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ABSTRACT

The Child Friendly Cities Initiative launched by
UNICEF aims to protect child rights and promote
the establishment of urban and community
environment conductive to children development,
and safety must be guaranteed first as the
precondition of the child rights. Based on social,
health, and mobility safety required by the initiative,
this paper focuses on how to evaluate children’s
mobility safety in the community environment.
After literature review, 41 indicator articles
involving 18 assessment tools and 82 other articles
were screened, and safety-related indicators

were selected to establish an evaluation indicator
framework composed of three first-level indictors,
i.e., motor traffic environment, walking / bicycling
environment, and other indicators. They were
further subdivided into 11 second-level indicators,
29 third-level indicators, and more fourth-level
indicators. Although this framework needs
localized verification and adaption in Chinese cities,
it can help systematically improve the mobility
safety requirements of the existing regulations

and guidelines of urban environment construction
to establish a multi-leveled indicator system and
provide references for performance evaluation on
related practice at all stages.

KEYWORDS

Child Friendly City; Mobility Safety; Community
Environment; Walking and Bicycling; Evaluation
Indicators; Literature Review
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According to the
Ten-Year Report

on Children’s Safe
Walking, from 2005 to
2012 the ratio between
the amount of private
cars and children’s
population aged below
14 in China increased
from 1:8.5t0 1:2 by a
growth of 2.25-times.
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1 Introduction

Globally, various social crises have inevitably emerged along
with urbanization, especially in China where this process occurs
faster in a larger scale!", imposing huge threats on children’s
development. The massive construction of high-density and
high-rise residence and commercial buildings results in a sharp
reduction of children’s activity space such as public playgrounds
and green spaces. Booming information technologies have
largely influenced children’s play with overwhelming electronic
media. The urban sprawl results in a surge of transportation
infrastructure and a growing number of private cars”,
increasing the dominance of motor vehicles over urban traffic
and triggering a series of public health crises (such as air
pollution), which harm the safety and health of the children.
In addition, an increasing number of children in Chinese
cities are suffering from obesity, blurred vision, impaired social
interaction, etc.” All of the above manifest that the changing
urban built environment has brought more constraints on
environment health and hygiene, security, and participation of
children®. In response, children’s safety must be guaranteed as

the first child right.

2 Children Safety under the Child Friendly Cities Initiative

To address the issues above, UNICEF and UN-Habitat co-
launched the Child Friendly Cities Initiative (CFCI) in 1996
and have released a series of guidance documents for building
safe and inclusive cities and communities for children. Focusing
on the safety issue, this paper reviewed these documents and
concluded that children’s safety under the CFCI framework
involves three aspects: social safety, health safety, and
mobility safety. Social safety requires to protect children from
exploitation, violence, abuse, and other crimes; health safety
is to provide clean, unpolluted, and green environments, and
necessary health facilities, safe food and medical services; and
mobility safety, often correlated with “independent mobility”
(Table 1), focuses on traffic safety. In terms of urban planning
and design, the Shaping Urbanization for Children: A Handbook
on Child-Responsive Urban Planning further proposes
“walkability” as one of the environmental characteristics of the
Child Friendly Cities (CFC).

The three aspects of children’s safety together contribute
to providing fundamental guarantee for the basic child rights,
i.e., the rights to survive, develop, be protected, and participate,
allowing children to involve in social affairs on an equal

footing and enjoy the services and opportunities in the city for
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Table 1: Contents about urban environment safety and mobility safety in UNICEF documents

MXHETR
File

5)LE “HiTRL” HXNAE
Contents about children’s mobility safety )
@

CLER TR FAH) @
Shaping Urbanization for Children:
A Handbook on Child-Responsive
Urban Planning®

RENTULERF SHHAIEL, HAPHESERENA: HILEMMRERRIRETNALZE, #
RABMEEIRZHT, IEMMNETE. REMRERBUATRENMERS VS,

Adopting 10 Children's Rights and Urban Planning Principles, and Principle 5 is about
Transportation Systems — Develop active transportation and public transit systems and ensure
independent mobility for children and the community, so they have equal and safe access to all
services and opportunities in their city.

RETDILVER G BT IRAHE, SRS "7 MREE "M BT .
Proposing seven conceptual standards of child-friendly urban environments, including Standard 3,
"walkability” and Standard 6, “independent mobility.”

(g LER A R FA) ©
UNICEF Child Friendly Cities and

fife “ILEAF R TEWATMIER" REM0NMEEERZ—: ALERIHTREETEN
REE.

AN FPHEXRIER
BE—ETREYE
ERE XA
TS .

The community
environment in this
paper refers to the
outdoor public space
of a community in an
administrative area.

Communities Handbook™
children’s independent mobility.”

Annex VI "CFCI Theory of Change” comes up with 20 objectives, and one of them is “Improved
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Building Child Friendly Cities:
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A Framework for Action the streets on their own.”
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Proposing that CFC guarantees 12 rights of every young citizen, and the seventh is "walk safely in

OLEXFEHRKANTAEE) "
Child Friendly Community Self-

71
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Assessment Tool for Children In the "My Safety & Protection” test section, there are yes / no question
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s "it is safe for me to walk

and cycle in my community” and "I feel safe using buses or other public vehicles.”

i
CFCIZX A 5ILEFRIIENERMRRBITENNR S, MARTBREAZEXMFHRMEFRSILEN
TBREPNEEEE.

NOTE

CRER , BUAHRRE N

CFCl calls for a greater attention to the active mobility safety related to the children's physical activities. Public transportation safety focuses on

the improvement of the "sense of safety" and is therefore excluded from this paper.
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comprehensive development. In the consideration of the close
relation between mobility safety and the built environment, this
paper focuses on the evaluation indicators of children’s mobility

safety based on English literature review.

3 Research Synopsis of the Evaluation Indicators on the
Community Environment for Children’s Mobility Safety

3.1 Research Object

Family, school, and society are the major environments
where children grow up. They are bonded by the community
environment®, where most children’s daily activities (such as
outdoor playing, traveling and social activities) occur. This paper
thus focuses on children’s mobility safety at the community

level.

3.2 Research Methods and Purpose
Based on a review on literature relevant to “community

environment,” this paper retrieved indicators of mobility safety
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in the valid literature, and came up with an indicator set for
children’s mobility safety in community environment. The
valid literature includes: 1) indicator literature: the articles
whose topic words include indicator-related core words (index,
indicator, measurement, etc.), generally focusing on a certain
assessment tool for the community environment and directly
providing evaluation indicators about mobility safety; and

2) other literature: the articles do not include any indicator-
related topic word but can be used to judge if the indicators
retrieved from the assessment tools are valid or not, and to
supplement indicators not included in the assessment tools but
related to the study. The purpose of this paper is to establish
an evaluation indicator framework of children’s mobility safety
in the community environment among English literature, thus
providing references for research and application of such

evaluation indicators in China.

4 Establishment of the Evaluation Indicator Framework

4.1 Literature Retrieval Process and Results

The literature retrieval was mainly conducted on
ScienceDirect, supplemented by StarPlus of University of
Sheffield and Web of Science. The results were divided into
indicator literature and other literature .

2 <

First, “child,” “safety,” “community,” “road,” “walk,” and
“mobility,” etc. were selected as the basic keywords. Second,
considering that “walkability” is often used to measure a
community’s supporting level to physical activities and active
travel®!) “walkability,” “walkable,” and “walking / bicycling
suitability” were also listed as keywords. School commute is
one of the most important activities in children’s daily life, but
whether and how they can do this independently are highly
determined by parents’ safety considerations. Therefore,
keywords such as “CIM” (Children’s Independent Mobility),
“travel to school,” and “school commute” were also added.
Finally, a total of 44 keywords in four categories (mobility
behavior and behavioral attributes, environment assessed,
target group, and indicator-related core words) were identified
(Table 2). In each retrieval, 2 or 3 keywords from different
categories were used together, and the valid articles were
screened if they 1) were published between 2009 and 2020,
when there was no enough search results, articles published
earlier could be included; and 2) were peer-reviewed and
published in English academic journals.

Finally, a total of 162 valid articles were obtained, 51 of
which were indicator articles (including 24 assessment tools)

and 111 were other articles. Then they were all examined and
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Table 2: Categories of the keywords used for literature search

1. Classify and screen

E S]] *4E literature retrieval
Category Keywords results
BT AREEN Walk / walkability / walking suitability / bicycling / cycling
Mobility behaviors and their mobility / independent mobility / CIM /
attributes travel to school / school commute / traffic / transport / activity
TR Neighborhood / community / environment
Environment assessed road / street / route / pavement / sidewalk/ walkways / path

park / recreation space / recreational space / green space / play
space / public space / outdoor

EEEHE Child / kid / youth / teens / adolescent / pedestrian
Target group

“}EHR” MK A Assessment / audit / tool / evaluation / index
Core words related to “indicator” criteria / measurement / indicator / instrument

WTH, P NE FEAASRIERR LA . DATRATAE 3 AR, L 123 of them were kept for collecting evaluation indicators on

R HA L AT H At =200 Hof2semks2ks (K1) . mobility safety, 41 of which were indicator articles involving 18
assessment tools for road safety, walking / bicycling behaviors
4.2 18T TR 7 e 8k mise and environments, and other destinations of children mobility;

ARBFSEIE BT TIA S I s pi, gy gt and 82 were other articles (Fig. 1.

B GEEHTE, Hrh 1480k B R E, HAR4m05 5k T E . 3

KA., J5F22FIMEER; RATIS [ E5EE 41998 ~ 20174F, HHWABSA Tools

ZATTRI R, BR2007ABAT A AAERTIFH B 20024F K20154F45 % Table 3 lists the basic information of the 18 assessment tools,

A PIIRLLSY, FAbYY 21034 F72003 ~ 20174 1], B4R R AT — I, PFA 14 of which are from the United States and the other 4 are from

T E 4 ROL BRIl & LA O LA R bRy A 14500, JLrpog Britain, Australia, Finland, and Canada. WABSA, the earliest

AT LERAR{ANEWS-Y . MAPS, EWI&MI, PIKPARK4MI, tool, was published in 1998; from then on there was one tool
published each year till 2017, except 2007 (none was published),
2002 and 2005 (two were published respectively). Children

and indicators for them are mentioned in 14 tools, among
which only NEWS-Y, MAPS, EWI & MI, and PARK focus on

4.2 Evaluation Indicators for Mobility Safety in 18 Assessment

[ESSEIR N

All literature articles retrieved

n=162
FRARZECHR FHAth 3
Indicator articles 5 Other articles
s n;=51 n,=111
B O
Examination and
screening iy
TR SATRIFIABR R CIMAR Xk =<\ HibFFRH
Assessment tools Avrticles of walkability Articles of CIM z g Articles of other topics
Q n=18 n,=40 n=17 =< n,=25
N e
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Table 3: Basic information of the 18 assessment tools

RN TRIREE
. N wrEEtE N o Type of environment assessed
N TERSR ARE Year of ER HEmEAR [E=]:s]
Name of tool Researchers L Country Target group Purpose
publishing VUSHAESBIRGE | 513/ WFTERE et LB P OMER I
Motor traffic | Walking / bicycling Other environments for
environment environment children’s outdoor activities
FAELHTRAFITM TR (SWAT) " | HUEH - KRS 2008 EE ot BRI RRHE S 1 R s B M
Scottish Walkability Assessment Tool | Catherine Millington et al. UK All ages To demonstrate the relevance between [ ]
(SWAT)"™! environmental characteristics and physical activity
RERFSDELSTRFNERR ZF - BRIERE 2009 E3E| 12~18%JLE; B FNEZIHERESENEDNLR
(NEWS-Y) " Dori Rosenberg et al. USA 5~18% JLEHR To assess the relations between the environment
Neighborhood Environment Walkability 12 ~ 18 year-old children; and physical activity through subjective perception [
Scale for Youth (NEWS-Y)"" parents of 5 ~ 18 year-old
children
SITRBITHRR G RH - ) RminE 2002 AT | 2EE (BERILE) MWEF X NS THBITEEN IR E R
(SPACES ) '™ Terry J. Pikora et al. Australia All ages (children are To measure physical environmental factors affecting °
Systematic Pedestrian and Cycling specially mentioned) walking and cycling in the community
Environmental Scan (SPACES)"”
WML 1THREEER (MAPS ) FEIBHT - F - EFIHTS 2015 E 35| 6~16%5)LE RRGNEN SHURERFRAFIETRH KB E
Microscale Audit of Pedestrian James F. Sallis et al. USA 6 ~ 16 year-old children To measure the correlation between physical activity [
Streetscapes [MAPS)"” and specific indexes of micro-scale environment
SHTEBWITAHEMTME (WABSA) " | BB - F - EREE 1998 E 35| e (RRILE) TG T ARE M7 RIS A
Walkability and Bicycling Suitability James F. Sallis et al. USA All ages (children are To assess the walkability and cyclability of urban [
Assessment (WABSA)™ specially mentioned) streets
ERRTEREE (PEAT) ™ FREL - ) BERES 2005 E 35| £HE (BRILE) MAPEREEME. RIT. RBEFNEI/ ML I
Path Environment Audit Tool (PEAT)""” Philip J. Troped et al. USA All ages (children are XFiE
specially mentioned) To assess community trails from four dimensions: [ ]
physical characteristics, design, facilities, and
aesthetics / maintenance
SITHBEERNE (PEDS ) TA™ YA - ) REHE 2007 E3E) o ST
Pedestrian Environmental Data Scan Kelly J. Clifton et al. USA All ages To assess walking environment [
[PEDS) Tool"”
IR N BN ZIFERS BB - E - RUTANE 2002 E 35| S A B E T IETREEX  E R B A
(ESPAQ) " Barbara E. Ainsworth et al. USA All ages To assess environmental support for physical [
Environmental Supports for Physical activity with questionnaire
Activity Questionnaire (ESPAQ)"”
FURASHEHEER (ANC) SEERHTT - M - FRE 2007 E3E| 2 (RRILE) TS REH G X h S5E RN hE X8
Active Neighborhood Checklist (ANC)"® | Christine M. Hoehner et al. USA All ages (children are L=2na [ ]
specially mentioned) To assess the characteristics associated with
physical activities in community environment at
street scale
HRAEEE (CPAT) " ZEE - T REHEE 2010 E3E| 2 (BRILE) A R AE XN TE IR KT
Community Park Audit Tool (CPAT)"” Andrew T. Kaczynski et al. USA All ages (children are To assess the support level of community park for [ ]
specially mentioned) physical activity
NFEHFEZSEIMEFN TR (EAPRS) ™7 | %R - E - RIS 2006 E3E| 2 (BRILE) AFHBEERBLEETEN
Environmental Assessment of Public Brian E.Saelens et al. USA All ages (children are Comprehensive evaluation of public recreational [ ]
Recreation Spaces Tool (EAPRS)®12" specially mentioned) space
WL (TARVA) @ R - RIS 2012 = ot ERRELEEITHE °
TARVA™ Harri Peltola et al. Finland All ages Comprehensive assessment of road safety
HFFHTAR (WS) @ HES - ZHE 2017 E 35| £HE (BRILE) EZRLIEES TN
Walking Score (ws)®! Freeman Lance et al. USA All ages (children are Walking-related index score [
specially mentioned)
BATRIFHEMERERR (W) ¥R -E- BRNE 2003 E 35| £HE (BRILE) AT BT
Walkability Index (i) Brian E. Saelens et al. USA All ages (children are To evaluate walkability
specially mentioned) [

SR /18X
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Table 3: Basic information of the 18 assessment tools

[RaEZS i

N BEEEE ; Type of environment assessed

N IESHR HRE Year of ExR ErEARE FEAER

Name of tool Researchers L Country Target group Purpose _ _ o

publishing MEhEXBIE | H17/BTHE it )L FINER I
Motor traffic | Walking / bicycling Other environments for
environment environment children’s outdoor activities
SHRF S TBR ISR RS - BERF 2014 xH 2~9%)LE TN SILEGAES ( SHRFMERIBANN ) BX
(EWI&MI ) Christoph Buck et al. USA 2 ~ 9 year-old children B EOIREEFERR °
Environment walkability Index and To assess environmental indicators associated with
Moveability Index (EWI & M) children’s physical activity (walkability and moveability)
AE. JLEEHRARER (PARK) ™ | IB4EwH - E - 5EE 2015 mEX 5~18% L& TPE 5 )LEE AN XM A BHRAE
The Parks, Activity and Recreation Madeleine E. Bird et al. Canada 5 ~ 18 year-old children To assess park's characteristics associated with [ ]
among Kids (PARK)®! children’s physical activity
ELEAEREERR (QUINPY) ¥ THLES - wmigtE 2016 ESE| 2E (ERJLE) MILEFREFI A B I EE T A E
QUality INdex of Parks Alessandro Rigolon et al. USA All ages [children are To assess city parks from the perspective of [ ]
for Youth (QUINPY)™” specially mentioned) children’s needs and use
HRTEREFMN TR (PSQAT) ™ X - R - E€H% 2015 EdE| 2E (ERJLE) PO MNMER VAR, WHEILERRSFT
Playable Space Quality Assessment Gavin R. Jenkins et al. USA All ages [children are To evaluate children’s play place focusing on game [ ]
Tool (PSQAT)? specially mentioned) value
iE NOTES

1. NEWS-YEERD HE PERATRKIRA
2. ARARERMAPST R ( #1500 648 ) it b, FRTH4NTRFRAARFHNELTEMAPS-mini, AXHRHZ
HA 6~ 1MFILEHMRWNRANIKERUE 12 ~ 165 LEHHARTRNTEANER ( FEF15MER) ©

PO TR =R
ot L P AN SR8

1) WL dscmMmbe; 2) BAT/RATI R 3)

1. NEWS-Y is published in both adolescent version and parent version.

2. Based on the original MAPS (with 150 indicators in total), four MAPS-mini tools were further developed for different age
groups. This study reviewed the NIK (Neighborhood Impact on Kids) tool for children between 6 and 11 years old, and
the TEAN (Teen Environment and Neighborhood) tool for children between 12 and 16 years old, both with 15 indicators.

the children exclusively. Overall, three types of environment

were assessed: motor traffic environment, walking / bicycling

18I PP T H M FF & B . 1 1) AT TP i IR BE 45 5, 1
FIUASWAT, NEW-Y., CPATKWSHHG “Z4” 1EA—TsrF
WNAIFEFEE T A5 F505, HARREM S L4 RBRITAEE; H
fth T E i e A ST AR N A BT A 2 RHERR T o Ik, 3R IT
W LR WAL Z 2L IHRRE, XIEN R TAR I E R
=S 1 R 7 W = RS0 7 8 3 N A B ) N s Y R L
AN B, ARPFTORBTA %M TR AR T, JE0I0 g
“PLEh Bl “BATIRATINE” AR AR AR, KRR
ETA L IBDLIKESA/NE (3R4) , WEEST R R E  FR PR AE ST
e SR

MAKT, B AT AT — TP T AT DUBE 55 48R AR hr /N
%, MIEE3~4, BRI LIK66.7%HIVEN T E 35 KA 175547

016

environment, and other environments for children’s outdoor
activities.

The 18 tools differ in the development purpose, target group,
and type of environment assessed. Only SWAT, NEW-Y, CPAT
and WS assess “safety” separately with detailed indicators,
which are still not enough for comprehensive evaluation,
while safety indicators in other tools scatter unsystematically.
Therefore, there is not a safety indicator set in existing English
literature. At the same time, the subdivision and classification
standard of the safety indicators vary among all the tools. This
study therefore re-organized all safety-related indicators into
three categories: motor traffic environment (with 7 sub-category
indicators), walking / bicycling environment (with 13 sub-
category indicators), and other indicators (with 8 sub-category
indicators) (Table 4).

There is no tool covering all sub-category indicators shown
in Table 4. In Table 3 and 4, although 66.7% of the evaluation

VOLUME 8/ISSUE 2/ APRIL 2020



LRIV, B AT/ RIHRIR 5 R RN 38.9%; ¥
DL 4 SGEIRED” WPEH TR, H HLEh Gl R ORI
PREG R ARANARN21.4%, NIl YO HLEN 45l PR X L2 i 474 42
ABNEZAW . AT KT AR bR/ N RTEA R
W TR %) (E2) o

WRYEXF AR/ NER i it , Plah 4 ssm sl . AT/ AT et
Wit AT TR B . AP aE A AT AR IE R AT S AT B

tools have indicators for walking / bicycling environment, the
average coverage ratio of the “walking / bicycling environment”
category is only 38.9%, while fewer tools involve motor traffic
environment assessment but the average coverage ratio of the
“motor traffic environment” category is 21.4%. It thus can be
concluded that the motor traffic environment has a significant
impact on children’s mobility safety. The indicators of the
“walking / bicycling environment” category appear quite evenly
among the assessment tools (Fig. 2).

Among all the tools, motor traffic control, general
walking / bicycling facilities, walking / bicycling auxiliary

=4 18LUHN TRPLRSBXIERHINES S

Table 4: Rough categorization of safety-related indicators in the 18 assessment tools

slavaeS MENEIEFIE SITEETIHRE Hith
Category Motor traffic environment Walking / bicycling environment Other indicators
EEIES ZBES | e | XBE |XBRE| FE | THE | BT —RETRE | WENRE | TSRS | HE | BE | E8E | XE | £AE S| Y | Hhigi | ELLW | HbWg TAEBEN
Sub-category Traffic Auxiliary | Traffic | Speed |Lanes|Curvature| Vertical |General crossing| Auxiliary Curb | Slope | Width [Continuity | Types | Surfaces | Boundary | Obstacles| Other |Surrounding| Other NHEBI
control | facilities | volume design facilities facilities facilities |surveillance| sights | Others [in total of
8 items, including
unattended
animals)
SWAT v % Vv v % v
NEWS-Y % vV % % % % %
SPACES % % % v | vV % % % % % %
MAPS vV vV Vv vV vV vV Vv Vv Vv v
WABSA vV % % % % % % V v % %
PEAT v % v | v |V Vv |V % % % v
PEDS v v Vv v Vv v v v % % 4 % vV
ESPAQ \ V % %
ANC vV 4 vV 4 4 Vv 4 4 4 4 vV
CPAT v % v VoV v % %
EAPRS % % vV % % % % V % % % %
TARVA M v v v v % % v v
S v % v
Wi %
EWI & MI vV
PARK \/ Vi
QUINPY %
PSQAT v v M
AR N TREL
Bit
Count of indicators 10 2 4 4 5 1 1 " 10 6 5 4 6 1" 7 6 12 6 4 "
in the
sub-category
fBtR RS
HELRE ST
Count of 27 91 1
indicators in the
category
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Hitbik ik

Other facilities

— BTSN
General crossing facilities
1

RME
Surfaces
1

Auxiliary facilities
10

m M EZBINE

Motor traffic environment
SRR
Walking / bicycling environment
] HAtbtstr

Other indicators

Boundary
7

EEtgiE

N BE—,

facilities, footpath / bikeway surfaces, and other walking /
bicycling facilities appear the most (at least mentioned in 10
tools). Motor vehicle lanes, and curbs, slope, types, boundary,
obstacles, and surrounding surveillance of walking / bicycling
environment are the second most mentioned indicators.

According to Table 4, 61% of the tools have the “other
indicators,” such as vehicle exhaust, legibility within the
neighborhood (easy for wayfinding), noise, odor, neighborhood
trust / close-knit, and unattended animals. Some of these
indicators are also related to children’s health safety, which
need further discussion.

4.3 Study on Other Articles on Mobility Safety
After reviewing the 18 assessment tools in the indicator
literature, this study went through the rest 82 articles.
Research on walkability suggests that one standard
deviation change in neighborhood walkability was associated
with an estimated 27.5% increase in active travel trips, which
is especially notable among the young"'. Some researchers
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measured the environment’s walkability in terms of safety,
practicability, and pleasure, while safety enjoyed the highest
weight of 0.4"%”, Therefore, it is effective and meaningful to
select safety-related indicators from walkability evaluation
research.

Defined as the children’s free activities in the neighborhood
without parental supervision®”, CIM is mainly influenced by
safety factor, including social safety and traffic safety”""**,
and some CIM studies lay particular emphasis on walking
safety”®". Detailed safety indicators in CIM literature, such as

31391 "are also mentioned in walkability-

traffic volume and speed
related studies. However, most of them belong to the category
of “motor traffic environment” in Table 4, and only a few of

[37][391140
113911 ], belong

them, such as travel supporting at crossing
to the “walking / bicycling environment” category. Although
the path condition (pavement, width, etc.) are also included

as safety indicators in the above assessment tools, a fuzzy
evaluation on walkability by adolescents proved that it is less
important than public safety and traffic safety when it comes
to CIM"". In addition, attack, harassment, bullying, and anti-
social behaviors of strangers also pose social safety threats

to CIM™"*I_ Lighting, as an indicator of “other facilities” in
“walking / bicycling environment” category, helps increase the
safety perception during trips at night””*’ It is worth noting
that CIM studies also attach greater attention to environmental
factors related to the “other indicators” category in Table

4, with wider safety concerns such as threats from animals,
getting lost, and acquaintance or friendly neighbors who can
provide passive surveillance of sight and assistance in children’s

Bl __ these factors are often overlooked

independent mobility!
in other studies. Therefore, CIM literature review provides new
perspectives to help set up a more comprehensive indicator
framework.

School commute studies also attach much importance to
safety factors at social and physical-environment aspects, like
neighborhood relationship and threats from strangers, walking
facilities (including traffic lights, pedestrian crossings, and the
amount of footpaths), motor traffic volume, amount of vehicles
parked in the street, and continuity of walking paths. The
community’s concern about road safety is a new indicator at the
awareness level.[*11*°!

In addition, this study does not cover unpredictable
behaviors and misconducts of drivers or pedestrians!*’/**!
which also threaten children’s mobility safety potentially,
since they need to be addressed with public safety
[# t°% rather than

education'” and strict law enforcemen

environmental design.
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5 Conclusions

5.1 Evaluation Indicator Framework of the Community
Environment for Children’s Mobility Safety

Based on English literature review, an evaluation indicator
system of the community environment for children’s mobility
safety is established as shown in Table 5, consisting of 3 first-
level indicators, 11 second-level indicators, 29 third-level
indicators, and more fourth-level indicators. As the first-level
indicators, motor traffic environment and walking / bicycling
environment mainly assess children’s mobility safety in terms
of motor traffic control, walking / bicycling travel supporting,
travel support at crossings, good sight and signs, and other
guarantees; other indicators range from social safety, perceptive
safety, physical health to safety awareness.

5.2 Limitations of Indicators from English Literature and Their
Adaption to China’s Reality

From the above, it could be concluded that studies on
evaluation indicators for children’s mobility safety are still
insufficient. This study retrieved English literature with four
types of keywords and found a convergent trend in the research
interests. For instance, existing safety studies on children’s
activity spaces mainly focus on surveillance and protection
by sights, traffic connectivity, and safety factors of local
environment (such as lighting) with less considerations on the
continuity of children’s activities®. Although several guidelines
(e.g., Street Design Manual and Making Safer Streets"" in
New York City) have been published, and multiform children-
oriented projects have been implemented (such as the Greenlight
Project in Port Philip, Melbourne City, Australia, We Go to
School Alone in Italy, and the Walking School Bus programs in

d®53) "none of

the United States, Australia, and New Zealan
them have integrated with existing knowledge on diverse safety
factors systematically, and little evaluation has been made on
their reliability and effectiveness.

The literature articles and the assessment tools discussed
above, as well as their cultural backgrounds, situation of
communities, and target group (children), are not based on
in China’s reality. Therefore, the applicability of the indicator
framework in Table 5 to Chinese urban community environment
needs further verification and adaption. For instance, “emergency
stop lane or space” of the “motor traffic environment,” and
“road shoulders” and “help-seeking devices” under the “walking
/ bicycling environment” are not common in Chinese cities and
could be removed in practice; The land use pattern, planning
approaches, and building layout of Chinese urban communities
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Table 5: The evaluation indicator framework of children’s mobility safety in the community environment

—iRiEtR ZIRER ZiRiEtR e
’ - - : . POLRIER
First-level indicators Second-level indicators Third-level indicators -
Fourth-level indicators
(N=3) (N=11) (N=29)
M EZBIEE B R RET . RURE. HREERXE. FERZXA

Motor traffic
environment

Traffic control

Speed control®

Speed bumps, ramps, special speed zones, roundabout

TEE’
Traffic volume®

FERE. HE. BTR, FFHATEE

Width, amount, and passing rate of lanes; annual average daily traffic (AADT)

R RERIZT
Good sight and signs

FRIR™ FEWS%, FiE. BE. TR, BB TAFTSRER

Signs™ Lane dividing lines; signs of stop, speed, direction, lanes, pedestrian passing through, etc.
R AR SATER. BRE

Lighting®™ Light working ratio, illumination

R E EEVWNL. REES. #IsRS

Road curvature®

Affect vision or not, speed control, turning danger

HAtREE

Other guarantees

Efigit’

Vertical design®

HEK&E

Drainage facilities

ErfEerEgzE’

Emergency stop lane or space”

BT/ TR
Walking / bicycling
environment

BITRE

Travel supporting

BITE BB ARHE

Basic characteristics of travel space

HE
Quantity™

WEE
Slope™

BRE

Width®

mE
Density®

KE® (MELE: ERERHHS)

Length® (e.g., continuity / connectivity: cul-de-sacs or not)

(BCANERTE. TAATEE. £ESOH. FERRE CRES) . WAATE]

Type® (coexistence of people and vehicles, bikeway, pedestrian street, informal environments like dirt road, sidewalk)

E3] HEMR” (BBKE. BKBE. 5iE)
Surfaces Pavement materials® (anti-slippery, permeable, sidewalk for the blind)
EHPER (BRIR. BRR. %)
Maintenance® (damaged, missing, cracks, holes, etc.)
HKRE” (RERHRK)
Drainage™ (vulnerable to water-logging or not)
& e (&) . BE. MR 4PER
Curb® Type (extension), height, materials, maintenance
BB e, FfT

Road shoulder®

Dodge, crossing

R
Isolation or buffer zone®

BE. BE. B (BR: 247 W% 7R g0F)

Height, width, type (hard: fence, trees, etc.; soft: greening, etc.)

B4 KAM (A AR TR, WEASE. BEER. GERiEE )
Obstacles® Permanent (poles, steps, flower terraces, trees and planters, fixed seats, garbage cans)
Bt (PRAYEE. B, JUR. mNSE. BEI1E)
Temporary (motor vehicles parked, broken glass, cracks and holes, temporary tables and chairs, facilities under repair)
ZBPRFTRE FiTEEY HHATHRE. 22, IHRH/LTREE

Travel supporting at the crossing

Crossing spaces™

Crosswalk, refuge island, overpass / underpass

i

Crossing control®

ZdfEStEH (MaE. i)
Traffic control signals (visual and acoustic]

SR /18X
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Table 5: The evaluation indicator framework of children’s mobility safety in the community environment

—RIER — ik — i
R —BE  =BiEE it
First-level indicators Second-level indicators Third-level indicators -
Fourth-level indicators
(N=3) (N=11) (N=29)
HAT/BATIRE TBT RF{TIRE g R (FEf)
Walking / bicycling Travel supporting at the crossing Curb® Type (extension)
environment
PRI/ o, THRERR. JLESENISHRR

Signs / paving®

Zebra crossings, behavior reminders, crossing signs for children

WRRIE RIZT FRIR® IR, T ML SERR
Good sight and signs Signs® Warning, direction, regulation, sidewalk conditions
B TR, RE. TAREK. I8
Lighting™ Light working ratio, illumination, pedestrian scale, location
L LA FEAR A ERERE (TA BiTE)
Sight” Sight to motorways and other pedestrians and bicycle riders
HAtREE i i WA (REEFMAREMBITANRL )

Other guarantees

Surrounding surveillance

Passive surveillance™ (sights from buildings and other pedestrian)

FREW (REAFTEERE, T8, R2KATHEE)

Active surveillance® (camera and other monitoring equipment; police and safety patrol volunteers)

KENEE®

Help-seeking devices®

RERE. BIF

Alarm devices, telephones

HAhERR

Other indicators

Heee
Social safety

LS ARSI

Crime and threat control®

LREERNTH: BE. Bit. R RESTH

Crime rate and behaviors: attack, harassment, bullying, antisocial behavior

BARE
Perceptive safety

EEESA
Neighborhood relationship

FEE. RHE

Trust, close-knit

FRAE SR

Special environments and hints®

ZXEEO. NEHFHEZRLE, R BRI RFERY

Crossroads, junction to motorways; graffiti, vandalism, abandoned buildings

REIRFIE
Legibility within the neighborhood

ST
Easy for wayfinding

psLSES

Other factors

FBEAN. TABERY (8%)°

Strangers, unwatched animals (dog etc.)®

IR
Physical health

TAREB5FRE
Air quality and acoustic environment

MEERSHM. EEBRR. BE

Vehicle exhaust, odor, noise

ZERIR

Safety awareness

WRENENE
Attention to safety

X (#X) MiEERefENEE

The attention of an area (community) to road safety

iE

1. aR AR T TSR TRUMIESS; bRAM “HIE” BHIFNOYENR; ARLRTRXERRE R OEIHNIZIER.
2. 18TFN TREFHMM (SPACESSWABSA ) B REfTRE, HPRERAHX I HTERTHRET EER, FERE
WBITRIERRRIE, ESEMITN TRPNSTRIENREARTLES, BFENIEZER (AADT) | MEEHESE

NOTES

1. The quantitative indicators in the 18 assessment tools are marked with "a;" the qualitative ones that can be only
described with "yes / no" are marked with "b;" and those without any mark means that the evaluation methods are not
mentioned in the literature.

B, RSMINBEERE. BTEESBRBREE. K. WKHBEN, MERESULS. BARESTEBITHRENIT 2. Bicycling safety is only mentioned in SPACES and WABSA among the 18 tools. SPACES does not distinguish indicators

NIEARIA N — K —RIERR.

022

for bicycling environment from walking environment; Although WABSA lists bicycling indicators separately, these
indicators are almost same with the walking ones in the other tools (such as AADT, amount and speed of vehicles, width
of the outermost motorway, bicycle lanes or road shoulders, curbs, rainwater grates, and sight at turns). Therefore, in
this table the indicators for these two environments are merged into one first-level category.
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make it difficult to form “passive surveillance;” The assessment
of “motor traffic volume” in the community requires a sound
built-up database; “Temporary obstacles” are changeable with
great uncertainties, which should be an optional indicator.
Other indicators are suitable for evaluating the community
environment in Chinese cities for children’s mobility safety.

So far, local governments in China have formulated a series
of guidelines to enhance mobility safety by improving the
community environment, such as the Pedestrian Environment
Improvement Scheme launched in Hong Kong since 2000, the
Shanghai Street Design Guidelines in 2016, and the Walking
and Bicycling Transportation Bluepaper issued by Guangdong
Province in 2017". Taking safety as one of the major goals,
these guidelines showcase the government’s attention to the
mobility safety of urban environment for all age groups.
However, their reliability and comprehensiveness require further
examination with a scientific indicator system, and related
practices” are still in the exploratory phase. Therefore, the
evaluation indicator framework for children’s mobility safety
proposed in this study can help systematically improve the
mobility safety requirements of the existing regulations and
guidelines to establish a multi-leveled indicator system and
provide reference for performance evaluation practice at all
stages. LAF
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