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Abstract. The purpose of this study is to explore the phenomenon of small classes
size in elementary school education in recent years and the differences in the imple-
mentation of small-class size education policies in different regions in China. This
essay also talked about the motivation, background information and advantages of
small class size in Primary Education. Besides, the study use data visualization to
analyze the number of primary schools and the number of teachers in 34 provinces
in China from 1978 to 2020. Furthermore, the exploration is also focused on the
analysis of full-time teachers, enrolments, and their relationship in 34 provinces in
China. The last but not the least, this study uses machine learning and other skills
to make a prediction model, such as K- NearestNeighbor(KNN). In conclusion,
the government should take measures to narrow the gap of educational resources
in China.

Keywords: small class size - primary school - data visualization - cluster - K-
NearestNeighbor(KNN) prediction model

1 Introduction

With the negative growth of the birth population, the abundance of educational resources,
and the increasing expectations of parents for their children’s high-quality education,
small-class education, known as “exquisite education”, has gradually emerged in some
large and medium- sized cities and economically developed regions in China. Since stu-
dents in primary schools have poor concentration ability and self-management ability,
its motivation is to pay attention to individual differences of students [2]. Small class
teaching has become a new education reform, which is a hot spots of exploration. The
purpose of this paper is to explore the implementation degree of small class education
policy in defferent regions of China. The remainder of this paper will use data visual-
ization, including line chart, area chart, etc.. And machine learning, such as Cluster and
KNN prediction model to analyze the policy of small class size of primary school in

China specifically.
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2 Analyze the Phenomenon of Small Class Siza in Elementary
School Education in Recent Years Through Data Visualization

2.1 Sorting and Analyzing Data

We firstly import the excel file of “Number of Schools by Type and Level” and “Number
of Full-time Teachers of Schools by Type and Level” into the Jupyter notebook and get
the data summarization. After sorting the data, we get:

We have such large data; so we pay more attention to the number of teachers and
students at the primary education stage, because primary school students have poor
concentration ability, self-management ability, etc.. [1] And the teachers claimed that
smaller classes increased the amount of individual attention that pupils received [4].

2.2 Data Prepossessing and Mapping

We use data visualization to analyze the phenomenon of small classes in elementary
school education in recent years, including line chart, box diagram, bar chart, pie chart,
and area chart. According to the line chart of schools and teachers from 1980 to 2020,
it can be seen that the teacher-student ratio in elementary schools is increasing year by
year. Similarly, the box diagram, bar chart, and pie chart also show that the number of
teachers is increasing year by year, and the number of schools is decreasing year by year.
Thus, from the data point of view, this matches the full implementation of the small class
system in primary schools by the Ministry of Education. Besides, preschool education
has the same situation as elementary education, which is that the number of schools for
pre-school education is decreasing, but the number of teachers is increasing. It could be
suggested by the area chart below:
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Fig. 1. Snapshot of the data of “Number of Schools by Type and Level” (Original).
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e ol ol S SO sy Secminy B ol W

olleges Schools Schools Schools Schools Schools Schools Institutions

0 1978 206 NaN 741 99 2441 NaN 5226 04 278

1 1980 247 NaN 571 133 2449 NaN 549.9 0.5 411

2 1985 344 NaN 492 355 2160 NaN 537.7 0.7 55.0

3 1990 395 NaN 56.2 66.3 2499 29 558.2 14 75.0

4 1995 401 NaN 55.1 740 2821 37 566.4 25 875

5 2000 463 87 757 797 3287 38 586.0 32 856

6 2001 532 124 840 738 3386 37 579.8 29 546

7 2002 618 156 946 69.1 3468 37 577.9 30 57.1

8 2003 725 197 107.1 73 3498 31 570.3 30 613

9 2004 858 238 119.1 736 350.0 24 562.9 31 65.6

10 2005 9.6 268 1209 75.0 3492 20 559.2 32 722

12006 107.6 316 1387 799 3475 12 558.8 33 776

12 2007 116.8 355 1443 859 3473 09 561.3 35 827

13 2008 1237 3377 1476 895 3476 07 562.2 36 89.9

14 2009 1295 395 1493 86.7 3518 05 563.3 38 98.6

15 2010 1343 404 151.8 871 3525 02 561.7 40 1144
16 201 1393 413 155.7 881 3525 02 560.5 41 1316
17 2012 1440 413 159.5 88.0 3504 0.2 5585 44 1479
18 2013 1497 437 1629 86.8 3481 0.1 5585 46 166.3
19 2014 1535 438 166.3 858 3488 01 5634 48 1844
20 2015 1573 455 1695 844 3476 01 5685 5.0 205.1
21 2016 160.2 467 1733 840 3488 NaN 5789 53 2232
22 2017 1633 482 1774 839 3549 NaN 5945 5.6 2432
23 2018 167.3 498 1813 834 363.9 NaN 609.2 59 2581
24 2019 1740 514 1859 843 3747 NaN 6269 6.2 2763

Fig. 2. Snapshot of the data of “Number of Full-time Teachers of Schools by Type and Level”
(Original).
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Fig. 3. Area chart of pre-school education institutions and full-time teachers from 1980 to 2020

Thus it could be seen that the small class of preschool education can lay a good
foundation for the small class of primary education, and enable students to adapt to the
policy of small class of primary education as soon as possible.

3 The Analysis of Full-Time Teachers, Enrolments, and Their
Relationship in 34 Provinces in China by Data Visualization
and Machine Learning

3.1 Data Collating and Category

We firstly import the excel file of “Statistics on Regular Primary Schools by Region
(2019)” into the Jupyter notebook and get the data summarization. We have such large
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Numberof ~ Numberof  Number of
Schools  Total Full-ime full-ime full-time full-time Total
(unit) Teachers  teachersin  teachersin teachersin  Enrolments
City Township Rural

Number of Number of
enrolments enrolments
inCity  in Township

max 18117.000000 565248000000 310643.00000 217759.000000 227585.000000 1.033430e+07 6.060194e+06 4.263678e+06
min  698.000000 23164.000000  4481.00000  5228.000000  2051.000000 3.409520e+05 6.824600e+04 6.132600e+04
mean 5166.064516 202228516129 6943316129 73899.967742 58895387097 3.406850e+06 1.278755e+06 1.303093e+06
median  4640.000000 170709.000000 57430.00000 63270.000000  40986.000000 2.775874e+06 9.949500e+05 1.109884e+06

Fig. 4. Summary, max, min, mean, median of the data (Original).
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Fig. 5. Category of Regular Primary Schools by Region (2019)
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Fig. 6. Density chart of total full time teachers

data; we firstly filtrate which provinces have worse educational resources in primary
schools and which provinces have better educational resources in primary schools. So
we acquire the max, min, mean and median data of these provinces.

Then we pay more attention to the “Total Full-time Teachers” in 34 provinces in
China. According to the mean value and median value, we do the category method. We
categorize full-time teachers in 34 provinces in China based on median and average
values:

It could be seen that in 52% of the provinces, the number of teachers is below the
median, and in 47% of the provinces, the number of teachers is above the average. There
is one province, Fujian, where the number of teachers is between the median and average
values.

3.2 Data Prepossessing and Mapping

e Density chart of teacher resource analysis.
In order to understand the distribution of the data density of the number of full-time
teachers and students in school, use the density map to analyze:

According to the chart, the number of teachers with less than 200000 has the
highest probability density, and the number of pupils with less than 2.5 million has
the highest probability density. This also proves that the number of full-time teachers
in primary education in most provinces in China is below the average value, which
is 202229. Therefore, the education department should narrow the gap in education
resources as soon as possible.



1152 T Litong

2
G >
£ )
" o
510 | , 10 % € 10 O
2 f’| n
S 2 2
3 g ° ]
2 05 e o 205 o’ £ os
g £ go LI
o ° w 17} °
2 20" B 5 T
= = u
Soo =T | Foole? I goold=ss
H 0 1 0 1 E 0 1
5 Total Full-time Teachersg‘ Total Full-time Teachersg' Total Full-time Teachers
=10 = % £ 10 5 £ 10 3
Fi| a o
s € =
E o £ £
2 05 e B 05 B 05
5 f S 2? 5 see
= °
] o 5 f s y"l
“ 00 4‘ ] B oo ] B ool
0 1 E 0 E 0 1

1
Number of full-time teacherd\@nibgr of full-time teachers ¥ City Total Enrolments

Fig. 7. Scatter plot of total full time teachers and total enrolments
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Fig. 8. Correlation coefficient thermal diagram

e Scatter plot
We perform regression analysis on the number of full- time teachers and students.
Observe the general trend of the number of full-time teachers with the number of
enrolments and the general trend of the number of enrolments with the number of
full-time teachers to judge the relationship between the two variables.

From the data visualization, it could be seen that both the relationship between the
total number of enrolments and total teachers in elementary schools and the relation-
ship between the number of enrolments and teachers in the city are all proportional
to each other.

e Heat map
We also use the heat map to observe the similarity of multiple features in the data
table:
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It can be seen from the heat map that the correlation between the total number of
teachers and the total number of students is the same as the correlation between the
number of teachers in the city and the number of students in the city, and both are
very high, which is 0.99.

3.3 Machine Learning - Cluster

We present a methodology, based on machine learning, which can break the trace down
into clusters of traffic where each cluster has different traffic characteristics [5]. In order
to eliminate the influence of different variable units on the clustering results, we should
first standardize all data, using the formula:

Xij = ey

Sy

Then calculate the “distance” between the objects to get the “similar relationship”
matrix between the objects. And “Distance” has following expressions:
The square of the Euclidean distance:

1 &
== (i — )’ )
P
Deviation distance:
1 &
rg ==Y |k — xil 3)
P k=1
Correlation coefficient

p
> (i — X)) (X — x;)
pp— (4)

P —\2 P —\2
> i =X Y (e — X))
k=1 k=1

The distance between classes can be represented by the distance between “repre-
sentative points”. Finally, clustering: treat each point or object as a category, and then
find the djj with the smallest or largest distance, so as to obtain the two categories i and
j with the closest or the farthest distance, and merge them into a higher category. This
is repeated until all the points are merged into one category. And according to the four
data characteristics, respecively, “Number of Full-time Teachers in rural”, “Number of
full-time teachers in City”, “Number of Enrolments in rural”, and “Number of enrol-
ments in City”, the educational resources of small class teaching in primary schools in
34 provinces are divide into three groups:

This shows that the level of small class teaching of primary education development
varies greatly in China. The level of educational development in economically developed
areas is relatively high.
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Fig. 10. Scatter plot of full-time teachers and enrolments of seven regions in China

4 Analyze the Implementation of Small Classes In Primary
Education in China by Region

In order to better understand the implementation of the policy of small-class primary
education in different regions of China, we expand and merge the data, and divide China’s
34 provinces and cities into 7 regions, respectively, Northwest China, North China,
Northeast China, Southwest China, East China, South Central China, and municipality.

In 7 regions of China, both the relationship between the total number of students and
total teachers and the relationship between the number of students and teachers in the
city are all positive correlation, which could be seen from the following picture:

The data also shows that the difference of educational development level among
the provinces in the eastern region shows an inverted U-shaped trend, which is firstly
rising and then declining, and the difference of educational development level between
the provinces in the central and western regions also tends to narrow after a small
fluctuation.
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4.1 Machine learning - K- NearestNeighbor(KNN) prediction model

Because the data in machine learning needs to be sorted into the form of vectors. There-
fore, in order to make prediction model, it must first be processed and transformed into a
vector in order to meet the needs of prediction. The vector can be regarded as a sequence
x, which is generally represented by {a; (x), az (x), ..., ap (X)}, where a;(x) represents
the i-th component of the vector x. After the data is sorted into vector form, it generally
has the following form: {a; (x), a2 (x), ..., ap (X); y}, where the first m items repre-
sent m different characteristics of the value, and the last one the item y represents the
classification or target value of the data.

Educational resources are distinguished by different regions in China. We have
data on the number of full-time teachers and students in each region, which is a data
sequence. Combined with the prediction method, the value of educational resources can
be expressed as {a; (e), as (e), ..., ap (e); y), where the first m items are the characteristics
of teachers and students in a certain region. The last item y represents the region. In this
way, if m characteristics of educational resources are obtained, it can be predicted which
region of 7 regions in China belongs to.

Form a sequence {ap, aj, ..., a,} with the number of teachers and students in the
known 7 regions, and use this set of data to predict which region it belongs to given the
data about the number of teachers and students.

Use a vector of length m, which is B9 = {ap-m+1> an-m+2, ---» @n-1, an } to predict yy.
Since yp, is unknown, firstly find Bo = {an-m+1, @n-m+25 - --» an-1, an } 'S K nearest neighbors.
In {aj, a2, ..., an}, Bo = {@pn-m+1> @n-m+2, ---» an-1, an } as the base, and sequentially take
(n-m) sub-columns of length m: B; = {ap-m, an-m+1> ---» an-1}, B2 = {An-m-1> An-ms - -»
an2}, ..o Pnm-1 = {Q2, a3, ..., am+1}, Pn-m = {a1, a2, ..., am}, in these sub-columns,
find the K nearest neighbors of Bo = {an-m+1, @n-m+25 ---»> an-1, an }, and use the cosine of
the angle between the two vectors to describe the proximity of the two vectors, that is,

> BoiBij
BB J=1 .
cos(B, Bi) = B BB (i=1,2,...n-m) (5)
T LA LA
=1 " j=1

where Bj; represents the jth component of the vector B;. Then, the greater the cosine
value, the closer the two vectors are. Through calculation, we find 8o = {ap-m+1, an-m+2,
..., an-1, ap }’s K nearest neighbors in B1, B2, ...Bn-m, denoted as ay,ay, ...,0x. Because
{an-m+1> @n-m+2> - --» an-1, an } is used to predict yn, the element next to the last component
of the K vectors is considered to be the nearest neighbor of y,,. For example, if a1 = {aj,

az, ..., am}, then a4 is taken as a nearest neighbor of y, so that K nearest neighbors
of y, are obtained, which are by, ba,..., bk, and then we can calculate y, by weighted
k
> bi

average of these K numbers, that is, y, = % The key of K nearest neighbor algorithm

lies in the definition of similarity function. As mentioned above, the similarity of two
points is generally defined as the cosine of the angle between two points. This will
lead to a key deficiency, that is, when searching for training samples which are similar
to query samples from the sample library, if a small number attributes have a greater
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impact than other attributes on the classification results, the similarity between neighbors
is dominated by a large number of unimportant attributes, which leads to misleading
classification.

For the example of educational resources {a; (x), a (X), ..., ay (X); y}, because
the importance of the first m items will be different, we can try to assign weights the
education resource information of the corresponding region. The more similar the data
is to the area to be predicted, the greater the weighting. The K nearest neighbors of yj,
by, ba,..., by, are sorted according to the similarity degree of data information. The data
which is closest to the data of nth region is ranked first, denoted by ¢y, followed by c,
and so on. A sequence c, C», ..., Ck is obtained. For each c;, a weighted.

k k
Wi =2"/Zziand Zwizl (6)
j=1 i=1

is given. In this way,

k
yn = Zwici (7
i=1

can effectively solve the previous problem. Thus, the improved KNN algorithm as a
prediction model has excellent performance [3].

In order to process data more quickly and conveniently, we carried out data nor-
malization and get the result. The accuracy of the prediction model can reach 97.78%,
which is a very high accuracy. Therefore, according to the four data information, respec-
tively, “Number of Full-time Teachers in rural”, “Number of full-time teachers in City”,
“Number of Enrolments in rural”, and “Number of enrolments in City”, we can infer
that it belongs to which region in China.

5 Conclusion

This paper firstly analyzes the phenomenon of small classes in elementary school edu-
cation in recent years, from 1978 to 2020, through data visualization. And we concluded
that the teacher-student ratio in elementary schools is increasing year by year in China.
Thus small class teaching is the trend of teaching reform and development, and it is also
one of the trends of contemporary Chinese social development. Besides, this essay is
also focused on the exploration of the analysis of full-time teachers, enrolments, and
their relationship in 34 provinces in China by data visualization and machine learning,
such as Cluster. One point shows that there is a huge difference about the level of small
class size of primary education development in China. Therefore, the government should
take measures to narrow this gap as soon as possible. Furthermore, the implementation
of small classes of primary education in China by region is explored. And we find that
in 7 regions of China, the relationship between the number of students and teachers are
all positive correlation. Apart from this, the KNN algorithm is also used to predict the
region of educational resources. And the improvement of KNN algorithm is simple in
calculation, low in complexity and high in accuracy, which is of great significance in
practice.
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