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Abstract: 
In recent years, Driving schools in China's cities has maintained an annual growth rate 

about 7.6%. As a result, there is shortage of land for driver education within urban 

areas. How to evaluate the scale of driving school scientifically is a problem. Given 

the fact that the current calculation method of the total land area for driving school in 

China is low in practical value and easy to lead land waste. Based on the green 

development concept of saving energy and land, and on the law concerning China's 

driving examination. This paper considers the area of single training item (αi), the 

number of training tasks (ni), the length of the corresponding training vehicle (βi), the 

width of the buffer sections (δi), and the number of buffer sections (mi), these five 

parameters to establish an estimating model, and examine the land area threshold 

value of driving schools at all levels. Finally, we selected 100 built driving schools at 

each level, a total of 300 samples, to prove the scientificity and rationality of the 

estimating model. 
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1. Introduction 

With the rapid development of China's economy, the expansion of the city is also 

becoming more and more widespread [1]. On the one hand, urban erosion of rural 

land resources and good ecological environment. On the other hand, the China's rapid 

economic development model caused a lot of land waste in the city [2] .Against this 

background, China has proposed development strategies such as smart growth and 

stock planning to enhance the value of land use. Aims to activating the urban stock 

land, promoting the efficiency of urban parcels and so on [3]. 

A special land that provides driving training also should be saved. In recent years, 

the number of Chinese driving school training institutions has been maintaining at a 

growth rate of 7.6%, from 9,500 in 2010 to 15,903 in  2017, an increase of 44.6% in 

recent 5 years. It is expected that the number of driving training institutions in China 
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will reach 19763 by 2020 [4]. Due to the lack of rules and regulations in site design 

and planning of driving training institutes, there are a series of problems existing in 

driving schools. In particular, there are varying degrees waste of land for driving 

school[5]. The area requirement of each drving school is not less than 37000m
2
. Now 

it occupies about 2.06 ‰ in urban built-up areas in China at least. In Japan, there are 

1178 driving schools training institutions with a total land area of about 9.42km
2
, 

Accounting for 0.52 ‰ of Japan's built-up area [6]. There are 807 driving schools 

training institutions in South Korea with a total land area of about 9.21km
2
, 

accounting for 0.74 ‰ of the built-up area of South Korean cities [7]. Obviously, 

China's driving school occupies much more land than South Korea and Japan. Under 

such a circumstance that China advocates saving land, the scale of land for driving 

schools should also be restricted. Driving schools should ensure that lands are 

intensified and functions are rationalized [8]. Therefore, how to forecast the scale of 

driving school efficiently and accurately to guide the transfer of driving school land 

will be of great significance to the intensive urban land use and to alleviate the 

contradiction of urban land use [9]. 

1.1. Chinese Driving Schools’ Test Tasks and Classification Criteria 

There are two main systems for obtaining driver's license internationally. One is 

that after passing the assessment of the knowledge of road safety driving, the 

corresponding road test can be carry out on the urban road. The other is that after 

passing the examination of the knowledge of road safety driving, it is necessary to 

field test on a specific site before the urban road test, that needs driving training 

institutions provide a specific venue to for driving learners to field training or exams. 

At present, this driving school test system is mainly practiced in Asian countries [10]. 

In China, On-site driving test is a necessary part to obtain the driver's license, and 

the purpose is to test the operator's driving skills and ability to judge the space 

position in the vehicles [5]. Small cars and small automatic cars (hereinafter 

collectively referred to as the “car”) test tasks are: reversing parking, start at a slope, 

side parking, S-turn, and T-turn, a total of 5 tasks. Test tasks for tractors, large buses, 

large trucks, medium buses (hereinafter collectively referred to as the “large vehicle”) 

include: shift parking, side parking, starting at slope, unilateral bridge, S-turn, T-turn, 

consecutive turn, limited wide doors, continuous obstacles, narrow road U-turn, 

stimulated highway, emergency stop, tunnel passing, wet slippery road, and ups and 

downs road, a total of 16 tasks. In accordance with the driving school classification 

provisions. A level 1 driving school is more than 7 hectares with the total number of 

training vehicles not less than 80. A level 2 driving school is more than 5.7 hectares 

with a total number of training vehicles not less than 40, and a level 3 driving school 

is more than 4.7 hectares with the total number of training vehicles not less than 20. 

1.2. The Deficiency of the Current Estimating Model for Driving School Area 

The current formula to calculate the total area of driving training tasks as (1) shows: 

   ∑ (   𝑛 )  
 
 ∑ (  5        𝑚 )

 
                       (1) 

Where, the total area of the tasks is (ST), the area of individual tasks is (αi), the 

number of corresponding tasks is (ni), the width of the buffer section is (δi), the length 

of the corresponding  vehicle model is (βi), the number of buffer sections is (mi), and 

the types of the training vehicles(k), the 1.5 means that the buffer sections between 

taining tasks are more than 1.5 times of length of the vehicles generally. 
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The following deficiencies are identified when using the current estimating model 

to predict the area of driving school training tasks 

(1)The method of determining the number of buffer sections is not applicable  

The parameter of the number of buffer sections (mi) is contained in the formula, but 

the value of this parameter is related to the number of all kinds of training tasks. In 

fact, the connection between buffer sections and training tasks are different in various 

training sites of driving school, so the quantitative relationship between them is also 

different.There by, a new method of calculation is required to perfect this formula. 

(2)Lack of constraints on the number of training tasks 

If there are no regulations on the number of driving tasks (ni), that will mean some 

training programs are unused and some training programs are in short supply. 

Therefore, the whole training area is very chaotic, affecting the land use efficiency. 

(3)Inaccuracy of δi, βi 

The value of δi and βi is related closely to the model size of the test vehicles. 

However, the value of δi and βi as adopted in the formula is a minimum requirement. 

The exact range of value is not specified in accordance with the size of different 

vehicle models. Therefore, there is a certain error between predicted results and actual 

land use. 

1.3. Problems Solved by the New Prediction Model 

Because the current estimating model for the area of a driving school has above 

deficiencies. It reduce the practical significance greatly, and also  may cause the land 

to be wasted at all levels of driving schools. Therefore, this paper analyzes the 

potential of the mathematical relationship between the total number of the driving 

tasks ∑(ni) and the total number of buffer sections ∑(mi), to solve the problem that 

buffer sections can’t be calculated accurately. Then, The proportion of the actual time 

of the tasks should be used to regulate the number of training tasks , so as to improve 

the efficiency of the use of the site. Finally, By investigating  and summaring the type 

of vehicles used in training and test on the market, the sizes of the training vehicles 

are used to further accurately evaluate the value of δi and βi. These aim to improved 

prediction accuracy of the model. 

2. Methodology 

The estimating model of the total area for land-saving driving school selected αi,ni , 

βi, δi, mi as the five parameters to build the model. The value and method of the five 

parameters are detailed in the explanations that follow. 

2.1. The Area of a Single Training Item 

The area of a single training item is a relatively fixed value. Graphic design and size 

requirements for various training tasks are shown in Figure 1, where βi represents the 

length of the corresponding training vehicle, and θi represents the width of the 

corresponding training vehicle. 
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Figure 1. Graphic design and size requirements of training tasks. 

2.2. The Number of Buffer Sections 

In the paper, 100 samples are taken from each level, in a total of 300 samples. The 

300 samples come from all prefecture-level cities in China and are distributed within 

the provinces of China. They contain a variety of driving schools which constructed 

under the influence of climate, topography, sunshine and other conditions, in order to 

reflect a representative sample selection [11]. The distribution of the samples chosen 

is shown in Figure 2. The total number of training tasks (ni) and the total number of 

buffer sections (mi) are counted respectively. Firstly, the covariance of these two 
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groups of data are used to judge the correlation coefficient of the two groups of data 

to their relevance. After that, linear regression analysis will be done on the two sets of 

data to find out the linear relationship between them. 

 

Figure 2. The distribution of driving school samples. 

(1)Validation of correlation 

Covariance and the correlation coefficient are two measures to determine the two 

random variables X, Y, and they are important evidence of an existing a linear 

relationship in algebra and probability theory [12]. The two sets of statistical data are 

imported into Excel, and calculate the covariance between the two sets of data to 

verify the correlation between the two sets of data. The formula for calculating the 

covariance and correlation coefficients used in this process is shown in (2), and the 

calculation results of the correlation coefficients are shown in Table 1. 

{
    (   )   (  )   ( ) ( )   

      
   (   )

√ ( )√ ( )
                              

                         (2) 

In the formula, Cov (m, n) is the covariance of variables m and n. E (m) and E (n) 

are the mathematical expectation of m and n variables. ρmn is the correlation 

coefficient of m and n. The closer its absolute value is to 1, the higher is the 

correlation. D (m) and D (n) are the standard deviations of m and n, respectively. 

Table 1. The correlation coefficient of t training tasks to the buffer sections. 

According to the results, it can be seen that the correlation coefficient between 
∑(𝑚𝑖) and ∑(𝑛𝑖) is above 0.88, and it can be said that there is a very high correlation 

between the training items and the buffer sections [12]. 

(2) Regression analysis 

The two sets of data are made multiple types linear regression analysis. The 

Vehicle  model Small 

car 

Large 

bus 

Large 

truck 

Medium 

bus 

Tractor 

The correlation coefficient 

between m and n 

0.993 0.882 0.962 0.894 0.900 
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logarithmic form is selected as a linear regression equation, because of its highest 

linear fitting degree (R
2
), the analysis results shown in Figure 3, Figure 4. According 

to Table 2 and Table 3 the analysis of variance (ANOVA) results show that the P-

value is less than 0.01, and F is greater than F-crit, the formula has significant 

statistical significance. The above analysises have verified the credibility of the linear 

regression. [13] 

  

Figure 3. Linear analysis for car. Figure 4. Linear analysis for large vehicle. 

Table 2. ANOVA of figure 3.  

Source of 

Variation 
SS df MS F P-value F crit 

Between Group 7300.75 1 7300.76 45.02 9.9E-11 3.87 

Within Group 47996.83 296 162.15    

Total 55297.59 297     

Table 3. ANOVA of figure 4. 

Source of 

Variation 
SS df MS F P-value F crit 

Between Group 6358.70 1 6358.70 33.17 1.35E-08 3.86 

Within Group 114244.68 596 191.69    

Total 120603.48 597     

(3) The formula for calculating the total number of buffer sections 

Through the curve of linear regression analysis, the relationship between the total 

number of training tasks and the number of buffer sections can be obtained by 

mathematical calculation. The formula is shown in (3). 

∑ (  )
 
  {

26 09 𝑙𝑛[∑ (𝑚 )
 
 ]  47 07  𝑖 𝑓𝑜𝑟 𝑐 𝑟′𝑠 𝑡 𝑠𝑘𝑠

34 76 𝑙𝑛[∑ (𝑚 )
 
 ]  8  868 𝑖 𝑓𝑜𝑟 𝑙 𝑟𝑔𝑒 𝑣𝑒𝑖𝑐𝑙𝑒′𝑠 𝑡 𝑠𝑘𝑠

 (3) 

The number of corresponding training tasks is ni, the number of corresponding 

buffer sections is mi, the number of types of the coach vehicles is k. 
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2.3. The Allocation of Different Training Tasks in the Training Field 

The method for determining the number of training tasks is to calculate the actual 

time required to complete corresponding tasks and then obtain the proportionate 

relationship among the number of different training tasks by means of conversion and 

rounding. According to the actual carrying capacity of driving schools at all levels, the 

reasonable configuration of different training tasks are calculated. 

(1) Sample data collection and collation 

Due to the large number of samples, each driving school can’t be field-tested. This 

paper adopts the method of stratified sampling. A sample of driving schools at each 

levels are randomly selected in each province to reflect the overall situation of driving 

schools in various provinces. The time taken for each training task of the selected 

samples are collected 5 times. Then, to detect the collected data whether it conforms 

to the Pauta criterion (4), and eliminating outliers in data [14]. 

{
  
 

  
 
𝑡̅  ∑ (𝑡 𝑛⁄ ) 

 =1                                                                         

𝑟  𝑡  𝑡̅                                                                                 

 𝜎  [∑ (𝑟 
2 𝑛   ⁄ )

 

 = 
]
1 2⁄
                                                       

|𝑡  𝑡̅|＞3𝜎 𝑡  𝑖𝑠 𝑔𝑟𝑜𝑠𝑠 𝑒𝑟𝑟𝑜𝑟  𝑛𝑑 𝑠𝑜𝑢𝑙𝑑 𝑏𝑒 𝑑𝑖𝑠𝑐 𝑟𝑑𝑒 

|𝑡  𝑡̅|＜3𝜎 𝑡  𝑖𝑠 𝑛𝑜𝑟𝑚 𝑙 𝑑 𝑡   𝑛𝑑 𝑠𝑜𝑢𝑙𝑑 𝑏𝑒 𝑟𝑒𝑡 𝑖𝑛𝑒𝑑

 (4) 

Where: 𝑡̅ is the average time spent on the corresponding tasks. ti is the time taken to 

collect the corresponding tasks. n is the frequency of collected data. ri is the residual 

error. σ is the root mean square deviation. 

(2) The number of training tasks 

After processing the above data, the average time-taking (𝑡̅) of each task can be 

obtained. The proportion of the time consumption in each training task will be 

calculated.Taking into account the vehicle capacity of driving schools at different 

levels the number of corresponding training tasks can be calculated. The configurable 

numbers of tasks are shown in Table 4 and Table 5. 

Table 4. Cars’ training tasks configuration quantities. 

No. Trainin

g tasks 

Amount No. Trainin

g tasks 

Amount 

L1 L2 L3 L1 L 2 L3 

1 S1 16 8 4 4 S7 2 1 1 

2 S9 1 1 1 5 S3 16 8 4 

3 S14 1 1 1      

Table 5. Large vehicles’ training tasks configuration quantities. 

No. 
Trainin

g tasks 

Amount 

No. 

Traini

ng 

tasks 

Amount 

L1 L2 L3 L1 L2 L3 

1 S2 16 8 4 9 S10 1 1 1 

2 S5 4 2 1 10 S1 2 1 1 

3 S9 2 1 1 11 S6 1 1 1 

4 S7 4 2 1 12 S12 1 1 1 

5 S3 16 8 4 13 S15 1 1 1 

6 S8 4 2 1 14 S11 1 1 1 

7 S4 1 1 1 15 S13 8 4 2 

8 S14 2 1 1 16     

2.4. The Length of  the Corresponding Training Vehicle 

file:///E:/è½¯ä»¶/Youdao/Dict/7.1.0.0421/resultui/dict/?keyword=amount
file:///E:/è½¯ä»¶/Youdao/Dict/7.1.0.0421/resultui/dict/?keyword=amount
file:///E:/è½¯ä»¶/Youdao/Dict/7.1.0.0421/resultui/dict/?keyword=amount
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The survey results of the vehicles used for test show that the 82.6% large vehicles 

for training and test are the Dongfeng original series of products, and the 91.3% cars 

for training and test are FAW-Volkswagen Jetta. Table 6 shows the information on 

the size, brand model, etc. of the vehicles that meet the requirements in the survey. βi 

represents the length of the corresponding training vehicle, and θi represents the width 

of the corresponding training vehicle, and hi represents the height of the 

corresponding training vehicle. 

Table 6. Various types of training and test vehicles information. 

Model Tractor Large Buses 
Large 

Trucks 

Medium 

Bus 

Car / Automatic 

Car 

Length 

Requirem

ents 

≥12m ≥9m ≥9m ≥5.8m ≥4m 

Brand Dongfeng Dongfeng Dongfeg Dongfeng Faw-volkswagen 

Model E5100xlhf3 Eq5100xlhtv Eq5120xlhf7 Eq6606lt1 Jetta cex/Jetta cl 

βi* θi*hi 

(mm) 

12000*247

0*2480 

9000*2480* 

3160 

9000 * 2480* 

2600 

5990 * 

2250 * 

2780 

4501*1704*1469 

2.5. The Width of Buffer Sections 

The width of the motor vehicle lane includes the width of the vehicle body and the 

lateral swinging distance on both sides. The lateral swinging distance depends on 

factors such as vehicle speed, road surface quality, driving skill and traffic order [15]. 

According to international experience, combined with the actual survey data of 

Chinese cities, taking into account the coincidence degree between the relevant 

calculation theory and other references, Jurij A.Poljakov (5) in "Traffic Engineering 

Manual" is used to calculate these values [16]. 

{
 
 

 
    𝐷1  0 7  0 02(𝑉1)

3

4         

𝐷2  0 4  0 02(𝑉1)
3

4

 𝐷  𝐷1  
  

2
               

                                    (5) 

Where: V1 is the speed of the road, km / h. D1 is the lateral swing distance between 

vehicles in the same direction. D2 is the swing distance of the side of the vehicle. DN 

is the width of a single lane. θi is the width of the corresponding training vehicle. 

In order to meet the requirements of safety and adaptability to different speed, all 

the roads within the driving school training site take the form of one-way and two-

lane. With the limited speed of 15km/h, the distance between the two sides of various 

vehicles can be calculated [17]. Coupled with the horizontal spacing of the curbs on 

the edge of the driveway, 0.25~0.5m is generally adopted to calculate the 

recommended value of the width of the buffer section (δi), as shown in table 7. 

Table 7. Recommended value for the width of buffer section. 

Vehicl 

Model 

Large Vehicle Car 

Tractor Large bus 
Large 

truck 
Medium bus 

Car/ Automatic 

Car 

Result(

m) 
6.73 6.59 6.68 6.53 5.54 

δi(m) 7.0 6.0 
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3. Result  

3.1. Estimating Model Calculation Formula 

By using the above methods and values of the five influencing factors, a new 

estimating model of the total area of a driving school training tasks can be constructed 

as shown in formula (6). 

{
     ∑ (   𝑛 )  

 
 ∑  [  5        𝑓(𝑛 )]  

 
 

𝑓(𝑛 )  ∑ (𝑚 )                                   
 
                        

                (6) 

Where, the total area of the tasks is ST. The area of individual tasks is αi. The 

number of corresponding tasks is ni. The width of the buffer section is δi. The length 

of the corresponding model is βi. The number of buffer sections is mi, and the number 

of types of the coach vehicles is k. 

3.2. Validation of Estimating Model 

In order to avoid the problem that an objective comparison can’t be made because 

of the different number of tasks, a comparison is made on the area of the training tasks 

required for per vehicle at each level. The calculation formula is shown in (7). 

   
  

  
                                                                (7) 

Where: ST is the total area of the project facilities. CT is the capacity of vehicles that 

can be trained at the same venue. SP is the average demand area per vehicle. 

In order to verify the accuracy and land-saving of the estimating model of the 

driving school, this paper selected 100 standard driving schools at each level as the 

samples,(a total of 300 samples). By distinguishing between cars and large vehicles, it 

calculated per vehicle actual required training land area, and compare these results 

with the prediction of the estimating model and the current national standard. As 

shown in Figure 5, Figure 6. In order to presentation the distribution of data more 

directly,the data of the actual area are represented in boxplot,where marked minimum 

value, whiske lower limit, median, whisker upper limit, maximum.Between the 

whiske lower limited and whiske upper limits contain 25-75% of the data, which 

reflects the concentration of the data.[18] It can be seen that the actual area required 

by per vehicle fluctuates within a certain range and decreases with the level of driving 

school. The estimating model of land-saving prediction area is also present this law. 

However, the data in the current national standard are constant because the area of the 

driving school site increases linearly with the number of cars. Obviously, the 

predicted land use area of the land-saving estimating model is more in line with the 

actual land area for standard driving schools at all levels. The model predicts the area 

required for per vehicle is slightly higher than the actual needs of all levels of driving 

schools, that meet the actual needs of the area. The comparative analysis shows that 

the land-saving estimating model is more economical using land than the current 

national standard. The rates of saving land for car, is 9.06%, 5.31% and 3.12% 

respectively, for large vehicle the saving land rate is 14.5%, 9.10%, and 3.30% 

respectively. 
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Figure 5. Comparison chart of land area for 

car. 

Figure 6. Comparison chart of land area 

for large vehicle. 

4. Discussion  

Different layouts of training tasks on the site demand different land area. The 

current main styles of layouts of driving school are Karting and Ring, as shown in 

Figure 7, Figure 8. The karting road design pattern is designed as a chain, where tasks 

along the entire training road, each training tasks is connected compactly, the area of 

the buffer section is relatively small, but the area for arranging training tasks is 

relatively large. However, the Ring design pattern makes full use of the site, but it 

also increases the area of the buffer section [5].The land-saving model statistical data 

of mi and ni , which are used to build a linear regression relationship to calculate the 

number of buffer sections. Both styles of layouts are included in the statistical sample, 

so the result of the prediction is a compromise result. Among the statistical samples, 

the number of Karding-style layout is 91, accounting for 27% of the total, and the 

number of Ring-style layout is 209, accounting for 73% of the total. Of course, this 

scale is closely related to the selection of samples, which inevitably has great 

subjectivity. Increasing the number of statistical samples is important to improve the 

validity of the estimating model [19]. 

    

Figure 7. The Kading layout. 
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Figure 8. The Ring layout. 

In additon,For predictive models affected by multiple factors, Jiang.et al.[20] 

proposed a multi-criteria access selection algorithm is presented to solve the built 

model. The idea of model construction in this paper is similar, but it lacks further 

simulation analysist to verify the validity of the estimating model.[21].The prediction 

model is the result of linear regression of statistical data.If the deep learning method 

can be used to analyze a large number of driving schools sites, the accuracy of the 

prediction model will be further improved.[23] . 

5. Conclusions 

This paper summarizes the shortcomings of the current Chinese national standard 

method to predict the area of driving schools and amends the original estimating 

models for these deficiencies. The five factors that affect the area of driving training 

tasks are examined, and the value of each factor is determined according to the 

principle of land-saving and practicability. The calculation results show that the land-

saving estimating model is more land-conserving than the current national standard 

forecasting model. The rates of saving land are 9.06%, 5.31% and 3.12% respectively 

in predicting the area for cars, and the land-saving rates for large vehicles are 14.5%, 

9.10%, and 3.30% respectively. Consequently, it plays a positive role in alleviating 

the contradiction between urban development and urban land use conservation. 
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