling method to forecast COP [10-12]. The
autoregressive model is a classical method that is widely used
in economics, energy, and other fields and achieves good
prediction results [13]. For example, Mohammadi and Su
forecasted crude oil prices using generalised autoregressive
conditional heteroskedasticity models [14]. Later, more
complex statistical methods including hidden Markov
models, dynamic model averaging, and the autoregressive
conditional heteroskedasticity approach were employed to
forecast the distribution and trends of COPs in the short-
term [15-17]. Some progress and breakthroughs have
been made in forecasting oil prices using these statistical
methods. However, owing to the inherent nonlinear and
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nonstationary features of COPs, statistical methods are not
powerful for crude oil price prediction. The effect of tra-
ditional statistical methods on crude oil prediction is very
limited.

With the advancement of machine learning technology,
the application of machine learning algorithms for oil price
prediction has become a mainstream trend in current re-
search, and such approaches are becoming increasingly
popular. The support vector regression machine (SVR),
which can capture nonlinearity, is a popular predictive
modeling method for the prediction of COPs [5, 17, 18]. For
example, Yu et al. deemed user-defined variables as inde-
terminate (or random) factors to establish an LSSVR (least
squares support vector machine for regression) ensemble
training method for oil price forecasting [19]. SVR has the
benefit of being able to effectively solve nonlinear and
overfitted problems [20]. The artificial neural network
(ANN) is another popular model in deep learning [21, 22].
However, although neural network methods have strong
self-learning and self-adaptive abilities, they can easily fall
into local minima [23]. AI techniques including SVR and
ANN display strong capacity for nonlinear modeling.
Nevertheless, they are affected by problems such as over-
fitting and poor stability [24]. Therefore, it is necessary to
properly combine the AI techniques mentioned above to
uplift the accurateness of COP forecast by exploiting the
strengths and avoiding the weaknesses of the various
methods.

It is hard to realize good forecast results by virtue of
certain raw time series owing to their complex character-
istics. To address this problem, some researchers have in-
troduced a framework referred to as “decomposition and
ensemble” into time series forecasting. This framework is
capable of decomposing the time series into simplified parts,
uses a predictor to independently predict a single compo-
nent, and finally integrates all the predictions to form the
final prediction results [4, 25-31]. Some researchers have
applied this idea to COP forecast. They found that the
original complex sequence of COPs could be divided into
multiple subseries, after which each single predictor is
utilized for prediction and then combined with all single
prediction results to form a final prediction. Abdollahi built
an ensemble prediction model integrating wavelet decom-
position and LSSVM for forecasting oil prices [5]. Wu et al.
put forward a new modeling method on the foundation of
ensemble empiric mode decomposition (EEMD) and long
short-term memory (LSTM) for international crude oil
markets [15]. Li and Wang proposed a novel hybrid neu-
ronetwork forecast modeling method based on the com-
bination of EEMD and stochastic recurrent wavelet
neuronetwork (SRWNN) for COP prediction [32].

For the sake of ameliorating the accurateness of model
prediction and deal with the drawbacks of single-model
methods, hybrid models are increasingly applied for oil price
prediction and have led to progress in field of crude oil price
prediction [25, 33-35]. For instance, SVR is often used as a
basic model in the framework of a hybrid modeling method
to uplift the accurateness of COP prediction. Li et al. de-
veloped hybrid modeling methods for COP prediction
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monthly via variation mode decomposition and SVM
optimised by a GA [36]. In addition, the neuronetwork
approach has been proved to be relatively suitable for the
prediction of residual series containing noise factors. Safari
and Davallou combined ARIMA and a nonlinearity
autoregression neuronetwork to increase the accuracy of
forecasting crude oil prices. They discovered that the neural
network modeling method was appropriate for forecasting
residual sequences containing substantial amounts of
complex information and white noise [37]. Researchers have
also shown that the forecast ability of generalised regression
neuronetwork (GRNN) models is better than that of ANN
models [38, 39]. GRNN models have also been incorporated
in hybrid models to uplift the accurateness of forecast
[40, 41]. Owing to the different advantages of SVR and
GRNN models, combining the two can lead to more accurate
predictions.

In addition, nonparametric prediction models have been
improved from the perspective of parameter optimisation,
mainly using GA [42-44]. Li et al. proposed hybrid models
containing SVM optimised by GA; the prediction results
demonstrated that the optimised models were more robust
and accurate [36]. Xiao et al. proposed a hybrid migration
learning model (HTLM) for COP prediction and introduced
a GA to identify the best match of 2 vital variables in the
HTLM [45]. These results show that it is necessary to op-
timise model parameter by GA in order to achieve better
predictions of COPs.

Previous work has demonstrated the effectiveness of
hybrid and parameter-optimised models (“hybrid and
combination”), decomposition and ensemble, and Al ap-
proaches. In these frameworks, the selection of a suitable
decomposition approach and predictor is essential to im-
prove prediction ability [4]. Given the prediction abilities of
CEEMDAN, SVR, GRNN, and GA for parameter optimi-
sation, we have developed a CEEMDAN-GA-SVR-GRNN
hybrid modeling method for time series prediction of COPs.
First, CEEMDAN is used to realize the decomposition of the
complex raw time series of COPs into a group of com-
paratively simplified subseries. Second, SVR is utilized to
predict the target values of every subseries separately. Owing
to the intricate parametric settings of SVR, GA is introduced
to search for the optimum parametric results for SVR.
Afterwards, our team assemble the predicted values of all
subseries as the predicted values of the CEEMDAN-GA-
SVR model.

The primary contributions of our research are stated
below:

(1) Our team put forward a new hybrid model incor-
porating CEEMDAN, GA, and SVR for COP pre-
diction, which fully utilizes the AI arithmetic
strengths of GA and SVR. To our knowledge, this is
the first time that a CEEMDAN-GA-SVR hybrid
modeling method has been utilized for COP
prediction.

(2) GA is utilized to optimise the parametric settings for
SVR, which aims to further improve forecasting
performance.
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(3) Experiments demonstrate that our proposed
CEEMDAN-GA-SVR hybrid model performs sig-
nificantly better than single and ensemble bench-
mark models for COP prediction.

The primary innovations of our paper involve these 3
aspects:

(1) Owing to the strong decompositional ability by
CEEMDAN, the potent optimisation capability of
GA, and the robust forecast ability of SVR, a new
ensemble model combining the 4 modeling methods
is proposed for COP prediction.

(2) CEEMDAN-GA-SVR are first combined and GA is
utilized to optimise the variables of SVR simultaneously.

(3) A CEEMDAN-GA-SVR hybrid modeling method is
first proposed for predicting COPs, and the strength
of the CEEMDAN-GA-SVR hybrid model is proved
by experimental results.

The remaining sections of the article are arranged as
follows. Section 2 briefly introduces CEEMDAN, GA, and
SVR and introduces the concept and algorithm of the
CEEMDAN-GA-SVR hybrid model. Section 3 reports ex-
perimental results involving forecasting of weekly Brent
crude oil prices. Section 4 provides some discussion and
insights on the foundation of experiment outcomes. Some
discoveries are presented in Section 2.

2. Materials and Methods

2.1. CEEMDAN. Empirical mode decomposition (EMD) is a
classical method for decomposing time series. This method
decomposes the signal according to the time scale charac-
teristic of the data itself, without setting any basis function in
advance. However, a main drawback of EMD was the mode
blending issue [46]. To solve such concern, EEMD was
developed to average the outcomes of some EMD param-
eters with the addition of Gaussian white noise based on a
raw time series [47]. However, EEMD led to a new concern
in signal decomposition, i.e., that residual noise may affect
the accuracy of the signal sequence generated from the raw
time series by EEMD. For the sake of optimise the ability of
EEMD, Torres et al. developed a novel decompositional
method referred to as CEEMDAN [48]. Therein, adaptive
white noise is supplemented into the raw time series during
all decomposition stages; this can enhance the effectiveness
of reconstruction of the original signals and enable the
method to outperform spectral separation of intrinsic mode
functions (IMFs). Compared with EEMD, CEEMDAN re-
quires a smaller quantity of sifting iterative process and has a
reduced reconstruction error, leading to a decrease in
computational cost. Owing to the validity, the CEEMDAN
approach is extensively utilized in energy prediction
[4, 25, 26, 49]. Therefore, in our study, we considered uti-
lizing for the purpose of decomposing raw COP series.

2.2. Genetic Algorithm. The GA was put forward by Gold-
berg and Holland, on the foundation of the evolutionary

theory [50], and has become an important optimisation
algorithm that has been used in many studies [51-53]. In this
work, we use GA to find the optimal punishment parameter
C, the insensitive loss function, and the radial basis function
(RBF) kernel parameters y in the SVR modeling method and
establish a GA-SVR modeling method to forecast time series
of crude oil prices. The procedure is stated below.

(1) Select an encoding method and specify the values of
genetic parameters such as population size, selection,
crossover, mutational method, crossover possibility,
and mutation possibility. As GA uses individual
fitness values to evaluate the pros and cons of an
individual and determine the size of their genetic
opportunities, our team set the evolution algebra to
200 generations, the population size to 20, and the
fitness function to MSE (mean squared error). This is
the MSE generated by the validation subset from the
cross-validation (CV) mechanism. It can validly
identify the pros and cons of chromosomes in re-
gressive forecast problems and can prevent or reduce
the phenomenon of overfitting after CV. In this
work, we adopted a 5-fold CV process with the
following fitness function formula:

n

1 «
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where y, is the observed value, y; is the predicted
value, and n is the learning set sample size for the
fuzzy information particle. The smaller the fitness
value, the superior the individual effect and the
greater the probability of being selected.

(2) According to the feature subset encoding of each
chromosome, complete the encoding operation and
generate the initial population P randomly. Gener-
ally, the choice of encoding strategy relies on the
problem feature. The usual encoding strategies in-
clude binary encoding and real number coding;
binary coding is utilized in most cases.

(3) Compute the fitness values of all individuals within the
group as per the fit function. Perform genetic oper-
ations using selection, crossover, and mutation op-
erators to produce the next generation of populations.

(4) Estimate if the fitness value satisfies the determined
standard; if not, return to the last step or return to
step 2, execute the optimisation arithmetic, reach the
termination condition, and finally use the individual
with the smallest fitness during the evolutionary
procedure as the optimum individual.

SVR models have excellent performance in categoriza-
tion or regression, whereas their optimal generalisation
performance depends greatly on the setting of parameters.
For a given dataset, the most important task is to identify the
optimum parameters. Practically, the issue of selecting pa-
rameters has not been well resolved. At present, parameters
are primarily chosen through assays or a low-efficient grid
search approach for CV.



As a steady search arithmetic that can be used for
optimisation of complex systems, GA has unique ad-
vantages compared with other intelligent algorithms for
optimisation. GA can easily find the global optimal so-
lution. Because of the utilization of natural selection
with survival of the fittest and simplest gene operations,
GA is not restricted by conditions like the search space
during calculation, and no other auxiliary information is
required.

2.3. Support Vector Regression Machine. The essence of SVR
is the support vector machine, which is a neural network
model developed by Vapnik in the 1990s to analyze rela-
tively smaller specimens and smaller probabilistic events
[54]. It has been utilized in regressive forecast and applied
in many research areas [53]. SVR relies on the principle of
structure risk minimisation for regressive estimation; this
structural risk is speculated using the insensitive loss
function. In addition, SVR uses a risk function that is a
combination of penalty terms derived from the principle of
empiric error and structure risk minimisation. The es-
tablishment principle of the nonlinear e-SVR used in this
work is as follows.

Consider a set of data G = {(x;, y;)}}, in which x; denotes
the input feature vector, y; denotes the target value, and n
denotes the sample size of the time series data. The fun-
damental purpose of nonlinearity SVR aims at mapping data
x to a high-dimensional feature space (HDEFS) via a non-
linearity mapping ® and complete linearity regressive
analysis in such space:

f(x) =0 ®(x)+b, (2)

O:R"—F, weF (3)

In equations (2) and (3), b is the liminal value and ® is
the HDFS, which is the nonlinear image of the input space x.
We need to estimate w and b to solve the optimisation
problem; the result can be given by the following equation’s
minimum value:

1 d .
Sl +CY (& + &), (4)
i=1
yi—w-¢(x)-b<e+,
st w-9(x)+b-y,<e+& (5)
£E >0, i=1,...,n

In formula (5), C is the punishment parameter, &, &
is the slack variable, and ¢ is the insensitive loss function.
The utilization of & uplifts the speculation stability.
When conducting empiric research, we need to select
the parameters C and. Dual theory is generally used to
solve the problems above and then transform the prob-
lems into a convex quadratic programming issue. The
Lagrange transform of equation (5) can be obtained as
follows:
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In formula (6), and the partial derivative of the La-
grangian function with respect to the variable , b, &;, ¢ is 0.
Inputting the Lagrangian operator and optimisation re-
striction formula, the decision function of formula (6) be-
comes the following formula:

1

F)= Y (4= Ak (x, x;) +b. (7)

i=1

In formula (7), k(x, x;) is the kernel function of SVR.
SVR can use the kernel function to map the low-dimensional
nonlinearity raw data to the HDFS when dealing with
nonlinear problems, followed by linear processing in the
HDEFS. Common kernel functions involve linearity kernel
functions, multinomial kernel functions, and the Gaussian
RBEF kernel. Previous research experience indicates that RBF
has the best effect when the sample data lacks prior
knowledge [38]. Herein, our team utilized RBF as the kernel
function in the following form:

k(x,x;) = exp(—y”x - xi"Z), y>0. (8)

The core parameter in formula (8) is y. The selection of the
y value has an important influence on the kernel function. If it
is set too large, it will cause overfitting; if it is set too small, it
will weaken the generalisation ability of the model.

2.4. CEEMDAN-GA-SVR: Developed Method for COP
Prediction. Based on the idea of “decomposition and en-
semble,” our team propose a hybrid modeling method
combining CEEMDAN, GA, and SVR, termed CEEMDAN-
GA-SVR, to forecast COPs. This hybrid modeling method
includes 3 phases, as presented by Figure 1.

Stage 1. Decomposition. CEEMDAN is utilized to re-
alize the decomposition of a raw series of COPs into (1)
N IMFs, denoted IMFi (i =1,2,...,N), and (2) one
residue R.

Stage 2. Individual prediction. Each IMF or residue is
divided into a learning dataset and testing dataset in an
equal manner. Then, every SVR forecast model on the
foundation of GA optimisation is trained on every
learning dataset in an independent manner, and the
forecast modeling method is utilized on every testing
dataset.

Stage 3. Ensemble. Addition aggregation is used to
assemble the forecasted value of every decomposed part
as the eventual forecasted outcome, which are referred
to as the predicted results of the CEEMDAN-GA-SVR
model.
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FIGURE 1: COPs and the relevant decomposed parts by CEEMDAN.

The modeling method’s flowchart is shown in Figure 2.

The developed CEEMDAN-GA-SVR hybrid modeling
method uses not only the “decomposition and ensemble”
approach that is widely employed in energy economics but
also a “hybrid and combination” approach [55-59]. First,
CEEMDAN is employed to separate the volatility and
complexity series of COPs into a group of comparatively

simplified subseries, comprising multiple IMFs and one
residue. Second, SVR utilizing GA optimisation is utilized
for every decomposed subseries for forecasting. We chose
SVR as the predictor as it had been demonstrated to be
suitable for COP prediction in previous researches [60-62].
As CEEMDAN and SVR have many parameters, it is hard to
set the optimal values of these variables beforehand. Hence,
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FiGure 2: Flowchart of the developed CEEMDAN-GA-SVR combined model algorithm.

GA is employed to find the optimal variables for SVR; this
can obviously enhance the prediction effectiveness of every
separate subseries. Eventually, the values forecasted by SVR
modeling methods for every decomposed subseries are
utilized to produce the CEEMDAN-GA-SVR forecasted
COPs via addition aggregation. The “decomposition and
ensemble” and “hybrid and combination” aspects of
CEEMDAN-GA-SVR are expected to contribute to im-
proving the ability of COP prediction.

Certain previous researches also used SVR modeling
methods to predict crude oil price series. Our study is
different from previous work mainly regarding the
decompositional process, hybrid model, and parameter-
optimised method, in that (1) previous studies decomposed
raw COP series based on the EEMD method and (2) pre-
vious studies constructed the SVR model using constant
parameter settings. In contrast to the previous literature, our
study employs CEEMDAN to realize the decomposition of
raw COP series and applies GA to rapidly search for optimal
variables for SVR in a simultaneous manner.

3. A Case Study in the Brent Oil Market

3.1. Experimental Dataset Source and Evaluation Criteria.
Brent crude oil is manufactured in the Brent area of the
North Atlantic and the North Sea. Its crude oil futures
account for more than 2/3 of the crude oil futures trading
volume across the globe, and it is the benchmark for futures
prices of crude oil in the international market [63]. The data
utilized herein were acquired from Bloomberg and consisted
of the weekly settlement prices of North Sea Brent (Brent)
crude oil futures between June 2, 2017, and May 21, 2021.
There were an overall 204 specimens in the dataset. For the
sake of confirming the validity of our approach, the weekly
COP time series for Brent was separated into learning and

test datasets. Following some previous reports in the liter-
ature, the first 80% of the total observations in each time
series were utilized as the learning dataset, while the
remaining 20% were utilized as the test dataset [4, 29, 30]. Of
the total samples, 163 observations were used as the training
set, and 41 observations were utilized as a testing dataset to
check the model’s effectiveness [64].

Five indicators were used to evaluate the experimental
results: MSE, root MSE (RMSE), mean absolute error
(MAE), mean absolute percentage error (MAPE), and the
Diebold-Mariano (DM) test [52]:

1\ & .
MSE = <N) Z (Observed, — Predlctedt)z,

t=1

I\ N
RMSE = <N>t; (Observed, — Predicted, )’
9)

N
MAE = <%> Z|Observedt - Predictedt|,
t=1

1
MAPE = —

i'Observedt — Predicted,|
N 5l

* 100,
Observed, |

in which N is the size of the assessed specimens, and
Observed,; and Predicted, represent the real and forecasted
results at time t, separately. The DM analysis was utilized to
calculate the statistic differences in the prediction accu-
rateness of model pairs.

3.2. Description of COP Time Series. The weekly COP time
series for Brent has obvious nonlinear characteristics, and its
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TaBLE 1: Descriptive statistics for weekly brent COPs.

TaBLE 2: Parameter settings.

Observations Mean Star.lde.lrd Minimum Maximum
deviation
Ol.l 204 56.7140  8.0580 35.8800 71.7300
price

change trend shows strong volatility. For example, the price
of Brent crude oil was approximately 60.2 USD/barrel in Jan
2020, before plummeting to 35.88 USD/barrel in April 2020;
this change in just a few months is an example of the
dramatic fluctuations and nonstationary features of COP
time series [63].

As shown in Table 1, the average of the weekly Brent
COP time series was 56.7140, indicating that the weekly
Brent crude oil prices fluctuate at around 56 USD/barrel. The
highest value of the time series was 71.7300 USD/barrel,
while the lowest was 35.8800 USD/barrel. There was thus a
large difference between the maximum and minimum
prices; moreover, the standard deviation was 8.0580. These
results indicate that the weekly Brent COP time series
fluctuates violently.

Figure 1 shows the original COPs and the decomposed
parts. Clearly, the raw COPs show remarkable fluctuations.
Amongst the decomposed parts, IMF1 to IMF4 show ob-
vious high-frequency features in narrow ranges, whereas
IMF5 to IMF6 and the residue show obvious low-frequency
features in wide ranges. After obtaining the decomposed
parts, the initial complex COP series prediction can now be
divided into predictions of several simpler components.

3.3. Experimental Settings. The proposed CEEMDAN-GA-
SVR model was evaluated and analyzed in two ways in our
study. First, without any decomposition and ensemble, we
compared the GA-SVR single model with other single
models, which involved 1 important statistic model
(ARIMA), three classical AI approaches (GRNN, back
propagation neuronetwork [BPNN], and particle swarm
optimisation SVR [PSO-SVR]), and the original SVR. Sec-
ond, as previously finished studies have revealed that en-
semble models using the “decomposition and ensemble”
framework show better forecast abilities in contrast to single
models for COP prediction, we compared forecast abilities
between the developed CEEMDAN-GA-SVR and the rest of
ensemble forecast modeling methods. Hence, the entire
single models were employed to the forecast phase in en-
semble models. Based on the identical COP series, our team
tested if the developed CEEMDAN-GA-SVR model could
significantly ameliorate the forecast ability. To prove the
capacity of the proposed CEEMDAN-GA-SVR in prediction
and CEEMDAN in decomposition, our study also compared
CEEMDAN-GA-SVR with CEEMDAN-PSO-SVR, CEEM-
DAN-SVR, CEEMDAN-GRNN, CEEMDAN-BPNN, and
CEEMDAN-ARIMA. The parameters of the GA, PSO,
BPNN, and ARIMA methods and the parameter ranges of
CEEMDAN used in the assays are presented by Table 2. The
parametric values for CEEMDAN, GA, PSO, BPNN, and
ARIMA were taken from the literature [26, 60]. All

Method Description Parameters
Noise standard deviation:
Complete EEMD with 0.2
CEEMDAN adaptive noise Number of realizations:
100
Number of evolutionary
. . algebras: 200
GA Genetic algorithm Size of population: 20
Fitness function: MSE
Number of iteration
PSO Particle swarm generations: 200
optimisation Size of particle: 20
Fitness function: MSE
Size of the hidden layer: 10
Back propagation Maximal training epochs:
BPNN neural network 1000
Learning rate: 0.001
Autoregressive Akaike information
ARIMA integrated moving criterion to decide
average parameters (p-d-q)
TaBLE 3: Outcomes of single models.
Test dataset
Model MSE RMSE MAE MAPE (%)
GA-SVR 2.8436 1.6863 1.3228 2.4389
PSO-SVR 4.9332 2.2211 1.6365 2.9448
SVR 4.6938 2.1665 1.9537 3.6541
GRNN 7.4742 2.7339 3.0092 4.5098
BPNN 8.9135 2.9855 2.5545 4.8120
ARIMA 12.9069 3.5926 3.0092 5.5907

experiments were performed in the MATLAB R2018b
environment.

3.4. Results and Analyses

3.4.1. Single Models. Without any decompositional process,
the single models were applied straightly to the raw series of
COPs. Our team compared the initial SVR and GA-SVR
approaches with 1 important statistic modeling method,
ARIMA, and three classical AI modeling methods, PSO-
SVR, GRNN, and BPNN. The experiment outcomes are
presented by Table 3, in which the optimum forecast out-
comes were displayed in bold.

As shown in Table 3, amongst the entire single models,
GA-SVR obtained the lowest MSE, RMSE, MAE, and MAPE
values, whereas the ARIMA modeling method achieved the
greatest MSE, RMSE, MAE, and MAPE values. Among the
AI models, PSO-SVR achieved the lowest MSE, RMSE,
MAE, and MAPE values. Among the SVR-related modeling
methods, GA-SVR achieved lower MSE, RMSE, MAE, and
MAPE values in contrast to the PSO-SVR and SVR models,
revealing that the former outperformed the latter in terms of
COP prediction. To put it in another way, use of the GA
optimisation approach to search the optimal parametric
results for SVR can uplift the forecast ability.
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TABLE 4: Results of DM test for single models.

Tested model

Benchmark model

GRNN BPNN ARIMA

PSO-SVR SVR
GA-SVR -1.996 (0.0459)** -3.376 (0.0007)***
PSO-SVR —-0.562 (0.5741)
SVR
GRNN
BPNN

~3.929 (0.0001)***
~0.9291 (0.3528)
~1.178 (0.2388)

—4.258 (0.0000)***
~1.505 (0.1324)
~1.827 (0.0677)**
~1.01 (0.3125)

—6.691 (0.0000)***
~2.652 (0.0080)"**
—4.684 (0.0000)"**
—5.417 (0.0000)***
~2.356 (0.0185)**

EEEY

statistical significance at 1%, **statistical significance at 5%.

TaBLE 5: Outcomes for ensemble models.

Test dataset

Model MSE RMSE MAE MAPE (%)
CEEMDAN-GA-SVR 0.1709 0.4134 0.3158 0.6311
CEEMDAN-PSO-SVR 0.7765 0.8812 0.4715 0.8773
CEEMDAN-SVR 2.5747 1.6046 1.0355 1.8520
CEEMDAN-GRNN 2.3951 1.5476 1.2431 2.3158
CEEMDAN-BPNN 49801 2.2316 1.8398 3.4331
CEEMDAN-ARIMA 7.7860 2.7903 2.2769 4.2513
TaBLE 6: Outcomes of DM test for ensemble models.
CEEMDAN
Tested model GA-SVR PSO-SVR SVR GRNN BPNN ARIMA

GA-SVR ~1.972 (0.0486)** —2.363 (0.0181)**
PSO-SVR ~1.742 (0.0816)*
CEEMDAN  SVR
GRNN
BPNN

—4.776 (0.0000)***
~3.111 (0.0019)***
0.2545 (0.7991)

—4.077 (0.0000)***
—3.547 (0.0004)"**
~2.324 (0.0201)**
—2.808 (0.0050)***

—4.27 (0.0000)"**
~3.673 (0.0002)"**
—4.431 (0.0000)***
~3.764 (0.0002)***
—6.081 (0.0000)***

ok ok

statistical significance at 1%, **statistical significance at 5%.

Regarding the directional statistics, as presented by
Table 3, the GA-SVR modeling method achieved the highest
values, indicating that it performed best in direction pre-
diction among all the single prediction models. In addition,
the DM analysis was utilized to evaluate if the forecast ability
of GA-SVR remarkably outperformed other single modeling
methods. Table 4 displays the statistical results of the DM
analysis and p values (in brackets).

The DM test outcomes presented by Table 4 reveal that
the GA-SVR modeling method remarkably outperformed
the statistic modeling method ARIMA and the AI modeling
methods PSO-SVR, SVR, GRNN, and BPNN, as the relevant
DM statistics were far lower than 0 and every p value was
<0.05. The GA-SVR model also outperformed the PSO-SVR
and SVR modeling methods as per the DM statistics, and the
relevant p values were again <0.05, demonstrating that GA-
SVR is significantly superior to PSO-SVR and the SVR in the
majority of cases.

3.4.2. Ensemble Models. Given the effectiveness of the
“decomposition and ensemble” approach, our team intro-
duced the decompositional approach CEEMDAN into the
developed ensemble model herein. Thus, using the same
decomposition approach (i.e., CEEMDAN), we compared

the CEEMDAN-GA-SVR predictor with CEEMDAN-PSO-
SVR, CEEMDAN-SVR, CEEMDAN-GRNN, CEEMDAN-
BPNN, and CEEMDAN-ARIMA. The experiment simula-
tion outcomes for the ensemble models are presented by
Table 5.

CEEMDAN-GA-SVR achieved the best prediction re-
sults with the lowest MSE, RMSE, MAE, and MAPE values in
every case, demonstrating that the developed CEEMDAN-
GA-SVR modeling method outperformed every other en-
semble model. The superior forecast performance of the
developed CEEMDAN-GA-SVR model could be attributed
to 2 primary reasons: the valid decompositional process of
CEEMDAN, the better forecast capability of SVR with GA
optimisation. Overall, the proposed CEEMDAN-GA-SVR
achieved better prediction performance in contrast to the
other prediction modeling methods.

To enhance the persuasiveness of the outcomes, we
introduced the DM test to study the forecast outcomes of the
ensemble models; the statistic results and the relevant p
values are presented by Table 6.

As shown in Table 6, when we compared the prediction
outcomes of the developed CEEMDAN-GA-SVR modeling
method with other models, the DM statistics were much
smaller than 0 and the relevant p values were near 0 (p < 0.05),
indicating that CEEMDAN-GA-SVR significantly outperforms
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other models for crude oil price forecasting. Furthermore,
CEEMDAN-GA-SVR was significantly superior to CEEM-
DAN-PSO-SVR, CEEMDAN-SVR, CEEMDAN-GRNN,
CEEMDAN-BPNN, and CEEMDAN-ARIMA. In addition,
the AI models (CEEMDAN-GA-SVR, CEEMDAN-PSO-SVR,
CEEMDAN-SVR, CEEMDAN-GRNN, and CEEMDAN-
BPNN) showed similar prediction performance to each other
but all significantly outperformed the statistic modeling
method ARIMA, indicating that AI modeling methods are
superior to statistic models for COP prediction. In addition,
CEEMDAN-GA-SVR was remarkably better than the initial
SVR. For instance, the DM test statistic value between
CEEMDAN-GA-SVR and SVR was —2.648, and the corre-
sponding p value was approximately 0, proving that the former
was significantly better than the latter. The DM analysis out-
comes have evidenced that combining CEEMDAN decom-
position, SVR prediction, GA optimisation, and the GRNN
residual correction model can remarkably reinforce the forecast
ability of crude oil price forecasting [65, 66].

4. Conclusions

Accurate forecast of COPs is a common problem faced in
theoretical research on energy economics and in industry.
The present work focuses on the weekly North Sea Brent
crude oil futures settlement price from June 2, 2017, to May
21, 2021. To uplift the prediction of COPs, we established a
CEEMDAN-GA-SVR hybrid model incorporating CEEM-
DAN, GA, and SVR. This model enriches the current re-
search on time series forecasting of international COPs and
has certain practical and theoretical significance. First,
CEEMDAN is used to realize the decomposition of the
complex raw time series of COPs into a group of com-
paratively simpler subseries. Second, SVR is utilized to
predict the target values of every decomposed subseries
separately. Owing to the intricate parametric settings of
SVR, GA is introduced to search for the optimum para-
metric values for SVR. Subsequently, our team assemble the
predicted values of all individual subseries as the predicted
values of the CEEMDAN-GA-SVR model. As far as we
know, this is the first time that such a CEEMDAN-GA-SVR
hybrid model has been introduced in the field of COP
prediction.

First, the experiment outcomes reveal the following: (1)
in contrast to benchmark models, our CEEMDAN-GA-SVR
hybrid model shows significantly enhanced forecast ability
for COP prediction; (2) CEEMDAN performs better than
EEMD for the decomposition of raw COP series; (3) GA can
efficiently search for the optimal parameters for SVR,
thereby improving the prediction of COPs.

Second, the primary benefit of our CEEMDAN-GA-SVR
is that it takes full advantage of the benefits of CEEMDAN,
GA, and SVR, respectively, and can remarkably ameliorate
the ability of COP prediction in contrast to certain latest
forecast models. As SVR is suitable for the prediction of
complex nonlinear series, the ensemble prediction model
has comparatively strong interpretability in contrast to
conventional regressive models. However, as we utilize GA
to search for the best parametric settings for SVR, the overall

execution time of the developed model is longer in contrast
to other prediction models based on fixed parameters. In
summary, our CEEMDAN-GA-SVR model shows signifi-
cantly enhanced prediction performance and has promise
for applications in crude oil price forecasting.

Third, through empirical study on the weekly data of
Brent crude oil futures settlement price in the North Sea, we
predicted the trend of crude oil prices with relative accuracy.
As an important commodity and strategic material, crude oil
has important practical significance for the productivity and
activities of countries and enterprises. The research results
presented here could help government authorities to better
forecast global COPs and to form more accurate oil price
expectations in order to plan production and business ac-
tivities more scientifically, which is vital for optimising the
production structure of the national government authorities
and preventing the risk of oil price fluctuations.
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With the wide application of “Internet +” in education and the transformation and development of applied colleges and universities,
teaching supervision is an important part of colleges and universities’ teaching quality assurance system. However, there are still the
following problems in the actual teaching supervision. The first is emphasizing “theory” teaching rather than “practice” teaching; the
second is unstable supervisory team; the third is emphasizing “supervision” rather than “guidance”; the fourth is single ways and
methods of teaching supervision; the fifth is lack of integration of teaching evaluation information. In order to ensure that the
teaching quality of applied undergraduate colleges and universities can meet the requirements of local social development, teaching
supervision work must be rooted in reality and focused on the future to build an effective teaching supervision system. Therefore, six
suggestions are put forward. The first is to attach importance to the practicality of teaching, that is, application. The second is to insist
on the part-time subjectivity of the supervision team. The third is to form a supervision culture of “guidance as to the main focus,
supervision as the supplement, combination of supervision, and guidance to promote teaching quality through feedback.” The fourth
is to implement a triple superposition of regular supervision, inspection supervision, and special supervision. The fifth is to strengthen
the synergy and innovation of supervision methods. The sixth is to establish an information-based teaching supervision and
management platform so as to solve the deficiencies of the teaching supervision system in application-oriented colleges and
universities in function, organization, culture, methods, methods, technology, and so on.

1. Introduction

At present, China is in a critical period of deepening the
reform and quality construction of higher education, and it
is also a key stage to accelerate the development of high-level
undergraduate education and internal connotation. In 2018,
the Ministry of Education issued a circular to eliminate
“poor quality classes” and create “high-quality classes,”
striving to improve undergraduate education and teaching.
Universities have carried out undergraduate education work
and great discussions on ideas, setting off the tide of quality
construction. The teaching supervision system is an im-
portant guarantee for monitoring the quality of talent
training in colleges and universities. It plays an important
role in ensuring the quality of teaching in colleges and

universities, promoting the construction of the teacher team,
promoting the construction of teaching and learning styles
in colleges and universities, and providing advice and
suggestions for the development of schools. At present, some
local universities are in a period of “transformation.” Al-
though they have established the cultivation goal of appli-
cation-oriented talents, due to the lag of education and
teaching management, the uneven construction of infor-
mation technology, “Internet+” technology has not been
effectively used in the supervision work of universities, and
there are a series of problems in the supervision system of
universities in general. For example, it emphasizes the su-
pervision of “theoretical courses” rather than “practical
courses”; the supervision team is unstable; it emphasizes
“supervision” rather than “guidance”; the methods and
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approaches are single and simple and lack technical support.
To a certain extent, this has hindered the idea and correct
guidance of the cultivation of applied talents in teaching,
thus failing to ensure the quality of the cultivation of applied
talents, and is not conducive to the development of inno-
vation and entrepreneurship education and the integration
of industry, education, and research. Therefore, giving full
play to applying “Internet+” technology in teaching su-
pervision, innovative teaching management, and building an
effective teaching supervision system have become impor-
tant themes and inevitable trends in the reform and de-
velopment of teaching management in universities.

2. Importance of Teaching Supervision Work

Undergraduate teaching is the key issue that the university
way should grasp. “We must place undergraduate education
at the core position of building a strong country of higher
education, the key position of training socialist builders and
successors, and the pioneering position of national pros-
perity and national rejuvenation to understand and pro-
mote. We should systematically plan and promote it in terms
of ideas, concepts, standards, models, culture, and systems,
establish educational confidence, reflect Chinese charac-
teristics, pursue world-class, and form a Chinese program
for high-level undergraduate education” [1]. This is the
speech made by Minister Chen Baosheng at the launch of the
Six Excellence and One Top Notch Plan 2.0. Undergraduate
education is based on undergraduate teaching, and there is
no way to talk about undergraduate education without
teaching. The quality of undergraduate teaching requires
assurance through teaching supervision, which means that
teaching supervision is significant for strengthening un-
dergraduate teaching.

2.1. Ensure the Orientation of School Running. Applied
universities emphasize the social service function of uni-
versities, oriented to service development needs, and focus
on professional knowledge, professional skills training, and
training to cultivate application-oriented talents as the goal
[2]. At present, China’s applied universities and local uni-
versities lack the awareness of serving the local area and the
level of service. Consequently, the deviation of the insuffi-
cient concept of serving the local economy in teaching
should be corrected through teaching supervision work, and
the concept of serving the local area should be established.
Furthermore, it relies on various local resources, integrates
into local economic development, cultivates high-quality
applied talents rooted in the local area, and delivers a certain
quantity and quality of professional talents to the local area.
In this way, it ensures the sustainable development of the
local economy and provides a constant source of power and
resources for the universities to meet the needs of local
economic and social development.

2.2. Assist in Optimizing the Construction of Teaching Staff.
Teachers in applied colleges and universities are responsible
for serving local economic development and cultivating
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applied talents. In addition to solid professional knowledge,
a high level of scientific research, and teaching ability,
teachers should also have the practical ability to operate
skillfully and have excellent technical skills. By monitoring
and guiding teachers throughout the teaching process, the
teaching supervision work can promptly identify the
problems in the teaching process of teachers, especially the
phenomenon of emphasizing theoretical teaching and ig-
noring practical teaching among teachers. It should give
teachers helpful evaluation, targeted guidance, and inten-
tional guidance for cultivating “dual-teacher” and “dual-
competent” teachers in applied colleges and universities to
optimize teachers’ construction.

2.3. Promote the Construction of Teaching and Learning Styles
in Universities. The teaching and learning style of a school is
an important reflection of the spirit of teachers and students
in a university. “Emphasis on academics rather than
teaching” has always been a common problem in all uni-
versities; although almost all universities will talk about
putting teaching in the first place, in the actual assessment,
especially in the title assessment, it is still based on teachers’
projects and papers. Therefore, it is not surprising that
teachers are busy declaring projects and writing papers.
“Emphasis on academics rather than teaching” is likely to
lead to teachers being “perfunctory” in their teaching. Si-
multaneously, through supervision, it continues to deepen
the reform of teaching content, methods, and means, pro-
mote teaching reform, and improve the status of the main
students. Meanwhile, through field trips, student seminars,
or individual interviews, it is possible to gain an in-depth
understanding of whether students can receive timely and
effective assistance and guidance when they encounter
doubts in the learning process and to understand students’
requirements and opinions on teaching materials, teaching
progress, and teachers’ teaching [3]. Thus, strengthening the
supervision of teaching helps to detect bad teaching and
learning styles among teachers and give timely correction. It
creates a good campus culture [4].

2.4. Provide Advice and Suggestions for the Development of
Teaching in the University. The teaching supervision de-
partment is an advisory body of the school, independent of
the Academic Affairs Office and the teaching department. It
can more objectively supervise, inspect, guide, and evaluate
the whole teaching practice, give timely and objective
feedback on the current teaching situation, analyze the
existing problems, evaluate the quality of teaching, and put
forward suggestions for improvement [5]. The teaching
supervision work itself is not directly involved in manage-
ment, but it can summarise the common problems in
teaching through classroom listening, teaching inspection,
and student seminars. The information from supervision is
summarised, concluded, and analyzed in time to provide a
basis for decision-making for the school’s teaching de-
partment to improve teaching management and teaching
staff to improve their teaching ability, such as teachers’
teaching, students’ learning, teaching status, teaching effect,
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and teaching management cooperation. It delivers timely
teaching information and puts forward opinions or sug-
gestions so that school leaders or teaching management
departments can quickly grasp the teaching situation and
make correct judgments and decisions. This will ensure that
the teaching and learning process is standardized, orderly,
and good [6].

3. Problems of Teaching Supervision in Applied
Undergraduate Universities under the
Perspective of “Internet+”

3.1. Emphasis on “Theory” Teaching rather than “Practice”
Teaching. Whether it is the transformation of local un-
dergraduate colleges and universities to application-oriented
colleges and universities or the transformation of higher
vocational high schools to application-oriented under-
graduate colleges and universities, they are still in the early
stage or transition stage. Applied universities cultivate ap-
plication-oriented talents, which is different from academic
universities and skill-oriented high vocational high schools
in the past. It should be said that it cultivates both academic
ideas and high-level, high-quality skill-oriented talents.
Therefore, on the one hand, in the teaching supervision, we
pay more attention to the teaching of theory courses than
practice courses. It is a problem of the supervisors’ own
transformation of the idea of “application-oriented.”
According to the statistics of a university’s supervisors’
manuals for listening and evaluating classes in the academic
years of 2017-2018, 2018-2019, and 2019-2020, the pro-
portion of listening to practical classes is 12%, 18%, and 20%
respectively. On the other hand, there is a lack of perfect
practical teaching evaluation standard in the teaching
evaluation standard. The supervisor generally divides the
practical teaching into experiment, practical training, and
social practice. Therefore, the practical teaching evaluation
should include these three categories. At present, the eval-
uation of practical teaching mostly focuses on practical
operation ability, and the evaluation standard is too general
to scientifically and reasonably evaluate the process and
effect of practical teaching. Teaching evaluation has not yet
been truly in line with the criteria for training applied tal-
ents. Therefore, using theoretical, experiment, social prac-
tice, and practical training courses targeted the form of
teaching supervision [7]. In the transformation to applica-
tion-oriented, how to evaluate teachers’ teaching quality and
strengthen the supervision of practical teaching to improve
the quality of practical teaching is a topic for further research
and discussion by supervisors [8]. In addition, the rapid
development of “Internet+” education is bound to cause
continuous reform and updating of teaching ideas, teaching
modes, teaching methods, and teaching means in colleges
and universities. Supervisors must adapt to the changes in
educational technology and strengthen supervision of
practical teaching [9]. However, at present, some universities
do not pay attention to the training of teaching supervisors
and do not have corresponding learning and training plans.
The lack of internal and external learning and training is also

an important reason why supervisors are not strong enough
to supervise “practical” teaching.

3.2. Unstable Supervisory Team. The work of teaching su-
pervision involves various disciplines and majors in each
second-level college, and it is obviously not very realistic to
have full-time supervisors corresponding to them. The small
number of full-time supervisors is a common phenomenon
in all universities. Especially in private universities, due to
the allocation of funds, apart from a few full-time super-
visors, supervisory work is mostly performed by teachers
with associate or higher titles who are more senior, expe-
rienced in teaching, and responsible in the second-level
colleges. Although the university also appoints secondary
college supervisors for two years in general, in fact, there are
cases where part-time supervisors leave their posts, and so
on, to varying degrees each semester. As shown in Table 1
and Figure 1, from a review of the supervisory teams of an
undergraduate university in the second semester of the 2017-
2018 academic year, the 2018-2019 academic year, and the
2019-2020 academic year, the departure rate was as high as
38%. The new part-time entry was as high as 43%, with only
the PE Department and the Computer Science Department
having no part-time supervisory staff turnover for five
consecutive semesters, with the Computer Science De-
partment also introducing one person. Secondly, the Busi-
ness Administration Department had no part-time
supervisors for four semesters in two consecutive academic
years, and the Logistics Department had no part-time su-
pervisors for three consecutive semesters.

The reason for this is that, firstly, these part-time su-
pervisors have to apply for supervisory work according to
the teaching work arrangement of the second-level colleges,
or they are assigned by the leaders of their departments
according to their workload. Due to the high mobility of
teachers in private universities, teachers’ workload is not
fixed every semester, sometimes more, sometimes less, and if
they are responsible for part-time supervisory work when
the workload is high, they will exceed the workload limit of
the college. If colleges do not have additional subsidies, it will
greatly reduce the motivation of part-time supervisors to
participate. Secondly, part-time supervisors have to com-
plete the teaching and research tasks of secondary colleges,
then they also have to find time for supervisory management
work, which is a distraction in terms of time and energy, and
they are unable to cope with it, thus giving up the work of
part-time supervisors. Finally, as part-time supervisors are
mostly supervising and managing their own secondary
colleges and monitoring their own colleagues, on the one
hand, some supervisors are too harsh in their words when
giving feedback afterward. On the other hand, some teachers
are prejudiced against supervisors, thinking that supervision
is to pick faults, so those part-time supervisors are often
physically and mentally exhausted and lose their enthusiasm
for supervisory work. In short, the instability of the su-
pervisory team directly affects the consistency of the school
supervisory department in listening to opinions and sug-
gestions, the “supervision” of teachers only remains an issue,
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FIGURE 1: Proportion of part-time supervisors leaving/recruiting.

and the “guidance” becomes a mere word. This affects the
continuity and effectiveness of teaching supervision.

3.3. Emphasis on “Supervision” rather than “Guidance”.
In the work of teaching supervision, the phenomenon of
emphasizing “supervision” over “guidance” is still very
common, thus causing a disconnection between “supervi-
sion” and “guidance.” On the one hand, it is easier to do
“supervision” than “guidance,” which is equivalent to in-
spection, and the results of supervision and evaluation only
come from a few classroom visits [10], so it is easy to find
problems, record them, and give feedback on them. How-
ever, finding out the reasons behind the problems and
guiding teachers to correct them is a task that requires much
effort and continuous follow-up and requires more time and
energy. In reality, most supervisors prefer to give feedback in
writing to the teacher’s faculty leader or the teacher himself
after they have found problems in the course of listening to
or inspecting a class, and even if they are able to commu-
nicate face-to-face, it is only basically once, and rarely can
they follow up and guide the teacher so that the teachers can
move from immaturity to maturity to full maturity in the
shortest possible time:.

3.4. Single Ways and Methods of Teaching Supervision.
The central part of teaching is classroom teaching activities.
The level of teaching and management is reflected in
classroom teaching, so the primary task of supervision is to
listen to classes in-depth [11]. In terms of teaching super-
vision methods and approaches, at present, the traditional
form of simple classroom listening and evaluation is still
adopted; one or several supervisors listen to a teacher’s class
and then give corresponding evaluation guidance to the
teacher. This is a relatively convenient way and method of
supervision. However, as China’s higher education prog-
resses towards becoming an educational powerhouse and
traditional undergraduate universities transform into ap-
plication-oriented universities, this single way of listening to

and evaluating lessons is no longer sufficient to ensure
teaching quality, especially as it is difficult to conclude just
one or two listening sessions. It is not always possible to
conclude multiple listening sessions, and the workload of the
supervisors can be very heavy, which in turn can create a
very tense situation for teachers and even disrupt their
teaching plans and cause resentment. In addition, in
practice, some teachers do not pay attention to or rectify the
feedback they receive from supervisory experts and lack
motivation for teaching reform [12].

3.5. Lack of Integration of Teaching Evaluation Information.
Although “Internet+” education has made a deep devel-
opment, it does not seem to be really reflected in the field of
teaching supervision work. Due to the lack of modern in-
formation technology support, the supervisors’ evaluation of
teachers’ teaching is only retained in the paper lecture record
book, and each supervisor’s evaluation information is of a
single-line type. If a school-level supervisor or the head of a
second-level college wants to know the evaluation of a
teacher by a number of supervisors for different classes, or
even more so, if the teacher wants to know the information
about his teaching evaluation by the supervisory institute in
the past, this is undoubtedly a huge workload. At the same
time, it is not easy to follow up on each teacher’s evaluations
as they are all messy and hidden.

4. Construction of Effective Teaching
Supervision System of Applied
Undergraduate Universities

4.1. Pay Attention to the Unity of Teaching Theoreticality and
Practicality. In order to ensure the quality of applied talents
training in private applied undergraduate colleges and
universities, it is necessary to change the teaching ideas and
methods that teachers used to focus only on theoretical
teaching and neglect practical teaching. Thus, teaching su-
pervision should continue to pay attention to the supervision
and guidance of theoretical courses and gradually raise the
requirements for practical teaching and formulate practical
teaching evaluation standards. For example, whether the
applicability of practical courses is reasonable, whether the
hardware environment of practical teaching can serve to
teach normally and effectively, and whether the teachers’
attitude towards practical teaching, teaching content, and
teaching effect meet the requirements of practical teaching.
Quantitative and qualitative evaluation continuously im-
prove the supervision of practical teaching and strengthen
the supervision and guidance of practical teaching [13].

4.2. Adhere to the Part-Time Subjectivity of the Supervisory
Team. Supervisors in higher education institutions are
basically composed of school leaders and leaders of second-
level colleges or professors. As a new private university,
Guangzhou College of Technology and Business needs to
build more projects and spend more money at the early stage
of construction, making it difficult to set up a full-time
supervisory team. In order to cut costs without affecting the



smooth development of supervision work, Guangzhou
College of Technology and Business has always adhered to
the principle of “full-time supervision as the leader and part-
time supervision as the main body” over the years. It has
established a relatively stable supervision team and a rela-
tively stable supervisory team and has shown a situation of
“two high and one good.” The full-time supervisors are
experts who are well versed in the laws of higher education
teaching, have rich teaching experience, are impartial and
healthy, and have senior associate titles or above. Part-time
supervisors are professors and associate professors with rich
teaching experience and profound professional foundation
or lecturers with certain teaching experience and top
teaching evaluation selected by each department. With the
expansion of the scale of schooling, more and more pro-
fessors and associate professors have been introduced to
each department. At present, the number of part-time su-
pervisors with the title of associate professor or above has
reached more than 90%, which has brought the compre-
hensive quality of the supervisory team to a new level.
Secondly, the high enthusiasm of work: most of the new
private colleges and universities with the title of associate
professor or above are those old teachers who have retired
from public colleges and universities. The full-time and part-
time supervisors are precisely the highly respected old
professors selected from these people. They are often re-
sponsible, upright, and patient, and according to the ar-
rangement of supervision work, they can all complete their
tasks on time and in quality. Some even often overcomplete
the task of listening to and evaluating lectures, showing high
enthusiasm for their work, as shown in Table 2. Thirdly, the
supervision effect is good. The biggest advantage of “part-
time supervisors as the main body” is that it makes full use of
teachers’ resources in each department and makes up for the
shortage of full-time supervisors as the focus of teaching
supervision is generally on those new teachers, external
teachers, or teachers with problems reflected by students.
The number is often large at the beginning of the con-
struction of private colleges and universities. The task of
listening to and evaluating lessons involves various de-
partments of the college and various specialties, which is
often limited by the ability and energy of full-time super-
visors alone. This allows the part-time supervisors to bring
their respective professional levels into play and listen in a
structured, focused, and targeted manner according to the
characteristics of different disciplines and specialties in their
departments, making the supervisory work more profes-
sional, distinctive, and refined. At the same time, it has also
drawn the attention of each department to the teaching work
and received good results. In addition, the cooperation
between schools and enterprises in applied colleges and
universities is getting closer and closer, and enterprises are
more and more involved in the work of raising talents in
colleges and universities. The enterprise element in colleges
and universities is getting stronger and stronger. For this
reason, introducing the evaluation standards of industrial
enterprises and employing experts from industrial enter-
prises as teaching supervisors will evaluate teaching su-
pervision more scientifically and reasonably [5].
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4.3. Form a Service-Oriented Supervisory Culture Combining
Supervision and Guidance. Supervision of education and
teaching is a very serious task. In the past, most teachers
believed that supervisors would only pick on teachers and
would not praise them. Therefore, to make more teachers
better accept the supervision work, the majority of super-
visors must update their concepts, change the way they
supervise, shift from inspection style supervision to service
style supervision, and enhance their sense of service [14]. The
Guangzhou College of Technology and Business Supervision
Office, based on the principle of starting from the actual
work of supervision, has formulated a 16-word supervision
policy after careful study and discussion, namely, “sum-
marise the experience, explore highlights, discover prob-
lems, and discuss improvement.” In the supervision, a
service-oriented teaching supervision and monitoring cul-
ture with “guidance as to the main focus, supervision as the
supplement, combination of supervision, and guidance to
promote 'teaching quality through feedback” have been
formed. In the practice of supervision, the 16-word policy
has become the basic principle of full-time and part-time
supervision. When listening to and evaluating lessons, su-
pervisors should firstly respect teachers’ supervisory phi-
losophy of respecting the classroom and listen to and
evaluate lessons from summing up experiences and digging
up highlights. It is important to understand teachers through
listening to lessons, summarising their teaching experience,
digging out the highlights that teachers can develop sus-
tainably, and promoting teachers’ confidence in engaging in
education rather than discouraging them. In educational
practice, “teaching should have methods but there is no fixed
method” should become the guiding ideology of supervision
work to summarise the experience and explore the high-
lights. Secondly, the supervisory work should change its
concept, insist on reform and innovation, supervise with the
attitude of academic research [15], and help teachers reform
their classroom teaching methods, form their own teaching
style, and improve the quality of classroom teaching, based
on the principle of “finding problems, discussing and im-
proving.” When supervisors listen to classes, once they find
problems, they should solve them utilizing seminars, and by
discussing the problems in teaching, they should guide
teachers to develop and innovate, instead of mainly criti-
cizing to frustrate teachers’ enthusiasm for teaching. In
recent years, the Supervision Office has followed the 16-
word supervisory principles in several types of special su-
pervision and achieved a better supervisory effect. For ex-
ample, in the supervision and evaluation of undergraduate
teaching plans, we adopted the method of recommending
ten teaching plans by the department, selecting the excellent
teaching plans by experts, and then summarising the ex-
cellent teaching plans, in theory, to refine the core content
the excellent teaching plans. Through the supervision bul-
letin to the whole college, thus guiding the college’s edu-
cational teaching reform, especially solving the theoretical
problems in lesson plan writing. Another example is that we
have conducted special supervision of 30 teachers with top
and bottom student evaluations in two semesters in the
special evaluation of teachers’ teaching. Through the
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TaBLE 2: Attendance statistics for full-time and part-time supervisors, 2018-2020.

Academic year Number of lectures Semester 1 Semester 2 Total lectures (section)
2018-2019 27 1089 1269 2358
2019-2020 25 1470 1386 2856
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supervision of the two poles of teaching evaluation, the
Supervision Office formed two issues of special supervision
briefs based on the experts’ opinions. The first issue is a
summary of the experience and supervision of outstanding
teachers. It affirmed some of the teachers from the per-
spective of “Golden Course Teachers,” raised the teaching
behaviors of outstanding teachers to a theoretical level,
described the qualities of “Golden Course Teachers,” sorted
out the “Golden Course Teachers” teaching behaviors, and
formed an influential teaching philosophy. The newsletter is
published for all young and midcareer teachers to learn from
and emulate. The other issue is a supervisory briefing for
teachers who have fallen behind in their evaluations. Ana-
lyzing the problems and why teachers ranked low in their
evaluations helped teachers clarify their educational phi-
losophy, establish professional ideals, enhance their pro-
fessional quality, strengthen their learning from theory, and
train and grow in practice. They went deep into the class-
room and into practice, offering valuable solutions and
suggestions on many key hot issues and weak links in
teaching [16].

4.4. Implement a Triple Superimposed Supervision Method.
Educational teaching supervision is both a policy-oriented
and artistic supervision, and its supervision methods de-
termine the quality and effect of supervision. In order to
improve the coverage of supervision and create an excellent
quality control culture, the Supervision Office of Guangzhou
College of Technology and Business has formed a new idea

in the way of supervision and innovated the way of su-
pervision, as shown in Figure 2. It divides the traditional
single supervision method into regular supervision, special
supervision, and inspection supervision, realizing a triple
overlay of supervision methods and receiving a good effect of
comprehensive quality monitoring. Routine supervision
refers to the supervision method that the Supervision Office
follows up the quality of classroom teaching according to the
supervision regulations of the college, and its behavior is
regular, comprehensive, and universal, which is customary
behavior. It mainly solves the general problems of teaching
quality monitoring. The early teaching inspection focuses on
the guarantee of teaching conditions, preparation for
teaching, and implementation and execution of teaching
tasks in each teaching unit. Midterm teaching inspection
focuses on teaching and research activities, lecture listening,
lesson plans, student evaluation, teaching operation, and
practical teaching development in each teaching unit. The
final teaching inspection focuses on teaching tasks, tutorials,
Q&A, examinations, examination style, discipline, and so
on. The period also includes regular and irregular inspec-
tions of classes and visits to classes by school leaders,
teaching management departments, and student manage-
ment departments to understand the teaching operation
[17]. Special supervision refers to the special supervision
carried out by the Supervision Office according to the
current situation of the college’s development, by under-
standing the problems that exist in a certain aspect of ed-
ucation and teaching or the experience that needs to be
promoted and summarised and promoted. It conducts an in-
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depth and systematic understanding and deep-seated dis-
section of a prominent problem or highlight in teaching and
learning and proposes targeted guidance through collective
research and diagnosis [18]. It has the nature of timeliness,
specialization, and uniqueness and is special supervision to
guide the management and development of education and
teaching. Inspection supervision refers to the Supervision
Office, according to the work needs, under the arrangement
of the board of trustees and the leadership of the college, to
carry out comprehensive, partial, and special problem of
education and teaching work inspection. It has the nature of
supervision and guidance and is a simpler way of supervision
work, such as classroom teaching order inspection and
campus nurturing environment inspection. It can simply
understand a certain aspect of the college and provide timely
and effective supervision feedback.

4.5. Strengthen the Collaborative Innovation of Supervision
Methods. Collaborative innovation in supervision methods
is a principle that has been adhered to by the Supervision
Office of Guangzhou College of Technology and Business.
The innovative supervision method is proposed according to
the actual construction of teachers’ teams in private colleges
and universities. At present, there is a common phenom-
enon of two more and one less in the teaching team of
private colleges and universities: more retired old teachers,
more new graduate students, and fewer middle-aged
teachers with teaching experience; such a teacher structure
poses a challenge to improve the quality of classroom
teaching. In order to improve the quality of classroom
teaching, let new teachers stand firmly on the podium and
stand well on the podium, let veteran teachers give full play
to their enthusiasm, and let young and middle-aged teachers
better accumulate teaching experience; to truly play the role
of classroom teaching in the education of people in the
university, the College Supervision Office has changed the
traditional simple mode of listening to and evaluating

classes, as shown in Figure 3. It gives full play to the role of
part-time supervisors and old professors to pass on, help,
and lead and constantly innovates the methods of classroom
teaching supervision, using “old to lead new,” “new to
promote new,” “point to promote surface,” and “excellent to
promote teaching,” receiving good results. In recent years,
the Supervision Office has put forward three listening re-
quirements for regular listening to lessons according to the
relevance and effectiveness of part-time supervisors’ lis-
tening to lessons. The first is understanding listening: lis-
tening to new teachers’ lessons and external teachers’ lessons
to grasp the teaching dynamics of new teachers. The second
is supportive listening: listening to the lessons of teachers
who have been evaluated by previous students and giving
precise help. The third is induction listening: listening to the
lessons of new teachers so that young teachers can be
competent for their posts and stand firmly on the podium.
Three approaches were used in the implementation of the
collaborative and innovative supervisory approach. The first
is to innovate and extend the traditional form of listening
and evaluating lessons by teachers on their own, in the form
of a single, random lesson. For example, the PE Department
has upgraded this work to include teaching and research in
the same sport, with peers in the same sport communicating
and evaluating the “professional competence” of their
teachers in a two-way manner and judging the professional
teaching ability of their peers in a realistic manner to achieve
the goal of mutual learning and improvement. The second is
to establish a collective work form of listening to and
evaluating lessons with the teaching and research depart-
ment as the main body; that is, the director of the teaching
and research department takes the lead in organizing the
teachers of the department to collectively listen to and
evaluate the lessons of some or individual teachers with
teaching characteristics. After the collective discussion and
diagnosis, the teaching and research department director
will designate a person to write the first draft of the collective
listening report of not less than 2,000 words, which will be
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submitted to the part-time supervisor for review and
modification. Then, the final draft will be formed after re-
peated modifications through collective discussion. Through
this way of collective listening and evaluation activities, it
can strengthen the atmosphere of scientific research and
teaching and research in the teaching and research de-
partment and at the same time form a natural habit of
academic thought exchange through collective discussion,
which truly reflects the supervisory purpose of collaborative
innovation. The third is to improve the academic analysis of
young teachers, mainly in the form of listening and eval-
uation work, that is, the teachers who perform supervisory
work from time to time to select young teachers who do not
have classes, together with random listening to a teacher’s
classroom teaching. After listening to a class, the partici-
pating teachers discuss it with each other. Finally, the part-
time supervisor or a teacher with a higher title asks questions
related to the course’s knowledge system and methodo-
logical system and with certain academic significance. It
requires the young teachers to refine the lecturer’s “shining”
points according to the actual situation of the lecture they
have listened to and to make constructive suggestions in a
debatable tone for the shortcomings. The young teachers
who have listened to the lecture will write a lecture report of
at least 1500 words under the guidance of a highly qualified
teacher (or supervisor). The above-mentioned innovative
ways of listening to and evaluating lectures improve the
teaching standard of young teachers and cultivate their
academic thinking, broaden their academic vision, and
enhance their academic sensitivity.

4.6. Establish an Information-Based Teaching Supervision and
Management Platform. In order to ensure that the evalua-
tion of teachers’ teaching is scientific, objective, fair, and
comprehensive, comprehensive integration of teachers’
evaluation information is needed, and an evening infor-
mation-based teaching supervision and management plat-
form must be established, as shown in Figure 4. In this
platform, there can be both daily and regular evaluation
channels. The daily evaluation mainly includes daily eval-
uation of teachers by informants, daily teaching inspections,

and listening to and evaluating lessons. Regular evaluation
channels mainly include teaching information feedback,
student evaluation symposiums, student online teaching
evaluation, peer evaluation, and special teaching inspections
[19]. Cloud inspection is implemented in the special su-
pervision of special teaching materials to achieve high ef-
ficiency. All teaching materials are uploaded to the
Xuexitong Cloud, and electronic versions of the materials
are accessed. The preparation of teachers’ teaching materials
is discovered promptly through inspection, and those that
are incomplete are promptly fed back into the system for
rectification [20]. In this platform, the system will auto-
matically generate a summary and aggregated evaluation of a
particular teacher. Individual teachers will see all the eval-
uation results about themselves and will only be able to view
the identity of the evaluator and not who the evaluator is.
However, the results of all teachers’ teaching evaluations are
only available to individuals; for example, general supervi-
sors can only see the evaluations of their peer supervisors,
and school-level supervisors can see everyone’s evaluations.
Here, teachers’ privacy can be ensured, while the infor-
mation of teachers’ teaching evaluation can be integrated
and summarised, effectively ensuring the scientific, fair, and
authoritative teaching supervision and evaluation results. At
the same time, within the information management plat-
form, there will also be a record of the supervisor’s follow-up
guidance to teachers so that the “guidance” to teachers can
be traced and documented, thus ensuring the effectiveness of
supervision. Therefore, teaching supervision departments
should speed up the construction of information technology
and develop an information-based teaching supervision
management platform suitable for their own schools to
escort the creation of a high-level applied university.

5. Conclusion

This paper expounds the significance of teaching supervision
and describes the problems in the teaching of “Internet plus”
supervision, as shown in Table 1. From 2017 to 2020, the
number of types of resignation supervision has reached
more than 30%. As shown in Table 2, in the 2019-2020
academic year, 25 part-time supervisors attend 2856 classes a
year, with 32 teaching weeks a year, with an average of
114.24 class hours per supervisor per year. Therefore, it
constructs the teaching supervision system of application-
oriented undergraduate colleges and universities.

With the rapid development of “Internet +” and the
application-oriented and efficient transformation, it is very
necessary to build an effective teaching supervision system.
The follow-up research will focus on the following aspects:

(1) Establish an information-based teaching supervision
and management platform to facilitate the devel-
opment of supervision work.

(2) The supervision mode of triple superposition is
implemented in practice, and the work is clear.

(3) Strengthen the subjective role of part-time super-
vision and coordinate the synchronization of part-
time supervision in supervision and teaching.
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Based on the role separation scenario in which students need parental support, this paper explores the effect of parents’ attitude on
secondary school students’ online learning. Through structural equation model analysis and regression analysis of 745 valid
responses to a questionnaire, the data results show that parents’ subjective dimension includes perceived gain and perceived loss,
and social factor dimension includes teachers’ influence and online comments. Perceived value is the key influencing factor of
parents’ attitude towards secondary school students in online learning platform. Perceived usefulness and platform information
influence parents’ attitude positively and significantly, while perceived risk influences parents’ attitude negatively and signifi-
cantly. In the dimension of social factors, teachers’ influence positively influences parents’ attitude, and online comments
modulate the influence of perceived value on parents’ attitude.

1. Introduction

Since COVID-19 broke out globally in 2020 and is expected to
coexist with humans for some time to come, countries have
started online learning. Online learning has gradually changed
from the role of auxiliary teaching to the leading role of stage
teaching and has received unprecedented attention and rapid
development, so online learning has become the new normal in
the learning of middle school students.

The research is focused on parents’ attitudes towards stu-
dents’ use of online learning platforms. Most middle school
students in China are teenagers aged between 12 and 18 with a
certain subjective awareness of learning. As direct users of
online learning platforms, they have their own feelings about the
platform, and their choice of online learning platforms is more
influenced by parents’ attitudes. This leads to the separation of
direct users (middle school students) and indirect users (par-
ents). Although there are extensive researches on online
learning platforms at present, the research on parents’ attitudes

towards students’ use of online learning is still in the blank stage,
which makes this research of great significance.

2. Variables and Research Hypothesis

2.1. Perceived Usefulness and Perceived Value: Parent Attitude.
In information systems and technology research, perceived
usefulness has been broadly used as a key indicator for
predicting technology reception. Keng-boon Ooi et al. re-
ported that perceived usefulness, perceived ease of use, and
belonging have an obvious direct effect on satisfaction, while
satisfaction directly affected learners’ website attachment
and continuous use [1]. Chang et al. investigated the
influencing factors of behavioral intention of e-learning for
educational purposes among Azerbaijani college students,
finding a strong beneficial impact of perceived usefulness on
college students’ attitude toward using e-learning [2]. Zhang
who conducted a study on user selection factors of online
Chinese education in Thailand found that perceived
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usefulness does not leave any direct impact on respondents’
willingness of the online learning Chinese in Russia but
indirectly affects the perceived value, which is one of the
highest path coefficients, suggesting the mediating effect of
perceived value on perceived usefulness on adoption in-
tention [3]. For online learning, perceived usefulness is an
important direct factor influencing customer attitudes, or
indirectly through perceived value. The effect of perceived
usefulness on perceived value and parents’ views is inves-
tigated in this paper using perceived usefulness as an an-
tecedent variable for perceived value. This paper proposes
the following hypotheses:

H1: Parents’ perceived usefulness of e-learning plat-
forms positively affects parents’ attitudes.

H2: Parents’ perceived usefulness of e-learning plat-
forms positively affects parents’” perceived value.

2.2. Platform Information and Perceived Value: Attitudes of
Middle School Students’ Parents. For users, information
serves as a provider as well as a recommender. Information
can serve as a provider of relevant product or service ma-
terial to users, as well as a recommender to assist them in
making decisions [4]. Customers can make better selections
when purchasing online if they have access to a number of
objective product information [5]. Yang et al. found that the
online and offline information integration significantly
promotes perceived profit. Correspondingly, perceived
profit positively affects perceived value and indirectly in-
fluences usage attitudes through it when conducting the
influence of physical experience and information integration
on consumers’ use of conventional commerce and e-com-
merce [6]. The platform information for students and
parents provides an important basis for shaping consumers’
perceived value and attitude while building an online
learning platform. The platform information can not only
provide students and parents with the information they need
about the platform services and courses, but also assist
parents to make decisions on whether to let students con-
tinue to use the online learning platform. The following
hypotheses are thus proposed:

H3: The information of online learning platform
positively affects the attitudes of parents of middle
school students.

H4: The information of online learning positively af-
fects the perceived value of parents of middle school
students.

2.3. Perceived Risk and Perceived Value: Parents’ Attitudes of
Middle School Students. Uncertainty, loss, and lack of
control for a product or service are all examples of perceived
risk. Foreign studies have verified the repeated negative
effect of perceived risk on mobile services’ perceived value
[7], mobile payment’s perceived value [8], utilitarianism,
and hedonic value in B2C e-commerce. Domestic studies
have also reached similar conclusions. When Yan looked at
the elements that influence college students’ desire to accept
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MOOGC:s, she discovered that perceived risk, as portion of
perceived profit and loss, has a negative and significant effect
on perceived value [9]. Jiang found that perceived risk
negatively significantly affects perceived value and trust
when conducting research on factors influencing mobile
0,0 application attitude [10]. There is a general consensus at
home and abroad that perceived risk can have a marked
negative effect on perceived value. Customers, on the other
hand, tend to avoid risks in unclear situations, and parents of
middle school students who use online learning platforms
similarly tend to avoid risks when taking decision. Perceived
risk causes a detrimental effect to product/service perceived
value and attitude in general. This paper proposes the fol-
lowing hypotheses:

HS5: Perceived risk negatively affects parents’ perceived
value for online learning platforms.

Hé: Perceived risk negatively affects the attitudes of
parents of middle school students for online learning
platforms.

2.4. Perceived Cost and Perceived Value: Attitudes of Middle
School Students’ Parents. Perceived cost (also known as
perceived price) is a key component influencing customer
demand, user acceptance, and innovation implementation in
many information systems, marketing, and economic
models. Perceived cost generates an adverse effect on per-
ceived value at the judgment stage under the monetary
standpoint. Wang et al. examined the adoption of mobile
hotel booking (MHR) from the value and found that per-
ceived value was the predictor of customer adoption of
MHR. In terms of perceived profit and loss, technical effort
and perceived cost significantly affect perceived value [11].
Wang et al. investigated the determinants of mobile app
users’ behavioral intention based on the consumption value
theory, and the results showed that consumption value
greatly influenced the behavioral intention of consumers in
using mobile applications. Among them, affective value and
cognitive value have strong relationship with behavioral
intention. Furthermore, by the mediating effect of other
consumption values (functional value, social value, emo-
tional value, and cognitive value), conditional value affects
mobile app users’ behavioral intention [12]. This paper
proposes the following hypotheses:

H?7: Perceived cost negatively affects parents’ perceived
value for online learning platforms.

HB8: Perceived cost negatively affects parents’ attitudes
towards online learning platforms.

2.5. Teachers’ Influence and Perceived Value: Parents’ Atti-
tudes of Middle School Students. New users have less product
or service knowledge and no prior experience than existing
users. As a result, new users are more likely to base their
decisions on the evaluation and social recognition of ref-
erence groups. The research by Huang explores how social
features and interaction affect users’ online experience,
supporting the usage of stimulus-organic-response (S-O-R)
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models in social network sites. The study also demonstrates
ways to integrate environmental features to enhance the
online experience and purchase intention of users [13].
Cheung et al.’s study explores how members of virtual In-
ternet platforms assess their knowledge sharing experiences
and how such assessments affect their decision of continually
sharing knowledge in online practice communities. It turns
out that members are satisfied when they receive the reci-
procity that they anticipate. Similarly, they will be delighted,
and their knowledge self-efficacy can be strengthened if they
discover that they can support other members according to
their expectations [14]. Parents of middle school students
seem to be more cautious in selecting and using digital
training platforms for their children when they pay greater
attention to their students’ education. Teachers are the most
important reference group, and parents will pay more at-
tention to teachers’ recognition and suggestions on online
learning platforms. This paper suggests the following hy-
potheses based on existing research findings:

H9: The perceived value of online learning platforms
from parents of middle school students was positively
affected by teacher influence.

H10: The attitudes towards online learning platform
from parents of middle school students were positively
affected by teacher influence.

2.6. Online Comments and Perceived Value: Parents’ Attitudes
of Middle School Students. In this information-rich society,
customers’ decisions are often made in the context of the
whole social environment. Online comments on products or
services (which tend to be online information exchange
between strangers) should be considered [15]. The perceived
risks and uncertainties can be efficiently minimized through
referring to online reviews [16]. Consumers believe that
online reviews, whether positive or negative, offered by
product or service suppliers are preferable to information
provided by online reviews. These will be used as a key
reference point in decision-making [17]. Studies have shown
that customer behavior is influenced by online comments
[18-20]. Customers can use online comment information as
a source of real reference information to affect their deci-
sion-making behavior. As online learning platforms con-
tinually grow, the companies try to seek means to utilize
online reviews to affect client attitudes, as well as altering
their marketing tactics based on the results of online reviews.
This paper proposes the following hypothesis:

H11: Online comments positively moderate perceived
value and parents’ attitudes on online learning platforms.

2.7. Perceived Value and Parents’ Attitudes of Middle School
Students. According to the empirical study with 222 young
adult SMS users, Turel et al. found that perceived value was a
critical multidimensional determinant for behavioral in-
tention [21]. Yang and Jolly investigated how consumers’
perceived value and subjective norms affected their use of
mobile data services in the United States and South Korea.

The negative impacts of the four categories of customer
perceived value were discovered to reflect distinct behavioral
intents to utilize mobile data services in these two nations.
Emotional value has the greatest impact on consumer use of
mobile data services in both nations. Subjective norms are an
important anther factor of American consumers’ attitude
and behavioral intention for the use of mobile data services,
while they are insignificant among Korean consumers [22].
Hong et al’s study analyzed the influencing factors of
persistence attitude of smart watches and found that per-
sistence intention is directly influenced by hedonic value and
utilitarian value of perceived value [23]. According to re-
search, the perceived value of Internet items or services has a
positive effect on behavioral intentions to use and acquire
them. In essence, middle school students’ learning behavior
on online learning platforms is to gain an educational en-
vironment and learning services and relevant information
from associated online products. This paper proposes the
following hypothesis:

H12: Perceived value positively affects the attitudes of
parents of middle school students towards online
learning platforms.

To sum up, the authors put forward the research hy-
pothesis of this paper after reasoning analysis, as shown in
Table 1.

3. Research Model and Design

3.1. Research Model. Through sorting out the relation of
variables included in the current studies, the attitude model
for middle school students’ parents under the perceived value
theory is finally determined and formed. Perceived value
theory is generally thought to be made up of two parts,
perceived gains and perceived benefit, so the independent
variables of perceived usefulness, platform information,
perceived risk, and perceived cost are classified as variables
affecting perceived gain in perceived value (perceived use-
fulness and platform information) and the variables that
affect perceived loss (perceived risk and perceived cost).
External situational variables include teachers’ influence and
adjustment of the variables in the independent variable
network comments. Teachers’ influence is closely related to
the user of the key groups opinion on its attitude, while
network review focuses on the new groups for the comments
and opinions of products required for the influence of
parents’ attitude, combined with the perceived value model
(VAM), to generate the theoretical model for the current
research. Figure 1 exhibits the hypothesis relation and model.

3.2. Measurement Scales. For ensuring measurement scale
reliability and validity, the variables to be measured are all
used in the existing mature measurement scale in the
existing literature, and appropriate adjustments are made
according to the research purpose and research situation of
this paper, so as to be used as a measurement tool for data
collection. All questions related to the structure of the paper
used a 5-point Likert scale, in which 1 represented “disagree”
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TaBLE 1: Research hypotheses.

SN Hypothesis content

H1 Parents’ perceived usefulness of e-learning platforms positively affects parents’ attitudes.

H2 Parents’ perceived usefulness of e-learning platforms positively affects parents’ perceived value.

H3 The information of online learning platform positively affects the attitudes of parents of middle school students.

H4 The information of online learning positively affects the perceived value of parents of middle school students.

H5 Perceived risk negatively affects parents’ perceived value for online learning platforms.

Hé6 Perceived risk negatively affects the attitudes of parents of middle school students for online learning platforms.

H7 Perceived cost negatively affects parents” perceived value for online learning platforms.

H8 Perceived cost negatively affects parents’ attitudes towards online learning platforms.

H9 The perceived value of online learning platforms from parents of middle school students was positively affected by teacher influence.

H10 The attitudes towards online learning platform from parents of middle school students were positively affected by teacher influence.

HI11 Online comments positively moderate perceived value and parents’ attitudes on online learning platforms.

Hi12 Perceived value positively affects the attitudes of parents of middle school students towards online learning platforms.
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FIGURE 1: Model and hypothesis.

and 5 represented “agree.” Based on the relationship be-
tween variables studied, this paper divides them into in-
dependent variables, mediating variables, moderating
variables, and dependent variables. The specific dimensions
and measurement items are as follows.

3.2.1. Measurement of Independent Variables

@® Perceived usefulness

In the context of the current research, perceived
usefulness means the extent to which parents of
secondary school students perceive that the content
of the curriculum matches the needs of their children.
For measurement, a 5-point Likert scale was used, in
which (1) represented “strongly disagree” and (5)
represented “strongly agree.” Perceived usefulness is
the independent variable of perceived gains, and the
three questions are adapted from the scale of Davis
[24], as seen in Table 2.

@ Platform information

In the current research, platform information refers
to the detailed introduction of learning resources,
course arrangement, teaching content, and other
relevant information on the network by the online
learning platform in order to attract users, enhance
user experience and shape, and maintain high-quality
user relationship. For measurement, a 5-point Likert
scale was used, in which (1) represented “strongly

disagree” and (5) represented “strongly agree.”
Platform information is the independent variable of
perceived gain, and the three questions are adapted
from the scale of Li [25], as shown in Table 3.

® Perceived risk

The perceived risk in this study refers to customers’
awareness of the significance of the potential down-
side consequences of using the incorrect e-learning
product and the probability of making the poor de-
cision in an e-commerce setting. For measurement, a
5-point Likert scale was used, in which (1) represented
“strongly disagree” and (5) represented “strongly
agree.” Perceived risk is the independent variable of
perceived profit and loss, and the three items are
adapted from Zhao et al. [26], as shown in Table 4.

@ Perceived cost

In this study, perceived cost refers to the cost per-
ceived by middle school students to purchase
learning equipment, pay Internet fees, or go to In-
ternet cafes for learning on the online learning
platform. A 5-point Likert scale is adopted for
measurement, in which (1) represented “strongly
disagree” and (5) represented “strongly agree.”
Perceived cost is the independent variable of per-
ceived profit and loss, and the four questions are
adapted from Wang et al. [27], as shown in Table 5.

® Teacher influence

In this study, teacher influence refers to the influence
of teachers in students’ real schools on parents’ at-
titudes towards students using online learning plat-
forms. A 5-point Likert scale is adopted for
measurement, in which (1) represented “strongly
disagree” and (5) represented “strongly agree.” The
four questions of teacher influence are adapted from
Ashwin et al. [28], as shown in Table 6.

3.2.2. Measurement of Dependent Variables. As the de-
pendent variable of this study, parent attitude refers to the
stable psychological tendency of middle school students’
parents towards the use of online learning platforms. In the
design process of this study, parent attitudes towards online
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TABLE 2: Measurement scale of perceived usefulness.
Latent variables Item code Questionnaire content design Source
PU1 Online learning platforms currently in use can improve children’s learning results.
Perceived usefulness PU2 Online learning platforms are being used to meet the needs of children. Davis [24]
PU3 Online learning platforms are being used to solve children’s learning puzzles.
TABLE 3: Measurement scale of platform information.
. Item . . .
Latent variables code Questionnaire content design Source
PI1 The online learning platform is rich in resources and can satisfy children’s learning needs.
Platform PI2 The video quality of online learning platform is high and can satisfy children’s learning needs. ..
. . . ! . e . Yy, . . Li [25]
information PI3 The online learning platform is rich in information about courses, which is helpful for children
to learn.
TaBLE 4: Measurement scale of perceived risk.
Latent Item . . :
variables code Questionnaire content design Source
PRI Online learning platform course content does not match the description, and the quality of the
Perceived risk course is not up to standard. Zhao et al.
PR2  Children use online learning platform to learn courses, and the learning effect is not obvious. [26]
PR3 Online learning platform related content offline services are not guaranteed.
TABLE 5: Measurement scale of perceived cost.
Latent Ttem Questionnaire content design Source
variables code &
PC1 Online learning platforms require additional purchase of expensive learning equipment.
PC2 Online learning platforms take children more time to get used to and be familiar with. Wane et al
Perceived cost  PC3 Online learning platforms have other hidden and additional fees. [57] '
PC4 Online learning platforms require parents to spend a lot of time and energy monitoring their
children’s learning process.
TABLE 6: Measurement scale of teacher influence.
. Item . . .
Latent variables code Questionnaire content design Source
M The course content of the online learning platform currently in use is recognized by the
school teachers.
Teacher D Teachers in the school recognize the curriculum design and teaching methods of the online  Ashwin et al.
influence learning platform. [28]
TI3 School teachers support online learning after school.
TI4 School teachers see online learning as a useful complement to classroom learning.

learning platforms are mainly influenced by independent
variables directly and indirectly through perceived value. A
5-point Likert scale is adopted for measurement, in which (1)
represented “strongly disagree” and (5) represented
“strongly agree.” Three items for parent attitudes are based
on the version of Raghu et al. [29] and appropriately ad-
justed according to the context that is easy for parents to
understand on the online learning platform, as shown in
Table 7.

3.2.3. Measurement of Intermediary Variables. Perceived
value is the mediating variable of this study. In this study,

perceived value is mainly determined by customers’ per-
ceived gain and rendition. Customers will comprehensively
measure their perceived gains and losses and finally judge
their perceived value. A 5-point Likert scale is adopted for
measurement, in which (1) represented “strongly disagree”
and (5) represented “strongly agree.” Four items for per-
ceived value (PV) are based on the version of Wang et al.
[27] and adjusted and modified appropriately according to
the context of online learning platform, as shown in Table 8.

3.2.4. Measurement of Adjusting Variables. Online com-
ments are a moderating variable of this study. Different from
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TABLE 7: Measurement scale of parents’ use intention.
Latent Item . . .
variables code Questionnaire content design Source
PA1 I am willing to spend more money to choose and use effective online learning platforms.
. PA2 I want to take more time to help children choose and use online learning platforms. Raghu et al.
Parent attitude . . . . . .
pAz 1 will create a good learning environment and support children to use the online learning [29]
platform.
TaBLE 8: Measurement scale of perceived value.
Latent variables Item code Questionnaire content design Source
PV1 Children learn better when they use online learning platforms.
Perceived value PV2 . thne le.arnmg platforms.prowde targeted services for children. . Wang et al. [27]
PV3 Using online learning platforms, children can learn key knowledge more efficiently.
PV4 Online learning platform helps children to quickly find the right learning content.
TABLE 9: Measurement scale of online comments.
Latent variables Item code Questionnaire content design Source
OC1 When choosing an online learning platform, I refer to other people’s comments.
Online comment 0ocC2 I prefer to let kids use onhn.e learmng platforms w1t.h good reviews on content. Zhao et al. [26]
0C3 I prefer to use an online learning platform with a famous teacher.
OC4 Negative comments will affect my choice and use of online learning platforms.

the way of information transmission in the real society under
the influence of teachers, online comments achieve the
transmission of information through online comments and
then influence the decision-making behavior of customers.
As network comments in external situation factors, 5-point
Likert scale is applied in measurement, and the anchoring
range ranges from “strongly disagree” (1) to “strongly agree”
(5). Four items are based on the version of Zhao et al. [26]
and adjusted and modified appropriately according to the
context that parents of online learning platform could easily
understand, as shown in Table 9.

4. Questionnaire Delivery and Data Collection

4.1. Distributing and Collecting Questionnaires. The ques-
tionnaire consisted of two main parts: basic information and
the structure of the paper research. The former looks at the
respondents’ gender, age, education level, and economic
status, while the second focuses on parents’ sentiments
toward online learning platform aspects.

The online survey platform (Wenjuanxing) distributed
900 questionnaires, and 792 were collected. After processing
the sample data, 745 appropriate data samples for empirical
analysis were found. The questionnaire recovery rate was 88
percent, while the effective rate was 94 percent. The fol-
lowing criteria were used to determine whether a ques-
tionnaire was invalid: too many items have been missed; all
the answers are the same; there are obvious contradictory
reactions before and after the questions.

4.2. Sample Description. Sample population statistics are
shown in Table 10, in which the male to female ratio is
roughly 1:3, 191 men (25.6%) and 554 women (74.4%),

which mirrors the fact that the education of children in
China is mostly undertaken by mothers. The analysis shows
that there is no significant difference between the families
where mothers undertake the children’s education and those
where fathers undertake it, which does not affect the study.
In order to improve the coverage rate of samples, this study
deliberately selected some counties and towns schools for
investigation. Most middle school students’ parents have
junior high school (49.5%) or junior college/bachelor’s di-
ploma (32.6%) (32.6%), aged 36-45 years old, accounting for
73.1%, and over half of the families earn less than 5,000 yuan
each month. Through the analysis of the questionnaire, it is
concluded that no marked difference among students’
parents in rural and urban schools in their investment in
their children’s learning is found, and no marked difference
between students’ parents with higher and lower education
is found. The survey also found some low-income families,
whose investment in children’s learning is “huge,” and there
is no significant difference with high-income families. The
sample was adequate for this study given the ratio of sample
size to items [30].

Descriptive statistics were analyzed for the measurement
items in this study. Table 11 presents the results. Table 11
covers the maximum, minimum, mean, and standard de-
viation for all items in the eight variables of perceived
usefulness, platform information, perceived risk, perceived
cost, online comments, teacher influence, perceived value,
and parent attitude, as well as skewness coefficient and
kurtosis coeflicient describing data distribution state. From
the skewness coefficient, it is found that the parameters are
generally negative, and the data generally show a trend of left
skewness. It can be seen from the kurtosis coefficient that the
kurtosis coeflicient is generally below 0, indicating the entire
data distribution is relatively average in comparison with
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TaBLE 10: Demographic data.

Population profile Category Frequency number Frequency Cumulative percentage (%)
Gender Male 191 25.6 25.6
Female 554 74.4 100.0
Master or above 14 1.9 1.9
. Junior college/undergraduate 243 32.6 34.5
Education level Senior r%liddle scz(liool 119 16.0 50.5
Junior middle school 369 49.5 100.0
30-35 52 7.0 7.0
36-40 238 31.9 38.9
Age range 41-45 255 34.2 73.2
46-50 135 18.1 91.3
Others 65 8.7 100.0
8000 above 63 8.5 8.5
6500-8000 41 5.5 14.0
Monthly income level 5000-6500 88 11.8 25.8
3500-5000 208 27.9 53.7
2000-3500 345 46.3 100.0
TaBLE 11: Descriptive statistics of items.
N Min Max Mean SD Skewness Kurtosis
Statistics Statistics Statistics Statistics Statistics Statistics SE Statistics SE
PU1 745 1.000 5.000 3.790 1.158 —-0.683 0.090 -0.198 0.179
PU2 745 1.000 5.000 3.880 1.147 —0.785 0.090 —0.076 0.179
PU3 745 1.000 5.000 3.740 1.154 —-0.613 0.090 —-0.250 0.179
PI1 745 1.000 5.000 3.690 1.121 —0.489 0.090 —0.309 0.179
P12 745 1.000 5.000 3.730 1.145 —-0.488 0.090 -0.511 0.179
PI3 745 1.000 5.000 3.850 1.097 -0.625 0.090 —0.247 0.179
PR1 745 1.000 5.000 2.650 1.384 0.294 0.090 -1.114 0.179
PR2 745 1.000 5.000 2.910 1.304 0.100 0.090 —0.983 0.179
PR3 745 1.000 5.000 2.980 1.426 —-0.004 0.090 -1.267 0.179
PC1 745 1.000 5.000 3.830 1.206 -0.782 0.090 —0.261 0.179
PC2 745 1.000 5.000 4.100 1.128 —-1.090 0.090 0.366 0.179
PC3 745 1.000 5.000 3.590 1.276 -0.532 0.090 —-0.671 0.179
PC4 745 1.000 5.000 3.820 1.159 —-0.656 0.090 —0.360 0.179
TI1 745 1.000 5.000 3.570 1.185 —0.438 0.090 —0.458 0.179
T2 745 1.000 5.000 3.750 1.151 -0.602 0.090 -0.363 0.179
TI3 745 1.000 5.000 3.380 1.217 -0.252 0.090 —0.645 0.179
TI4 745 1.000 5.000 3.780 1.161 -0.673 0.090 —-0.243 0.179
PV1 745 1.000 5.000 3.370 1.081 —0.117 0.090 —0.245 0.179
PV2 745 1.000 5.000 3.520 1.111 -0.262 0.090 —0.428 0.179
PV3 745 1.000 5.000 3.570 1.121 -0.296 0.090 —0.485 0.179
PV4 745 1.000 5.000 3.590 1.114 -0.327 0.090 —0.424 0.179
OCl1 745 1.000 5.000 3.580 1.231 —-0.458 0.090 —0.628 0.179
ocC2 745 1.000 5.000 3.470 1.234 -0.362 0.090 —0.671 0.179
0OC3 745 1.000 5.000 3.490 1.212 -0.397 0.090 —-0.541 0.179
0C4 745 1.000 5.000 3.740 1.158 -0.613 0.090 —0.267 0.179
PA1l 745 1.000 5.000 3.800 1.125 -0.654 0.090 -0.194 0.179
PA2 745 1.000 5.000 3.880 1.116 -0.717 0.090 —0.143 0.179
PA3 745 1.000 5.000 3.830 1.138 -0.730 0.090 —0.092 0.179

normal distribution and has a flat peak. Thus, it can be said
that the data in this study do not conform to the standard
multivariate normal distribution.

4.3. Data Analysis Methods. According to the research
purpose, research content, research object, theoretical
model, research hypothesis, and sample data, the authors

adopt the following three empirical research data analysis
methods.

4.3.1. Descriptive Statistical Analysis. Descriptive statistical
analysis aims to analyze and explain the overall character-
istics of the data samples, so as to have a more accurate and
detailed understanding of the overall characteristics of the



samples and data, such as gender, education level, age range,
and monthly income level in respondents. At the same time,
this method also comprehensively describes the basic
characteristics and distribution of sample data, such as the
frequency number, frequency, and cumulative percentage of
variables or attributes in the sample, and forms a preliminary
judgment before in-depth analysis of the data. Data analysis
software SPSS Statistics 22.0 was used in this study.

4.3.2. Reliability and Validity Analysis. Reliability and
validity analysis shows the authenticity and accuracy of
sample data used to measure the study variables. Reli-
ability analysis is mainly concerned with measuring the
stability of the measurement target structure, that is, if
repeated measurements under similar conditions can
produce reliable and stable measurement findings. Reli-
ability is defined as the extent to which a measurement
tool is free from the influence of random errors. Validity is
mainly to determine whether the scale can really measure
constructs [31], which mainly refers to the accuracy of
measurement. High reliability means small random error,
while high efficiency means small random error and
systematic error. Reliability is a necessary condition for
validity. If a measurement value is unreliable, it cannot be
valid. However, reliability is not an adequate qualification
for validity, because even if the random error is zero, there
may still be systematic error. Therefore, although the
measured value has good consistency and stability, it may
still deviate from the true value. AMOS 24.0 and SPSS 22.0
are used for confirmatory factor analysis to calculate the
standardized factor load, item reliability, component
reliability, convergence validity, and discriminant validity
of each variable scale to ensure that the scale measured the
research construct. The specific results are detailed in the
latter part of this chapter.

4.3.3. Structural Equation Model. Structural equation model
(SEM) has obtained wide application in management re-
search. This method is a combination of regression analysis,
factor analysis, and path analysis and other statistical
analysis methods, through statistical analysis, to test and
explain the causality of research variables, and a measure-
ment model is established. And the latent variable is mea-
sured with the help of a structured way, with the help of a
structural model of the theory of structural relations of latent
variables to construct. The complicated relation among
numerous variables and multiple measurement errors can be
processed and analyzed simultaneously. In conclusion, this
study uses SPSS 22.0 AMOS 24.0 software to investigate the
structural equation model. When estimating the structural
equation model, the structural equation model’s correctness
was verified by the model fit.

4.3.4. Mediating Effect. In this study, the direct effect, in-
direct effect, and total effect of the path are deeply analyzed
when the mediation effect of variables is tested. Boot-
strapping method is employed for exploring the mediation
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effect of variables. In general, the most widely used approach
is the Casual Steps Approach proposed by Baron and Kenny
in 1986, which requires researchers to estimate each pathina
model and determine whether variables act as mediators
based on statistical criteria [32]. Although this method is
relatively simple and widely understood, it has been severely
criticized by scholars in many aspects [33, 34]. Another
mediation analysis method commonly used at present is
Sobel Test [35]. A fatal flaw in Sobel test lies in its assumption
for the normal sampling distribution of indirect effects,
whereas AB sampling distribution is asymmetric. The Sobel
Test method, while being useful, is often used as a com-
plement to Baron and Kenny rather than a replacement.
Therefore, Bootstrapping is a more reasonable research
method to study the mediation effect in this paper. At
present, Bootstrapping has been implemented in some SEM
software, such as Mplus, AMOS, and EQS. Studies show that
Bootstrapping is better than Sobel test and causal step
method to predict the mediating relationship between
variables [36].

4.4. Data Analysis and Hypothesis Testing

4.4.1. Exploratory Factor Analysis

(1) Exploratory Factor Analysis of Perceived Usefulness.
According to Table 12, the KMO value for exploratory factor
analysis sample used for perceived usefulness is 0.726,
greater than the minimum standard value of 0.5. The chi-
square value in Bartlett’s spherical test is 1796.925, with a
degree of freedom of 3, and has passed the significance test,
indicating good data quality and suitable for exploratory
factor analysis. Through exploratory analysis, a factor
structure with an eigenvalue of 2.581 > 1 was obtained. The
factor loading values of item PU1, PU2, and PU3 were 0.947,
0.887, and 0.947, respectively, which exceeded the minimum
standard value of 0.5, and accounted for 86.03% of the
variance variation, which was greater than 50% of the
minimum standard value. Therefore, the factor structure of
the perceived usefulness variable can be judged to be con-
sistent with the preset structure.

(2) Exploratory Factor Analysis of Platform Information.
According to Table 13, the KMO value for exploratory
factor analysis sample used for platform information is
0.671, above the minimum standard value of 0.5. The chi-
square value of Bartlett’s spherical test is 1054.302, with a
degree of freedom of 3, and it has passed the significance
test, indicating good data quality and suitable for ex-
ploratory factor analysis. Through exploratory analysis, a
factor structure with an eigenvalue of 2.268 > 1 was ob-
tained. The factor loading values of P11, PI2, and PI3 were
0.782, 0.908, and 0.912, respectively, above the minimum
standard value of 0.5, explaining 75.61% of the variance
variation and greater than 50% of the minimum standard
value. Therefore, it can be judged that the factor structure
of the platform information variable is consistent with the
preset structure.
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TaBLE 12: Results of exploratory factor analysis of perceived
usefulness.

Item code Perceived
usefulness
PU1 0.947
PU2 0.887
PU3 0.947
Eigenvalue 2581
Cumulative variation interpretation 86.03%

KMO value =0.726

Bartlett’s spherical test chi-square value =1796.925
DOF=3

(Sig.) p = 0.000

TaBLE 15: Results of exploratory factor analysis of perceived cost.

Item code Perceived cost
PC1 0.827
PC2 0.768
PC3 0.767
PC4 0.822
Eigenvalue 2.537 (%)
Cumulative variation interpretation 63.43

KMO value =0.743

Bartlett’s spherical test chi-square
value =1012.681

DOF=6

(Sig) p = 0.000

TaBLE 13: Results of exploratory factor analysis of platform
information.

Platform

Item code . .
information

PI1 0.782
PI2 0.908
PI3 0.912
Eigenvalue 2.268
Cumulative variation interpretation 75.61%

KMO value =0.671

Bartlett’s spherical test chi-square value =1054.302
DOF=3

(Sig.) p = 0.000

TaBLE 14: Results of exploratory factor analysis of perceived risk.

Item code Perceived risk
PR1 0.831
PR2 0.834
PR3 0.864
Eigenvalue 2.134 (%)
Cumulative variation interpretation 71.12

KMO value =0.705

Bartlett’s spherical test chi-square value =686.901
DOF=3

(Sig.) p = 0.000

(3) Exploratory Factor Analysis of Perceived Risk. According
to Table 14, the KMO value for exploratory factor analysis
sample used for perceived risk is 0.705, greater than the
minimum standard value of 0.5. The chi-square value of
Bartlett’s spherical test is 686.901, with a degree of freedom
of 3, and it has passed the significance test, indicating good
data quality and suitable for exploratory factor analysis.
Through exploratory analysis, a factor structure with
characteristic value of 2.134>1 was obtained. The factor
loading values of PR1, PR2, and PR3 were 0.831, 0.834, and
0.864, respectively, which exceeded the minimum standard
value of 0.5, and accounted for 71.12% of the variance
varijation and more than 50% of the minimum standard
value. Therefore, it can be judged that the factor structure of
perceived risk variable is consistent with the preset structure.

(4) Exploratory Factor Analysis of Perceived Cost. According
to Table 15, the KMO value for exploratory factor analysis
sample used for perceived cost is 0.743, exceeding the
minimum standard value of 0.5. The chi-square value of
Bartlett’s spherical test is 1012.681, with a degree of freedom
of 6, and has passed the significance test, indicating good data
quality and suitable for exploratory factor analysis. Through
exploratory analysis, a factor structure with characteristic
value of 2.537 > 1 was obtained. The factor loading values of
PC1, PC2, PC3, and PC4 were 0.827, 0.768, 0.767, and 0.822,
respectively, which exceeded the minimum standard value of
0.5, explaining 63.43% of the variance variation and greater
than 50% of the minimum standard value. Therefore, it can
be judged that the factor structure of the perceived cost
variable is consistent with the preset structure.

(5) Exploratory Factor Analysis of Teacher Influence.
According to Table 16, the KMO value for exploratory factor
analysis sample used for teacher influence is 0.804, exceeding
the minimum standard value of 0.5. The chi-square value of
Bartlett’s spherical test is 1340.387, with a degree of freedom
of 6, and it has passed the significance test, indicating good
data quality and suitable for exploratory factor analysis.
Through exploratory analysis, a factor structure with
characteristic value of 2.809>1 was obtained. The factor
loading values of TI1, T12, TI3, and T14 were 0.870, 0.809,
0.834, and 0.838, respectively, which exceeded the minimum
standard value of 0.5, and accounted for 70.21% of the
variance variation and more than 50% of the minimum
standard value. Therefore, it can be judged that the factor
structure of teacher influence variable is consistent with the
preset structure.

(6) Exploratory Factor Analysis of Network Comments.
According to Table 17, the KMO value for exploratory factor
analysis sample used for online reviews is 0.743, exceeding
the minimum standard value of 0.5. The chi-square value of
Bartlett’s spherical test is 951.353, with a degree of freedom
of 6, and it has passed the significance test, indicating good
data quality and suitable for exploratory factor analysis.
Through exploratory analysis, a factor structure with
characteristic value of 2.509>1 was obtained. The factor
loading values of OC1, OC2, OC3, and OC4 were 0.774,
0.825, 0.829, and 0.736, respectively, which exceeded the
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TaBLE 16: Results of exploratory factor analysis of teacher influence.
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TaBLE 18: Results of exploratory factor analysis of perceived value.

Item code ‘Teacher Item code R
influence value
TI1 0.870 PV1 0.863
T12 0.809 PV2 0.884
TI3 0.834 PV3 0.905
T14 0.838 Pv4 0.899
Eigenvalue 2.809 Eigenvalue 3.154
Cumulative variation interpretation 70.21% Cumulative variation interpretation 78.85%

KMO value =0.804

Bartlett’s spherical test chi-square value = 1340.387
DOF=6

(Sig) p = 0.000

KMO value =0.808

Bartlett’s spherical test chi-square value =2119.720
DOF=6

(Sig.) p = 0.000

TaBLE 17: Results of exploratory factor analysis of online
comments.

TaBLE 19: Results of exploratory factor analysis of parents’ use
intention.

Item code Online Item code Pa.rent

comment attitude
OC1 0.774 PA1 0.922
ocC2 0.825 PA2 0.934
0oC3 0.829 PA3 0.914
0C4 0.736 Eigenvalue 2.559
Eigenvalue 2.509 Cumulative variation interpretation 85.31%
Cumulative variation interpretation 62.72% KMO Value=0.756

KMO value =0.743

Bartlett’s spherical test chi-square value =951.353
DOF=6

(Sig.) p = 0.000

minimum standard value of 0.5, explaining 62.72% of the
variance variation and greater than 50% of the minimum
standard value. Therefore, it can be judged that the factor
structure of the network comment variable is consistent with
the preset structure.

(7) Exploratory - Factor Analysis of Perceived Value.
According to Table 18, the KMO value for exploratory factor
analysis sample used for perceived value is 0.808, greater
than the minimum standard value of 0.5. The chi-square
value of Bartlett’s spherical test is 2119.720, with a degree of
freedom of 6, and it has passed the significance test, indi-
cating good data quality and suitable for exploratory factor
analysis. Through exploratory analysis, a factor structure
with a characteristic value of 3.154>1 was obtained. The
factor loading values of item PV1, PV2, PV3, and PV4 were
0.863, 0.884, 0.905, and 0.899, respectively, which exceeded
the minimum standard value of 0.5, and accounted for
78.85% of the total variance variation, which was greater
than 50% of the minimum standard value. Therefore, it can
be judged that the factor structure of the perceived value
variable is consistent with the preset structure.

(8) Exploratory Factor Analysis of Parents’ Attitude.
According to Table 19, the KMO value for exploratory factor
analysis sample used for parents’ attitudes is 0.756, greater
than the minimum standard value of 0.5. The chi-square
value of Bartlett’s spherical test is 1559.966, with a degree of

Bartlett’s spherical test chi-square Value =1559.966
DOF=3
(Sig.) p = 0.000

freedom of 3, and it has passed the significance test, indi-
cating good data quality and suitable for exploratory factor
analysis. Through exploratory analysis, a factor structure
with a characteristic value of 2.559 > 1 was obtained. The
factor loading values of item PA1, PA2, and PA3 were 0.922,
0.934, and 0.914, respectively, which exceeded the minimum
standard value of 0.5, and accounted for 85.31% of the
variance variation, which was higher than 50% of the
minimum standard value. Therefore, it can be determined
that the factor structure of parental attitude variable is
consistent with the preset structure.

4.4.2. Model Testing. To examine the link between putative
observed variables and putative potential variables, confir-
matory factor analysis (CFA) is performed under the
measurement model using AMOS24.0 and SPSS 22.0.
Platform information, perceived usefulness, perceived risk,
perceived cost, teacher influence, perceived value, online
comments, and parent attitudes were all subjected to CFA
analysis. Tables 20 and 21 summarize the findings. The
standardized factor loadings of all eight dimensions are
above 0.6 and signed, and the question reliability is above
0.36. The 8 dimensions’ constituent reliability is more than
0.7, showing high internal consistency. The convergence
validity (mean variance extraction amount) exceeding 0.5
proved the favorable convergence effect. The research results
meet the criteria of factor load higher than 0.5, composition
reliability higher than 0.6, and convergence validity higher
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TaBLE 20: Confirmatory factor analysis results.

Parameter significance estimation

Standardized factor load

Title reliability = Composite reliability

Dimensionality  Title
Unstd. S.E. t-value p Std. SMC CR

PU1 1.000 0.942 0.887 0.921
PU pPU2 0.826 0.028 29.718 . 0.785 0.616

PU3 0.998 0.023 42.638 e 0.943 0.889

PI1 1.000 0.610 0.372 0.849
PI P12 1.484 0.085 17.559 . 0.887 0.787

PI3 1.446 0.083 17.456 e 0.902 0.814

PR1 1.000 0.720 0.518 0.798
PR PR2 0.951 0.058 16.426 B 0.726 0.527

PR3 1.164 0.071 16.507 e 0.814 0.663

PC1 1.000 0.766 0.587 0.809
PC PC2 0.833 0.050 16.501 e 0.682 0.465

PC3 0.927 0.057 16.264 e 0.670 0.449

PC4 0.939 0.053 17.677 e 0.748 0.560

TI1 1.000 0.835 0.697 0.859
TI TI2 0.854 0.041 20.813 e 0.734 0.539

TI3 0.945 0.043 21.914 e 0.769 0.591

TI4 0.901 0.041 21.909 e 0.768 0.590

PV1 1.000 0.775 0.601 0.910
PV pPVv2 1.072 0.046 23.533 . 0.808 0.653

PV3 1.208 0.045 26.785 e 0.902 0.814

PV4 1.189 0.045 26.522 e 0.893 0.797

PA1 1.000 0.879 0.773 0.914
PA PA2 1.031 0.031 33.263 . 0.913 0.834

PA3 0.987 0.032 30.765 0.857 0.734

0OC1 1.000 0.663 0.440 0.803
ocC 0C2 1.185 0.072 16.395 e 0.783 0.613

0C3 1.159 0.071 16.372 e 0.780 0.608

0C4 0.862 0.063 13.745 e 0.607 0.368

Note: (1) PU = perceived usefulness; PI=platform information; PR = perceived risk; PC = perceived cost; TI=teacher influence; PV = perceived value;
PA =parent attitude; OC = online comment; Unstd. = nonstandardized factor load; S.E.=standard error; t-value = value; NA = not available (regression
coeflicient fixed at 1.0); Std. = standardized factor load; SMC = topic reliability; CR = constituent reliability. (2) ***means P <0.001; N =745.

TaBLE 21: Validity evaluation of discriminant validity.

Convergent validity

Discriminant validity

Dimension
AVE PU PI PR PC TI OoC PV PA
PU 0.860 0.927
PI 0.756 0.694 0.869
PR 0.711 -0.311 -0.289 0.843
PC 0.635 0.144 0.143 0.140 0.797
TI 0.702 0.722 0.708 -0.321 0.210 0.838
OoC 0.627 0.750 0.683 -0.319 0.271 0.843 0.792
PV 0.788 0.722 0.787 -0.376 0.091 0.738 0.720 0.888
PA 0.852 0.838 0.725 —-0.351 0.227 0.768 0.761 0.767 0.923

Note: (1) PU =perceived usefulness; PI=platform information; PR = perceived risk; PC = perceived cost; TI=teacher influence; OC = online comments;
PV =perceived value; PA = parental attitude; AVE = convergence validity. (2) The diagonal elements in the matrix are AVE square root values, and the

nondiagonal elements represent the correlation of related dimensions.

than 0.5 proposed by Fornell and Larcker [37] and Hair et al.
[38]. By analyzing the association between the AVE square root
value and other dimensions, the discriminant validity is ver-
ified. In this study, eight variables, including independent
variable, intermediary variable, moderating variable, and de-
pendent variable, are studied for discriminant validity. Table 21
shows the results. Except for the AVE square root value of

teacher influence, which is relatively lower than the correlation
coefficient with network comments, all other AVE square root
values in the matrix are higher than the correlation coefficient
between the AVE square root value and associated dimensions.
As THE AVE method is a relatively rigorous method for
determining discriminant validity, generally speaking, the re-
sults of discriminant validity are acceptable.
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TaBLE 22: Modified model fitting index.

. . Absolute fitness index
Amount of inspection

Value added fit index

XZ/ df GFI AGFI RMSEA NFI RFI IFI TLI CFI
Good standard <3 >0.9 >0.9 <0.08 >0.9 >0.9 >0.9 >0.9 >0.9
Model 1.44 0.97 0.97 0.02 0.97 0.97 0.99 0.99 0.99
Note: this is the fitting degree of bootstrap model for 2000 times.

TaBLE 23: Hypothesis test.

Hypothesis Standardized path coefficient ~ Nonstandardized path coefficient S.E. t-value 2 Result
Hypothesis 1: PU—PA 0.687 0.468 0.026 18301  *** True
Hypothesis 2: PU—PV 0.406 0.239 0.020  12.132 o True
Hypothesis 3: PI—PA 0.106 0.079 0.026 3.050 i True
Hypothesis 4: PI—PV 0.458 0.297 0.023  12.689 e True
Hypothesis 5: PR—PV -0.153 -0.084 0.018  —4.688 4 True
Hypothesis 6: PR—PA —0.088 —-0.056 0.018 -3.217 o True
Hypothesis 7: PC—PV —-0.051 —-0.038 0.024  -1.630  0.103 False
Hypothesis 8: PC—PA 0.161 0.139 0.023 5.936 . False
Hypothesis 9: TI—PV 0.481 0.327 0.026  12.397 e True
Hypothesis 10: TI—PA 0.279 0.220 0.030 7.384 e True
Hypothesis 12: PV—PA 0.191 0.221 0.058 3.811 e True

Note: (1) PU =perceived usefulness; PI=platform information; PR =perceived risk; PC = perceived cost; TI=teacher influence; PV = perceived value;
PA =parent attitude. (2) ***means P <0.001; **means P <0.01; *means P.<0.05.

The constructed model is measured by two types of
fitting indexes: absolute fit index and value-added fit index.
x°/ DF, GFI, AGFI, and RMSEA are all part of the absolute
fitness index. The value-added fitness indexes are NFI, RFI,
IFI, TLI, and CFL It is impossible for data in SEM analysis
to correspond to a multivariate normal distribution [39],
while nonmultivariate normal is easy to cause x* inflation.
Therefore, Bollen-Stine Bootstrap p procedure is used in
this paper to compensate for the lack of multivariate
normality, and the model fitting and parameter estimation
must be adjusted [40, 41]. After modification, the findings
are presented in in Table 22, and the absolute fitness index
and value-added fitness index basically present a good
situation.

4.4.3. Impact Path Test. As shown in Table 23 and Figure 2,
perceived usefulness significantly positively affects parent
attitudes (PU—PA: $=0.687, t=18.301, P <0.001), sup-
porting Hypothesis 1. Perceived usefulness positively sig-
nificantly affects perceived value (PU—PV: =0.406,
t=12.132, P<0.001). Hypothesis 2 is true. Platform infor-
mation positively affected parent attitude (PI—PA:
S =0.106, t=3.050, P <0.01). Hypothesis 3 is true. Platform
information significantly positively affects perceived value
(PI—PV: =0.458, T=12.689, P < 0.001), and hypothesis 4
is true. Hypotheses 1-4 indicate that the perceived useful-
ness and platform information as perceived benefits have a
favorable effect on perceived value and parent attitudes.
Perceived risk has a significant negative effect on perceived
value (PR—PV: =-0.153, t=-4.688, P<0.001). Hy-
pothesis 5 is true. Perceived risk significantly negatively
affects parent attitudes (PR—PA: f=-0.088, t=-3.217,
P <0.01). Hypothesis 6 is true. Perceived cost has no sig-
nificant negative influence on perceived value (PC—PV:

Perceived
usefulness

l Perceived
value

e ——=

Parent
attitude

Teacher
influence

FIGURE 2: Hypothesis test results. Note: (1) ***means P <0.001;
**means P <0.01; *means P < 0.05.

p=-0.051, t=-1.630, P = 0.103 > 0.05), and hypothesis 7 is
not true. Perceived cost significantly positively affects par-
ents’ attitudes (PC—PA: $=0.161, t=5.936, P <0.001),
contrary to hypothesis 8, which is not valid. Hypothesis 5
assumes that the establishment of the 6 shows the negative
influence perceived risk as part of the benefit of perception
value perception and attitude of parents, but assumptions 7
and 8 do not explain the perceived costs as part of the
perceived benefit of not negative influence perceived value
and attitude of parents, and perceived cost does not sig-
nificantly affect online learning platform use. Teacher in-
fluence has a significant positive impact on perceived value
(TI—PV: $=0.481, T=12.397, P <0.001). Hypothesis 9 is
true. The influence of teachers significantly positively affects
parents’ attitudes (TI—PA: §=0.279, T=7.384, P < 0.001).
Hypothesis 10 is true. Teacher influence as a third party
environmental factor of online learning platform influences
the connection between parents of middle school students
and online learning platforms. Perceived value significantly
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TaBLE 24: The mediating effect tests.
. . . Produ_ct of Bias-corrected Percentile

Variable Point estimate coeflicients

S.E. Z Lower Upper Lower Upper
PU->PV-->PA 0.053 0.021 2.524 0.017 0.104 0.013 0.097
PU-->PA 0.468 0.045 10.400 0.380 0.563 0.384 0.567
TOTAL EFFECT PU->PV-->PA 0.521 0.044 11.841 0.430 0.606 0.433 0.608
PI->PV-->PA 0.066 0.026 2.538 0.020 0.124 0.016 0.117
PI-->PA 0.079 0.039 2.026 0.003 0.160 0.002 0.159
TOTAL EFFECT PI->PV-->PA 0.145 0.033 4.394 0.083 0.218 0.078 0.210
PR->PV-->PA -0.019 0.009 -2.111 —0.043 —0.005 —0.040 —0.003
PR-->PA —0.056 0.024 -2.333 -0.104 -0.012 —0.101 —0.009
TOTAL EFFECT PR->PV-->PA -0.075 0.024 -3.125 -0.127 -0.029 -0.122 —0.024
TI->PV-->PA 0.073 0.028 2.607 0.024 0.134 0.018 0.126
TI-->PA 0.220 0.061 3.607 0.115 0.349 0.119 0.352
TOTAL EFFECT TI->PV-->PA 0.292 0.055 5.309 0.196 0.406 0.197 0.409

Note: (1) PU = perceived usefulness; PI=platform information; PR = perceived risk; PC = perceived cost; TI=teacher influence; PV = perceived value;

PA =parent attitude. (2) Unstandardized estimating of 2000 bootstrap sample.

positively affects parent attitude (PV—PA: $=0.191,
t=3.811, P <0.001). Hypothesis 12 is supported.

R? is one of the main criteria used to evaluate the path of
a structural model. This coefficient measures the model’s
predictive power and computes the variance of real and
predicted values of a particular endogenous variable, which
is the sum of the changes caused by all exogenous variables.
Larger R* indicates the model’s stronger explanatory power.
As shown in Figure 2, the R* value of the endogenous
variable of perceived value is 0.63, which is between 0.33 and
0.67, indicating that the model has a moderate degree of
explanation. The R* value of the endogenous variable of
parents’ attitude is 0.81 greater than 0.67, indicating that the
model had a high degree of explanation.

4.4.4. Mediating Effect Test. In addition to testing the
proposed hypothesis, this study tests the mediation effect of
variables and conducts in-depth analysis of the direct effect,
indirect effect, and total effect of the path. Bootstrapping
method is employed for exploring variable mediation effect.
In this study, AMOS24 software is used to resample 2000
times under 95% confidence interval for Bootstrapping
analysis of variables [42].

The nonstandardized direct effect, indirect effect, and
total effect are analyzed under the hypothetical model.
Table 24 presents the findings. The model assumes that five
independent variables, including perceived usefulness,
platform information, perceived risk, perceived cost, and
teacher influence, both directly affect parent attitudes and
indirectly affect parent attitudes through perceived value.
In the Perceived usefulness (PU) — Parent attitude (PA)
path, as Z=10.400 is greater than threshold 1.96, and the
range of bias-corrected and Percentile excludes 0, it can be
seen that the direct effect of perceived usefulness (PU) —
Parent attitude (PA) path exists. In the Perceived usefulness
(PU) — perceived value (PV) — Parent attitude (PA)
path, ss Z=2.524 is greater than threshold 1.96, and the
range of bias-corrected and Percentile excludes 0; there-
fore, the indirect effect of perceived usefulness (PU) —

perceived value (PV) — parent attitude (PA) exists. The
total effect from perceived usefulness (PU) to parental
attitude (PA) also exists (Z=11.841 > 1.96, and the range of
Bias-corrected and Percentile excludes 0). At this point,
perceived value is a partial mediation between perceived
usefulness (PU) and parental attitude (PA). In the Platform
information (PI) — Parent attitude (PA) path, ss
Z=12.026 is greater than threshold 1.96, and the range of
bias-corrected and Percentile excludes 0. The direct effect
of platform information (PI) — parent attitude (PA) path
exists. In the Platform information (PI) — perceived
value (PV) —— Parent attitude (PA) path, as
Z=2.538>1.96, and bias-corrected and Percentile ranges
do not contain 0, it can be seen that the indirect effect of
platform information (PI) — perceived value (PV) —
parent attitude (PA) path exists. The total effect of platform
information (PI) — parent attitude (PA) also exists
(Z=4.394>1.96, and bias-corrected and Percentile ranges
do not contain 0). At this point, perceived value serves as a
partial intermediary between platform information (PI)
and parent attitude (PA).

In the Perceived risk (PR) — Parent attitude (PA) path,
as the absolute value of Z=-2.333 is greater than threshold
1.96, the range of bias-corrected and Percentile excludes 0.
The direct effect of perceived risk (PR) — parent attitude
(PA) path exists. In the Perceived risk (PR) — perceived
value (PV) — Parent attitude (PA) path, as the absolute
value of Z=-2.111 is above 1.96, the range of bias-corrected
and Percentile excludes 0. Thus, the indirect effect of per-
ceived risk (PR) — perceived value (PV) — parent at-
titude (PA) exists. The total effect of perceived risk (PR) —
parental attitude (PA) also exists (Z=-3.125, the absolute
value of Z is above 1.96, and the range of bias-corrected and
Percentile excludes 0). At this point, perceived value is a
partial intermediary between perceived risk (PR) and pa-
rental attitude (PA). As the hypothesis of the path of per-
ceived cost (PC) — parent attitude (PA) has been proved to
be invalid in the hypothesis testing above, the mediating
effect of perceived cost (PC) — parent attitude (PA) is not
analyzed.
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FIGURE 3: Moderating model of online reviews.

In the Teacher influence (TI) — Parent attitude (PA)
path, as Z=3.607 is greater than threshold 1.96, the range of
bias-corrected and Percentile excludes 0. Thus, the direct effect
of teacher influence (TI) — parent attitude (PA) path exists.
In the Teacher influence (TI) — perceived value (PV) —
Parent attitude (PA) path, as Z=2.607 > 1.96, the range of bias-
corrected and Percentile excludes 0. Thus, the indirect effects of
teacher influence (TI) — perceived value (PV) — parent
attitude (PA) path exist. The total effect of teacher influence
(TT) — parent attitude (PA) also exists (Z=5.309 > 1.96, and
the range of bias-corrected and Percentile excludes 0). At this
point, perceived value is a partial intermediary between teacher
influence (TI) and parent attitude (PA).

In conclusion, perceived value can in part mediate the re-
lation between perceived gain factors (perceived usefulness and
platform information) and dependent variables (parent atti-
tudes), while perceived value can in part mediate the relation
between perceived loss (perceived risk) and dependent variables
(parent attitudes). Perceived value can also in part mediate the
relation between the external environmental variable (teacher’s
influence) and the dependent variable (parent attitude). It can be
seen that perceived value as an important part of the mediation
variable in the study of parent attitudes towards online learning
platforms affects the connection between independent variables
and dependent variables.

4.4.5. Test of Regulatory Effect. In general, there is some
difficulty in using potential variables when analyzing in-
teractions through structural equations. Upon detecting the
impacts of the interaction, nonlinear constraints should be
firstly imposed on fixed factor coefficients and error vari-
ances. Second, whether indicators for the interaction term
are normally distributed can be hardly confirmed even if
every variable that makes up the interaction term is present.
To address the above issues and explore the moderating
relationship between online reviews on perceived value and
parental attitudes, AMOS 24.0 adopts the two-step tech-
nique proposed by PING, eliminating the nonlinear

TaBLE 25: Moderating effect of online reviews.

Path Std. S.E. t-value P
PV—PA 0.266 0.061 4.339 o
OC—>PA 0.611 0.064 9.508 o
PXO—PA 0.039 0.006 6.454 o

Note: (1) Std. = Standardized factor load; S.E. = standard error; T - value=t¢
value. (2) ***means P <0.001; **means P<0.01; *means P <0.05.

Online
comment
' ebtabllshed

Platform )o.108 "
information|
Parent
' attitude
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FIGURE 4: Final test results. Note: (1) ***means P <0.001; **means
P <0.01; *means P <0.05.

constraint [43]. As seen in Figure 3 and Table 25, PXO, the
interaction term between perceived value and online re-
views, has a significant positive effect on parent attitudes.
Hypothesis 11 is true, so it can be seen that online reviews
influence the relationship between perceived value and
parental attitudes in a favorable way.

Through the above SPSS analysis and AMOS verification,
we obtained the results for empirical research (Figure 4).

5. Results and Discussion

5.1. The Results Show the Following

(1) The two variables of perceived gain have a positive
and significant effect on perceived value and parent
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attitude. Perceived usefulness significantly positively
affects parents’ attitude (PU—PA: [=0.687,
T=18.301, P<0.001), and perceived usefulness
significantly positively affects perceived value
(PU—PV: $=0.406, T=12.132, P<0.001). Plat-
form information significantly positively affects
parents’ attitude (PI—PA: $=0.106, T=3.050,
P <0.01), and platform information significantly
positively affects perceived value (PI—PV:
$=0.458, T=12.689, P <0.001).

(2) Perceived profit and loss are composed of perceived
risk and perceived cost. Perceived risk significantly
negatively affects perceived value (PR—PV:
B=-0.153, t=-4.688, P <0.001), and perceived risk
significantly negatively affects parents’ attitude
(PR—PA: f=-0.088, t=-3.217, P<0.01). How-
ever, perceived cost has no significant negative in-
fluence on perceived value (PC—PV: f=-0.051,
T=-1.630, P = 0.103 > 0.05), and perceived cost has
a significant positive influence on parents’ attitude
(PC—PA: f=0.161, t=5.936, P <0.001), contrary
to the original hypothesis, so the result is not valid.
As a part of perceived profit and loss, perceived cost
does not negatively affect perceived value and par-
ents’ attitudes, indicating the insignificant effect of
perceived cost on online learning platform use.
Therefore, middle school students’ parents are more
concerned about if their children can learn useful
knowledge on online learning platforms, rather than
the perceived cost.

(3) Theinfluence of teachers on social factors significantly
positively affects perceived value (TI—PV: f = 0.481,
T=12.397, P <0.001), and the influence of teachers on
parents’ attitude (TI—PA: $=0.279, T=7.384,
P <0.001). Teacher influence as the third party en-
vironmental factors of online learning platform in-
fluences the relationship between middle school
students’ parents and online learning platforms.

(4) Social variables and online comments positively
moderate the relation between perceived value and
parent attitudes, and the interaction terms of per-
ceived value and online comments positively affected
parent attitudes (PXO—PA: t=6.454, P <0.001).
Therefore, creating positive online comments during
the publicity process of the online learning platform
is helpful in shaping the corporate image and en-
hancing the perceived value and recognition of
parents.

(5) As a partial intermediary, perceived value influences
the relationship between perceived gain variables
(perceived usefulness and platform information),
perceived loss variables (perceived risk), and de-
pendent variables (parental attitude). Perceived
value also partially mediates the relationship between
the external environmental variable (teacher’s in-
fluence) and the dependent variable (parent’s atti-
tude). It can be seen that perceived value as an
important part of the mediation variable in the study
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of parent attitudes towards online learning platforms
affects the relation between independent variables
and dependent variables. Therefore, for online
learning platforms, it is extremely important for
parents of middle school students to perceive the
value of learning, which can help improve their
attitude towards online learning platforms.

6. Conclusion

This part mainly discusses the influencing factors of parents’
attitude towards secondary school students’ online learning
platform. Based on the theory of perceived value, the factor
model of parents’ attitude of secondary school students’
online learning platform is established from the subjective
dimension and social factor dimension. Through the
questionnaire survey of parents’ attitude towards secondary
school students in online learning platform, 745 valid
questionnaires are analyzed by structural equation model
and regression analysis. The main research findings are as
follows:

(1) Perceived value plays an intermediary role in this
research model. Perceived usefulness, platform in-
formation, and perceived risk not only influence
parents’ attitude directly and positively, but also
indirectly influence parents’ attitude through per-
ceived value.

(2) Perceived cost does not have a direct negative in-
fluence on parents’ attitude, nor does it have an
indirect influence on parents’ attitude through
perceived value.

(3) The moderating effect of online comments is
established. Teachers, the influencing factor of ex-
ternal situation, influence parents’ attitude towards
online learning platform through perceived value,
both directly and indirectly.
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The arrival of the era of big data provides new research methods and perspectives. In view of the problem that the current building
office space environment design does not consider the level of human health, which leads to the low comfort and the poor
environmental quality of building office space, this paper puts forward the comfort analysis and environment design of building
office space considering the health level of employees. By analyzing the theoretical basis of architectural office space by big data, the
paper studies the elements and the esthetic characteristics of architectural office space, understands the development and
classification of architectural office space, and obtains the esthetic characteristics of architectural office space. Considering the
health level of employees, the factors affecting the comfort of building office space are analyzed. The research object is selected as a
building office space; the method of questionnaire survey is used for the establishment of building office space comfort evaluation
factor set; and from the two aspects of enterprise employees’ psychological behavior and physical environment, the comfort of
building office space of the research object is analyzed. The results of case study show that the proposed method has good

environmental quality of building office space and can effectively improve the comfort of building office space.

1. Introduction

Office building is a common building type and is one of the
most representative buildings. It not only has high scientific
and technological content and architectural design char-
acteristics, but also has high vitality and great creativity [1].
At this stage, the development of urban social life and
business planning activities is increasing, which makes the
demand for office buildings increase. However, office
buildings are mainly composed of building office space, and
the office efficiency and physical and mental health of en-
terprise employees mostly depend on the environmental
quality of building office space [2]. The humanized and
comfortable building office space environment can directly
affect the efficiency of office work, enable enterprise em-
ployees to adjust their own mentality and further effectively
feel the fun of work, and to a certain extent determine the
health level of employees and office timeliness [3]. In ad-
dition, in today’s society, comfort design can effectively
reflect the environmental quality of building office space. In

order to improve the environmental quality of building
office space, the comfort of building office space must be
improved. Therefore, it is of great significance to analyze the
comfort of building office space.

Reference [4] proposed the use mode and comfort
analysis of gardens in 8 nursing homes in Chengdu and
measured three microclimate parameters in them. The re-
sults showed that all gardens had seasonal cooling, hu-
midification, and solar radiation weakening effects. Even
small internal gardens can produce cooling effect in the four
seasons. Only in summer, the coverage of landscape has a
significant impact on microclimate. On average, 29.98% of
the elderly use these internal gardens every day, and over
68% of the elderly prefer to sit in the rest area. The mi-
croclimate of the garden deviates from the comfort level of
the elderly; especially in winter, the comfort of the rest area is
the worst for the elderly. Reference [5] proposed the analysis
of energy-saving performance and summer thermal comfort
of traditional courtyard buildings in desert climate, and the
research was divided into two stages. In the first stage, the
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influence of the location of each partition around the
courtyard on its indoor energy consumption and thermal
comfort is studied. The results show that due to the influence
of solar radiation in summer, the east and west sides of the
courtyard have the highest requirements for cooling. In
addition, the longest time of discomfort occurred in the
eastern region. In the second stage, the hourly temperatures
inside and outside the courtyard on the longest day of the
year were compared. The results show that the average
temperature inside the courtyard is 1.2°C lower than that
outside. In addition, it was observed that the temperature
fluctuation outside the courtyard was higher than that inside
the courtyard. In conclusion, the results show that the
courtyard can provide cool microclimate in summer.
However, the above method does not consider the level of
human health and has the problems of low comfort and poor
environmental quality of building office space.

In view of the above problems, this paper puts forward
the comfort analysis and environmental design of building
office space considering the health level of employees.
Through the analysis of the theoretical basis of building
office space, considering the health level of enterprise em-
ployees, the factors affecting the comfort of building office
space are analyzed, and the building office space environ-
ment is designed. This paper selects a building office space as
the research object, uses the questionnaire survey method to
construct the comfort evaluation factor set of building office
space, and analyzes the comfort of building office space from
the perspectives of the psychological behavior and physical
environment of enterprise employees. The environmental
quality of the proposed method is good, which can effec-
tively improve the comfort of the building office space. The
residential building density index depends on the organi-
zation of the courtyard, the proportion of green space, the
requirements for the layout of residential buildings such as
climate, fire protection, earthquake resistance, and topo-
graphic conditions, as well as the number of floors, floor
height, house spacing, and arrangement factor.

2. Theory of Building Office Space

Everything in the world exists in space, which is the most
essential existence. Space refers to the infinite extension of
material in the three-dimensional space, which belongs to
the part outside the entity. It is an idea. It goes beyond the
concept that can be described, and it is difficult to express
with language. It belongs to the starting point and ending
point of architectural activities [6]. The creation of this space
makes people’s construction activities meaningful. Archi-
tecture is to create space. The sense of space is not only the
meaning of architecture, but also the thinking idea of
architects.

2.1. Building Office Space Formation. The formation of ar-
chitectural office space is mainly through the relationship
between a certain object and the feeling object. To some
extent, this relationship depends on vision, but when it is
used as an office space, it also involves smell, hearing, and
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touch. Even in the same space, sometimes the impression
will be greatly different due to the weather changes. How-
ever, when the architectural office space is in the category of
visual modeling, it refers to the interaction between one
entity and another entity, resulting in another environment.
It can also be called the site in the entity environment, which
can be realized through the length, width, and higher scale.
The building office space is shown in Figure 1.

It can be seen from Figure 1 that the building office space
is mainly composed of floor, wall, and ceiling, so the three
major elements of the building office space can be identified
as floor, wall, and ceiling. The building itself belongs to a
space, but not all spaces belong to the building itself [7]. The
scope of space is very wide: the largest refers to the whole
universe, the smallest refers to the whole microworld, and all
belong to the scope of space. Architecture belongs to the
unique things in people’s daily life, and the architectural
office space refers to the means of people’s specific life
activities.

2.2. Building Office Space Elements. The cognitive process of
general things mainly includes the appearance, internal
structure, and internal meaning of things. The same is true of
architectural office space, which is mainly composed of
form, structure, and meaning. The elements of office space
are shown in Figure 2.

2.2.1. Form of Building Office Space. It refers to the ap-
pearance and surface characteristics of the building office
space. Among them, appearance form is the basic element of
the environment of the building office space, which can
directly affect the environment atmosphere, audio-visual
effect, and visual perception of all the building office space.
The form of office space is mainly composed of size, di-
rection, shape, edge outline, concave and convex structure,
false and real representation, color pattern, and psycho-
logical perception, and the modeling elements of architec-
tural office space are mainly composed of points, lines, and
faces.

2.2.2. Architectural Office Space Structure. It refers to the
combination relationship between the functional systems of
architectural office space, which belongs to the implicit
organization network in the space form and can support the
geometric structure of the space system to a certain extent
[8]. The structure of architectural office space in architecture
belongs to a kind of artificial schema. Designers mainly form
an abstract space framework according to the logical con-
nection and functional requirements of office space and, on
this basis, integrate social, cultural, artistic, and other factors,
thus forming the abstract space framework and guiding the
formation of people’s behavior order in architectural office
space.

2.2.3. Meaning of Architectural Office Space. It refers to one
of the levels of the internal meaning of architectural office
space, which belongs to the scope of culture, can reflect the
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(c)

FIGURE 2: Schematic diagram of building office space elements. (a) Spatial form, (b) Spatial structure, (c) Spatial meaning and (d) Space form

and meaning.

artistic and spiritual tendency of architectural office space to
a certain extent, and belongs to a kind of social attribute of
architectural office space.

2.2.4. Form and Meaning of Architectural Office Space.
They refer to the relationship between the form and con-
notation of architectural office space, which is expressed as
“form outside and meaning inside.” There is a dialectical
relationship between the form and connotation of archi-
tectural office space. The form is something that can be
reflected in the architectural entity, and the meaning is an
emotional symbol that can convey a certain meaning to a
certain extent.

2.3. Development and Classification of Building Office Space.
Building office space is a form of material existence; all
things occupy the corresponding space position to a certain
extent. To a certain extent, it is related to the philosophical
thought, artistic form, time culture, regional customs,

nationality, and other related factors of the overall frame-
work of life [9]. Therefore, in the design of architectural
office space, we should not only consider the building, site,
green space, and other space elements with shape expression
significance, but also grasp the social, moral, folk, emotional,
and other space elements with intangible expression sig-
nificance. Architecture is a big field integrating social
knowledge, and architectural office space design is an im-
portant part of architecture.

In the process of its development, the architectural office
space has been echoing with the history of people’s civili-
zation development. The main process is as follows.

2.3.1. Action Space. When people are in the primitive so-
ciety, the living space only belongs to a passive action space
to adapt to the environment, and its main form of expression
is creative activities such as living, defense, and storage.
While there is no abstract concept of thinking, its specific
form cannot be described or measured by language.



2.3.2. Conforming to Space. When people enter the period of
civilized society, through the communication of language,
the definition of abstract thinking is gradually formed, and
words can also be expressed, thus forming an effective
cultural difference from animals. It can perceive space
through conditional reflection; at the same time, it can
establish clear space image, conceive activities according to
needs, and describe space characteristics through written
records and language, so as to enter the symbolic world, that
is, to live in a meaningful world relying on symbols.

2.3.3. Sacred Space. When science and technology had not
yet been developed, the significance of people’s existence was
mainly to improve their daily life through their own efforts
and often repose their spirit in the God of heaven and Earth.
Architectural office space has gradually formed the image of
coexistence of function and spirit of life and sacrifice. Some
superstitious symbols have become the labels of architectural
office space.

2.3.4. Geometric Progression Space. When people under-
stand things, they are often in the process from concrete to
abstract, and then from abstract to concrete. In the process
of architectural office space design, people constantly use
scientific and rational mind to induce, abstract, and refine
various objects; create common forms of geometric space;
replace the original sacred space; and create an orderly world
[10]. However, due to the long time in the agricultural
society and the slow development of science and technology,
the productivity is low, which restricts the building office
space in the aspects of material, structure, and technical
level, resulting in single space form and closed living space.
The geometric progression space is shown in Figure 3.

2.3.5. Modern Functional Space. When entering the period
of industrial society, especially in the era of large-scale in-
dustrial production, it promoted the rapid development of
social civilization, people’s social thought and group concept
were obviously strengthened, and the types of architectural
office space also increased. In addition, due to the increasing
new materials, new structures, and modern means of new
technology, the original mode of building office space has
been changed, gradually forming a building office space
structure that meets the functional needs of people’s daily
life. The modern functional space is shown in Figure 4.

2.3.6. Human Space. When people are in the postindustrial
period of modern architecture, it provides a strong material
foundation. With the enhancement of people's self-aware-
ness and the improvement of material and technical con-
ditions, people have higher requirements for the objective
environment. Building people-oriented office space has
become the consensus of the whole society. Human space is
shown in Figure 5.

It can be seen from the whole development process of
architectural office space that geometric progression space
provides the order of people’s behavior and the framework
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of space, which constitutes the structure of architectural
office space. To a certain extent, modern functional space can
expand the field of behavior, provide a place for behavior,
and meet the needs of behavior. Humanistic space will
expand its activity content and connotation on the original
basis, enrich its life fun and meaning, and embody people’s
value and dominant position to the greatest extent.

Space in architecture belongs to a polysemous com-
pound conceptual structure. Functional space makes people
expand the field of behavior, and its forms of existence and
classification have diverse connotations. The details are as
follows:

(1) According to the different forms of edge, it can be
divided into closed space, open space, and middle
space.

(2) According to the different combination forms, it can
be divided into addition space and reduction space.

(3) According to the different trend of space, it can be
divided into dynamic and static space and flowing
space.

(4) According to the different structural characteristics,
it can be divided into single space and composite
space.

(5) According to the different ways of partition, it can be
divided into fixed space and changing space.

2.4. Esthetic Characteristics of Architectural Office Space.
Architecture is a kind of art form that embodies scientific
thought through structure. Architectural office space can be
regarded as a complex of application space with multi-
functional needs and visual space with esthetic needs [11].
The esthetic characteristics of architectural office space are
mainly composed of environmental atmosphere, plastic arts,
and symbolic meaning.

2.4.1. Environment Atmosphere. Different environment at-
mosphere mainly depends on different space characteristics.
Generally speaking, plane regular space reflects simplicity;
the space with curved surface reflects richness and lyricism;
the mutually perpendicular space reflects loftiness and so-
lemnity; mutual horizontal space reflects intimacy and
comfort; and the mutually inclined spaces reflect imper-
manence and uneasiness. From this, we can see that different
spatial forms reflect different environmental atmosphere.
Function and esthetic factors mainly restrict the form of
office space, and the construction of its environmental at-
mosphere mainly depends on the esthetic feeling.

2.4.2. Plastic Arts. The plastic arts of architectural office
space mainly reflect the characteristics of architectural es-
thetics. The artistic style is a representative typical form
gradually formed in different times and regional charac-
teristics through creative conception and performance. The
formation of an artistic style such as national characteristics,
cultural trends, style habits, and religious beliefs is influ-
enced by the humanistic and natural conditions of the time.
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FIGURE 3: Schematic diagram of geometric series space.

FIGURE 5: Schematic diagram of human space.

2.4.3. Symbolic Meaning. Although architectural art can
reflect life to a certain extent, different from other art forms,
it cannot reflect the form of life again, the expression means
of architectural office space, and cannot leave the space form
required by use. We can only use some more abstract
geometric forms, combined with the proportion and balance
between various components, to create a certain environ-
mental atmosphere, to express the specific internal meaning,
thus clarifying that architecture is actually like a symbolic
art.

3. Factors Influencing the Comfort of Building
Office Space considering the Health
Level of Employees

Although the construction office space belongs to a kind of
medium and form serving the employees, it can lead to some

behavior and play a certain role, but in fact, the enterprise
employees are the real behavior subject; only the enterprise
employees themselves are the main reasons for the needs and
activities. According to the architectural determinism, ar-
chitects believe that the behavior of enterprise employees
depends on the building office space itself, and they will use
and feel the environment according to the designer’s in-
tention, but they ignore the impact of the building office
space environment on enterprise employees and do not
consider whether the living and activity environment is
suitable for enterprise employees. Therefore, building office
space and enterprise staff behavior are complementary el-
ements. This paper considers the health level of enterprise
staff and studies the relationship, cognition, and evaluation
of enterprise staff behavior and building office space envi-
ronment, so as to form a truly comfortable building office
space.



3.1. Building Office Space Components. Building office space
is mainly for the use of enterprise employees, as almost every
place is related to the activities of enterprise employees.
Using certain material facilities to serve the work of en-
terprise employees, some form work tools, and others form
the building office space environment. The building office
space is an organic system, and the main elements of the
building office space system are people, man-made objects,
and environment [12]. The elements of building office space
are shown in Figure 6.

Among these factors, environment refers to the working
and living environment of employees in enterprises, and the
main factors are ventilation, lighting, temperature and
humidity, air quality, greening landscape, etc. Man-made
objects refer to the relevant building components used by the
employees of the enterprise. The main factors include doors,
windows, railings, and stairs. People are the users or op-
erators. In the office space of the building, human is the main
body of the whole system and the target object of the office
space design. Therefore, human is the most important part of
the whole system.

3.2. Psychological and Behavioral Factors in Building Office
Space. The design orientation of architectural office space
depends on the needs of employees in architectural office
space enterprises. The structural form of architectural office
space is determined by various behavioral and psychological
factors of employees. In social activities, employees often
keep a certain distance, which will be adjusted automatically
according to different events, people, and scenes. The in-
terpersonal distance in the building office space is shown in
Table 1.

The four kinds of interpersonal distance in Table 1
belong to the distance determined by the familiarity of
employees with their own psychological space, which also
determines the layout of building office space. As far as the
whole building office space environment is concerned, each
specific indoor and outdoor public space has its own dif-
ferent communication scale of enterprise employees, or in
other words, according to the communication scale of en-
terprise employees, the category of building office space is
defined [13]. Therefore, the human distance factors should
be considered in the size and scale of the building office
space, as well as the distance, orientation arrangement, and
furniture design of the internal and external space.

3.2.1. Human Health Factors. Human health mainly in-
cludes two aspects: physical and mental health. In the
process of designing the office space of building, in addition
to the unreasonable scale or operation, the influence on the
human health and sports system, and the unreasonable
lighting and other factors, the impact on human health
vision should be studied.

From the perspective of health, it is necessary to study
the system health of human, and safety is a concept closely
related to accidents. Usually, accidents refer to the accidents
with low probability. The research on accidents aims mainly
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to analyze their causes, so as to ensure the safety of building
office space design.

From the perspective of management, in the modern
office management system, people, materials, and infor-
mation are the three major elements. The main purpose of
enterprise employee management is how to maximize work
efficiency. From the perspective of architectural space de-
sign, persons’ work efficiency depends on their work nature,
ability, tools, and working methods and on whether they can
deal with the relationship between people and the envi-
ronment. Take the architectural office space as an example; it
is also called efficiency space, which is a link to deal with
various types of information and affairs and coordinate the
relationship between departments and individuals [14]. For
a long time, some monotonous mechanical work is easy to
make enterprise employees tired, resulting in reduced work
efficiency. This requires architects to handle the relationship
between people, such as the form, structure, size, material,
style, color of office furniture, to be closer to the employees
of the company and more suitable for the use of the
company’s employees. At the same time, they need to deal
with the relationship between employees and the environ-
ment, reasonable illumination, appropriate temperature,
and relaxed and pleasant sound effect, so that employees can
improve work efficiency and work performance.

3.2.2. Human Differences. People belong to the main re-
search focus of this paper. In the process of considering the
health level of enterprise employees, people are different,
and there are also great differences between individuals,
resulting in the differences of building office space, which
can be explained from two aspects: the commonness and
differences of people. The commonness and difference of
human body in building office space are shown in Figure 7.

The commonality and difference of employees belong to
relative concepts. If the commonality of employees as a
whole is called “absolute commonality,” and the difference
between employees is called “absolute difference,” there are
still many relative commonalities and differences between
them. In different physiological and psychological states, the
same person’s perception of the same external stimulus is
different. The commonness of human body has three levels:
the first is the commonness of human body as a whole; the
second is the commonness of different groups with obvious
differences, such as the work needs and work psychology of
enterprise employees; and the last is the commonness of the
same combination, such as the work needs and work psy-
chology of different regions, nationalities, gender, and other
groups. Among them, the next level commonality must
contain the upper level commonness. For the enterprise
employee behavior in the construction office space studied
in this paper, the first two levels are common, and the third
level is the difference between people in the specific building
office space.

3.3. Physical Environment Factors in Building Office Space.
Not only does the design orientation of architectural office
space depend on the psychological needs of the employees of
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FiGure 6: Elements of building office space.

TaBLE 1: Interpersonal distance in building office space.

Features

Type Distance (m)
Close distance 0~0.45
Individual distance 0.45~1.2
Social distance 1.2~3.6
Common distance >36

The distance that intimates need to keep
The distance of personal relationship
The distance that colleagues need to keep
The distance that needs to be kept in public

Absolute
difference

Other levels

Absolute
universal

FIGURE 7: Human body commonness and difference in office space.

the construction office space enterprises, but also the
physical environment factors determine the structure of the
building office space. Modern high-rise buildings in cities
are standing in a forest, the tightness of building office space
is enhanced, air conditioning system and automatic office
equipment are constantly introduced, which makes the
indoor harmful gases in the building office space unable to
discharge in time, and the air quality seriously harms the
health of the employees. The indoor air in the building office
space affects the working mood and efficiency of the en-
terprise employees [15].

The acoustic environment of building office space refers
to people’s auditory environment in building office space,
which will be affected by various noise sources. Good
building office space acoustic environment can help people
work effectively but also can avoid emotional tension, tin-
nitus, and other office syndromes; building office space noise
pollution affects all symptoms. For employees of con-
struction office space enterprises, sound is a kind of natural
stimulation. The minimum sound source of construction
office space is more than 15dB, and the maximum is not
more than 80 dB, generally 35-50 dB.

The office space needs sufficient natural light and ap-
propriate artificial lighting. Building office space should have
sufficient natural lighting. If natural light can enter the
building office space, it can improve the indoor environment
quality of building office space and increase the comfort of
enterprise staff.

4. Environment Design of Building Office Space

4.1. Concept of Building Office Space Environment System.
In the early environmental design of building office space,
the internal and external architectural office space are two
distinct areas, while the organization and operation of the
internal function are the focus of the design, and the external
space is often ignored. From the early architectural office
space, the concept of architectural office space environment
is that the building volume occupies the land divided by the
road network, which is a unified correspondence between
buildings and streets. Since the 1960s, the design of office
space has gradually become as important as the main
building. The space between buildings and between



buildings and streets has become an integral part of office
space, providing a distinctive place for people’s external
activities.

4.2. Architecture of Building Office Environment System.
The external space of building office refers to the middle area
between buildings and between cities and buildings. It is not
only a part of building office space environment, but also a
whole through urban roads, squares, green space, and urban
environment. The architecture of the building office envi-
ronment system is shown in Figure 8.

Office buildings are one of the most common types of
buildings at present. As the most important part of office
buildings, the quality of the working environment created by
office space will directly affect the physical and mental health
and work efficiency of employees. For engineers who are
immersed in the office, the office has become their second
home, and their work space environment needs great at-
tention. The transformation of the external space and the
internal space of the building office belongs to the stage of
increasing attention. The semi-outdoor form of the building
office space is introduced into the internal space of the
building office. Regional public space is an extension of the
external space of the building office, which is a multifunc-
tional place with the characteristics of rest, business, and
leisure. Taking the air shared space as a means to improve
the environmental quality of the building office space is
called the building office space close to the natural envi-
ronment. Designing it as the form of the sky garden can
make the building office space have more perfect ecological
functions. While improving the environmental quality of the
building office space, it can also play a better role in the
energy-saving effect of the building office space.

5. Case Analysis

5.1. Investigation Methods and Objects. In order to verify the
effectiveness of building office space comfort analysis and
environmental design considering the health level of em-
ployees, this paper studies the influencing factors of building
office space comfort. In the specific building office space
environment, different requirements are put forward for the
form, scale, interface, and various material facilities of the
building office space. At the same time, specific psycho-
logical and physiological feelings and behavior character-
istics of enterprise employees will be produced. Taking the
office space of a building as the research object, this paper
adopts the methods of reference [4], reference [5] and the
method proposed in this paper to conduct a practical in-
vestigation on the office space of the building. Through the
summary of the factors affecting the comfort of building
office space, this paper designs the index to evaluate the
comfort of building office space, applies it to the investi-
gation, and makes a comprehensive analysis of the research
object from the two aspects of psychological behavior and
physical environment.

The survey method is mainly questionnaire survey,
which is used as the data basis of the comfort research of
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building office space. SPSS13.0 software was used for data
input and analysis. Through a questionnaire survey of 300
employees in 10 enterprises and institutions in a city, 276
valid questionnaires were collected, and the effective rate was
92%. Among the respondents, 154 were male and 122 were
female, involving large- and medium-sized state-owned
enterprises, universities, private enterprises, and foreign-
funded enterprises. The basic distribution of samples is
shown in Table 2.

5.2. Construction of Evaluation Factor Set. The completeness,
pertinence, and discrimination of the evaluation factor
system have an impact on the quality and comparability of
the final comprehensive evaluation index. The comfort of
office space is evaluated and analyzed from the aspects of
psychological behavior and physical environment. The set of
comfort assessment factors for building office space is shown
in Table 3.

Therefore, the current design of the building office space
environment cannot meet the needs of the enterprise staff
for the comfort of the physical environment of the building
office space.

5.3. Building Office Space Comfort Survey Results and
Comparative Analysis

5.3.1. Survey Results and Comparative Analysis of Psycho-
logical and Behavioral Comfort. The survey results of psy-
chological and behavioral comfort of building office space
are shown in Table 4.

According to the survey results in Table 4, 45.7% of
enterprise employees are not satisfied with the psychological
and behavioral comfort of building office space, 31.5% are
not satisfied, and 4.7% are very dissatisfied. Only 11.6% and
6.5% of the employees were satisfied with the psychological
and behavioral comfort of the office space. The survey results
show that the psychological and behavioral comfort of
enterprise employees for the building office space are gen-
erally low. Therefore, the current building office space en-
vironment design cannot meet the needs of enterprise
employees for the psychological and behavioral comfort of
building office space.

In order to analyze the psychological and behavioral
comfort of the proposed method in building office space, the
method in [4], the method in [5], and the proposed method
are used to compare the fitness of human health and the
fitness of privacy in building office space of different
methods. The comparison results are shown in Figures 9 and
10.

According to the data in Figures 9 and 10, according to
the age of different subjects, the average fitness for human
health and privacy of building office space in the method of
[4] are 75% and 78%, respectively, and the average fitness for
human health and privacy of building office space in the
method of [5] are 58% and 65%, respectively. The average
fitness of human health and privacy of the proposed method
are 93% and 90%, respectively. It can be seen that the
proposed method has high adaptability to the psychological
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TABLE 2: Basic distribution of samples.

Variable name

Number of samples Percentage (%)

Gender Male 154 55.8
Female 122 442

20-29 years 106 38.4

Age 30-39 years 98 355
40-49 years 46 16.7

50-59 years 26 9.4

Large- and medium-sized state-owned enterprises 68 24.6

Types of enterprises Colleges and universities 43 15.6
Private enterprises 126 42.7

Foreign-funded enterprises 39 14.1

TaBLE 3: Comfort evaluation factor set of building office space.

Name

Evaluating indicator

Psychological behavior

Human health
Privacy

Physical environment

Acoustic environment
Light environment

TABLE 4: Survey results of psychological and behavioral comfort evaluation of building office space.

Variable Number of samples Percentage (%)
Very satisfied 18 6.5
Satisfied 32 11.6
Generally satisfied 87 31.5
Dissatisfied 126 45.7
Very dissatisfied 13 47
Total 276 100

behavior of building office space and can effectively improve
the adaptability of building office space.

5.3.2. Investigation Results and Comparative Analysis of
Physical Environment Comfort. The survey results of
physical environment comfort of building office space are
shown in Table 5.

According to the survey results in Table 5, 49.3% of
enterprise employees are not satisfied with the physical
environment comfort of building office space, 20.3% are not
satisfied, and 5.4% are very dissatisfied. Only 17.4% and 7.6%
of the employees were satisfied with the comfort of the
physical environment of the office space. According to the
survey results, the comfort of the physical environment of

the building office space is generally low. Therefore, the
current design of the building office space environment
cannot meet the needs of the enterprise staff for the comfort
of the physical environment of the building office space.

On this basis, in order to further analyze the comfort of
the physical environment of the proposed method of
building office space, the methods in [4] and [5] and the
proposed method are used to compare the acoustic envi-
ronment fitness and the light environment fitness of building
office space of different methods. The comparison results are
shown in Figures 11 and 12.

According to the data in Figures 11 and 12, according to
the age of different subjects, the average building office space
acoustic environment adaptability and light environment
adaptability of the method in [4] are 63% and 62%,
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FIGURrE 10: Comparison results of privacy fitness of building office space with different methods.

TABLE 5: Survey results of physical environment comfort evaluation of building office space.

Variable Number of samples Percentage (%)
Very satisfied 21 7.6
Satisfied 48 17.4
Generally satisfied 56 20.3
Dissatisfied 136 49.3
Very dissatisfied 15 5.4

Total 276 100
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respectively, and the average building office space acoustic
environment adaptability and light environment adapt-
ability of the method in [5] are 50% and 55%, respectively.
The results show that the average fitness of sound envi-
ronment and light environment of the proposed method are
89% and 88%, respectively. Therefore, the proposed method
has high adaptability to the physical environment of building
office space and can effectively ensure the environmental
quality of building office space.

6. Conclusion

This paper puts forward the comfort analysis and envi-
ronmental design of building office space considering the
health level of employees. By studying the theoretical basis
of building office space, considering the health level of
employees, this paper analyzes the factors affecting the
comfort of building office space and designs the building
office space environment. This paper selects the research
object as a building office space, uses the method of
questionnaire survey to construct the comfort evaluation

factor set of building office space, and analyzes the comfort
of building office space from the perspectives of psycho-
logical behavior and physical environment of enterprise
employees. The proposed method can effectively improve
the comfort of building office space and ensure the envi-
ronmental quality of building office space. However, the
number of studies on this algorithm is limited. Therefore,
in the next research, we will fully increase the number of
studies and further analyze the comfort of building office
space.
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Xuzhou University of Technology is a local newly established applied undergraduate university. The construction of a practical
teaching base of landscape architecture majors was faced with the problems of short construction time and lack of funds. The
feasibility, necessity, process, and achievements of the construction of the practical teaching base of landscape architecture majors
based on the campus environment were studied. The guiding ideology of the campus practical teaching base for landscape
architecture majors in applied undergraduate universities was put forward and the construction mode of “four in one” of practical
teaching bases was discussed. The campus practical teaching base for landscape architecture majors was built and “four-stage”
progressive training and teaching activities were carried out in Xuzhou University of Technology. The effective combination of the
landscape architecture professional practical teaching base and the logistics resources was realized. The combination of the
logistics resources and professional construction of the university was carried out as a beneficial exploration in this paper. The
achievements of practical teaching base construction were mainly reflected in the improvement of the quality of talent cultivation,

the beautification of campus environment, and the enhancement of teachers practical ability.

1. Introduction

According to the statistics of China landscape architecture
education conference in 2014, more than 220 colleges and
universities in China had opened undergraduate majors of
landscape architecture, gardening, and related majors, and
more than 50,000 students of related majors at all levels were
enrolled every year [1,2]. As we all know, landscape ar-
chitecture was a highly practical subject; the study of
landscape architecture students should not be limited to
classroom theoretical teaching and practical teaching was an
important link to cultivate students’ application ability and
innovation ability; the practical teaching base was the main
place to cultivate landscape architecture students’ practical
ability and innovation ability [3,4]. However, many newly
built local undergraduate colleges were unable to build
practical teaching bases for landscape architecture majors as

compared with those key universities due to the short
construction time and lack of funds, which directly affected
the quality of students’ training.

Xuzhou University of Technology (hereafter abbreviated
as our university) was a local established applied under-
graduate university, and our university closely adhered to
the mainline of local and application-oriented education,
practiced the concept of “big application view, big engi-
neering view, big life view, and big culture view,” and re-
alized the road of innovative development of the university
[5]. In order to achieve the goal of cultivating senior ap-
plication-oriented talents with solid theoretical knowledge
and strong practical ability in landscape architecture majors
of our university, it was necessary to build a practical
teaching base with strong practicability to ensure the quality
of talent’s cultivation. In order to save money and shorten
the construction time, our university put forward the
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suggestion of constructing a practical teaching base for
landscape architecture major relying on the campus envi-
ronment. The facts proved that the practical teaching base of
landscape architecture majors established on the campus
environment of our university had realized the combination
of theory teaching and practice and the unity of practice and
production; it had strengthened the enthusiasm of students
in learning, stimulated their creativity and innovation, and
narrowed the distance between teaching and production.
Therefore, the landscape architecture major of our
university realized the smooth integration of students from
campus practice to off-campus work and shortened the
employment adaptation period of graduates [6].

2. Theoretical Exploration

2.1. Guiding Ideas of the Building Practical Teaching Base of
Landscape Architecture Major on the Campus. Practical
teaching referred to the practical activities carried out
around teaching activities and students’ personal experience,
and the practical teaching base was the material basis for the
development of practical teaching [7]. Our university began
to recruit landscape architecture majors in 2015. There are
312 students of this major in our school at present. The
major had a large number of practical courses, such as
landscape botany practice, landscape architecture design
practice, landscape planning and design practice, landscape
engineering practice, plant landscape design practice, cog-
nitive practice, model making, comprehensive practice,
graduation design, graduation practice, etc. With the revi-
sion of the 2019 version of the talent cultivating program, the
number of teaching hours of practical training had been
increased. Practical teaching was 65.5 credits, accounting for
40.18% of the total credits in the talent cultivating program
for landscape architecture majors. A large number of
practical courses needed to be completed in the practical
teaching base in order to master the practical operation skills
in the field of landscape architecture and the students could
get rid of the monotonous “cramming” classroom.

Therefore, the guiding ideology of the construction of the
practical teaching base for landscape architecture major in
our university was that the talent cultivating program
combined theory with practice, aimed at cultivating stu-
dents” practical ability and innovative consciousness, ad-
hered to combine the construction, transformation, and
maintenance of the campus environment with students’
practical training courses. The practical teaching base of the
campus environment should become a real practice envi-
ronment in the garden industry and an open practice
teaching base integrating teaching, production, and scien-
tific research.

2.2. The Mode of “Four in One” Practical Teaching Base
Construction. Relying on the campus environment, under
the guidance of the leaders of university, the college and the
logistics department cooperated to set up an open practical
teaching base on the campus, which could realize the “four-
in-one” function of practical teaching, technological
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innovation, construction of professional culture, and
beautification of campus environment (Figure 1) and the
practical teaching base had strong practicability. The con-
struction of the practical teaching base adhered to the three-
dimensional principle of “landscape of the practical envi-
ronment, teaching of the campus environment, and hu-
manistic culture of the campus environment.” All kinds of
plants and landscape on campus not only served for pro-
fessional teaching, reflected professional cultural connota-
tion, provided the place for curriculum reform and the
source of innovation but also had the function of beautifying
the environment. Students on campus could recognize the
main elements of landscape architecture, subtly cultivate the
perception and experience of beauty, feel the sense of
professional well-being, and stimulate interest in learning
and professional love.

The model of “four-in-one” practical teaching base
construction realized the effective cooperation of various
departments in the university, improved the management
efficiency of the campus environment, and saved the con-
struction cost of the practical teaching base, so it was of great
significance.

3. The Practice of Practical Teaching
Base Construction

3.1. Establishing a Practical Teaching Base for Landscape
Architecture Major on the Campus. The traditional form of
practical training and the practical teaching system in col-
leges and universities was mainly based on teacher dem-
onstration and the students in a passive position. Therefore,
it was difficult for students to have interest in practical
training and practical teaching, which restricted the culti-
vation of students’ practical ability [8,9]. As a local applied
undergraduate university, our university had already real-
ized this point and the university leaders broke through the
thinking barrier and innovated boldly. Under the leadership
of the university, the college of environmental engineering
and the logistics office had successively negotiated and
signed a cooperation agreement in April 2015 based on the
principle of resource sharing, complementary advantages,
and mutual benefit. According to the agreement, the college
of environmental engineering contracted the 110,000 square
meters of green maintenance and landscape renovation
projects on the campus and established a campus practical
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teaching base of landscape architecture major with the lo-
gistics office.

After nearly four years of operation, the base not only
provided the course practice of landscape dendrology, flo-
riculture, lawn science, garden plant cultivation and
maintenance, landscape planning and design, plant planning
and design, landscape engineering and other courses but also
became the place of graduation practice, second classroom,
scientific and technological innovation for some students, as
well as the place for the display of landscape architecture
professional culture. At the same time, the campus was
beautified, the funds were saved, and the real design and
construction environment was provided for students
through the projects of flower planting in tree pools, Prunus
mume forest transformation and Cedrus deodara forest
transformation.

3.2. Realizing the Effective Combination of the Practical
Teaching Base of Landscape Architecture Major and Logistics
Resources. Campus greening maintenance and landscape
transformation spent a lot of manpower, financial, and
material resources every year. In order to achieve the dual
objectives of mutual benefit and students’ practical ability
training, and to ensure the sustainability and practicability of
the practical teaching base, the college of environmental
engineering (Landscape architecture major belonged to the
college of environmental engineering) and the logistics office
signed a long-term internship cooperation agreement to build
a practical teaching base of landscape architecture majors.
Under the guidance of the university, leadership and the
assistance of the equipment office, the finance office, the
dean’s office, and the student affairs office, the basic mode of
co-construction of the practical teaching base between college
and logistics was established (Figure 2), which formed the
relationship of interdependence and in-depth cooperation.
The establishment of the campus environment practical
teaching base saved the school’s expenses, where the teachers
and students built the campus environment as masters. The
teachers and students had a sense of belonging and a
stronger responsibility, so they had targeted the landscape

| Leadership of college |4—>| Leadership of logistics office

landscape architecture teaching
and research section

] !

|‘ ,| instructor of greening management

le«—»| logistics greening management office

teachers of practice

e

FIGURE 3: Management model of the campus’s practical teaching
base.

transformation of the campus environment and could create
a suitable space environment for the teachers and students of
the university to work, study, and live. On the other hand,
the campus practical teaching base of landscape architecture
majors broke the traditional single and laboratory-limited
mode of the practical teaching base of landscape architecture
majors, made full use of the effective logistics resources, and
maximized its advantages. Therefore, the establishment of a
practical teaching base of landscape architecture major
based on the campus environment was an effective com-
bination of professional teaching and logistics resources to
achieve a win-win goal.

In the management of the practical teaching base, the
system of co-management of college teachers and logistics
personnel was explored. The college and logistics office
jointly set up a leadership group to formulate a practical
teaching base management program and a practical teaching
model for students. The landscape architecture teachers and
logistics greening team members were responsible for the
content and arrangement of students’ practice. The college
and the logistics office selected teachers to jointly guide
students’ practical training (Figure 3).

3.3. Realizing the “Four-Stage” Progressive Practical Teaching
Chain. The boring theoretical knowledge should be com-
bined with practical teaching to understand and deepen the
theoretical knowledge in practice and to develop students’
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TaBLE 1: “Four-stage” progressive training teaching chain form.

Training stage Training course Schedule
. . 1 . . . . . . Semesters
Basic practical ability training stage Cognitive practice, art sketch, surveying practice, landscape botany practice 14
Landscape architecture design practice, landscape planning and design Semesters
Professional core skills’ training phase practice, landscape engineering practice 46
Plant landscape design practice
Comprehensive application ability training Comprehensive practical training Semesters
stage Graduation design 6-8
Innovation and entrepreneurship capacity Innovation and entrepreneurship quality education for university students  Semesters
training stage Graduation practice, innovation and entrepreneurship competition 2-8

FIGURE 5: Plant pruning competition scene.

practical ability. Students’ consciousness and ability of inno-
vation and entrepreneurship should be cultivated throughout
the whole teaching process [10,11]. According to students’
cognitive order and the needs of campus environment con-
struction, transformation, and beautification, a “four-stage”
progressive practical teaching chain for landscape architecture

majors had formed and each stage could be completed in the
campus practical teaching base.

The “four-stage” referred to the basic practical ability
training stage, the professional core skill training stage, the
comprehensive application ability training stage, and the
innovation and entrepreneurship capacity training stage of
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FIGURE 6: Campus beautification and culture construction.

the students. The training courses and time schedules of the
“four-stage” corresponding ability are shown in Table 1. The
“four-stage” training chain was progressively carried out in
terms of students’ practical ability training, and there were
overlaps and intersections in the time schedule of the
training courses. For example, the cultivation of students’
innovation and entrepreneurship ability had been carried
out since the second year of the course. Students were
encouraged to participate in teachers’ scientific research and
to declare innovative and entrepreneurship training proj-
ects; the cultivation of students’ innovation and entrepre-
neurship ability had continued until graduation.

In the basic practical ability training stage, students’
main practical courses included cognitive practice, art
sketch, surveying practice, and landscape botany practice,
which were arranged in semesters 1-4. In the professional
core skills training phase, students’ main practical courses
included landscape architecture design practice, landscape
planning and design practice, landscape engineering prac-
tice, and plant landscape design practice, which were
arranged in semesters 4-6. In the comprehensive application
ability training stage, students’ main practical courses in-
cluded comprehensive practice and graduation design,
which were arranged in semesters 6-8. In the innovation and
entrepreneurship capacity training stage, students’ main
practical courses included innovation and entrepreneurship
quality education for university students, graduation prac-
tice, innovation, and entrepreneurship competition, which
were arranged in semesters 2-8.

4. Achievements of the Practical Teaching Base

4.1. Significant Improvement in the Quality of Talent
Cultivation. Since the foundation of the base in 2015, there

were more than 200 class hours practical training every year
in the base, 30 students had graduation practice in the
campus practical teaching base, and 6 students chose the
theme of graduation design as campus landscape transfor-
mation. Two competetions: a “landscape design competi-
tion” (Figure 4) and a “plant pruning competition”
(Figure 5) were held in the campus practical teaching base.
Through the establishment of a green protection team and
campus landscape renovation program bidding activities,
students’ practical ability and teamwork awareness were
enhanced.

At the same time, teachers guided the students to par-
ticipate in the research projects of teachers, encouraged
students to declare innovative projects and research topics,
and conducted self-employment guidance in the practical
teaching base. So far, relying on the base, the students had
applied for 4 patents, applied for 6 subjects, and published 15

papers.

4.2. Beautifying the Campus and Creating a Campus Culture.
According to the needs of the university landscape, the
campus had been beautified and a comfortable environment
for teachers and students had been created through such
projects as planting flowers in tree pools, transforming
Prunus mume forests and transforming Cedrus deodara
forests [12]. Under the guidance of teachers, students listed
plants on the campus and marked plant species and eco-
logical habits, which could not only serve as the result of
students’ practical training but also provide reference for
teachers and students of other majors to gain science
knowledge, so that teachers and students could better care
for the campus environment (Figure 6). At present, more
than 80% of plant species on campus had been listed. Under



the guidance of teachers, students took photographs and
collected materials of plant species on campus and prepared
to publish a book on plant Atlas of Xuzhou University of
Technology.

4.3. Improvement in the Practical Ability of Professional
Teachers. Professional teachers of landscape architecture
majors learned and practiced at the base at any time, fol-
lowed closely the new development of the landscape in-
dustry, and mastered the new knowledge and technology of
landscape architecture in time. The professional practice
ability had been exercised and the practice level of landscape
architecture teachers had been improved and strengthened.
At present, there were 11 professional teachers in the
landscape architecture major and 7 teachers had the qual-
ifications of practical teachers. Among them, 4 teachers had
the titles of engineers and senior engineers. A well-struc-
tured “double-skilled” faculty team was initially formed.

5. Discussion and Conclusion

Our university made full use of the campus environment to
exploratorily establish the campus practical teaching base for
landscape architecture majors. This not only absorbed the
theory of the production practical teaching base in higher
vocational colleges but also applied it in applied under-
graduate universities in combination with practice [13-16].
Our university constantly summarized and refined the
combination of theory and practice, and in turn guided the
construction of practical teaching bases and teaching re-
forms. The practical teaching base based on the campus
environment had both scientific basis and practical test and
realized the integration of theory and practice.

The establishment of the practical teaching base of
landscape architecture majors in our campus aimed at
cultivating students’ practical innovation ability and im-
proving teaching quality in a large area, while the “double-
qualified” teachers training and teaching reform closely
combined with the improvement of campus environmental
quality, so as to the beneficial groups (including students,
teachers, schools, etc.) were maximized with the construc-
tion of the practical teaching base.

As the service department of the university, the logistics
office has many of the resources that can be combined with
the practical training of the university specialty, such as
campus greening, power supply, water supply, and drainage.
However, it remains a question as to how to combine the
logistics resources and students’ professional training ef-
fectively, so that the logistics resources can effectively serve
the practical teaching of each major, and at the same time,
each major makes full use of its own advantage to feed back
in the logistics construction, which requires the joint efforts
of multiple departments of the university. Under the overall
planning of university leaders and the cooperation of various
departments such as the secondary colleges, the student
affairs office, the finance office, the equipment office, and the
dean’s office, the campus practical teaching base can not only
save costs for the university but also serve the practical

Journal of Environmental and Public Health

teaching of related majors, so as to achieve multiple inte-
gration and maximize the comprehensive benefits.

In future, the research on the campus practice teaching
base can be conducted in depth from the aspects of the close
degree of the combination of college majors and campus
elements, students’ practice and management methods, and
the adjustment of talent cultivating programs.
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Chinese traditional culture is a typical “moral culture,” and traditional morality is the core and essence of culture. However, in
recent years, the phenomenon of following the trend of rural construction has been particularly serious, and many villages have
lost their original features. To solve the above problems, the genetic algorithm can be used to further explore the traditional culture
of urbanization construction. A genetic algorithm is a natural evolutionary process that imitates natural selection and genetic
operation in nature to obtain optimal solution, in which genetic operation mainly includes the processes of gene replication,
crossover, and mutation. This paper studies the traditional culture of urbanization construction based on the genetic algorithm
under the concept of environmental protection. Among the accuracy of urban construction land expansion, in 2018, the accuracy
of ant colony algorithm, data mining algorithm, and particle swarm optimization algorithm is 58%, 51.8%, and 56.7%, re-
spectively. The accuracy of this genetic algorithm is as high as 58.8%. It can be seen that the genetic algorithm in this paper has the
highest accuracy in the expansion of urban construction land. Therefore, in the process of large-scale urbanization based on the
genetic algorithm, we should pay attention to not being separated from traditional culture, not letting farmers lose their regional
culture, local culture, and grassroots culture, and protecting the cultural-ecological environment on which these cultures depend.

1. Introduction

The original meaning of “culture” is “rule of culture” and
“enlightenment,” that is, to influence and restrict people
with ethics and etiquette and music rules and regulations.
Chinese traditional culture is a typical “virtue culture,” and
traditional morality is the core and essence of culture.
However, in recent years, the phenomenon of following the
trend of rural construction is particularly serious. Many
villages have lost their original characteristics. The history
and culture of countryside have also been damaged or even
destroyed to varying degrees. This blind demolition and
construction and disorderly development and construction
pose a serious threat to the rural pattern and the historical
style inherited for thousands of years [1]. At the same time,
with the emergence of the word “nostalgia,” the local history
and culture have been paid continuously more attention.
China’s urbanization construction is the core of the overall

development of urban and rural areas and the carrier of the
further expansion of industrialization. Urbanization con-
struction should establish the concept of people-oriented
and spatial balance, innovate the development mode, reflect
and highlight the regional cultural characteristics of cities
and towns, and promote the healthy development of ur-
banization construction with the construction of cultural
characteristics. In the process of new urbanization, the
specific methods of protecting and utilizing traditional
culture are realistic and typical in Tibetan areas across the
country. Therefore, through analysis and research on the
protection and utilization of traditional culture in the
process of new urbanization, it is of great and far-reaching
significance to carry forward Chinese traditional culture and
enhance the due historical status of Tibetan traditional
culture [2, 3].

Under the concept of environmental protection, this
paper analyzes the protection of traditional culture in
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urbanization construction and uses the optimization algo-
rithm of the genetic algorithm to solve some problems of
traditional culture in urbanization construction. A genetic
algorithm is a natural evolutionary process that imitates
natural selection and genetic operation in nature to obtain
optimal solution. Among them, genetic operation mainly
includes the process of gene replication, crossover, and
mutation. Therefore, the operation process of the genetic
algorithm is also the process of genetic variation of simulated
genes and the calculation method of selecting excellent
individuals through copying, crossover and mutation op-
erations, and selection operations. As we all know, biological
evolution is based on Darwin’s biological evolution theory,
and the next generation of biological groups is produced by
the reproduction of the previous generation of biological
groups. Therefore, the main content of the abstract genetic
algorithm, which simulates the evolution process of or-
ganisms, is to simulate the evolution process of biological
groups. In essence, the genetic algorithm is a direct search
method that does not depend on specific problems. The
genetic algorithm has been applied in pattern recognition,
neural network, image processing, machine learning, in-
dustrial optimization control, adaptive control, biological
science, social science, and so on. The main problem to be
solved in the process of genetic algorithm operation is the
chromosome coding method, which is the key problem of
genetic algorithm implementation, the method of trans-
forming optimal solution from solution space-to-gene space,
and the gene expression of optimal solution [4]. The quality
of solution transformation will affect the evolutionary effi-
ciency and degree of optimization [5].

People in different regions and environments have
gradually formed their own unique local culture and re-
gional culture in the long-term production practice. The
forms of expression include local drama, arts and crafts, folk
stories, and handicrafts. Different regions have also shaped
the cultural elements, such as the character and beliefs of the
local people. Under the concept of environmental protec-
tion, the traditional culture of urbanization construction is
studied based on the genetic algorithm. In the process of
promoting the overall development of urban and rural areas,
one of the policies and measures to implement industry-
feeding agriculture and cities supporting rural areas is to
promote industrialization and urbanization. Industrializa-
tion is an important part of economic development, and
urbanization is the main carrier and driving force of eco-
nomic development [6]. Through the genetic algorithm, the
evaluation index system of urban renewal project trans-
formation potential and the evaluation index system of
urban renewal project transformation urgency under the
concept of environmental protection are established, and
then the location model of urban renewal priority trans-
formation project is constructed from the perspectives of
efficiency and fairness. With the help of the genetic algo-
rithm, the location scheme meeting the actual needs is
solved, which verifies the accuracy, scientificity, and oper-
ability of the model. It provides a practical basis for the
transformation sequence of traditional cultural projects in
urbanization construction. Urbanization itself is a process of
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cultural convergence. Therefore, in the process of large-scale
urbanization based on the genetic algorithm under the
concept of environmental protection, we should pay at-
tention not to be separated from traditional culture, let
farmers lose their regional culture, local culture, and
grassroots culture, and protect the cultural ecological en-
vironment on which these cultures depend. The innovations
in this are as follows:

(1) This paper constructs the traditional cultural
structure model of urbanization. The solution pro-
cess of this model is similar to the evolution process
of biological natural selection, and it is a process of
iterative evolution from generation to generation.
The fitness of individuals is calculated by fitness
function, and proportion is divided on the wheel
according to the fitness. Each individual is like a
sector in the wheel, and a pointer is placed on the
wheel to randomly select. The greater the fitness, the
greater the probability of being selected, and the
smaller the fitness, the smaller the probability of
being selected.

(2) The trend of the urban construction land expansion
rate was tested and analyzed. From the perspective of
the expansion rate, the growth rate from 2016 to 2021
showed the characteristics of first increasing and
then decreasing. From 2016 to 2019, the expansion
rate of urban construction land under the genetic
algorithm reached 12% at the fastest, followed by
10% under the particle swarm algorithm, while the
ant colony algorithm and data mining algorithm
were only about 7% and 1%, respectively. It can be
seen that the genetic algorithm in this paper is
important in the expansion rate of urban con-
struction land.

The overall structure of this paper consists of five parts.

The first chapter introduces the background and sig-
nificance of traditional culture in urbanization. The second
chapter mainly describes the research status of traditional
culture in urbanization at home and abroad. The third
chapter describes the principle and model of the genetic
algorithm and the content of traditional culture protection
and inheritance in urbanization. In chapter 4, simulation
verification and analysis are carried out. The fifth chapter is a
summary of the full text.

2. Related Work

2.1. Research Status at Home and Abroad. Guo et al. pro-
posed that in the process of traditional urbanization, due to
the lack of restraint mechanism for the protection and
development conditions of rural cultural resources and the
lack of attention to the scientific development of rural
culture, rural culture is distorted and distorted, and the value
of rural culture is greatly reduced [7]. Cheung et al. proposed
that in the process of improving the appearance of villages,
urbanization and ecological civilization, national unity,
follow-up industry cultivation, spiritual civilization con-
struction of farmers and herdsmen, and improvement of
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urban cultural connotation should be mutually promoted to
reflect the characteristics [8]. Yang et al. proposed that the
common development of urban and rural areas is an im-
portant premise and fundamental policy to narrow the
economic and social gaps between urban and rural areas,
and it is also the best choice to solve the contradictions and
problems between urban and rural areas at present and in
the future [9]. Liu et al. proposed that new urbanization has
made a great change in the development of human society in
Tibetan areas for thousands of years, so the protection and
utilization of traditional culture is to inject new soul and add
gorgeous color to it [10]. Li et al. pointed out that traditional
culture is neglected in construction of urbanization, and
there is a lack and dislocation of ideas for the construction of
traditional culture [11]. Zhao et al. proposed that actively
promoting the coordinated development of urban and rural
areas is to establish a market system for the rational allo-
cation of production factors between urban and rural areas,
an effective system for the benign interaction of the urban
and rural economy, and an operation mechanism for the
common development of urban and rural social under-
takings and infrastructure, and strive to eliminate the in-
stitutional obstacles to the coordinated development of
urban and rural areas [12]. Zhang et al. proposed that market
pursues the maximization of economic benefits. In the
process of urbanization, it often pays too much attention to
people’s material prosperity, the development level of public
cultural services is low, and even destructive development
and utilization have caused irreparable losses to excellent
traditional culture [13]. Li et al. proposed that rural ur-
banization should not blindly oppose the development
strategy of big cities, or idealize the strategy of small towns,
but should adopt diversified and low-cost development
strategy to realize the all-round development of cities and
towns, realize the low-cost of rural labor transfer to cities
and towns, and the low cost of urban and urban con-
struction, so as to facilitate the smooth transfer of a large
number of rural labor [14]. Wang et al. proposed that the
relevant elements with rural cultural resources as the core
were not revitalized, resulting in the phenomenon of “for-
eign village” common, or the “one-time tourism con-
sumption” of rural cultural products due to the rough
utilization of relevant elements, which failed to extend the
value chain of rural cultural resources [15]. Hakak et al.
proposed that the overall protection and inheritance of
traditional culture under the construction of new urbani-
zation is based on the full excavation of regional material
culture and intangible culture, so as to form a traditional
cultural inheritance policy with clear protection direction
and local characteristics through continuous efforts [16].

2.2. Research Status of This Paper. In this paper, the tradi-
tional culture of urbanization construction is studied based
on the genetic algorithm under the concept of environ-
mental protection. Traditional urbanization is not conducive
to the protection, inheritance, and innovation of rural
culture. In the process of new urbanization construction, the
homesickness concept is used to guide the protection,

inheritance, and innovation of rural culture, hoping to find a
way to realize that the protection and development of rural
culture complement each other, and inheritance and in-
novation keep pace with each other. Compared with rural
areas, urban areas are more efficient, so we think that ur-
banization should be efficient in all aspects, including land
conservation, but our urbanization is constantly devouring
our land. The ultimate goal of the overall planning of urban
and rural areas through the genetic algorithm is the inte-
gration of urban and rural areas, which is the advanced stage
of modernization and urbanization, and the process of
mutual absorption of advanced and healthy factors, rejection
of backward and morbid conditions, mutual integration, and
two-way evolution between urban and rural areas. On the
basis of digging and protecting local history and culture in
the genetic algorithm, rural development develops regional
characteristic environmental protection industry, which
drives rural development. However, completely copying or
letting it develop is not conducive to the further advance-
ment of urbanization in China. Therefore, it is necessary to
take functional cultivation as foundation, cultural charac-
teristics as the fulcrum, industrialization as the driving force,
regional urban cluster construction, coordinated develop-
ment of the large, medium, and small cities and small towns
as the basic mode to make a good plan, and take the ur-
banization road of sustainable development in accordance
with the principles of gradual progress, land conservation,
intensive development, and rational layout. For the pro-
tection and inheritance of rural history and culture, a feasible
planning method is put forward in the genetic algorithm
under the concept of environmental protection, so as to
protect the development space of environmental protection
concept of Chinese history and culture, enhance its vitality,
and have very important practical significance for carrying
forward local culture and protecting the integrity of the
Chinese nation’s historical context.

3. Research Method

3.1. Principle and Model of the Genetic Algorithm. Genetic
algorithm is an adaptive probabilistic search method, and
the search process is based on global search. Its algorithm
idea is similar to natural selection evolution. It is a simu-
lation of biological genetic evolution in nature. It has
penetrated into various fields of research and engineering
with its strong problem-solving ability and wide adapt-
ability, and achieved good results [17]. Genetic algorithm is a
random, iterative, and evolutionary search method based on
natural selection and population genetics. All natural species
survive by adapting to the environment, which is the main
law of the genetic algorithm. In the genetic algorithm, ge-
netic operation mainly includes selection, crossover, mu-
tation, and other operations. Through the change of some
gene segments, biological genetic operation, and survival of
the fittest in nature are realized [18]. In the operation
process, some operation parameters will be involved, and the
design of these parameters is generally randomly generated.
Firstly, we determine the first-generation population, set the
population number, and code it; we determine fitness



function and calculate the fitness of population; optimal
individuals are selected by the selection operator to form the
next generation population, and individuals in the next
generation population are cross-exchanged and mutated to
form new individuals. When the number of iterations is
completed, we search for the optimal individual output;
otherwise, we continue the iteration. The flow of the genetic
algorithm is shown in Figure 1.

3.1.1. @ Choose. When the population size is set, if the value
is small, the diversity of population will be lost, resulting in
premature convergence and failure to reach optimal solu-
tion. However, if the value is too large, the operation time of
the genetic algorithm program will be prolonged, which will
affect the operational efficiency.

3.1.2. @ Crossover. When the crossover probability is
chosen, if the crossover probability is too large, it will affect
the dominant gene inheritance of population itself, which is
not conducive to the optimization of the whole population.
However, if the crossover probability is too small, the
generation speed of new individuals will slow down, and
when the number of iterations reaches, optimal solution can
still not be reached.

3.1.3. ® Variation. When mutation probability is selected,
if mutation probability is too large, it will lead to too many
gene mutations, which will make the difference between the
new individual and the parent individual too large, thus
losing the adaptive advantage of the genetic algorithm,
resulting in the search process of optimal solution having no
direction, and becoming the random search for optimal
solution. However, if the mutation probability is too small, it
will be difficult to generate new individuals, resulting in the
generation of local optimal solutions [11].

When the impact on the result is positive, the data

standardization formula is as follows:
A= Aij_Ajmin ' (1)

A jmax A jmin
When the impact on the result is negative, the data

standardization formula is as follows:

A —A..

A= j max ij :

Ajmax - Ajmin a2
where A is the standardized value of the index, 4;; is the
actual value of the j index in the 7 year, A;;, is the min-
imum value of index j,and A; ; is the maximum value of j
index.

According to the judgment matrix, the eigenvector w
corresponding to the maximum eigenvalue A,  of the
judgment matrix can be further obtained. The formula is as
follows:

j min

Aw =, 0. (3)
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Then, the feature vector is normalized. The result of
normalization is the ranking of the importance of corre-
sponding index factors, that is, weight, w = (0}, Wy ...
w,)’.

The transformation potential of the renewal project is
evaluated, and the formula expression is

S=Y fw, (4)
i=1

In the genetic algorithm, it is realized through the se-
lection operator. The probability of individuals with high
fitness to be inherited to the next generation population is
relatively large, and the probability of individuals with low
fitness to be inherited to the next generation population is
relatively small. Finally, they continue to approach optimal
solution. At the beginning of the development of rural
tangible and intangible cultural resources by the genetic
algorithm, it is necessary to clarify the constraints on the
protection and development of rural cultural resources, that
is, to find the constraints affecting the protection and de-
velopment of rural cultural resources [19]. The development
of cultural resources in this area through the genetic algo-
rithm only provides preconditions for the development of
rural cultural resources. If rural cultural resources need to be
developed, it is also necessary to improve the function of
elements, sublimate the function of elements, transform and
optimize elements, and optimize elements. The traditional
cultural structure model of urbanization construction is
constructed, as shown in Figure 2.

The transformation potential of the urban land parcel
can comprehensively and objectively measure the impor-
tance of urban renewal projects. The greater the transfor-
mation potential, the less difficult the transformation of the
urban land parcel and the greater the benefits. The potential
of urban reconstruction plays an extremely important role in
judging the site selection of priority reconstruction projects.
The formula for calculating the potential of urban land
parcel projects to be evaluated is as follows:

n
p; = Z;ajPotentialij, (5)
=

where P; is the potential value of the i plot to be evaluated, a;
is the index weight of the j index, and the standardized index
value of the j index of the i plot.

A multi-factor comprehensive evaluation method is used
to analyze and evaluate the urgency of renewal projects. The
calculation formula of the urgency of the plot project to be
evaluated is as follows:

u; = .

; ]Zl b, (6)
where ; is the urgency of the i plot project to be evaluated, b;
is the index weight of the j index, and the standardized index
value of the j index of the i plot project.

Due to limited renovation funds and other reasons, it is
impossible to renovate all updated plots in a short period of
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time, so it is necessary to limit the total area of the plots that
have priority for renovation, namely,

i x,c; <8, 7)

i=1

wherec; (i = 1,2,3,...,n) is the area of each plot and S is the
priority transformation mode.

That is, S should meet the following conditions in
quantity.

M=

x;¢; < 1500. (8)

1

Il
—_

In the genetic algorithm, it is very important to deter-
mine fitness function. Selection, also known as replication, is

the process of selecting excellent individuals in population to
produce new population. The main body of biological
evolution is population, and the calculation object of genetic
calculation is also a set composed of individuals, that is,
population. The operation and solution process of the ge-
netic algorithm is very similar to the evolution process of
biological natural selection. It is an iterative evolution
process from generation to generation. We calculate the
fitness of individuals through fitness function, and divide
proportion on the roulette according to the fitness. Each
individual is like a sector part of the disc. We put a pointer
on the roulette for random selection. The greater the in-
dividual fitness, the greater the probability of being selected,
and the smaller the fitness, the smaller the probability of
being selected. Generally speaking, there are three common



methods to solve optimal solution: enumeration method,
heuristic method, and search method. Because the types of
problems are different and the scale of problems is also
different, it is unrealistic and difficult to find a general
method to solve all optimization problems. However, the
genetic algorithm can provide us with a practical and ef-
fective way and a relatively general and universal model and
create a global heuristic optimization search algorithm.

3.2. Content of Protection and Inheritance of Traditional
Culture in Urbanization. China has a cultural awareness of
advocating nature since ancient times. Influenced by Chi-
nese traditional culture, it believes that the Earth is an or-
ganic natural body, of which human beings are only a part.
Therefore, in rural site selection and the formation of rural
texture under the concept of environmental protection,
people are mostly integrated into nature and live with nature
according to natural conditions. The coordinated develop-
ment of new urbanization also requires the integration of
nature and humanities, and the combination of modern
elements and traditional culture. In new urbanization, we
advocate the concept of environmental protection, respect
for nature, and conform to nature, which embodies the
concept of harmony between man and nature. In terms of
landscape, relying on the unique natural scenery in rural
areas at present, let new towns integrate into nature. Using
the natural environment conditions, it can be roughly
summarized into three types of site selection: along the river,
by the mountain, and by the lake, so that the layout of the
countryside is well integrated with the natural landscape,
which has been passed down to this day by the long river of
time. In the protection and inheritance of excellent tradi-
tional culture in rural areas, professionals should emancipate
their minds and engage in this work in a way that keeps pace
with the times. The reason why culture can still be preserved
in the changes of the millennium depends on the spread of
the spirit and core of the environmental protection concept,
and some forms of changes will not destroy its intrinsic
value. In order to realize the great development and pros-
perity of rural cultural undertakings and the sustainable
development of rural cultural industries, it is necessary to
develop various technologies and equipment dedicated to
rural culture and art with various environmental protection
concepts, so as to provide a technical and benefit platform
for rural environmental protection cultural industries.
Excellent traditional culture is the embodiment of re-
gional soft power and the basis of national identity, national
cohesion, innovation, and development. We should pay
attention to its influence and constantly explore the path of
inheritance and development of traditional culture. The
relevance between tradition and modernity makes the re-
newal process more natural and coherent, so as to better
solve the inheritance of local history and culture and inte-
gration with modern society. In the process of renewal and
development, the main context and constituent elements of
rural texture should be organically renewed on the basis of
respecting the original texture and structure, so as to
maintain the original rural characteristics. It is worth noting
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that we should pay attention to three principles in the in-
heritance of traditional culture under the concept of envi-
ronmental protection. The protection and restoration of
existing ancient relics and ancient buildings should pay
attention to the authenticity, repair the old as the old, and try
not to destroy the traditional cultural value contained
therein. Integrity is to consider the overall environment as
much as possible in the protection of historical buildings and
traditional villages. Integration is the integration of nature
and humanities, modernity and tradition in the protection,
and inheritance of the overall traditional culture. The pro-
tection of important ancient buildings in rural areas, espe-
cially historical and cultural heritage, should be consistent
with the local traditional context. For some important res-
idential buildings and historical relics, specific environ-
mental protection plans should be made to ensure reasonable
implementation. On this basis, we should deeply explore the
historical knowledge behind it, so as to create a local cultural
card. Therefore, some innovative cultural protection be-
haviors should be supported as appropriate. For example,
Kaifeng rural areas can also promote some tourism pe-
ripheral products through e-commerce platforms, and use
group purchase, discount, etc. to promote the increase of
tourist flow in the scenic spot. In the process of the era of the
environmental protection concept, it is also necessary to pass
on some ancient civilizations by “following the fashion”.

4. Simulation and Analysis

Generally speaking, urbanization has been developing at a
high speed since the reform and opening up. According to the
official data released by a province from 2016 to 2021, this
paper conducted an experiment on the urbanization rate and
its growth rate. The experimental results are shown in Figure 3.

As can be seen from Figure 3, the urbanization rate of a
province increased from 8.9% to 28% from 2016 to 2021,
with an average annual increase of about 1.25 percentage
points. The total urban population increased from 6.23
million in 2016 to 48.51 million in 2021, with an average
annual growth of 998000. The per capita GDP increased
from 324 yuan in the early stage of reform and opening up to
5958 yuan in 2021. A series of data show that the
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TaBLE 1: List of main economic indicators of a province in 2021.

. Numerical GPer capita index o Numerical Growth

Total index Per capita index

value growth rate value rate
GDP 45241.75 10.8 Per capita GDP 47334 10.1
{\dded value of secondary 24016.12 116 Per capita local general budget 3591 21 24.62
industry revenue
Added value of secondary 17370.88 112 Energy consumption per 10000 085 _3.76
industry yuan GDP
Total imports and exports 2359.91 24.8 Dependence on foreign trade 33.5 0.8

urbanization of the province has occupied a pivotal position
in the economic construction of the whole society.

In 2021, the main economic indicators of a province
were analyzed experimentally, as shown in Table 1.

It can be seen from Table 1 that the economy of a
province continues to maintain a steady and rapid devel-
opment rate, and the GDP of the province has reached
4524.175 billion yuan, an increase of 10.8 percentage points
compared with 2018. The industrial structure was further
optimized. In 2021, the proportion of three industrial
structures in the province was 8.8:53.6:37.3.

A genetic algorithm is used to calculate the landscape
pattern index of urban construction land in a municipal
area from 2018 to 2021, so as to analyze the landscape
pattern characteristics of urban construction land expan-
sion in a municipal area. Among them, LPI represents the
proportion of the largest patch area of urban construction
land in the total area, Contag represents the spatial ag-
gregation degree of urban construction land, and Shei
represents the balance of urban construction land distri-
bution. The landscape pattern index of urban construction
land is shown in Table 2.

As can be seen from Table 2, the number of patches of
urban construction land in a municipal area gradually in-
creased from 2018 to 2021 and decreased from 2020 to 2021,
indicating that in the rapid development stage of 2018-2020,
the expansion of urban construction land in a municipal area
is mostly regional development, resulting in an increasing
number of patches. After 2020, the development mode was
gradually adjusted, the urban spatial layout was optimized, the
regional development was made more centralized and bal-
anced, and the number of fragmented patches was reduced.

Three regions for experimental analysis were selected,
namely Shandong, Guangdong, and Hebei, and carried out
experiments on their urbanization rate from 2016 to 2021.
The experimental results are shown in Figure 4.

It can be seen from Figure 4 that the urbanization rate of
three regions showed an increasing trend from 2016 to 2021,
with an average annual growth rate of 1.25%. In 2018, the
population urbanization rate of Shandong Province reached
53.2%, exceeding the national average. With the increase of
urbanization rate, the quality of urbanization development is
also improving. The factors closely related to urbanization,
such as population employment, economic development,
urban construction, residents’ life, social development, and
ecological environment, have developed harmoniously in
the process of urbanization, and urbanization has entered a
stage of high-quality development.

TaBLE 2: Landscape pattern index of urban construction land in a
municipal district from 2016 to 2021.

Particular year NP LPI Contag Shei
2018 496 96.978 88.512 0.194
2019 527 96.835 88.104 0.203
2020 561 96.165 86.412 0.231
2021 473 96.016 85.887 0.241
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FIGURE 4: Urbanization rate trend in different regions from 2016 to
2021.

The simulation benchmark data selected in this study is
the land use data of a municipal area in 2021. Taking the
simulation from 2019 to 2021 as the benchmark, the initial
weight is calculated to simulate the expansion of urban
construction land in a municipal area from 2019 to 2021. The
area statistics of various land use types in a municipal district
in 2019, 2020, and 2021 are shown in Table 3.

As can be seen from Table 3, on the whole, more than
91% of the land in a municipal district is covered by cul-
tivated land, woodland, and grassland, of which woodland
occupies the largest area, and even after the rapid devel-
opment in the 11th five-year plan and the 12th five-year
plan, its proportion has remained stable at 35%, followed by
grassland, which has remained stable at about 33.5%,
making it a veritable forest city. After fifteen years of de-
velopment, it gradually increased to nearly 5%. During the
12th five-year plan period, the area of urban construction
land in a municipal district increased by about 25%, with an
obvious growth rate and remarkable achievements in the
development of new urbanization.

From 2016 to 2021, this experiment used ant colony
algorithm, data mining algorithm, particle swarm
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TABLE 3: Area statistics of land use types from 2019 to 2021.
2019 2020 2021
Category . . .
Area Proportion Area Proportion Area Proportion
Woodland 924.436 36.082 1308.427 36.094 1308.082 36.084
Urban construction land 109.133 3.012 114.262 3.151 137.308 3.787
Unused land 1.273 0.036 1.273 0.034 1.273 0.034
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Ficure 5: Trend of urban construction land expansion rate with
different algorithms.

optimization algorithm, and genetic algorithm to study the
expansion rate of urban construction land. The experimental
results are shown in Figure 5.

As can be seen from Figure 5, from the perspective of
expansion rate, the growth rate from 2016 to 2021 showed
the characteristics of first increasing and then decreasing.
From 2016 to 2019, the expansion rate of urban construction
land under the genetic algorithm reached 12% at the fastest,
followed by 10% under the particle swarm algorithm, while
the ant colony algorithm and data mining algorithm were
only about 7% and 1%, respectively. It can be seen that the
genetic algorithm in this paper is important in the expansion
rate of urban construction land.

From 2016 to 2021, the accuracy of urban construction
land expansion was studied by ant colony algorithm, data
mining algorithm, particle swarm optimization algorithm,
and genetic algorithm. The experimental results are shown
in Figure 6.

As can be seen from Figure 6, among the accuracy of
urban construction land expansion, during 2018, the ac-
curacy of the ant colony algorithm for urban construction
land expansion was 58%, the accuracy of the data mining
algorithm was 51.8%, the accuracy of the particle swarm
optimization algorithm was 56.7%, and the accuracy of the
genetic algorithm in this paper was as high as 58.8%. It can
be seen that the accuracy of the genetic algorithm in urban
construction land expansion is the highest.

This experiment is still in 2016-2021. Ant colony al-
gorithm, data mining algorithm, particle swarm optimiza-
tion algorithm, and genetic algorithm are used to study the
growth rate of urban construction land expansion. The
experimental results are shown in Figure 7.

As can be seen from Figure 7, in the growth rate of urban
construction land expansion, during 2019, the growth rate of
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Particular year
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---# Particle swarm optimization
.-+ Data mining algorithm
.-+ Genetic algorithm

FIGURE 6: Accuracy of urban construction land expansion with
different algorithms.
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FIGURE 7: Growth rate of urban construction land expansion with
different algorithms.

urban construction land expansion of the ant colony algo-
rithm is 35.6%, the growth rate of the data mining algorithm is
35.2%, the growth rate of the particle swarm optimization
algorithm is 36.2%, and the growth rate of the genetic al-
gorithm in this paper is 42.1%. It can be seen that the growth
rate of the genetic algorithm in urban construction land
expansion is the highest and shows an increasing trend.

5. Conclusions

To sum up, this paper studies the traditional culture of
urbanization construction based on the genetic algorithm
under the concept of environmental protection. Among the
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accuracy of urban construction land expansion, in 2018, the
accuracy of the ant colony algorithm for urban construction
land expansion was 58%, that of the data mining algorithm
was 51.8%, that of the particle swarm optimization algorithm
was 56.7%, and that of the genetic algorithm in this paper
was as high as 58.8%. It can be seen that the genetic algo-
rithm in this paper has the highest accuracy in the expansion
of urban construction land. On the practical level, urbani-
zation construction through the genetic algorithm should
pay special attention to the concept of environmental
protection, the inheritance and embodiment of cultural
traditions, and advocate the establishment of a constructive
development concept characterized by showing uniqueness
with an open concept, so as to build a colorful world where
constructive development and culture coexist harmoniously.
In China, villages are earlier than cities, and their emergence
and development have certain rules to follow, which endows
them with profound historical accumulation. If we want to
protect history and culture under the concept of environ-
mental protection, we must clearly show it and let it continue
to develop healthily, so as to achieve the purpose of pro-
tection. In the process of development, it should be noted
that urban and rural areas are different spatial areas, which
must have different characteristics and respective advan-
tages. In order to realize the great development and pros-
perity of rural cultural undertakings and the sustainable
development of rural cultural industries, it is necessary to
develop various technologies and equipment dedicated to
rural culture and art with various environmental protection
concepts, so as to provide a technical and benefit platform
for rural environmental protection cultural industries.
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The advent of the metaverse age has gradually transformed digital survival from a fantasy in science fiction to a reality. Especially
in recent years, the college students, as the objects of ideological and political education in universities, have been deeply
embedded in their learning, social interaction, entertainment, and consumption behaviors, presenting new characteristics of the
times. From the aspects of the background of intelligent technology on College Students’ network behavior, the types of College
Students’ network behavior, the multiple effects of intelligent technology, the nature of College Students’ network behavior, etc.,

provide some basis for ideological and political education.

1. Introduction

The term “meta universe” was first born in the science fiction
avalanche published by the American writer Neil Ste-
phenson in 1992. In the novel, a huge virtual network world
parallel to the real world is constructed. Users communicate
and entertain through their own “avatars,” and they live and
work in the virtual network world. As a new form of the next
generation Internet, meta universe is reshaping everyone’s
way of working, studying, shopping, traveling, socializing,
and obtaining information.

In 2021, Facebook officially changed its name to “Meta,”
which was derived from the “meta universe” (Metaverse).
CEO Mark Zuckerberg said, “the next platform and medium
will be a more immersive and embodied Internet, and you
will be in the experience, not just as a bystander, which we
call the metaverse.”

Negroponte describes in digital survival: “digital exis-
tence is a state of social existence in digital form; a way of
existence, a new way of living in digital space, the sum of
actions occurring in the digital environment and its expe-
riences and feelings.” [1].

With the arrival of the metaverse age, digital survival has
gradually changed from a fantasy in science fiction to a

reality. Especially in recent years, during the impact of the
COVID-19 epidemic, college students rely on the Internet to
study, socialize, enjoy entertain, and consume, during the
special period, ensuring their basic learning and social needs.
As the object of ideological and political education in col-
leges and universities, the college students, with the growth
of the Internet, have become an urgent problem to explore
the multiple influences of intelligent technology in the
metaverse age on the network behavior of the college
students.

2. Background Analysis of The Network
Behavior of College Students in the
Metaverse Age

2.1. From Web Portals to the Era of Smart Media. With the
development of technology, the Internet has also experi-
enced three eras, namely, portal era, search/social era, and
intelligent Internet era. From Web 1.0, Web 2.0, Web 3.0,
every era has a distinct technological development and era
brand.

If the first generation of Internet is represented by PC
Internet and the second generation of Internet is mobile
Internet, then the third generation is the digital intelligent
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Internet represented by VR glasses and other new wearable
devices and technologies, which means that it will soon enter
the metaverse age.

College students earliest contact is the Web 1.0 era, also
called the portal age. At Sina, Sohu, and Netease, network
communication is often one-way, for web information
processing and editing and presented to network users for
browsing and editing rights concentrated in the portal and
mainstream media, and it can almost have little interaction.

The concept of “Web 2.0” began in 2004 in a brain-
storming forum between press operators O’Reilly and Media
Live International. This is also an era when college students
have the most contact with the Internet. In the era of Web
2.0, social media emerged in an endless stream. The
emergence of QQ, blog, RenRen, Weibo, WeChat, and other
websites and apps makes the network communication
change from one-way communication to two-way interac-
tion. At the same time, the power of information collection
and content release owned by professional news editors in
the past has gradually weakened. With the advent of the era,
everyone can have “microphone” and “voice.” As individual
college students, they can also become the main body of
content production. The institutionalized and organized
centralized collection and editing of professional websites
have been expanded into the content production with both
the centralized gathering and editing of professional web-
sites and the randomness and self-control of WeMedia.
Grassroots power also began from this era and stepped on
the stage. More and more online opinion leaders and online
bloggers have millions of fans and have a voice that they did
not have in real life.

The Web 3.0 era is a new era of big data, intelligent
algorithms, represented by intelligence, openness, preci-
sion, and multidimensional characteristics. Nowadays,
network carriers are not only limited to smart phones;
smart glasses, watches, and other wearable devices have
begun to put into the market and have a number of users.
With the rapid development of smart devices, the real
Internet of Things era will prevail. It is not difficult to
imagine that, no matter which corner of the city, it will
achieve intelligent interconnection through the Internet.
Network becomes the user’s demand and provider, the
network to the user, knowing what the user, wants and
needs, resource screening, intelligent matching, and all-
connected as college students, everyone’s received infor-
mation is more accurate and personalized, gradually
reaching “every individual, time networking, needed, real-
time interaction” state.

2.2. From Cyberg to Digital Survival. The term cyberg (cy-
borg) originated in the 1960s, when Manfred Collins and
Naesengram first proposed the concept in cyberg and Space.

“Cyberg” is often described in science fiction works such
as “RoboCop” and “The Matrix” as various mechanical or
biochemical people like humans. To sum up, Cyberg is
actually a closely combined function of man and man.
Nowadays, with the rapid development of medicine, biology,
bionics, and other technologies, we are gradually realizing
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the organic unity of human and artificial combination, such
as mechanical prosthetic limbs.

Catherine Heller said in Why We Are Later People,“ In
the post-human opinion, there is no fundamentally different
or absolute boundary between physical existence and
computer simulation, between human structure and bio-
logical organization, and between robotics and human
goals” [2]. “These devices existing in the human body
promote the cyborgization of people, bringing enhanced
human capabilities, including the connection between
people, people and content, people and services, and human
self-perception and environmental perception.” [2].

With the popularity of mobile and intelligent equipment,
people with the help of intelligent equipment technology to
strengthen their own functions, in a sense, have certain
“berg” characteristics, especially as network indigenous
college students, which are the mobile phone and all kinds of
smart devices, such as smart headphones and smart watches.
While these devices do not really combine with the human
body, most people are already inseparable from these smart
devices.

On the other hand, with the rapid development of
technology, college students are also being “digitized” by
equipment. Whether it is location information, personal
preferences, purchase habits, consumption records, thumbs
up, comments, expression patterns, etc., under the inte-
gration of big data of different dimensions, constitute the
virtual digital identity of college students, reflecting the
“virtual entity” of college students” real life. The data of
college students are easy to be leaked and controlled by
technology. Therefore, as college students enhanced by in-
telligent device technology, in a sense, they are also con-
strained by these technologies and even carry out digital
decomposition and deconstruction in different dimensions.

In the past, the digital information of college students
still stayed in the symbol of simple communication on the
network, but now, under the development of intelligent
technology, the digital entities of college students are in-
creasingly rich. All aspects of food, clothing, shelter,
transportation, and life can be quickly solved through the
network, and even the “second life” of the virtual world is
realized in the network. It can be said that the “virtual
entities” made of college students through digital mapping
are gradually realizing the digital survival of individuals.

2.3. From the “Internet+” to the Metaverse. In the past,
scholars discussed more about “Internet+,” such as “Inter-
net + education” and “Internet+economy.” The Internet
pointed more towards a platform and means, rather than
forming an independent and complete virtual world. With
the rapid development of information technology and the
continuous upgrading of communication equipment, the
line between the Internet and reality is also beginning to
weaken. Through VR, AR, MR, and other media technology
means, today college students can realize the original basic
network functions such as online video, network broadcast,
and network education, enjoy virtual reality, naked eye 3D,
augmented reality, mixed reality, and other special
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functions, equivalent to building a whole new virtual net-
work world parallel to the real world, and make a connection
between the virtual world and the real world, form a new
human-computer interaction mode, greatly expanding the
human sensory experience, enhanced to have the physical
experience. The new technology not only changes the life of
college students but also greatly changes their cognitive
habits, lifestyle, and behavior patterns.

Facebook, Google, Microsoft, Apple, SONY, Tencent,
Huawei, and other domestic and foreign technology giants
have laid out the “metaverse.” The rapid development of
science and technology has made many users feel the magic
of the “metaverse” world. At present, in China, there are
virtual students, metaverse campuses, and other real cases.
In 2021, Tsinghua University became the first university in
China to release original virtual students. As a research result
of the Department of Computer Science of Tsinghua Uni-
versity, “Zhi bin Hua” was enrolled in the Department of
Computer Science of Tsinghua University with a highly vivid
image of young students and started his study and life in
Tsinghua University. In January 2022, the Communication
University of China cooperated with Baidu to create a virtual
medium communication campus that was officially unveiled
and open to the public. With the help of a street view map,
3D reconstruction, 3D engine, and other digital technolo-
gies, the virtual transmission campus vividly reproduces the
real campus in the real world, realizing the accurate con-
struction of the virtual campus.

3. Network Behavior Types and
Characteristics of College Students in the
Metaverse Age

3.1. Type of Network Behavior of College Students in the Meta-
Universe Era. The arrival of the meta universe era has greatly
enriched the types of college students’ network behavior. For
college students’ network behavior research, due to the
particularity of college students, they tend to involve in
network entertainment, network social accord with their age,
hobbies of network behavior, so the author thinks that these
can according to the common purpose and motivation, di-
vided into five main aspects, namely, network learning be-
havior, network social behavior, network entertainment,
network consumption behavior, and network expression
behavior. Through these five aspects, a relatively complete
panorama of college students can be reflected. Among them,
online learning behavior can be subdivided into online course
learning, online information retrieval, and online work,
online entertainment behavior can be subdivided into online
audio and video and online games, online social behavior can
be subdivided into online social platforms and online chat
tools, online consumption behavior can be subdivided into
online shopping and online payment, and online expression
behavior can be subdivided into online speech.

According to the platform and content often browsed by
college students, the five aspects of network behavior can be
divided more carefully. For example, in Table 1, the specific
content of college students’ network behavior is subdivided.

3.2. Network Behavior Characteristics of College Students in
the Meta-Universe Era. According to the network behavior
classification and behavior content of the college students of
the “online generation” divided by the above table, it can be
found that the college students, as the Aboriginal people in
the network era, with the development of intelligent tech-
nology, their network behavior is also developing and
changing, with a deep brand of the times.

3.2.1. “Touch the Net” Young Age, the Network Behavior
Began Early. Since 2000, mobile network devices such as
laptops, tablet computers, and smart phones have developed
rapidly; basic communication equipment has also been
constantly upgraded, mobile communication system from
2000, from 3G to 4G, and then to 5G, with continuous
upgrading iteration. With the upgrading and rapid devel-
opment of technology and equipment, most of the college
students have had the habit of network contact since
childhood. They touch the Internet early, are especially
familiar with the Internet, and have their own relatively
stable network social circle and entertainment positions.
Many students have owned their own social media accounts,
such as QQ and Weibo, since primary school. Since
childhood, they have been used to expressing their views
through WeMedia, influenced by various online shopping
platforms, accustomed to spending through convenient
mobile payment means, accustomed to chasing stars
through the Internet, discuss hot topics, express opinions,
accustomed to watching dramas, games, and making friends
through the Internet, accustomed to using the network to
record their own mood and life drip. They go along with the
development of technology; the degree of network partici-
pation is also growing. Network behavior has also gradually
diversified from the beginning of the single. The web became
their “second living space.” Even some college students are
addicted to the Internet. The Internet replaces the real world
and becomes their home life.

3.2.2. Intelligent and Diversified Network Equipment.
While the development of smart technology has greatly
improved the penetration rate of smart phones, the devel-
opment and promotion of wearable devices such as smart
watches, smart headphones, smart glasses, and so on have
further intelligently diversified the network equipment of
contemporary college students, which also brings intelligent
network behavior. For example, in the past, college students
could only conduct online entertainment in simple web
games. However, now, with the help of intelligent devices,
virtual reality, space interaction in the meta universe, and
other more intelligent online entertainment behaviors can
be realized. In online learning, it could only rely on desktop
computers or laptop computers for traditional video
viewing. Now, with the help of diversified intelligent devices,
diversified online learning forms such as live broadcast
courses, online virtual course interaction, and immersive
virtual experience courses can be realized. And the behavior
of network communication, network consumption behav-
ior, and network expression behavior also have new
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TaBLE 1: Specific content subdivision of college students’ network behavior.

Level 1 composition Grade II composition

Concrete content

Network course
Network information retrieval
Network homework

Network learning

Meta classroom, rain classroom, wisdom tree, and other online course platforms

Knowledge net, Wan Fang, Dou Ding net, etc

Network answer questions, network microvideo works, etc

Shopping online

Network consumption
P Internet payment

Baidu Xishan Soil Blue Universe, Taobao, Jing dong, Pin duo duo, etc
Metacom cryptocurrency, living payment, knowledge payment, etc

Network audio and video
Cyber games
Network novel

Network
entertainment

iQiyi, Tencent, Youku, Mango TV, TikTok, netease Cloud Music, etc

Virtual 3D games, client side and online games, etc
WeChat reading, Himalayan reading, etc

Online social platform

Social networking Network chat tool

Weibo, Soul, Xiao hong shu, Metaverse Community Space, etc

WeChat, QQ, and other instant messaging tools

Network expression Network speech

Internet post bar, forum, Weibo dynamic, Zhi hu, Dou ban, and Bilibili

characteristics of the times with the support of intelligent
equipment.

3.2.3. Diversifying the Nature of Network Behaviors.
From the beginning of the Internet portal era, people only
carry out Internet information browsing and other network
behaviors with the help of the Internet, to now develop into
the intelligent era, under the background of the meta uni-
verse, college students’ network behavior is more diverse. A
college student often has a same day: online courses through
various learning platforms, immersive experience through
metaverse virtual campus, information retrieval through
search software, and homework through network equip-
ment. In my spare time, I contacted my friends through
WeChat, QQ, and online social media platforms, made video
calls, and posted my life status. Online games, binge-
watching TV series, and watching all kinds of short videos
have become the necessary daily relaxation programs.
Various kinds of shopping APP have become the main
shopping channels for college students, while taking out
food and running errands have become their main ways to
get food, and WeChat Pay and Alipay have become their
main payment models. Using a hot search, posting, and
participating in the latest hot topics is the main channel for
them to express their views and attitudes. Their shelters
cannot leave the network, especially under the background
of the outbreak; the traditional classroom was replaced by
the network classroom. College students have become the
norm of contemporary college students from simple online
entertainment, online consumption, and online social net-
working to diversified online behaviors such as learning,
communication, entertainment, and life with the help of
online platforms.

4. Multiple Effects of Intelligent Technology on
College Students’ Network Behavior in the
Era of Meta Universe

In the meta universe era of digital survival, people’s lives
have been completely wrapped by the Internet. In addition
to oneself in real life, once connected to the Internet, in-
dividuals will have another digital virtual subject identity. IP
is the ID card of the digital world. With the identity of digital

virtual subject, they enjoy a “second life” on the information
highway.

Intelligent technology is a double-edged sword. It not
only affects the cognitive mode of college students’ network
behavior but also affects the virtual and real boundary of
college students’ network behavior and also subverts the
traditional network consumption habits. It not only brings a
positive role but also has a certain negative impact.

4.1. Cognitive Reconstruction: Intelligent Technology Reshapes
College Students’ Cognitive Model of Network Behavior.
When college students are in the digital age and surrounded
by various digital technologies, their thoughts and behaviors
will naturally change. Different from the traditional Internet,
intelligent technology has built an immersive network
mimicry environment, which makes college students” per-
ception of themselves, others, and even the world come more
and more from the virtual world, and their way of thinking
and cognitive model are also being reconstructed by intel-
ligent technology. This is especially reflected in college
students’ online learning and online entertainment
behavior.

On the one hand, intelligent technology has brought a
new upgrade to college students’ network behavior cognitive
model, which has a certain positive effect. In the era of
intelligent media, the development of intelligent technology
continues to affect college students’ cognitive habits. As the
scholar Negroponte predicted in his book “Digital Survival,”
everyone has his own “daily newspaper,” and the infor-
mation you need is summarized and sorted in categories on
the intelligent interface tailored for yourself for browsing.
College Students’ access to information will be more efficient
and targeted, and their access to information will be faster
and more efficient. They will no longer search aimlessly in
the massive information of the network as before. Relying on
intelligent technology, we can quickly realize the “private
customization” of information, which greatly improves
students’ learning efficiency and work efficiency.

On the one hand, the capital, algorithm, and other logic
behind intelligent technology will also have a certain neg-
ative impact on college students’ network behavior cognitive
model. First, intelligent technology is easy to cause cognitive
bias. The capital logic behind intelligent technology makes
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the major platforms take chasing traffic as the code of
conduct in order to make capital profits, which makes the
content of the platform vulgar and entertaining, and some of
them are filled with bad network information such as net-
work rumors, title party, and making rumors, which seri-
ously deviates from the orientation of main stream values.
Marcuse mentioned in his book “one-way man” that “when
technology becomes a universal form of material produc-
tion, it restricts the whole culture; it designs a historical
whole—a “world.” [3] When college students study and
entertain through the network, the information retrieved
and entertainment content received are often “tailored”
behind the capital to please users. Intelligent technology
relies on capital to develop and design accurate push. In
order to chase traffic and please users, serious mainstream
value information is difficult to be recommended prefer-
entially by the algorithm. Once individual content is marked
as “disliked” by ordinary users, it will even be completely
isolated from the recommendation mechanism, resulting in
the isolation of mainstream value information from users.
Some content is rough, but eye-catching content is pre-
ferred. In the package of various good and bad traffic in-
formation, it is very easy to cause the value deviation of
college students, and then affect their outlook on life, world
outlook, and values.

Second, intelligent technology is easy to cause media
dependence. The massive amount of information on the
Internet can easily lead to “information overload” in the
brain of college students. When people are inundated with
more and more information, they are also more inclined to
believe the information that supports them. This phenom-
enon is called “confirmation bias” in psychology. The social
media takes advantage of this phenomenon and further uses
algorithm technology to accurately push according to ev-
eryone’s interests and browsing records, so that people can
only see the information they are interested in, thus forming
the “echo room effect” and “information cocoon room,”
which will affect people’s cognition and judgment. The
formation of public opinion fields such as network hot
search will further amplify the opinions of some opinion
leaders, and some people who lack the ability of independent
judgment will be affected, so as to become unconscious
followers and affect the trend of public opinion.

With the support of intelligent technology, various
subculture circles popular among college students are be-
coming more and more “self-sprouting,” and the barriers
between circles are becoming stronger under the influence of
big data such as intelligent recommendation and “guess
what you like,” which is easy to form an “information
isolation area,” isolate people outside the circle, and further
aggravate the differentiation and solidification of different
network circles.

Third, intelligent technology is easy to cause shallow
cognition. In entertainment to death, Neil Postman pro-
posed that different media ages represent different cultures,
accompanied by different epistemology. For example, in the
culture ruled by printing, the public often see the orderly
type content, which is highly logical and has clear views.
Therefore, the culture and epistemology in the era of the

printing press rule also tend to be rigorous and meticulous.
The birth of television overturned the previous epistemology
and culture, followed by an overwhelming trend of enter-
tainment. As a native of the Internet, college students’
cognitive model is already in an immature state. It is very
vulnerable to the influence of the Internet and is easily
wrapped by the complex information of the Internet. The
fragmented reading model also disintegrates college stu-
dents’ deep thinking and understanding ability.

They habitually rely on the recommendation of intelli-
gent technology and are also used to straightforward and
simple network content, all kinds of strange pictures, or
video stimulation. They lose patience and interest in tra-
ditional classical paper books and cultural classics, gradually
indulge in the mathematical model and mechanism of in-
telligent algorithms, and gradually lose their independent
thinking ability and correct judgment under the subtle
“manipulation” of algorithms and big data, and their cog-
nitive ability is weakened.

4.2. Virtual Reality Interaction: Intelligent Technology Re-
shapes College Students’ Online Social Interaction and
Expression. With the advent of the digital age, great changes
are taking place in individual thinking modes and behavior
habits.

On the one hand, different from the traditional In-
ternet, with the rapid development of information tech-
nology, with the help of VR, AR, big data, cloud computing,
artificial intelligence, blockchain, and other emerging new
digital technologies, the boundary between the virtual
world and the real world is becoming more and more
blurred, gradually forming a new world of virtual real
interaction. The network behavior of college students is
essentially carried out by the “virtual avatar” composed of
different dimensions of data information. With the help of
bidirectional transmission of brain computer interface and
the accurate docking and integration of virtual and real
information that meets people’s needs on this basis, the
network behavior of college students has completely bro-
ken the barriers between the real world and the virtual
world and broken the “two kinds of virtual and real
conflicts between reality and virtual control or virtual
erosion of reality” with information as the medium [4].
Relying on intelligent technology and intelligent devices,
they roam in the virtual world and enjoy technological
convenience. Virtual reality technology is based on the
perception of vision and touch. This multiperception
technology processing system can make college students
more immersive and experience when they socialize and
express online. At the same time, it is also more conducive
to their online friends and free expression.

On the other hand, this virtual reality interaction
technology will also make college students derail from re-
ality. Some college students will even have different per-
formances in the two spaces of virtual world and real world.
When they conduct online social networking and network
expression, they will use intelligent technology to package
and beautify their virtual identity.



First, college students will also involuntarily beautify
their digital avatars when they conduct normal network
behaviors such as online social networking, such as beau-
tifying their images through beautiful photos; decorating
their circle of friends by publishing some beautified pictures;
enhancing their online appeal by making up their identity;
and so on.

Erving Goftman, an American sociologist, put forward
the “pseudo drama theory.” He believes that society and life
are a big stage, and social members are very concerned about
how to shape an acceptable image in front of a large audience
(i.e., others participating in interaction). In order to perform,
people may distinguish between the front desk and the
backstage. At the front desk, people present an image that
can be accepted by others and society. The backstage is
relative to the front desk. It is to prepare for the front desk
performance and cover up the things that cannot be per-
formed at the front desk. People will hide the unacceptable
or unacceptable images of others and society in the backstage
[5].

Sometimes the real self is often hidden. The “front desk”
in real life often shows an image of abiding by various rules
and regulations, while the “back desk” in the network
virtual society will release the real self and express the real
thoughts of the heart in a way of the “virtual avatar.” Some
students will regard the self-expression in the network
society as the “front desk” and beautify and package it
through technical means, create a completely different
“virtual avatar” from real life, and have their own “second
life” in the network.

Second, because the network has the characteristics of
concealment, virtuality, and symbolic interaction, especially
with the support of intelligent technology, the network trace
is more difficult to track, the network camouflage technology
is more changeable, and the network immersion experience
is more addictive. Therefore, college students sometimes
break away from the constraints of existing social rules when
carrying out network activities such as browsing bad net-
work information, indulging in virtual online games,
spreading false network information, and other network
anomie behaviors, which are more serious and even further
evolve into network illegal behaviors such as network fraud
and network hackers.

With the development of intelligent technology and the
era of the universe, all kinds of realistic network experience
give people the illusion of “immersive.” However, it is this
illusion that gives people behind the network more op-
portunities to beautify and package themselves. For example,
the beauty in the webcast is actually a middle-aged man
disguised through technical means, and the sweet voice
behind the Internet phone is also made up by technology.
Various network screenshots with pictures and the truth are
likely to be pieced together and forged by various marketing
numbers and jokes using technology, as well as the con-
troversial intelligent Al face-changing technology, which
makes it difficult for ordinary people to distinguish the truth
from the false. In the era of intelligent technology, “what you
see cannot be true, and what you hear may not be true.” In
the face of the virtual and real interactive network world, it is
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difficult for college students to distinguish between the true
and the false, and it is very easy to lose themselves in the
middle.

4.3. Consumption Reform: Meta Universe Reshapes College
Students’ Online Consumption Mode. On March 30, 2022,
the “blue universe” marketing space under blue cursor was
officially launched and settled in Baidu Xirang, becoming the
first “meta universe marketing space” in China. 5g networks,
artificial intelligence, big data, and cryptocurrency will build
a new consumption ecosystem.

On the one hand, with the advent of the meta universe
era and the support of intelligent technology, the online
consumption mode of college students will change greatly.
In the past, college students were more inclined to carry out
online shopping rather than consumption in offline physical
stores. Traditional online shopping platforms such as Tao-
bao, jd.com, Netease koala, and Pinduoduo can no longer
meet the needs of postcollege students who have diversified
consumption and pay attention to experience. With the
advent of the meta universe era, by building an immersive
cyberpunk business district, it can not only meet the needs of
immersive experience that college students can feel in offline
physical stores but also meet their proposition of fast shop-
ping without leaving home and also experience all kinds of
fresh and interesting interactive activities brought by the meta
universe world at the same time of shopping, which will be a
major change in the future online consumption mode.

On the other hand, a more convenient and rich online
virtual shopping experience may lead some college students
with insufficient self-control to fall into the trap of con-
sumerism, indulge in online consumption, and even go
astray such as advanced consumption and online loan
consumption.

5. Summary and Reflection

Facing the opportunities and challenges brought by intel-
ligent technology in the meta universe era, to study the
multiple effects of intelligent technology on college students’
network behavior, in the final analysis, we should do a good
job in the education and guidance of college students, in-
novate the ideas and methods of ideological and political
education on the basis of understanding the types, char-
acteristics, influencing factors, and essence of college stu-
dents’ network behavior, and adhere to creating a clean and
positive cyberspace, in order to truly implement the fun-
damental task of building morality and cultivating people.

5.1. Explore the Essence: The Real Self Who has been “Present”.
In essence, the behavior of college students on the Internet is
also a kind of performance behavior in the foreground and
background. However, no matter the “front desk” or “back
stage,” or the behavior in real life or the behavior in network
society, the essence of real and virtual subjects is the real
“people” behind the identity. Even in the network society,
the individual replaces the real self with a “digital identity”
and only digitizes himself from the technical level, but the
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Wind is a renewable energy source. Overall, using wind to produce energy has fewer effects on the environment than many other
energy sources. Wind and solar energy provide public health and environmental benefits to the social. Wind turbines may also
reduce the amount of electricity generation from fossil fuels, which results in lower total air pollution and carbon dioxide
emissions. In order to better optimize the effect of social energy economic management and facilitate the multiobjective decision
making of coordinated development of energy and socioeconomic environment, a modeling and analysis method of economic
benefits of wind power generation based on deep learning is proposed. In this paper, based on the principle of deep learning, the
evaluation indicators of wind power economic benefits are excavated, a scientific and reasonable economic benefit evaluation
system is constructed, a wind power economic benefit analysis model supported by public management is constructed, and the
steps of wind power economic benefit analysis are simplified. It is concluded that the modeling and analysis method of wind power
economic benefits based on deep learning has high practicability in the actual application process, which is convenient for the

prediction and analysis of energy demand for social and economic development.

1. Introduction

The economic benefit modeling and analysis method of wind
power generation is bound to become the main form of
energy development in the future. However, at present, the
concept, physical framework, and related models of eco-
nomic benefit modeling and analysis methods of wind power
generation have been deeply studied at home and abroad,
but most of the existing studies are based on a specific/
assumed regional energy economic data, which is not
universal, especially in the current economic benefit mod-
eling and analysis methods of wind power generation. All
kinds of physical equipment and their mathematical models
have not been combed and summarized, and the theoretical
system suitable for the economic benefit evaluation of
comprehensive wind power generation has not been
established. The analysis of the economic, environmental,
and social benefits that energy development and

management can bring is still in the conceptual stage.
Therefore, based on the relevant research and exploration at
home and abroad, this paper optimizes the economic benefit
modeling and analysis method of wind power generation
based on the deep learning method. Deep learning is the
internal law and representation level of learning sample data
[1-3]. The information obtained in the learning process is
very helpful to the solution of data such as words, images,
and sounds. Deep learning is a complex machine learning
algorithm. Its effect in speech and image is far better than
that of previous related technologies. Deep learning has
achieved a lot in data mining, machine learning, translation,
natural language, multimedia learning, speech, recom-
mendation, and personal related fields. Deep learning en-
ables machines to imitate human activities such as audio-
visual and thinking, identify difficult problems, and make
great progress in artificial intelligence-related technologies.
In terms of its basic framework, model, and comprehensive


mailto:9920020025@jgsu.edu.cn
mailto:zak1972@ukm.edu.my
https://orcid.org/0000-0001-8807-8969
https://orcid.org/0000-0002-6782-3592
https://orcid.org/0000-0003-2059-4216
https://orcid.org/0000-0001-6137-8451
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/5635853

benefit evaluation system, this paper summarizes and an-
alyzes the research status and theoretical results at home and
abroad, combs the shortcomings of the current research, and
looks forward to the key research directions and key
problems of wind power generation economic benefit
modeling and analysis method modeling and comprehen-
sive benefit evaluation in the future.

2. Modeling and Analysis Method of Economic
Benefits of Wind Power Generation

Wind power projects aim at the efficient use of wind energy
as a new energy. As a clean and renewable energy, wind
energy is of great significance to energy conservation and
pollution reduction in our society. One of the important
features of wind power projects is their significant social
benefits. From this perspective, wind energy is a clean and
renewable energy source, and also a new type of energy
resource that needs to be further developed in the country.
The development and utilization of wind energy resources
are an effective way to optimize the country’s energy
structure and implement sustainable energy development,
and are also conducive to ecological conservation and en-
vironmental protection. After the completion of the wind
farm, the wind turbine can provide renewable power gen-
eration for the power grid every year, which can help reduce
the country’s consumption of other energy sources such as
standard coal and, in turn, reduce the emissions of a variety
of harmful gases and exhausts such as sulfur dioxide, carbon
dioxide emissions, soot emissions, carbon monoxide and
hydrocarbons, nitrogen oxide, and suspended particulate
matter. At the same time, wind power projects can also bring
huge social benefits and boost employment. According to
statistics, every 1 mW of installed capacity will directly in-
crease employment by 5 people and 20 indirectly. Therefore,
besides economic evaluation and social benefit evaluation, it
is also necessary to conduct a comprehensive evaluation of
wind power construction projects. The content of the index
system for social benefit evaluation of wind power con-
struction projects is divided into 3 parts: natural environ-
ment impact, social economic impact, and social
environmental impact. Using the deep learning-based
modeling and analysis method for wind power economic
benefits, this paper demonstrates that the cost and benefit of
wind power generation are positively correlated with the
reliability level, so it can maximize the overall economic and
environmental benefits of the wind power generation model,
and contribute to social and economic development. It
provides an important reference for forecasting and analysis
of energy demand.

Wind power construction projects belong to infra-
structure construction and are also profitable projects.
Compared with other construction projects, wind power
construction projects have their own characteristics:

(1) From the perspective of construction methods and
project operation methods, wind power construction
projects are projects that are completed have also
been developed and utilized at the same time as
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primary energy development and construction.
Compared with hydropower, thermal power, and
nuclear power projects, wind power projects do not
involve troubles like the coal mining and trans-
portation required by thermal power, or the in-
vestment required by oil. Compared with
hydropower, thermal power, and nuclear power
projects, the construction period is short, the in-
vestment is flexible, the automatic control level is
high, and the operation and management personnel
are less. After the project is completed, the operation
cycle is relatively long.

(2) The cost and benefit of wind power construction

projects are both very important in the form of fi-
nancial microscopic cost-effectiveness and national
economic macroscopical cost-effectiveness. Wind
power construction projects are first and foremost
profitable projects, considering their microeconomic
benefits. Moreover, wind power projects themselves
have significant social benefits. One of the prominent
reasons for carrying out wind power construction
projects is that this clean energy is renewable and
pollution-free energy, and the wind power industry
can promote the development of such industries as
machinery manufacturing. Therefore, in the process
of project construction and evaluation, it is necessary
to fully consider the cost-effectiveness of both micro
and macro aspects.

(3) Wind power construction projects have strict re-

quirements on the construction period. Completion
on time is critical to the success or failure of wind
power projects. For owners and developers, the
importance of timely completion even outweighs the
basic goal of making a profit as soon as possible. In
many wind power projects, owners and developers
are bound by commercial operation deadlines,
subject to power purchase agreements or financing
agreements. In addition, if the production tax credit
policy is applicable to the location of the project, the
new project must be put into use before the pro-
duction tax credit expires. Improperly scheduled
engineering schedules can increase recurring ex-
penses. Many factors will cause the project to be
delayed in completion, in order to avoid that the
project must have a strong ability to resist risks, and
have a strict plan for the use of funds and the survival
of the project.

(4) From the perspective of the benefits and costs of

wind power construction projects, due to the limi-
tation of independent manufacturing of wind power
equipment in the country, the profitability of such
projects is low and the investment recovery period is
long. At present, after the completion of the project,
the cost of power generation is high and the profit is
low, and there is still a profitability gap compared
with thermal power projects. At present, the cost of
wind power generation in domestic enterprises is
significantly higher than that of water and thermal
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power generation. The investment benefits of wind
power construction projects are socially significant.
Wind power construction projects not only have
economic benefits but also have great social benefits,
which can help drive related industries, reduce en-
vironmental pollution, and save energy.

Although the construction period of wind power proj-
ects is long, the investment is huge, and the construction and
installation technologies are high-end and complicated, we
should still give priority to utilizing wind energy resources
because it can help develop clean energy and optimize the
energy structure of a region, support the sustainable de-
velopment of the regional energy industry, and reduce the
pressure on environmental protection. At present, China has
completed many large-scale power generation projects, such
as the Inner Mongolia 400 mW wind power project of
Datang Group, the 135mW wind power project of Inner
Mongolia Chuangyuan Wind Power Co., Ltd., and the
102.5 mW onshore wind farm project in Jiangsu Province.
And more will be built. For example, Zhejiang Province will
focus on the construction of nine wind power projects in
2022 including seven offshore wind power projects totaling
at 2.254 GW. Energy saving and emission reduction, re-
ducing energy consumption, and improving comprehensive
utilization of resources are a long-term strategic policy for
the country’s economic and social development. For a long
period of time, the country will attach great importance to
sustainable development and promotion of energy conser-
vation, as well as emission reduction while pursuing eco-
nomic development. At present, although the country has
achieved certain achievements in wind power generation,
some problems still remain such as the lack of in-depth
analysis of environmental impact and low efficiency in wind
energy utilization. Therefore, it is necessary to further
strengthen the development and utilization of wind power,
improve the domestic wind power industry system, and
continuously improve key technical capabilities so as to
further enhance the economic and environmental benefits of
wind power projects.

At this stage, there is relatively little research on the
economic benefit modeling and analysis method and benefit
evaluation of wind power generation. In the existing re-
search, the benefits of CCHP model and gas turbine model
are evaluated, and the model investment cost and primary
energy consumption are not selected as the evaluation in-
dexes of economic, energy consumption, and environmental
benefits of the economic benefit modeling and analysis
method of wind power generation [4]. The economic benefit
evaluation index system of wind power generation con-
structed in this paper covers the economic, social, and
environmental benefits that can be brought by the economic
benefit modeling and analysis method of wind power
generation, but there are few secondary indicators, which
cannot fully and deeply reflect the benefits that can be
brought by the economic benefit modeling and analysis
method of wind power generation. From the energy link,
device link, distribution network link, and user link, the
benefit evaluation index system of regional wind power

generation economic benefit modeling analysis method is
established, and the indexes reflecting economic benefit,
social benefit, and environmental benefit are integrated into
each link. Considering the coupling relationship between the
internal economy of the regional wind power generation
economic benefit modeling and analysis method can
comprehensively reflect the economic, environmental, and
social benefits brought by the wind power generation eco-
nomic benefit modeling and analysis method, but the
granularity of the indicators selected by the index system is
not fine enough and the benefit indicators covered are not
comprehensive enough, as such the load rate of wind power
grid is not considered. It also does not take into account
economic indicators such as investment income, which still
needs to be further enriched and improved. Based on this,
the technical and economic indicators (investment and
operation cost, net present value NPV, internal rate of return
IRR, investment payback period PP, etc.), gas emission
reduction indicators, fossil energy consumption, and other
indicators of the economic benefit modeling and analysis
method of wind power generation are used to measure the
investment value and environmental protection benefits of
the economic benefit modeling and analysis method of wind
power generation, which is concise, clear, and operable.
There are many factors affecting the economy of dis-
tributed generation model, which can be divided into two
levels: planning level and operation level. The following will
analyze the influencing factors from these two levels [5-7].
The objective functions of the existing research on the
economic benefit management model of wind energy power
generation mainly include the following three categories:
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F(L) = minF(C) ) F(Lg) + F(Ly) + F(Lg),

where F(C) represents the model cost function; C, repre-
sents each cost item; minf C, represents the model fuel
consumption function; P represents the fuel consumption
parameters of each unit; F(Lg) represents the energy
shortage function of the model; and F(Ly) and F(Lg)
represent the power off, heat off, and gas off functions of the
model, respectively. At the same time, when the economic
benefit analysis model of wind power generation is used for
data scheduling control, the constraints that need to be
considered include the physical and economic data con-
straints of various submodels such as power, heat, and
natural gas, which is more complex than the traditional
independent scheduling method of power, natural gas, and
heat. The mathematical expression is as follows:
F(B)-F(L)
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where P (t) is the number of switchboard groups, and  is the
scheduling cycle. P (v) Is the planned output vector of each



unit in period R, and the environmental economic regula-
tion model often contains multiple objectives, which are
often contradictory and conflicting with each other. Im-
proving the performance of one target may reduce the
performance of other targets. In other words, there is no
solution that can ensure the optimal economic cost and
environmental protection at the same time, so they can only
be compromised and coordinated. The process of solving the
multiobjective optimization problem is to find a set of de-
cision vectors that meet the noninferiority and constraints of
all objective functions and the set of corresponding objective
function values, that is, the optimal solution of economic
benefits, so that the decision maker can determine the ac-
ceptable decision-making state and corresponding objective
function values according to the utility function or prefer-
ence [7-9]. The economic decision making of wind power
generation based on deep learning is the basis and basis to
guide safety activities. Selecting a reasonable scheme from
several feasible safety investment schemes requires technical
and economic analysis and evaluation. This paper adopts the
“benefit-cost” analysis and decision-making method. The
steps of safety investment scheme decision making are as
follows: we calculate the effect of investment scheme

AR = min FH U xP, (3)

where AR is effect of investment scheme [8, 10-13]; U is
accident loss and is expected probability. We calculate the
benefits of safety investment scheme

AB = NAR(R, - R,), (4)

where AB is benefits of the investment scheme; R, is effect
before the implementation of the investment scheme; and R,
is effect after the implementation of the investment scheme.
We calculate the benefit of safety investment

1
E=AB-—. 5
o (5)
In-depth education theory, the state space method is
used to describe the model in time domain. The equation of
state of the model can be described as

x = Ef (u,t) - R"R’, (6)

where R”R" are the Euclidean space, vector r is the m-di-
mension, and u is the # dimension. For simplicity, we take
the first-order steady-state free model as an example. At this
time, M =110, set / as the state of the model, and F as the
control strategy function [14]. Polynomial fitting is used to
obtain

%: f(L) = ay +a,L +a,L’. (7)
The economic model of wind power generation based on
deep learning is a complex model composed of safety in-
vestment resources, safety investment structure, safety model
and its generated model, safety state, and safety benefits.
Feedback and delay in the economic model of wind
power generation are based on deep learning. The concept of
deep learning was first introduced by Hinton et al. in 2006,
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which refers to the machine learning process of obtaining a
deep network structure containing multiple levels through a
certain training method based on sample data. The tradi-
tional neural network randomly initializes the weights in the
network, which makes the network easy to converge to the
local minimum value. To solve this problem, Hinton pro-
poses to use the unsupervised pretraining method to opti-
mize the initial value of the network weights and then fine-
tune the weights. The importance of deep learning in aca-
demia and industry is becoming more and more prominent,
and deep learning has achieved obvious advantages in dif-
ferent application fields. Deep learning is a new research
direction in the field of machine learning. In recent years,
breakthroughs have been made in various applications such
as speech recognition and computer vision. The motivation
is to establish a model to simulate the neural connection
structure of the human brain. When processing signals such
as images, sounds, and texts, the data features are described
hierarchically through multiple transformation stages, and
then, the data interpretation is given. Deep learning com-
bines low-level features to form more abstract high-level
representations, attribute categories or features, and give
hierarchical feature representations of data. In models
learned by deep learning, there are more levels of nonlinear
operations. Deep learning transforms the feature repre-
sentation of the sample in the original space into a new
feature space by performing layer-by-layer feature trans-
formation on the original signal, and automatically learns to
obtain a hierarchical feature representation, which is more
conducive to classification or feature visualization. Based on
the application of deep learning technology, by learning the
implicit representation of users and items from massive data,
and then building a recommendation model, an effective
recommendation list is finally generated to users. Compared
with traditional recommender systems, deep learning-based
recommender systems can use deep learning technology to
automatically learn abstract hidden features of users and
items by fusing various types of multisource heterogeneous
data and model sequential patterns in user behavior. It can
more effectively reflect the different preferences of users and
improve the accuracy of recommendation. The current deep
learning recommendation system needs to model many
elements, including not only the interaction data between
users and items but also the spatiotemporal sequence pat-
terns of user behavior, the influence of social relations, the
dynamic evolution of user preferences, and the dynamics of
item characteristics. And changes to more modeling ele-
ments can improve the performance of the recommender
system. Therefore, researching new deep learning archi-
tectures that can express and integrate multiple elements is
also one of the future research directions. In addition to
directly displaying the recommendation results, deep
learning-based recommendation systems often also display
appropriate recommendation reasons to tell users why the
system thinks such a recommendation is reasonable. Im-
proving the interpretability of the recommendation system
can improve the user’s acceptance of the recommendation
results and also improve the user’s experience in system
transparency, credibility, distinguishability, effectiveness,
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and satisfaction. The end-to-end model directly uses mul-
tisource heterogeneous data as input to predict the user’s
preference for items. The result of model training is to give
the structure of the deep neural network and the connection
weights between neurons, so as to optimize the data, model,
and economic significance, as well as to research at the level
to improve the interpretability based on deep learning
technology.

According to the principle of deep education theory, the
teedback loop is the basic structure of the model. The feedback
phenomenon in the economic model of wind power gener-
ation based on deep learning is very common. The change of
safety investment structure and strength will inevitably lead to
the change of the overall safety state of the safety model. This
change will affect the supply through the feedback of in-
creasing or reducing the supply of safety resources in response
to the control mechanism of accident risk [15-17]. This
constitutes the feedback loop in the economic model of wind
power generation, as shown in Figure 1.

The safety investment based on deep learning is oriented
to the model elements of human, material, environment, and
management in the model. The influence of these elements
themselves and their interaction on the safety state of the
model is very complex. Therefore, the safety investment
must go deep into the model structure and adjust the in-
vestment proportion and structure of safety resources from
different angles [18]. We ensure the full utilization of en-
terprise safety resources and maximize safety benefits. The
essence of the in-depth education theory of the economic
decision-making of wind power generation is to obtain the
model function results by simulating the structure of the
economic model of wind power generation. When the de-
viation between the results and the target value is too large,
the decision maker will consider changing the safe resource
investment allocation scheme to reduce the deviation until
the satisfactory simulation results are obtained, or by sim-
ulating the resource allocation structure of different wind
power generation economic models, the optimal decision-
making scheme can be selected.

Under the condition of meeting the economic operation
constraints of wind power generation and taking into ac-
count the objectives of economic benefits and environmental
protection, the economic benefit model of wind power
generation is mainly used to realize the reasonable load
distribution among the power generation units in the power
model. However, in the power model composed of several
traditional thermal power units and wind farms, the in-
herent intermittence and uncertainty of wind energy will
interfere with the actual dispatching. In order to reduce
adverse effects, it is necessary to consider the standby penalty
factors caused by the planned output of the wind farm
exceeding or lower than the actual output in terms of
economic benefits and environmental protection, and
eliminate the interference data based on deep learning
technology. Specifically, if the planned output of the wind
farm exceeds the actual output, the difference between the
planned value and the actual value needs to be purchased
from other power models; otherwise, the power balance
cannot be achieved within this model. That is,

5
Investment in power
generation resources
A
+ ) +
\ 4 A 4
Power generation Application capacity
management of power generation
capability technology
* |  System power A
d generation

FiGure 1: Causal feedback diagram of energy economy security
investment function based on deep learning.

overestimating the output of wind power will bring addi-
tional power generation costs and benefits of wind power
generation, so it is necessary to introduce corresponding
standby mechanism. On the contrary, if the planned output
of the wind farm is lower than the actual output, it will cause
the waste of power exceeding the planned value in the actual
value. At the same time, in order to achieve power balance,
traditional thermal power units undertake the power gen-
eration task that they do not need to undertake, so as to
reduce unnecessary power generation costs and improve the
efficiency of wind power generation. Therefore, it is nec-
essary to introduce the corresponding punishment mech-
anism. Based on the above discussion, the economic
scheduling of the wind power grid-connected power model
is regarded as a multiobjective stochastic programming
problem. Considering the uncertainty of wind power and
other necessary constraints, we strive to minimize the overall
generation cost and wind power generation benefit of the
model, and then explore the optimal load distribution be-
tween conventional thermal power units and wind farms.
The minimization of power generation cost in power model
can be expressed as follows:

M N N dr
min F, = min{ Y C(T) + Y Cpi (W) + Y Cpi(W,, - W,) - o }
i=1 i=1
(8)

where W, is the number of thermal motor units, W, is the
number of wind turbine units in the wind farm, C,; is
planned output of the ith thermal power unit, C; is the
planned output of the ith wind turbine, and C,; is the actual
output of the ith wind turbine, which is a random variable
subject to a specific probability distribution. Its variation
range is 0 < W1 < WA, and wad is the rated power of the ith
wind turbine. CO is the cost function of the ith thermal
power unit. CO is the explicit cost function of the ith wind
turbine, and its value is related to the ownership of the wind
farm. CNO is the penalty cost function caused by under-
estimating the actual output of the ith wind turbine; on the
contrary, CO is the standby cost function caused by over-
estimating the actual output of the ith wind turbine. The
power generation cost of thermal power unit considering
valve point effect is



a:
c(r)=_% _
i(T3) 2min F,

+b,d,; +|ei sin(fi(Ti,min - Ti))l’ (9)
where a;, b;, d;, and e; are power generation cost coeflicients;
fi(T; nin — T,) is the lower limit of active power output of
the ith thermal power unit. In order to reduce the com-
putational complexity of the algorithm and improve the
computational speed, a nondominated set ranking method is
proposed to realize population classification. In order to
reflect more intuitively, the table lists the single objective
optimization extremum of minimum economic cost and
wind power generation benefit at the frontier endpoint
under different confidence levels in Table 1.

According to the analysis and calculation results in the
table, with the increase of the confidence level in meeting the
constraints, the total output of conventional units in the
power model decreases monotonously, and the output of
wind farm increases accordingly. This shows that although
the increase of the proportion of wind farm output in the
power model is conducive to economy and environmental
protection, it also brings greater risks to the operation of the
model. If only economic benefits are considered, when the
dispatching scheme with the lowest economic cost is se-
lected, the benefit of wind power generation will increase,
which is not conducive to environmental protection. If only
environmental protection is considered, when the dis-
patching scheme with the least benefit of wind power
generation is selected, the power generation cost will be
increased, which is not conducive to economy. Therefore, it
is necessary to integrate various factors and fully mine the
information contained in the optimal set, so as to provide
reasonable decision-making scheme for power model dis-
patchers and realize the construction goal of wind power
generation household benefit model.

The safeguard measures for the implementation of wind
power projects are divided into three stages: safeguard
measures before construction, during construction, and
after construction. The measures before construction in-
clude organizational safeguards, material and equipment
safeguards, contract safeguards, and system safeguards. The
ones during the construction include technical safeguards
and safety safeguards. And the ones after construction
mainly include data and information guarantee and the
incentive mechanism. The deep learning-based wind power
economic benefit modeling and analysis method established
in this paper also include a feedback mechanism, which
affects the supply by increasing or decreasing the feedback of
the supply of safety resources to control the accident risk.
The economic dispatch of wind power grid-connected
model is regarded as a multiobjective stochastic program-
ming problem, considering the uncertainty of wind power
and other necessary constraints, and strive to minimize the
overall power generation cost and wind power generation
benefit of the model, and then explore conventional thermal
power units and wind farms, as well as optimal load dis-
tribution among them. Through simulation, operation op-
timization, and benefit evaluation, it plays a real guiding role
in evaluating the risk and benefit of wind power project
investment. At the same time, combined with the actual
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application, the program is continuously improved and
perfected to make it more applicable and scientific.

3. Analysis of Experimental Results

In order to verify the practical application effect of the
economic benefit modeling and analysis method of wind
power generation based on deep learning, the experimental
detection is carried out. Firstly, the new configuration of
wind power generation is optimized, and a benchmark value
is set for the experimental parameters. The details are shown
in Table 2.

From the above table, the economic benefits of wind
resources and light resources show certain complementary
characteristics, but the impact of this complementary
characteristic on the economic benefit analysis model needs
further analysis. Whether the economic benefits of scenery
resources are complementary is mainly reflected in whether
the reliability of the model can be improved. The reliability
of the wind and solar energy economic benefit comple-
mentary model is compared with that of the wind turbine
model and the photovoltaic economic benefit model. The
comparison results are shown in Table 3.

According to the first mock examination, the economic
benefits of wind power generation based on deep learning
are less than that of traditional single models, which is much
better than the single power generation model. The com-
parison results fully show that wind solar complementary
power generation has complementary advantages. In order
to explore the reliability of the model, the relationship be-
tween the total generation cost and economic benefits of the
power model in each period is compared. It can be found
from the table that in each period, the power generation cost
after considering both reliability constraints and effective-
ness constraints is lower than that considering reliability
alone in Table 4.

In order to explore the impact of different optimization
objectives on power model dispatching decision making
based on economic cost and wind power generation benefit
under uncertainty, the wind power generation economic
benefit models constructed in this paper are transformed
into the following forms: the objective function is divided
into single objective and multiobjective, while the con-
straints remain unchanged. Accordingly, the optimal
planned output per unit period obtained by the dynamic
economic dispatching model under uncertainty is shown in
Table 5.

The generation cost obtained by the constraint is higher
than that obtained by considering the effectiveness con-
straint alone. In addition, in terms of emission protection,
the table also compares the relationship between the reli-
ability and effectiveness of the power economic consump-
tion model. Combined with the table, we can draw the
following conclusions: strengthening the reliability con-
straint will increase the power generation cost and wind
power generation benefit of the power model, while
strengthening the effectiveness constraint will reduce the
power generation cost and improve the wind power gen-
eration benefit as shown in Figures 2 and 3.
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TaBLE 1: Cost benefit extremum under different confidence levels.

(M =n2=n3=0.1) (M =n2=n3=0.15)

Ecoponnc Op tlmal Environmental Ecopomlc Op tlm_al Environmental

optimum protection optimum protection
Economic cost (s) 2560500 2576900 2326700 2342000
E‘;;utant emission 305350 303290 247590 244870

TABLE 2: Basic values of experimental parameters.
Symbol Company Numerical value
Pw Yuan (kW) 4900
Ps Yuan (kW) 6100
Nw Yuan (kW) 120
Ns Yuan (kW) 20
Qcxin Yuan (kW) 0.63
Qxing Yuan (kWh) 1.0
7w Yuan (kWh) 0.2
Zs Yuan (kWh) 0.43
Lw year 30
v — 0.15
Yzng Yuan (kW) 500
Yxiag Yuan (kW) 460
Tz Yuan (kW) 20000
Qcgin Yuan (kWh) 0.49
Qxiag Yuan (kWh) 13
Qzign Yuan (kWh) 0.08
TaBLE 3: Comparison of reliability indexes.

System type Pw (kW) Ps (kW) Economic performance (%)
Paper model 2.215x10* 3.798 x10* 15.65
Fan model 3.248 x10* — 7.18
Wind solar complementary model — 2.298 x10* 2.88

TaBLE 4: Total cost-effectiveness of each period under different constraints.

o Cost Discharge
Time interval . " , - . . . .
Effectiveness  Reliability and effectiveness ~ Reliability =~ Effectiveness  Reliability and effectiveness  Reliability

A 7565.65 7526.65 8958.65 482.60 496.65 625.33
B 6215.85 8562.32 10525 325.65 585.65 652.62
C 7932.52 8654.62 9536.35 521.65 598.62 628.9
D 8565.5 8571.6 12365.65 476.65 756.32 865.35
E 7725.32 10365.65 11526.65 532.65 772.65 929.65
F 11263.65 10325.65 18652.32 956.65 1214.65 2282.65
G 10856.65 12958.25 16256.32 1141.65 1225.32 1765.65
H 11236.25 14523.25 15325.65 6523.65 1252.32 1298.85
I 12.6458 14352.65 15325.65 1562.52 1165.02 1885.65
] 11352.65 14652.65 15653.85 758.65 1252.65 1086.65
K 14365.25 15652.65 19353.65 1568.65 1552.65 3256.65
TaBLE 5: Optimal constraint plan (mW) in each period obtained by dynamic economic dispatching model.
Time Machine 1 Machine 2 Machine 3 Machine 4 Machine 5 Machine 6

A 189.65 46.85 81.6 122.32 62.32 58.65
B 99.25 201.86 75.32 132.5 68.65 46.8
C 135.65 142.65 75.65 165.63 72.35 47.62
D 178.65 86.65 110.65 204.65 126.52 63.65
E 101.65 200.32 98.5 202.98 90.55 48.65
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FIGURE 2: Broken line of power generation cost-benefit under
different constraints.
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FIGURE 3: Broken line diagram of wind power generation benefits
under different constraints.

In the financial evaluation of construction projects, in
order to describe and characterize the complex economic
effects of the project from different angles and aspects, a
variety of evaluation indicators have been designed. These
indicators have their own advantages and disadvantages. In
project evaluation, it is difficult to fully reflect the full picture
of the project’s economic effects by using only one or two
indicators. Therefore, we should have an optimization index
system that can basically describe the economic effects of the
project more objectively and scientifically from all aspects so
that we can correctly judge the feasibility of the project and
correctly select the optimization index system. In the eco-
nomic evaluation, according to the characteristics of wind
power construction projects, the economic benefit model
based on deep learning is mainly to meet the economic
operation constraints of wind power generation, taking into
account the goals of economic benefits and environmental
protection. The economic decision making of wind power
generation based on deep learning is the basis for guiding
safety activities. To choose a reasonable one from several
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feasible safe investment schemes, it is necessary to carry out
technical and economic analysis and evaluation. This paper
adopts the “benefit-cost” analysis and decision-making
method. The model function results are obtained by sim-
ulating the structure of the wind power economic model.
When the deviation between the result and the target value is
too large, the decision maker will consider changing the safe
resource investment allocation plan to reduce the deviation
until a satisfactory simulation result is obtained, or by
simulating the resource allocation structure of different wind
power economic models, and then select the optimal de-
cision plan.

To sum up, the power generation cost and benefit of
wind power generation are positively correlated with the
reliability level. Based on the positive correlation charac-
teristics of this period, it is confirmed that the proposed
economic benefit model of wind power generation based on
deep school can effectively control the economic loss of wind
power generation, reduce the emission loss of wind power
generation, realize the integrated management of the eco-
nomic benefits of wind power generation, and maximize the
overall economic and environmental benefits of the wind
power generation model.

4. Conclusion

With the continuous development and application of new
technologies and new equipment, the basic framework of
economic benefit modeling and analysis method of wind
power generation is also progressing and evolving, and its
economic, environmental, and social benefits will be in-
creasingly obvious. Under the background of the deepening
theoretical research on the economic benefit modeling and
analysis method of wind power generation in China and the
orderly implementation of pilot projects, the modeling and
simulation, operation optimization, and benefit evaluation
of the economic benefit modeling and analysis method of
wind power generation have good implementation condi-
tions, which is the key direction for further research in the
future. Based on the research on the basic framework of the
economic benefit modeling and analysis method of wind
power generation, the physical and economic modeling, and
benefit evaluation system of independent and coupled
equipment units, this paper aims to clarify the physical
boundary and benefit of the planning, construction, and
operation control of the economic benefit modeling and
analysis method of wind power generation, so as to provide
reference for the landing of relevant projects and the re-
search and development of simulation platform. With the
rapid economic development, the country’s demand for
energy is increasing. Wind resources, as a renewable energy,
clean and pollution-free, have huge environmental benefits
and can be used to improve the energy structure, promote
technological progress, and realize a low-carbon economy.
Wind resources are widely distributed and the cost of power
generation is low, thus having rich economic benefits. In
order to meet the electricity demand for its economic and
social development, the state encourages the development of
wind power, and China’s wind power construction has
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Infrastructure investment has the characteristics of high start-up cost, high initial cost, long cycle, slow recovery, high risk, and
high public welfare. Maintenance after completion requires stable financial support, maintenance costs are easily affected by
government agencies, and investment efficiency is significantly reduced. This article focuses on the ant colony algorithm audit and
supervision to promote the optimization of the new infrastructure investment environment and understands the relevant theories
of infrastructure investment on the basis of literature data, and then, the audit supervision based on the ant colony algorithm
promotes the optimization of the new infrastructure investment environment. The model is constructed, and the constructed
model is tested. The test results show that, first, there is a dynamic equilibrium relationship between total infrastructure in-
vestment and GDP, even if it cannot explain the potential relationship between the two. In essence, infrastructure investment has a
positive impact on economic growth. As the economic level increases, the demand for infrastructure will increase and infra-
structure investment will inevitably increase. Second, the level values of the first order are all nonstationary sequences; after the
difference, they are all stable and have the same single integral order. The model meets the preconditions of the cointegration test.

1. Introduction

Major infrastructure construction projects (hereinafter re-
ferred to as large-scale projects) include infrastructure,
transportation, energy, and other social and national eco-
nomic projects, which are an important part of the social and
national economic development [1, 2]. Especially in China,
many large-scale projects have been created to ensure the
stable and rapid development of the social and national
economy, such as “four trillion economic development
projects” and water conservancy reform projects [3, 4]. At the
same time, the construction of large-scale projects often has a
serious impact on the environment, and the environmental
protection activities of project developers also have a sig-
nificant impact on the surrounding environment [5, 6].
Therefore, environmental issues are regarded as the most
critical and restrictive content of the entire project con-
struction goal. Only when environmental protection super-
vision is strengthened from the beginning to the end can the
project construction effectively withstand the environmental

test [7, 8]. As the foundation and necessary condition of
economic and social development, infrastructure can accu-
mulate energy and add stamina for development, while
lagging construction may become the bottleneck restricting
development. Economic take-off is inseparable from the boost
of infrastructure construction. A common experience of the
rapid economic development in coastal areas and the success
of some regional development is to lay a solid foundation for
rapid economic growth by taking the lead in launching large-
scale infrastructure construction.

Regarding the research on capital construction invest-
ment, some researchers believe that infrastructure con-
struction, as the main driving force and basic force of
national economic development, is one of the most basic
factors for people’s production and survival. Therefore, the
technical level and completeness of infrastructure con-
struction are directly related. It is related to the development
trend of the national economy and the quality of people’s
survival, and it is regarded as one of the most important
elements of national development competitiveness. In
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general, by strengthening investment in infrastructure and
technological innovation in infrastructure, the upgrading of
the industrial structure has been promoted, and a new
growth point has been provided for the development of the
national economy [9]. Other researchers believe that the
establishment and use of infrastructure in a developing
country have a very critical significance in promoting the
long-term sustainable development of its economy and
society. At the same time, capital construction investment
not only directly promotes the development of the national
economy, but also has a far greater impact on the national
economy than the investment itself. Expanding construction
investment can cause an exponential increase in the income
level of residents and a multiplier effect of investment.
Coupled with the global economic crisis and the accelerated
coordination of the world’s industrial economic structure,
the level of progress in infrastructure construction will have
a more significant impact on our country’s macroeconomic
structure, and this will be for Chinese companies to par-
ticipate in global production and actively participate in
global economic competition to overcome constraints on
population issues and poverty reduction: optimizing in-
dustrial structure, reducing production costs, enhancing
corporate profitability, improving the investment environ-
ment, attracting foreign investment, increasing employment
opportunities, improving social welfare, and the basic
subsistence security level of the people. The final result will
be reflected in the GDP growth rate. Therefore, infra-
structure construction has always been an issue that gov-
ernments around the world are paying more and more
attention to [10]. In summary, although there are more
studies on capital construction investment, there are fewer
studies on investment optimization. The purpose of in-
vestment optimization is to achieve the best investment
effect with the same investment. Its main objectives include
reasonable investment structure; the most effective use of
resources; forming the largest production capacity with the
fastest construction speed; promoting technological prog-
ress to the greatest extent; and maximizing the total social
products and national income.

In this paper, the audit supervision of ant colony al-
gorithm promotes the optimization of new infrastructure
investment environment. Based on the literature data, it
analyzes the status quo of our country’s infrastructure in-
vestment and the characteristics and theories of large-scale
infrastructure project investment decision-making and then
analyzes the characteristics and theories based on ant colony
algorithm. The audit supervision promotes the construction
of a new infrastructure investment environment optimiza-
tion model, tests the constructed model, and draws relevant
conclusions through the test results.

2. Infrastructure Investment Research

2.1. The Status Quo of Our Country’s Infrastructure
Investment. The first mode of infrastructure investment in
my country is the centralized decision-making mode,
which is determined by the state and it is difficult to exert
the influence of enterprises [11]. Considering the lack of
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tunds for infrastructure construction and the financial
burden of local governments trying to change infra-
structure units and infrastructure construction financing
mechanisms, it is necessary to gradually open the market,
increase assets, release reserve purchases, and gradually
introduce nonprofit organizations in the field of infra-
structure investment. Although the rate of return on in-
frastructure investment is not high, the rate of return on
cash flow is stable and the rate of return on income is low,
so the innovative billing mechanism can further increase
the rate of return on capital. From the perspective of
decision-making process, a macroeconomic decision-
making is not a scheme produced in an instant. It is a
systematic project involving a large amount of economy,
management, humanities, and information technology.
From the proposal of problems, the formulation of plans to
the evaluation, implementation, and tracking feedback of
plans, there are many uncertain factors from the internal
and external management system, which are more com-
plex and difficult to grasp than ever before.

There are still many problems and difficulties in my
country’s infrastructure [12]. First, the scale of infrastructure
investment is relatively insufficient. The process of urbani-
zation is advancing rapidly, the level of infrastructure enjoyed
by ordinary people has declined, and infrastructure invest-
ment is still insufficient. Second, the structure of infra-
structure funds is unreasonable. The use of foreign capital,
social, and public funds is relatively low, and the construction
of infrastructure in many fields is monopolized by state-
owned enterprises. Third, there are relatively few infra-
structure financing methods. Many cities use IPOs, BOTs,
TOTs, PPPs, ADRs, and ABSs and other infrastructure in-
vestment and financing processes, but the lack of financing
methods and current systems and regulations has increased.
Fourth, the structure of infrastructure investment is unrea-
sonable. The structure of the infrastructure investment fund is
absurd, focusing on projects, neglecting supporting facilities
and rebuilding and neglecting maintenance. The regional
structure of my country’s infrastructure stock is unbalanced,
and infrastructure investment in some states is far below the
national average. In addition, due to the lagging behind
construction of related systems, the imperfect government
supervision and supervision system, the imperfect social
credit rating system, the unclear tax reform goals, and un-
certainties, the structural risks of investment still exist.

The infrastructure investment decision-making mecha-
nism is a group decision-making process carried out by a
limited number of rational decision-makers in a fuzzy and
multifunctional environment. Infrastructure investment
decisions are group decisions. Decision-making options
have multiple characteristics. The decision-making envi-
ronment is fuzzy, the decision-making behavior is bounded
rationality, and the decision maker is a person with bounded
rationality (see Figure 1). Infrastructure construction has the
so-called “multiplier effect”; that is, it can bring total social
demand and national income several times the amount of
investment. Whether a country or region’s infrastructure is
perfect is an important foundation for its long-term, sus-
tainable, and stable economic development.
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FIGURE 1: Infrastructure investment decision-making mechanism.

2.2. Characteristics and Theories of Investment Decision-
Making for Large-Scale Infrastructure Projects

2.2.1. The Complexity of the Investment Decision-Making
System for Large-Scale Infrastructure Projects. The decision-
making process of large-scale infrastructure construction
projects is a complex system, involving many interconnected
and cross-related subsystems, and the relationship between the
different components of each subsystem is very complicated.
At the same time, because of the uncertainty and dynamics of
the decision-making environment of large-scale infrastructure
projects, and the long-term engineering decision-making
cycle, for example, it took more than ten years from the
Beijing-Shanghai high-speed rail to its completion and
commissioning. From preliminary research to final approval,
it is an arduous and tedious argumentation process. From the
engineering perspective, the decision-making problem of
major national infrastructure construction projects is itself a
problem of poor structure, faced with huge ambiguities and
risk factors in the decision-making process, that is, incomplete
and incorrect information. A well-structured problem is often
an intuitive, familiar, and easy-to-understand problem, and it
is often very consistent with completely reasonable assump-
tions. For example, these problems are also included in the
decision-making process of national key highway construction
projects. Because the constructed high-speed railway system is
more systematic than other transportation methods such as
road transportation, the overall layout of the road network
must be made at the national level in order to make a strategic,
scientific, and reasonable design of the railway network.
Similarly to the design of the stations along the route and the
choice of routes, including a large number of demolition
projects, the construction scale of the project is quite large, but
it also produced a lot of funding and financial problems, and
there are many coordination problems with the management
project. There are different types of decision-making prob-
lems, and the usual decision-making methods are also dif-
ferent. Usually, procedural decisions are taken for structured
issues, while nonprocedural decisions are taken for problems
that constitute undesirable problems. The key step of proce-
dural decision-making is to obtain accurate, timely, and

sufficient information. Accurate information is the most basic
condition of procedural decision-making. Information error is
worse than no information, which makes the direction of
decision-making go to the opposite. Timely information de-
termines the timeliness of decision-making. Modern market
changes thousands of times, and time is benefit. Outdated
information will inevitably make decision-making passive and
eventually lead to decision-making failure.

2.2.2. The Multiagent Nature of Investment Decisions for
Large Infrastructure Projects. The complexity of decision-
making for large-scale infrastructure construction projects
fundamentally determines that individuals cannot participate
in decision-making. In investment decision-making, the co-
ordination of the rights and interests of all parties requires
concentrated wisdom and in-depth discussions. From the
perspective of decision-making units, experts and scholars in
the development environment, technology, market, capital,
and ecological environment of the industry are required to
actively participate in investment decisions, so it may be
necessary to establish a project expert group to make decisions.
The decision-making of large-scale infrastructure project in-
vestment decision-making group has typical characteristics.

Group decision-making also brings uncertainty to de-
cision-making. Making the decision to invest in a large
infrastructure project brings multiple benefits. When deci-
sion-making and decision-making options are selected by
different decision-makers, they inevitably have specific
positions and interests, subjective tendency is large, group
decision-making is difficult to coordinate the interests of all
parties, and decision-making power is low. In addition, the
interdisciplinary nature of decision-making obscures ev-
eryone’s responsibility for project decision-making. When
errors occur, everyone is evading responsibility. There are
very important stages in the decision-making process-fea-
sibility demonstration. One of the objects of feasibility
demonstration is the research of decision-making proce-
dure. Whether the methods and methods used in the
demonstration procedure are logical and scientific, there are
two main methods of feasibility demonstration: one is
tunctional demonstration—that is, the “black box” method
is adopted, and a large number of experiments are often used
to demonstrate the feasibility of decision-making in practical
demonstration—the other method is structural argu-
mentation—that is, the degree of direct argumentation is
overall, and the decisive decision-making often adopts two
methods to demonstrate.

2.2.3. Large-Scale Infrastructure Investment Is a Multipur-
pose Investment Decision. For traditional financing projects
or financing projects involving the public, monetary benefits
are usually regarded as the ultimate goal or the main goal of
the project, while other benefits are regarded as the reali-
zation of constraints or subsidiary goals. However, the target
system of major infrastructure projects is rarely unified, and
the main target system of large and medium-sized infra-
structure projects is generally to achieve the optimization of
economic, ecological, and social benefits. In these big goal



systems, each big goal is composed of multiple small goals,
and these small goals not only are related to each other, but
also mutually restrict each other. Therefore, WBS (Target
Decomposition) is generally used to subdivide the target
system of large and medium-sized infrastructure into exe-
cution levels in decision-making. In this way, a multipurpose
system with hierarchical structure is composed of applica-
tions, large uses, small applications, subuses, and reference
levels. In decision-making, low-level goals must follow high-
level goals. In this way, different levels of goals or goals at the
same level are not only related to each other, but also have
opportunities to compete with each other.

2.3. Application of Artificial Ant Colony Algorithm. In the
process of optimizing the route problem, the artificial ant
colony algorithm requires parameter preparation, ant
movement between cities, local pheromone update, and
global pheromone update. The process is described as fol-
lows: first, only m ants are placed in # cities according to
certain rules. Secondly, the ant traverses # cities according to
the probability of transitioning to the specified state, so the
ant prefers to choose the closest city on the path with strong
pheromone content. When each ant moves from a certain
city to another, it will notify all the pheromone on the path
according to a certain partial pheromone update rule. At the
same time, pheromone evaporates continuously over time to
prevent premature pheromone concentration in certain
routes. Third, each Hamilton ring is the shortest path of time
that an ant is looking for. When all the ants return to the
original city, a Hamilton cycle is formed. By comparing the
best solution of each ant, finding and recording this section
of the route to v are done through all the cycles. When each
ant has traversed all cities and reached the starting point, the
solution of the optimal path will be selected as a feasible
solution, and the pheromone will be updated within a
certain range according to the selected feasible solution.
Finally, run multiple loop iterations and record the shortest
path created after each iteration until the condition to stop
the iteration is met.

There are many methods of path optimization, which
can be divided into two categories: exact algorithm and
heuristic algorithm. Precise algorithm refers to the algorithm
that can find its optimal solution, mainly including cutting
plane method, branch and bound method, and dynamic
programming method. Because the amount of calculation of
the accurate algorithm generally increases exponentially
with the increase of the problem scale, its application range is
very limited in practice.

3. Audit Supervision Based on Ant Colony
Algorithm Promotes the Optimization
Model of New Infrastructure
Investment Environment

3.1. Research Purpose. The level of urban public infra-
structure construction directly affects the degree of urban
development. Establishing a sound financing system and
scientific and reasonable allocation of investment funds are
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inevitable requirements for promoting urban public infra-
structure construction. However, in the past, the single-
purpose or standard optimization model of urban infra-
structure investment income optimization models was more
common, but multipurpose, multistandard, or multipurpose
return on investment and multistandard model optimiza-
tion are rarely included. This article focuses on the appli-
cation of ant colony algorithm decision-making in the
optimization model of urban public infrastructure invest-
ment and discusses the public infrastructure systems of six
major cities (power supply, water supply and drainage,
sewage, post, and installation).

Ants find the shortest path thanks to pheromones and
environment. The intelligent behavior of ants benefits from
its simple behavior rules, which make them have diversity
and positive feedback. When foraging, diversity makes ants
not walk into a dead end and cycle indefinitely, which is an
innovative ability; positive feedback keeps good information,
which is a kind of learning and strengthening ability. The
ingenious combination of the two makes intelligent behavior
emerge.

3.2. The Algorithm Principle of Portfolio Optimization

3.2.1. Pheromone. Similar to the Seller-Traveler problem,
this article introduces pheromone as a state variable in the
portfolio problem, but it is different from the pheromone in
the Seller-Traveler problem. First, this article defines
pheromone as a constant parameter in the portfolio prob-
lem. As the ants look for the best, the pheromone will
update. The information rules are as follows:

Tij(t +1) = prij(t) + Arij(t). (1)

Here, 7;; (¢) is the stock of pheromone on the path at time
t (initial time, that is, when t =0, Tjj (t) = 7(0) = 0.2); Tj (t+
1) is the stock of pheromone on the path at time (¢+1);
At;; (t) is the increment of pheromone on the path at time £.

There are obstacles: other ants and pheromones in the
environment where ants live. Pheromones include food
pheromones (left by ants who find food) and nest phero-
mones (left by ants who find nest). Pheromones disappear at
a certain rate. Ants look for food within the range of per-
ception. If they perceive it, they will pass. Otherwise, if you
go to a place with more pheromones, each ant will make
mistakes with a small probability, and not all move in the
direction with the most pheromones. Ants have similar rules
for finding nests and only respond to nest pheromones.

(R RS SO

Among them, #;; is the heuristic function between
portfolio investments i and j, and 7;, 7 is used to indicate the
heuristic degree of investors investing i and j. r represents the
previous rate of return. j and i are added to prevent the
formation of negative numbers, and 0.1 is added to make the
value of the heuristic function positive.

According to the set movement rules, the ant moves in
the direction with the most pheromones. When there is no
pheromone guidance around, it will move inertia according
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to the original movement direction and will remember the
point passed recently to prevent turning in place. When the
ant has obstacles in the direction to be moved, it will ran-
domly choose other directions. When there is pheromone
guidance, it will move according to the foraging rules.

4. Case Analysis

4.1. Investment Decision Analysis. The article selects the fi-
nancial data of the top ten domestic investment companies
in China, such as Beijing Capital Construction Investment
Company, Tianjin Urban Infrastructure Construction In-
vestment Company, Shanghai Municipal Infrastructure
Investment Development Co., Ltd., and Beijing Zhongqing
Urban Construction. In order to obtain the data, this article
selects the listed urban investment subsidiary Beijing China
Investment (Group) Co., Ltd., to obtain the data. This article
selects the listed urban investment subsidiary Beijing China
Investment Jintai Co., Ltd., as the analysis object (Code:
600683), Tianjin Capital Environmental Protection Group
Co., Ltd. (Code: 600874), Shanghai Urban Investment
Holdings Co., Ltd. (Code: 600649), and Chongqing De-
velopment Co., Ltd. (Code: 000514). Because the investment
and construction area of the four urban investment enter-
prises in the shortlist is quite broad, they not only invest in
local construction, but also invest in construction in other
provinces and cities in China. Therefore, the article will
select the most representative urban public facilities and
analyze the annual average level of public building con-
struction in Beijing, Tianjin, Shanghai, and Chongqing from
2015 to 2018 and its impact on the investment of urban
investment companies. For these data, a simulation program
based on ant colony calculation was established, and the
simulation was run on Matlab 8.0 platform. The settings of
each parameter are as follows: the group size is 1000, the
maximum number of iterations is 300, the learning coeffi-
cient is 1.4964, the inertia weight range is (0.8, 1.2), and the
calculation results are shown in Table 1.

It can be seen from Figure 2 that, from 2015 to 2018,
investors mainly focused on investment in Beijing, followed by
Shanghai, Chongging, and Tianjin to maximize overall returns.

4.2. Model Checking

4.2.1. Stationarity Test. Integration testing usually needs to
measure two or more variables at the same time and produce
the same single integrated sequence. Therefore, the ADF test
first performs a unit root test on the sequence to see if the
sequence is stable, so as to judge the integer sequence of the
variable. The test conclusions are given in Table 2.

It can be seen from Figure 3 that the first-order average
values are all transient series, which are fixed after first-order
difference, and have the same single integration order, which
meets the requirements of the test.

4.2.2. Comprehensive Judgment of Criteria Such As AIC and
SC. From the above ADF test results, it can be known that
the first-order difference (DLNY, DLNX) of the original
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TaBLE 1: Investment decision analysis results.
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t=7 0.65 0.06 0.18
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FIGURE 2: Investment decision analysis results.

TABLE 2: Stationarity test result.

1% level 5% level 10% level
LNX -3.73 -2.99 -2.64
DLNX —4.34 -3.59 -3.23
LNY -3.69 -2.98 -2.63
DLNY —4.34 -3.59 -3.23

sequence is a constant variable, and the VAR series estab-
lished with fixed variables is a fixed system. First, from the
comprehensive evaluation of the lag order of AIC, SC, and
other standards, the lag order of the VAR model is selected
as 1. The test results are shown in Table 3.

From Figure 4, it can be found that the statistics of AIC,
SC, etc., from the first row to the third row are considered to
be somewhat nonautocorrelated, and all sources of unit
periods are different. The model is also robust, able to an-
alyze and perform impulse response function analysis and
variance analysis.

4.2.3. Granger Causality Test. The cointegration test shows
that there is a dynamic equilibrium relationship between
total infrastructure investment and GDP, even if it cannot
explain the potential relationship between the two. In es-
sence, infrastructure investment has a positive impact on
economic growth. As the economic level increases, the
demand for infrastructure will increase, which will inevitably
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TasLE 3: Comprehensive judgment results of AIC and SC criteria.
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increase infrastructure investment. Granger causality test
can be used to show the relationship between the two.

It can be seen from Table 4 that, in addition to the basic
LNX hypothesis, there is no LNY in the second period, and
the hypothesis from the third period, namely, infrastructure
investment, was rejected at a significant level of 5%. Cal-
culating GDP growth can also see the infrastructure in the
investment economys; all 2--5 periods have accepted the null
hypothesis that LNY is not relevant, and GDP growth has
not improved infrastructure. In the future, inflationary in-
vestment should increase moderately along with infra-
structure financing.
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TaBLE 4: Granger causality test.

Lag period F-statistic P value
) 2.58 0.099
1.15 0.337
3 0.44 0.728
3.44 0.038
4 0.45 0.773
4.03 0.019
5 0.84 0.549
4.12 0.019

5. Conclusions

In this paper, the audit supervision of ant colony algorithm
has promoted the optimization of the new infrastructure
investment environment. After analyzing the relevant the-
ories, the audit supervision based on the ant colony algo-
rithm has promoted the construction of a new infrastructure
investment environment optimization model. The case
analysis was carried out, and the model was tested.
According to the experimental conclusions, the statistics
from the first row to the third row of AIC, SC, etc. are
considered to be somewhat nonautocorrelated, and all
sources of unit cycles are different. The model is also very
robust, able to analyze and perform impulse response
function analysis and variance analysis.
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