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Abstract 
As an important component of national talent resources, the physical condi-
tions of college students appear to be particularly important. Based on geo-
graphic information system platform of ArcGIS, this paper builds database to 
make a statistical analysis on the physical conditions of college students in 
Jiangsu province in the years of 2012 to 2016, using the analysis function and 
graphics. The conclusions: 1) The students’ physique conditions in Jiangsu 
province is in an overall downward trend; 2) There are differences between 
the male and female college students’ physical changes; 3) In view of the col-
lege students’ physical deterioration degree of agglomeration, different areas 
should adopt effective measures to strengthen students’ physique. 
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1. Introduction 

National physical fitness is an important part of a national power, the improve-
ment and enhancement of which is the inevitable result of the national economic 
development. And it is also a driving force for the development of the society. 
Along with rapid economic development, the physique of teenagers in our 
country has changed a lot [1]. As an important component of national talent re-
sources, the students’ physique is particularly important. Jiangsu province has 
always attached great importance to students’ physical fitness research work. 
The students’ physique monitoring has been normalized and institutionalized, 
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and college students’ physical health test has also become the annual work of 
universities. Geographic information system (GIS) is the open systems of the 
geographical spatial information acquisition, processing, storage, and analysis, 
which has been widely used in environmental, planning, monitoring, health and 
other fields [2]. To study the changes of the physical conditions of college stu-
dents in Jiangsu province in recent years, this paper carries out a research based 
on ArcGIS, by using samples of the students’ physique health test data in the 
years of 2012 and 2016 in Changzhou University. 

2. Object and Methods 
2.1. The Research Object 

The object of this study is the physical change conditions of college students in 
Jiangsu province, according to the students’ physique health test results in 
Changzhou University in the years of 2012 and 2016. It stratified sample propor-
tions randomly according to the city levels of Jiangsu province, of which the num-
ber of male samples is 3221, and female samples 3113 in the year of 2012, while the 
number of male samples is 3356 and female samples is 3289 in the year of 2016. 

2.2. The Building of Data Processing and GIS Database 

The national students physical health standards is reference documents formu-
lated to implement the ideology of the health is first, promote students to active-
ly take part in physical exercise and to raise the level of physical health. The 
standards has been modified several times and formulated according to the 
whole physical health status of China youth. It comprehensively evaluates the 
students’ physical health level from the aspects of body shape, body function and 
physical quality. According to the physical health test content, and compared to 
the national students physical health standard, we will grade individually 8 test 
projects, including the body shape index, body function index and physical qual-
ity indicators to get the men’s and women’s health status and the rate of change 
in the years of 2012 and 2016, by calculating the total score and standardization. 
Based on the China international edition digital map of 1:1,000,000, made by 
SinoMaps Press and the state bureau of surveying and mapping of the People’s 
Republic of China, we build database on the operating platform of ArcGIS [3], 
connecting the basic data and players, with extraction of planar layer of 13 cities 
in Jiangsu province [4].  

2.3. The Analysis Method of Spatial Autocorrelation  

Spatial autocorrelation is the interrelated analysis method of geographic things: 
It is used to test a certain geography elements if the same attribute values as-

sociated with adjacent area. There are three kinds of specific analysis of the re-
sults: positive correlation, space independence and space negative correlation. In 
normal conditions, spatial autocorrelation coefficient is divided into two broad 
categories: Global autocorrelation coefficient and local autocorrelation coeffi-
cient. 



B. Chen et al. 
 

870 

2.3.1. Global Autocorrelation Coefficient 
Global autocorrelation coefficient shows the spatial characteristics of the object 
property values in the whole area. In this paper, Moran’s I [5] is the research ob-
ject, and the index is defined by the following formula: 
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Of which, i ≠ j, n is the total number of units involved in the analysis of the 
space, and also the total number observed variables. xi and xj respectively express 
the observed value of a property x on the unit i and j. Wij is the space weight, de-
termined by the matrix of a space, and it shows the spatial position relations 
between unit i and j. If unit i and j are adjacent in space, we stipulate Wij = 1; on 
the contrary, if unit i and j are not adjacent in space, we stipulate Wij = 0.  
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The data range of Moran’s I is between −1 and +1. The greater the absolute 
value of Moran’s I is, the spatial autocorrelation in the research area is stronger. 
For index Moran, it usually tests n in all areas if there is spatial autocorrelation, 
using the standardized statistics. Among which: 
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When Z(I) is larger than 1.65, it shows that there is positive space correlation, 
when Z(I) is less than 1.65, there is negative space correlation, and when Z(I) = 0, 
there is no space correlation. The observed values distribute independently and 
randomly. 

2.3.2. The Local Spatial Autocorrelation Coefficient 
In the process of overall autocorrelation research, there is always very different 
local autocorrelation in the entire study area. And this situation cannot be de-
scribed by overall authocorrelation. In this situation, the academic field intro-
duced analysis of local autocorrelation. The index is defined as:  
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The standardized test values: ( ) ( )
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When Z(Gi) is larger than 1.65, it shows that there is positive space correlation, 

when Z(Gi) is less than 1.65, there is negative space correlation, and when Z(Gi) = 
0, there is no space correlation. The observed values distribute independently 
and randomly. 

2.3.3. The Spatial Weight Matrix 
The spatial weight matrix uses spatial weight matrix to determine the number 
Wij in above formula. The matrix is to show the space relations of samples anal-
ysis in the area. According to different standards, wan define different spatial re-
lations and get a different W space relation matrix. The pattern of manifestation 
of W space relation matrix is: 
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In the above matrices, wij shows the space relations of unit i and j. Concrete 
numerical value requires a certain standard to determine. Typically the involved 
standards include binary adjacency matrix, weighted centroid distance matrix 
and the recent distance weighting matrix. This paper takes binary adjacency ma-
trix as standards. If space unit i and unit j have the common boundary, they will 
be defined as not adjacent, and W = 1, and if they have no common boundary, 
W = 0. 

3. Result  
3.1. The Total Score Change Characteristics of College Students in  

All Cities 

By grading related test items in physical fitness test over the years, and calculat-
ing the total score and standardizing, then we get the male’s and female’s health 
status and the rate of change of 13 cities in the years of 2012 and 2016. In Arc-
GIS, we do visual expression. Figure 1 and Figure 2 show the physical health 
changes of male and female college students in all cities of Jiangsu province in 
the years 2012-2016. 

From Figure 1, we can know that in the recent 5 years, the physical health test 
scores of male college students in Jiangsu province except Xuzhou city fall, 
which is not optimistic. The physical health of college male students in Nantong 
city degrades the most, and the change rate is little in Suzhou, Zhenjiang and 
Suqian. The physical health changes of male college students in most cities are 
similar. 

From Figure 2, we can know in recent 5 years, the physical health test scores 
of female college students in Jiangsu province also fall, and the overall rate of 
change are similar to those of male college students. The most serious city where 
the female college students’ physical health degrades is Zhenjiang, while the female  
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Figure 1. The score changes rate of male college students’ physique in all cities of Jiangsu 
province in the years 2012 to 2016.  
 

 
Figure 2. The score changes rate of female college students’ physique in all cities of 
Jiangsu province in the years 2012 to 2016. 
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college students’ physical health changes the least, and female college students’ 
physical health degrade rates of Nanjing and Lianyungang are similar, and that 
of Nantong and Wuxi are similar. 

In terms of regional distribution, the similarity of male college students’ phys-
ical conditions changes in entire province. The space is in consistent state in 
north and south. The changes’ differences in all cities in the northern Jiangsu 
area (Xuzhou, Lianyungang, Huaian, Suqian and Yancheng) are big, while the 
change differences in the central section area of Jiangsu Province (Yangzhou, 
Taihou and Nantong) are little and that in southern regions of Jiangsu (Nanjing, 
Zhenjiang, Changzhou, Wuxi and Suzhou) are similar. The cities where change 
differences are little are distributed in the northwest-southeast direction. The 
space distribution rules of female college students’ physical health changes are 
not clear. It is noteworthy that there is significant difference between the male 
and female college students’ physical health changes. 

3.2. The Whole Space Characteristics 

We analyze the total score change situation of college students’ physiques in 
overall space in 13 cities in Jiangsu province, and process the male and female 
college students’ physical change rate, based on binary relating right weight ma-
trix. In ArcCatalog10, we calculate overall situation Moran’s index I and stan-
dardized result Z(I). Related results are shown in Table 1. 

From Table 1, the fact that the male college students’ physique change stan-
dardized result Z(I) > 1.65 in Jiangsu province in the years 2012 to 2016 shows 
there is positive spatial correlation in the male college students’ physique change 
situations, and there is spatial agglomeration in physical change differences. The 
places where physical changes are similar are adjacent in geographical range. 
While the fact that the female college students’ physique change standardized 
result Z(I) > 1.65 in 13 cities in Jiangsu province show that the female college 
students’ physique change situations have the same trend in spatial area in the 
years of 2012 to 2016 with male students, and there is positive spatial correlation. 
But viewing the male and female college students of Z(I) value, the dispersity 
degree of female college students’ physical changes in spatial agglomeration sit-
uation is higher, not as clear as male college students’ physical changes in spatial 
agglomeration situation. 

3.3. Local Space Characteristics 

According to the male and female college students’ physical change data in the 
years of 2012 to 2016, we get the spatial distribution trend of physical change  
 
Table 1. Moran’s I and Z(I). 

Local Variable Moran’s Z(I) 

Male college students’ physique change rate 0.512 2.81 

Female college students’  
physique change rate 

0.177 1.67 
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situation in local areas. We draw statistical map in ArcGIS, according to the cal-
culated local statistical value Gi and standardized value ( )iZ G , as shown in 
Figure 3 and Figure 4. 
 

 
Figure 3. The male college students’ physical change spatial autocorrelation analysis Z(I) value in 
Jiangsu province in the years 2012 to 2016. 

 

 
Figure 4. The female college students’ physical change spatial autocorrelation analysis Z(I) value in 
Jiangsu province in the years 2012 to 2016. 
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Figure 3 shows that the male college students’ physical health change situa-
tion ( ) 1.65iZ G >  in Nanjing, Changzhou, Wuxi, Taizhou, Yangzhou and Yanc-
heng appears as spatial positive correlation, which states that there is high ob-
servation agglomeration in male college students’ physical changes in 6 cities 
and physical changes of students converge greatly. In Nantong and Zhenjiang ci-
ties ( ) 1.65iZ G < − , which shows that there is spatial negative correlation in two 
areas, and it forms low growth space. The students’ physical change trend con-
vergence becomes little. The male college students’ physical change in Xuzhou 
city ( ) 0iZ G =  shows that observations are scattered dispersedly, not aggregate 
with the surrounding area. 

Figure 4 shows that the female college students’ physical health change situa-
tion ( ) 1.65iZ G >  in Nanjing, Changzhou, Wuxi, Taizhou and Yangzhou in-
dicates there is high observation agglomeration in female college students’ phys-
ical changes in 5 cities and the change situation convergence trend become sim-
ilar. ( ) 1.65iZ G < −  in Lianyungang, Huaian and Yancehng, which shows fe-
male college students’ physical change has low concentration. 

4. Discussion 

We draw the conclusion of college students’ physique fall in the time dimension, 
by studying the college students’ physical health situation in Jiangsu province in 
the years of 2012 to 2016. Besides, we know there is agglomeration effect in the 
change situation through Moran’s I, and the college students’ physical fall is the 
trend in the whole province. And the downtrend has no difference in different 
areas. According to former study results [7] [8], there is no spatial correlation 
between the excellent national constitutional condition in Jiangsu province and 
economic development (Per Capita GDP). The economic development has no 
direct influence on the improvement of physical health. 

In space perspective, on the basis of college students’ physique fall in the 
whole province, the students’ physique difference has different features in dif-
ferent areas: The male college students’ physique deterioration rate shows an in-
creasing trend in Nanjing, Changzhou, Wuxi, Taizhou, Yangzhou and Yancheng. 
This area distributes in the north and south direction, and they connect in space. 
There is negative trend in Nantong and Zhenjiang, the physique deterioration 
has low growth rate. The female college students’ physique deterioration rate in-
creases in synchronization in Nanjing, Changzhou, Wuxi, Taizhou and Yangzhou, 
while decrease in synchronization in Lianyungang, Huaian and Yancheng. 

There is no direct relation between male and female college students’ physical 
change trend in the same city. But considering from a whole unit, the male and 
female college students’ physique deterioration rate increases in Nanjing, Taiz-
hou, Yangzhou, Changzhou and Wuxi, from which cities in the southern Jiangsu 
are in the majority and there is no cities in northern Jiangsu, which indicates 
that the southern part in Jiangsu province is the more prominent area, where 
college students’ physique deteriorates in Jiangsu province, then is the middle 
area of Jiangsu Province, and finally is the northern area of Jiangsu province. 
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College students’ physical health decline is the problem across the country 
today. From the actual situation of Jiangsu province, it connects both the objec-
tive factors of economic development and human factors in the process of social 
transformation. In the process of economic development, human production 
and life style have changed fundamentally. In more economically developed area, 
the intelligence intensive industry agglomerate, and mental labor is predominant 
in the production process, so teenagers don’t need to do manual labor and the 
number of exercising reduces gradually. The level of economic development in 
Jiangsu province decreases from south to north, which is in accordance with the 
physical conditions of students. From the point of view of the way of life, the in-
telligence and information life are increasingly obvious characteristics at present, 
college students’ life and study ways change quickly. Life becomes more conve-
nient, so the movement time in students’ life reduce greatly. 

In view of the male and female college students’ physical change conditions in 
different cities, we should improve the students’ fitness consciousness. Physical 
conditions of college students in the areas of southern decline significantly. So-
ciety should invest more facilities, and should pay attention to youth when 
creating the national fitness atmosphere, especially the college students’ and high 
school graduates’ participation. Colleges should pay attention to students’ phys-
ical exercise, and actively advocate “three walking” activity. College students in 
the southern area of Jiangsu province should attaches great importance to their 
health, and participate in physical exercises to improve their physical quality. 
The middle area of Jiangsu province, especially Yangzhou and Taizhou, should 
pay attention to the college students’ change trend and stop physical declination. 
The college students’ physique deterioration has low growth trend in the north-
ern area of Jiangsu province, so they should also pay attention to students’ phy-
siques. 

5. Conclusion 

By analyzing the college students’ physical health test data in Jiangsu province in 
the years 2012 to 2016, we can draw conclusions: 1) College students’ physical 
deterioration is in the overall trend, and the spatial agglomeration degree of the 
trend is high. The male’s agglomeration degree trend is clearer than female’s; 2) 
Municipal college students physical changes vary in different cities, and Nanjing, 
Taizhou, Yangzhou, Changzhou and Wuxi are the more prominent areas where 
college students’ physique deteriorate in Jiangsu province; 3) Different areas 
should adopt effective measures to strengthen students’ physique according to 
college students’ physical deterioration degree. 
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