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Abstract

Safety commuting environment can promote children’s walking and cycling, thus reducing the
risk of obesity and other diseases. Most of the existing studies on children’s safety focus on open
space, but pay little attention to children's commuting environment. Moreover, few studies pay
attention to the differences between open blocks and gated communities in winter city. Taking
Harbin, a winter city in China, as an example, this study uses the optimized IPA method to explore
the built environment factors affecting pupils’ commuting safety from three aspects:
environment design, social management and road traffic. The results show that the influencing
factors of road traffic have the highest impact on pupils’ commuting safety. In addition, the
occupation management in social management also has a great impact. In terms of satisfaction,
the satisfaction with gated communities is generally higher than that with open blocks, but the
satisfaction of open block is higher in neighbourhood relationship and street thermal
environment. By coupling the importance and satisfaction of influencing factors, it is found that
safety guardrail, signal identification, occupation management are in urgent need of renovation.
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1. Introduction

In China, it is an urgent problem to be solved for urban transportation, urban planning and
management to create a good commuting environment for children!¥. School travel is a potential
opportunity to integrate physical activities such as walking and cycling into children's daily life [21. Active
commuting is associated with multiple health benefits, such as weight levels 13!, physical health 1, and
mental health B, At the same time, due to the significant reduction in carbon dioxide emissions and
traffic congestion, active commuting can also produce environmental benefits, as well as social benefits
brought by the improvement of neighbourhood relationships!®l. However, in recent years, the proportion
of children walking and cycling to school (also known as "active commuting") has decreased sharply!’!.
The increase in the car-oriented built environment, the decrease in attention to sidewalk infrastructure,
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and the parents' concern for children’s solitary travel safety limit children’s active commuting [-19],

Existing studies have shown that the built environment is related to children's active commuting.
Safe commuting environment can promote children to walk to school. Besides the basic transportation
function!!], street is also an important space for children to perceive the external environment and have
communication activity?. Many elements of streets can help stimulate children's creativity, imagination
and learning ability, and promote children's communicative behaviours 13,

Most of the existing studies focus on children's activities in school and leisure time, but ignore the
school travel behaviour of pupils. Moreover, few studies focus on the differences between the
commuting environment of gated communities and open blocks in winter city*#. Taking Fuhua Primary
School and Fuhua Science and Technology Park Primary School of Harbin as examples, this paper explores
the characteristics of pupils’ school travel behaviour and the influencing factors of pupils’ commuting
safety in different types of neighbourhood. And using optimized IPA to sort the influencing factors, the
research obtains the influencing factors which need to be renewed urgently, and puts forward
suggestions appropriately.

2. Review

The related research on children's school travel behaviour started in the field of public health abroad
in the 1980s, which proposed that the improvement of built environment could promote children's active
commuting, so as to reduce the obesity ratel’]. After that, the field of urban planning began to study the
characteristics of the built environment influencing children's school travel, which attracted more
attention of scholars. McMillan was the first to establish a framework for the relationship between built
environment and school travel mode [, Other foreign scholars have obtained the relationship between
built environment [7), land-use pattern '8 and children's school travel behaviour through data analysis.
But on the whole, the scope of existing researches is large, and there are few relevant achievements on
children's walking environment at the fine level. In recent years, domestic scholars have begun to carry
out research on children's school travel. For example, Wu Fengwen et al. took the characteristics of
children's walking and cycling commuting as the entry point to construct index system to evaluate the
safety of the commuting environment!*?; Yang Shen et al. studied the safety relationship between
children's school travel path and community spatial structure [**l; Wang Xia et al. focused on the spatial-
temporal feature and restriction mechanism of pupil’ school travel?l. In conclusion, the current research
on children's school travel mainly focuses on the objective measurement of built environment, but lacks
the measurement of subjective perception dimension. Most of the empirical studies on school travel are
based on the community scale, and lack of comparative study on the impact of the built environment of
open blocks and gated communities on children's school travel behaviour. At the level of guiding
implementation, the current research achievements are of little help for the fine guidance of commuting
environment design. The purpose of this paper is to use the subjective perception method to explore the
built environment elements that affect children's school travel behaviour in gated communities and open
blocks, and provide guidance for the commuting environment optimization, so as to promote children's
active commuting.

3. Material
3.1. Research Object

Built environment is closely related to school travel. In China, urban primary schools are mostly built
beside communities, and neighbourhood is the main commuting environment for primary school
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students. At present, China's residential areas are mainly divided into gated communities and open
blocks, which have great differences in construction time, location, residents and built environment
characteristics. The built environment in Harbin is characterized by circle layers, which can be roughly
divided into two categories: the old urban area (within the Second Ring Road) are mainly old open blocks
which is characterized by high building density and low storey number, relatively low development
intensity, more urban public service facilities, higher density of urban road network, mainly small-scale
blocks, large number of urban primary schools built for a long time and small scale and the surrounding
areas. Outside the Second Ring Road, there are mainly new urban areas with low road network density,
mainly in super large and street areas. Most of the primary schools in this area are newly-built primary
schools along with the development of the new urban area. The surrounding land is mainly new gated
communities.

The study selected two primary schools in different urban areas of Harbin as the research objects
(Figure 1). The choice is based on the school's geographic location (city center or fringe area), density,
green diversity and representativeness of the built environment. Fuhua Primary School is an urban
primary school in the old city, and Fuhua Science and Technology Park Primary School is an primary
school for new commercial housing in the new urban area. Most students live in the school districts
defined by the "nearest enrollment" policy, and a few students go to school across districts

Location of Sample.School Surroundings of Fuhua Primary._
School

Fubua Primary School

Surroundings of Fuhua Science
Park Primary School

4

Fubua Science Park
Primary School

Figure 1. Location of sample primary school. Source: Author.

3.2. Data Collection

The research adopted questionnaire survey to collect data. The subjects of the survey are the
parents of primary school students aged 6-12. The goal of research is to collect data on children's
behavioural characteristics, built environment perception and personal information from the perspective
of parents. Although it may be more direct to use children as the survey object, the cognition and
expression of young children are not enough to complete the survey. In addition, similar studies abroad
also use the method of investigating parents, and the credibility is recognized 21, In terms of school
travel behaviour characteristics, the pupils’ mode, time and companionship of school travel were
recorded. As for cognition of the built environment, the Likert five-level scale was used to collect parents’
perceptions of children’s commuting safety satisfaction evaluation of indicators including business vitality,
facility quality, neighbourhood relations, environmental recognizability, motor vehicle flow, etc. The
survey’s questions are all active expressions that affect the safety of primary school students on the
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environmental factors (for example: Are the commercial stores on the school travel path diverse and
energetic?). The answer is divided into five levels of "very dissatisfied-less satisfied-moderate-relatively
satisfied-satisfied" (corresponding to a score of 1-5). The recorded personal information includes gender,
grade, parent age, etc. The questionnaire is distributed in two ways: 1) intercepting parents who pick up
and drop off children at the entrance of the primary school; 2) deliver the online questionnaire to the
parent group of primary school students. The data was collected from November 2019 to January 2020,
and a total of 208 valid questionnaires were collected as analysis samples.

3.3. Participant Characteristics and School Travel Behaviour Characteristics

54% of samples are boys and 46% are girls. The children are mainly in middle and low grades: 48%
are grade one and two, 38% are grade three and four, and only 14% are grade five and six. This may be
due to the relatively few parents of senior students. Among the parents who pick up and drop off the
children, mothers account for 2/3; ages are concentrated between 31-50 years old: 6% of parents are
under 30 years old, 60% are 31-40 years old, 30% are 41-50 years old and 4% are 51-60 years old.

School travel refers to urban primary school students traveling to and from school. Primary school
family travel includes two levels: the first level is the main body of school travel; the second level is
characteristics of school travel (including travel distance, travel time, travel mode, etc.)?%. The study
found that out of considerations for safety, including traffic conditions, public security and cold weather,
primary school students are mostly transported to and from school by their parents, and the proportion
of transport in winter is higher than other three seasons. In terms of travel time, primary school students
mainly travel in short distances during school trips, and the travel time increases with school trips. After a
certain period of time, they show a significant decline. Ninety percent of primary school students spend
less than 30 minutes to go to school. Fuhua Science and Technology Park Primary School, located in the
newly-built commercial housing complex in the new urban area, has a higher percentage of long-distance
schooling than the Fuhua Primary School in the old city. In terms of travel mode, primary school students
mainly go to school by walking, and the proportion of primary school students in gated communities is
higher than that in open blocks. For different modes of transportation, families have different demands.
Families traveling on foot have higher requirements for safety and continuity of walking space, and hope
that certain activity nodes can be set up on the way to school; families traveling by private cars show
demand for parking space.

Primary school students’ school travel behaviour is affected by various factors such as commuting
environment, place, time, etc. Their physical and psychological characteristics and age are the main
factors affecting their school travel behaviour. On the way of primary school students, their behaviours
generally show the characteristics of randomness, clustering and obstruction. Specific activities mainly
include walking, crossing, staying, playing, shopping and waiting. Among them, walking and crossing
occur most frequently. Activities such as staying, playing, and shopping mainly occur after school in the
afternoon. And due to the lack of open space in the community, these activities mostly occur on the
sidewalk. Analyzing the psychological demands of primary school students, it is found that the space that
primary school students like mainly has the characteristics of being able to meet shopping needs, having
good landscape conditions and being able to provide sufficient space for activities..

4. Assessment of Commuting Environment

4.1. Evaluation System Construction

The current research on children's school travel is mainly based on the degree of observation of the
built environment, and lacks the measurement of children's subjective perception dimensions. But for
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children, the perception of the environment, especially the perception of safety and health, has a more
significant impact on their school travel behaviour than adults [UI. Therefore, this paper is carried out from
the perspective of children's subjective perception. With reference to the widely used 5D model in the
International Classification of Built Environment Material Elements, combining with the above-mentioned
research and the summary analysis of field investigations, this paper hackles the community-level built
environment factors that affect primary school travel from three aspects: environment design, social
management, and road traffic (Table 1).

Table 1. Indicator system

Target Layer A Criterion layer B Classification layer C Index Layer D

Street thermal environment

Pedestrian environment Street interface color

Street view

Environment design Environmental occlusion

Plant safety

Activity environment Environment recognizability

Spatial hierarchy

Tconic node

Facility maintenance

Road occupation management

Influencing factors of Environment management Business dynamics

S >
the pupils’ commuting Social management Road cleanliness

environment Facility quality

Monitoring equipment

Social supervision Neighborhood relations

Street eye

Motor vehicle flow

Road design Human flow

Motor vehicle speed

Sidewalk width

Road traffic Security fence

Crossing facilities

Traffic facilities Lighting facilities

Signal facilities

Anti-slip paving

4.2. Assessment Method and Results

4.2.1 Importance Assessment

Use the Analytic Hierarchy Process(AHP) to evaluate the importance of influencing factors. Consult
the opinions of 10 experts, make comparative judgments on the importance of various indicators, and
establish a judgment matrix. The judgment rule is that the expert compares the importance of every two
factors of the same level (i and j) and assigns a score (Table 2), determines the pairwise evaluation matrix,
and solves the maximum eigenvalue of each matrix and the corresponding eigenvector, carry out
normalization processing and consistency test, and finally get the index system weight (Figure 2).

Table 2. Expert marking table

Scale a" Implication

1 i is as important as j

3 i is slightly more important than j

5 i is more important than j

7 i is particularly more important than j

9 i is absolutely more important than j
2, 4, 6, 8 The scale of the state between the two judgments
Reciprocal When j is compared to i, the result is 1/a’

i is the vertical index, j is the horizontal index
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Figure 2. Importance evaluation score. Source:Author.

Among the three first-level indicators that affect the environmental safety of school travel, the order
of importance is road traffic>social management>environment design in which the importance of road
traffic is prominent and traffic facilities play a major role. Among the specific influencing factors, the most
weighted items are crossing facilities, sidewalk width, lighting facilities and road occupation management.
This result is consistent with the findings of existing research. Wang Xia found that traffic infrastructure,
including sidewalks, walking paths, and pedestrian crossing facilities, are the main means to promote
active traffic 2%, Fulton et al. found that the proportion of walking to school is higher in the built
environment with high pavement integrity 2. Ahlport et al. found that excessive driving speed and the
lack of pedestrian traffic lights and other facilities will cause parents to worry about the safety of children
walking and cycling to school 231,

4.2.2 Performance Assessment

In the evaluation process, each indicator condition is divided into five levels: very dissatisfied, less
dissatisfied, fair, satisfied, and very satisfied, and the corresponding evaluation score is 1-5. Through the
guestionnaire survey, the satisfaction evaluation of pupils’ parents is obtained. And counting and
assigning the questionnaires, we obtain the satisfaction degree of the school environment safety around
gated communities and open blocks (Figure 3). The overall school travel safety satisfaction of the two
types of communities are 3.59 and 3.07 respectively, which shows that parents are basically satisfied with
the current commuting environment. The distribution of parent satisfaction among the three types of
factors is relatively even. The indicators that parents are dissatisfied with mainly include street thermal
environment, road occupation management, and anti-slip paving, etc., which are closely related to the
harsh weather in winter. The satisfaction level of gated communities is slightly higher than that of open
blocks, and there is a large gap in the number of landmark nodes and the flow of motor vehicles. This
may be related to the more marginal location of gated communities and the relatively independent open
space system. In terms of neighbourhood relations and street thermal environment, the degree of
satisfaction of open blocks is higher. Open blocks are mostly unit-employed residences, which have a
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better neighbourhood foundation, and the enclosed building layout has a better windproof effect than
row-type.
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Figure 3. Performance evaluation score. Source:Author.
4.2.3 Comprehensive Assessment

Draw IPA quadrant diagrams for open blocks and gated communities. The X-axis represents the
satisfaction evaluation of index, the Y-axis represents the index weight, and the intersection of the
average satisfaction value and the average importance value is used as the origin. The indicator data is in
the quadrant. The quadrants from one to four are A superiority zone, B repairing zone, C improving zone,
D maintenance zone (Figure 4).

In terms of open blocks, the indicators in A superiority zone and D maintenance zone have high
index satisfaction, which are mainly subordinate to environment design and social management, and
should continue to be strengthened on the basis of maintaining the status quo. The indicators in the B
repairing zone are of high importance but low satisfaction. They are the main factors affecting primary
school students’ active school travel, need to be improved preferentially. These indicators are mainly
road traffic indicators, including crossing facilities, sidewalk management, safety fences, signal facilities,
etc. The indicators in C improving zone have both low importance and low satisfaction. They are mainly
belong to environment design, including iconic nodes, street thermal environment, interface colors, etc.
Although it affects the commuting experience, it does not cause too much impact on safety. It can lag
behind the indicator in Zone B and give priority to solving major contradictions. The indicators of gated
communities are concentrated in zones A and D with high satisfaction ratings. The environment design
has outstanding performance, which shows that orderly environment can bring a certain sense of security
to parents. The elements that need to be improved urgently are basically the same as open blocks. Motor
vehicle speed and road cleanliness require additional attention. Mcmillan et al. found that speed greater
than 30km/h and unsafe neighborhood environment will reduce the proportion of children walking 24,
Wilson's Broken Windows theory suggests that orderly environment can reduce crime?,
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Figure 4. Comprehensive Assessment. Source: Author.
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5. Strategy

5.1. Plan the time sequence of renovation reasonably

In the process of community micro-update, there are differences in the status quo and limited
reconstruction funds and capabilities. Therefore, targeted micro-update construction timing planning
should be carried out for different aging degrees and different types of communities. Understand the
issues that users are most concerned about, consider the needs of vulnerable groups such as the elderly
and children, and resolve the main contradictions that most affect the quality of life of residents. This
requires that in the planning and construction, the order of projects should be rationally arranged
according to the current conditions of different communities, and based on the above-mentioned
satisfaction evaluation results and the quadrant diagram, the proposed development sequence diagram
of the two communities under the background of improving the safety of primary school students (figure
5) According to the actual situation, it is divided into three phases: priority renovation, key construction
and follow-up.

Priority Renovation

Improve traffic facilities
Security fence\ Sidewalk

Key Construction

Upgrade road design
Motor vehicle speed\

Follow up

Improve walking envir
-onment

Street thermal environ

(@] width\ Crossing facilities\  Motor vehicle flow\ :

° ’ s T -ment) Street view\

o Signal facilities Human flow facilities '

S Street interface color

w

o Enhance road manage Enhance environment Improve activity envir

o -ment management -onment

» Road occupation Road cleanliness Iconic node\Environment
management\Monitor occlusion
-ing equipment

= Enhance environment Improve traffic facilities Improvet walking envir

) Rma:jnageme;t Sidewalk width\ Crossing S—onme: | )

B oad occupation facilities\ Lighting facilities treet therma | environ

= management\Road -ment)\ Street interface

o cleanliness color

3

E Improve traffic facilities Strengthen social super Upgrade road design

= : : -vision o :

é. ?ec-:{r-lty fence\ Signal Monitoring equipment\ An:.—slllpﬂpavmg\ Motor
acilities Street eye venhicle flow

Figure 5. Time Sequence of Renovation. Source: Author.

5.2. Improve traffic facilities

Road traffic indicators play an important role in the pupils’ commuting safety. Environmental
intervention is one of the most effective methods to control traffic injuries 2. In terms of vehicle
facilities, Improvement measures include the installation of traffic signals and pedestrian crossing timers,
setting up fully paved intersections, reducing the turning radius of intersections, and laying speed bumps.
Intersection is a high incidence of pedestrian, bicycle, and motor vehicle crashes!?”). Zegeer et al. found
that special phase lights for pedestrian crossings can reduce pedestrian-vehicle conflicts by about 50% [28],
Prevedouros et al. have shown that crosswalks can remind drivers of pedestrians’ crossing behavior,
reducing vehicle speed by 25% [, Tester et al. found that the speed bump project is related to the
reduction of the probability of children encountering motor vehicle collision accidents 3%, Pedestrian
function facilities include widening sidewalks on the sunny side, splicing sidewalk spacing, and using

56t ISOCARP World Planning Congress in Doha, Qatar
International Society of City and Regional Planners

»S\ ISOCARP

Knowledge for Better Citles




Leng, H.; Zou, C.Y.;Zhao, H.M. Assessing the Built Environment of
Neighbourhood in the Winter City from the
Perspective of Pupils' Commuting Safety

brightly colored crosswalk colors. In Boarnet's evaluation of the Safe Routes to School program (SRTS) for
10 primary schools in California, it is shown that sidewalk spacing splicing is the most successful
intervention 31, Because of the wet and slippery road, children slip and fall more frequently in winter.
Therefore, laying of non-slip paving in winter city is also of great significance to improving the safety of
pupils’ commuting environment.

5.3. Enhance environment management

It can be seen from the quadrant chart that in addition to transportation facilities, environmental
management indicators also need to be improved, including strengthening management of road
occupations, adding monitoring facilities, and keeping roads clean. Scholars have found that in the built
environment with higher pavement integrity and smoother traffic, the proportion of children walking to
school is higher 221 Sufficient and effective monitoring facilities can deter bad actors and reduce the
crime rate in the community, so as to protect children's defense safety. The broken window theory points
out that orderly built environment has a lower crime rate than an environment that is messy and full of
graffiti . In addition, snow and ice on the road will reduce the braking efficiency of motor vehicles.
Clearing snow in time will help ensure driving safety, reduce human-vehicle conflicts and reduce the
probability of children slipping.

6. Conclusion

Based on the perspective of pupils’ commuting safety, this paper takes two representative primary
schools in Harbin as an example. Through questionnaires and interviews with parents, this paper
organizes and analyses the basic characteristics of primary school travel and the real views of the primary
school students and their parents on the current school environment. Overlapping it with expert rights,
we find the points of correspondence and conflicts between the actual wishes of primary school
students’ parents and the current commuting environment.

The result shows that pupils’ school travel has the characteristics of parent accompany, time and
space distance increasing, and motorization. The traffic problem is the urgent problem to be solved in the
construction of a safe school travel road, which should be considered and improved first, such as security
fence and crossing facility. Families living in gated communities and those living in open blocks have
certain differences in satisfaction with different indicators. The overall satisfaction of gated communities
is higher, but neighbourhood relations and street thermal environment still need to be improved. Iconic
nodes and traffic flow in open blocks need to be focused. It can be seen that in the process of community
renewal, different types of communities should be designed differently. Based on the results, the
strategy of rational planning and updating, improving traffic facilities, and enhancing environment
management is proposed, in order to provide reference for the next step of the reconstruction of old
communities and the construction of open blocks.

The insufficiency of the research is reflected in only considering the impact of built environment
factors on pupils’ school trave, while ignoring the role of non-built environment factors, such as family
attitudes, socio-economic conditions, age, gender, etc. In the future experimental design, non-built
environment factors should be taken into consideration and improved.
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