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ABSTRACT

Nowadays, chronic non-communicable diseases
have impacted the overall public health level of
societies and caused severe socio-economic
burden. Empirical studies have revealed that
physical activities can promote active living and
help prevent and heal non-communicable diseases.
Evaluation of built environment factors associated
with physical activities is the precondition of
promoting active living through environmental
planning and design. This paper focuses on
environmental audit tools related to physical
activities, reviews the background, interests, and
progress of international research, and compares
the option forms, main measured factors, scoring
methods, and application suitability of 26 audit
tools. It then categorizes these audit tools into

the ones for community, open space, and other
scenarios, and examines their indicator items
respectively. The paper concludes a preparation
pattern across various audit tools, and identifies
that facilities, accessibility, visual quality, and safety
are the indicators most commonly measured.

This paper attempts to introduce international
experience of developing, analyzing, and verifying
audit tools to inform Chinese research and practice
and provide references for evaluating the design
and construction of healthy cities or communities.

KEYWORDS

Audit Tool; Built Environment; Physical Activity;
Health Impact Assessment; Urban Design; Quick
Environmental Assessment
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1 Introduction

Promotion of a nation’s health level, both physical and mental,
is significant for guaranteeing people’s well-beings. Chronic
non-communicable diseases (chronic diseases for short) such as
obesity, cardiovascular disease, and depression impact people’s
life seriously. Since 2000, governments and institutions in
developed countries have proposed guidelines for advocating
active living to cope with such public health issues, including the
Active Design Guidelines by the United States'"' and the Active

by Design: Designing Places for Healthy Lives by the United
Kingdom™. Active living embraces more physical activities, such as
walking and cycling, or active recreation and fitness"”*. Reported
by World Health Organization (WHO), 60% of chronic diseases
are caused by unhealthy lifestyles, of which physical inactivity

is the fourth leading factor for premature death worldwide and
has resulted in a rise of Chinese people’s medical expenses'”’.
Published in The Lancet, Scott A. Lear’s study of residents from
17 countries evidenced that a higher frequency of physical
activity was associated with a lower risk of diseases; increasingly,
physical activity has been proved a simple and low-cost method
for promoting public health globally'®.

WHO also reported that insufficient physical activity is
related to the lifestyles influenced by rapid urbanization!”, in
which the urban environment has been dominated by motor
vehicles, reducing people’s physical activity opportunities and
threatening their mental and physical health®®”!, In the 19th
century, urban planning, design, and management played a
critical role of controlling communicable diseases in many
countries""”, demonstrating its great potential to safeguard
public health. Nowadays, public health problems caused by
physical inactivity can be mitigated through the improvement
of urban fabrics and architectural spaces. Urban planners
and designers ought to promote citizens’ active lifestyles with
environmental interventions and to eventually improve the
overall health level of the nation.

In recent years, a great number of studies among various
fields together prove that the quality of built environment
significantly influence people’s physical activities and recognize
the potential positive effects of relevant environmental
policies! """, Specifically, environmental factors, such
as mixed land use level, land development density,
accessibility of destination, connectivity of urban road
network, amenity / supporting facility coverage, might all impact
physical activities. It makes the measuring, identifying, and
diagnosing of these factors prerequisite!™® to effectively intervene

physical activities with environmental approaches, which is
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also essential to the Health Impact Assessment. Measuring
and identifying environmental indicators requires high
reliability, comprehensiveness, and consistency of data"”!.
In international academia, environmental indicators are
often measured with Self-reports, GIS and related portable
devices, and Built Environmental Audit Tools (audit

201221 among which the audit tools see a wider

tools hereafter)!
application because of their favorable equilibrium in cost, user-
friendliness, reliability, and applicability. A comparative study
shows that audit tools of a higher accuracy and systematism are
more suitable for understanding the complicated relationship
between built environment and physical activities as well as
associated working mechanisms*”, Furthermore, based on a
standardized indicator system and workflow, audit tools show a
high feasibility and great potential for a broader application in
the field of urban planning and design.

Although health related topics have been receiving increasing
attention among Chinese researchers and urban planners>*/,
empirical studies on promoting physical activity through the
improvement of built environment are still insufficient. By
searching the China National Knowledge Infrastructure (CNKI)
database with keywords of “f& 715 3})” (physical activity) and
“#J} 185> (built environment), gaps are found as follows: First,
existing empirical studies are mainly discussed in the fields of
Sports Science and Public Health. Second, most studies focus on
describing residents’ subjective perception instead of scientific
measurements. Third, the poor accuracy and comprehensiveness

of indicators make these studies nothing but adaptations””** or

IS of internationally recognized audit

repeating applications
tools and fail to conclude solid research findings. Therefore,

a holistic analysis and comparison of the objectives, type,
structure, analysis methods, and practical guidance of different
audit tools will help Chinese researchers enhance and develop

applications of audit tools.

2 Research Scope and Methods

2.1 Definitions of Physical Activity and Built Environment
Physical activity refers to human’s body movement by

B1 ysually measured

muscle contractions that consumes energy
by duration, frequency, intensity, type, and pattern. Specifically,
it clarifies into vigorous-, moderate-, and low-intensity

* or recreational and travelling

physical activity by intensity"
physical activity by type'””. In current studies, physical activity
level is adopted as a main indicator to reveal the degree of
environmental influence on human health, providing a basis for

relevant planning and design decision-making.
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tool published in
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Built environment generally refers to all sorts of physical
spaces that influence people’s behavioral patterns within it®*.
Based on a social-ecological model, Terri Pikora proposed a
theoretical framework integrating different factors of built
environment to evaluate both individual and group physical
activity levels, which interprets built environment’s complicated
influences on people’s health in a dynamic and systematic way,
providing a basis for developing strategies for encouraging

physical activities through environment intervention'’.

2.2 Audit Tools for Built Environment Measurement

Based on empirical research and evaluation, audit tools
integrate multiple items to measure the environment in a
relatively objective, simple, and fast way with rigid procedures
of preparation, verification, and application, quantifying
environmental information for further comparative analyses.

Audit tools discussed in this paper particularly refer to the
ones that can systematically and objectively measure the factors
of built environment which would potentially influence the
physical activity level. Since WABSA was developed in 1998 by

D[36]

James Emery et al.”"*, scholars in Public Hygiene and Urban
Planning have developed hundreds of audit tools for built
environment measurement at varied scales for different scenarios.
An overall examination of existing audit tools will help scholars
understand their application differences and suitability (Fig. 1).

In terms of scale, macro audit tools focus on the overall
layout and structure of urban blocks and communities, or

even whole cities””1%*!

; meso-scale audit tools are often used to
measure spatial fabrics, such as the number of cul-de-sacs and
road intersections; while micro-scale ones are designed to discern
the environmental factors that may have effects on physical
activities by describing people’ experience and perception in the
spaces.””!

With regard to the purposes, audit tools are developed
mainly for three reasons: the ones for academic research require
high accuracy and reliability'**"); the ones for decision-making
purpose'*? usually cover all kinds of environmental factors on
macro- and meso-scales; and the ones for community building
are concise and easy to operate, providing guidance for active
bottom-up practice**,

As to application scenarios, audit tools are often used to
measure communities, open spaces, streets, workplaces, cities,
etc., and the first two are mostly studied. Early audit tools were
mainly developed for meso- and micro-scale scenarios such as
urban streets; they were then applied to support decision-making
and community management. Studies of audit tools for city-scale

. . . 45
scenarios were carried out relatively late'*.
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Current audit tools see a diversity in structure and indicator
system. Since relevant study in China is still staggering in its primary
stage, and the existing research consists of individual studies such

t[46]

like community measurement**'*”), This paper takes scenario type

as a clue to review the characteristics of various audit tools.

2.3 Research Method

In July 2018, authors searched for journal articles with the
keywords shown in Figure 2 in CNKI, Web of Science, and Google
Scholar, reviewed their titles and abstracts to screen out irrelevant
studies; the references of selected literature were further examined to
source more relevant articles. Additionally, the research findings of
audit tools from the Active Living Research website, an influential
authority among academia and policymakers, sponsored by the
Robert Wood Johnson Foundation (RW]F), were also included in
this paper. By doing so, a total of 130 articles and 46 audit tools

were collected, and the English names and their abbreviations of

ER#ZE First-round search
#4&#% Databases: CNKI, Web of Science, Google Scholar, Active Living Research
KEERSMHAGTR (RACNKIFERTXRE; ETHTEBRTERREZNBEENED, ARIEXHKOEE N, BEELCRIEE ) .
Keywords and multi-keywords search (Only using corresponding Chinese items in CNKI; Since walking and bicycling are people's primary physical activities, this paper used "walking" and "bicycling" for
keyword search to locate as much literature as possible):
£%  Audit tool £715850  Physical activity W (#)  Urban g Street
= ) . . ) Rith Green Space
EE  Audit +17 Walking IRiE Environment i Plaza VN
L o I i . Fr=sig) Open space
W4T Bicycling 7)o Place ERIFE  Built environment THEF  Workplace
AB#E  Physical exercise 28 Space X Neighborhood P
v
385E MK, STHER
385 articles, 57 audit tools FIBRAREENREZNERURBEARRREAERERRE
BRAISCER
P Audit tools not used for measuring built environment and articles
A 4 not mentioning audit tool measurement of built environment in
130 Xk, 463 E*K their abstract were eliminated.
130 articles, 46 audit tools
v

¥ k# % Second-round search

#03F E Databases: Web of Science, Google Scholar

KB NERNEXZREES

Keywords: full English names and abbreviations of the 46 audit tools

HBRENEER TEMRERBRENER K.
» Audit tools and articles mainly focusing on non-built
environment measurement were eliminated. z§
i
v 3
ORI, 264 % @
69 articles, 26 audit tools b3
o BMS 2 SR T ST WA E KA ST g
References were examined for tracing more relevant articles. W
U9
TIEXHR, 26HYER ¢
73 articles, 26 audit tools 2
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eligible audit tools were used as keywords for further literature
searching in Web of Science and Google Scholar.

This study searched for articles on audit tools for
environmental measurement of physical activity published from
January 1988 to July 2018, and excluded those not mentioning
any names of audit tools, or studying social or nutritional
environments, or merely observing physical activities without
discussion about built environment. Finally, 26 audit tools — 21
from the United States, two from Australia, two from Canada,
and one from the United Kingdom — and 73 articles were
selected (Fig. 2).

3 Research Findings

3.1 Overview

The selected 26 audit tools can be classified by scenario type
into five categories (Table 1): 10 audit tools for communities, 8
for public open spaces, and 8 for urban streets (including paths,
trails, and roads), workplaces, and cities. The published year,
country of origin, number of indicator items, option forms, main
measured factors, scoring method, reliability and validity tests,
auditor, and target group of the audit tools are examined.

The number of indicator items among the audit tools varies
significantly from 14 to 751", Environmental indictors of
public open spaces are much more than others, while those
for streets have fewer items because the environment of such
scenarios is relatively simple. Tools with more indicators can be
used to conduct a relatively comprehensive measurement for the
environment to reveal its subtle associations between physical
activities and the built environment, but would cost more time
for data collection and analyses as well as interference screening.
Audit tools with fewer items are easy and quick to operate, but
often lack systematism and have limited applicability.

Option forms of audit tools include choice questions (e.g.,
yes / no question, ordered and unordered category choice
question, etc.), counting questions, and open-ended questions,
according to which, audit tools can be further divided into
analytic and checklist ones. Analytic audit tools are usually
in form of multiple options, usually for academic purpose,
while checklist audit tools are often simply designed in form
of binary response and ordered category choice questions
(such as ANC), making it more suitable for decision-makers or
community stakeholders to learn the basic profile of the targeted
environment.

Average time spent with different audit tools fluctuates and
the difference may accumulate up to 4 hours™”*”", As the most

time-consuming audit tool, TCOPPE costs 90 minutes for one
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Table 1: Information of audit tools for measuring built environmental factors

BRER (HS) /RREE/ER iEtREE WIRE FTEEEERR HEIR ERERRER THhE FoRESE RENEHIRA SEEHE
Abbreviation of the Number of Option Main measured factors Scoring Results of reliability and validity test Auditor ( Bz 4354) An updated Target group
audit tool / published year / indicator items forms method Average time spent version or not
country of origin (minutes)
HXRSEE:
Community audit tools
SRBITRER G 55 BR,OC,UC | ERIMTIHE. REER. FitFE WEHEERE: 1) PA=70%: 67%HI3EHR, HXRELAR FitFE &= EX S5
( SPACES ) #3%/2002%/ ENER. BHER. & NR PA<70%: 33%A9%5#R; 2) K>0.75; 32%HA9%s Professionals NR No All groups
TR F) T M. EVEEE ¥R, KA0.4-0.75: 40%HIFEHR, K<0.4: 28%H)
Systematic Pedestrian and Detailed basic Ei=tan
Cycling Environmental Scan characteristics, safety, TEEREE: 1) PA=70%: 97%H93E4R,
(SPACES) Instrument / 2002 / aesthetics, destinations, PA<70%: 3%E9FE4R; 2) K>0.75: 24%H95%%,
Australia facilities, and subjective K#0.4~0.75: 66%EIFEFR, K<0.4: 10%B9F5FR
assessment BE: TSRk
Inter-auditor reliability: 1) PA = 70%: 67% of
items, PA < 70%: 33% of items; 2) K > 0.75: 32%
of items, K= 0.4 ~ 0.75: 40% of items, K < 0.4:
28% of items
Intra-auditor reliability: 1) PA = 70%: 97% of
items, PA < 70%: 3% of items; 2) K > 0.75: 24%
of items, K=0.4 ~ 0.75: 66% of items, K < 0.4:
10% of items
Validity: NA
AMXFRAREFE S ER (NALP) / 18 OR ENEFE. REBR. B CRIERIES 5B ICC: 0.76~0.83 LEES DN TiLF a X5
20024FE/INE AR FRERNEE 4 BE. BERABYSETENGHELN Professionals NR No All groups
Neighborhood Active Living Activity friendliness, safety, Summary index Reliability: ICC: 0.76 ~ 0.83
Potential (NALP) / 2002 / Canada and density of destinations or separate Validity: All factors are related to physical
analysis activity
EEANSITTHEERESR (SWEAT) / | 188 BR, Counting | EAMATHE. REER. Tiek BB K>0.6: 67%HYIEIR Tiex 17 2 ZEA
20054 /3% FH ENER. HFER NR BE. NSk NR Yes The aged
Senior Walking Environmental Detailed basic Reliability: K > 0.6: 67% of items
Audit Tool (SWEAT) / 2005/ U.S. characteristics, safety, Validity: NA
aesthetics, and destinations
KB - BRRTMAIREEESR (IM1) /| 162 BR, 0C ik EHNTREEE Tiek 5B PA=80%: 76.8%HIIEHR LEES PN 10~ 20 2 X5
2006%F/%H N3 NR M. EERYBETNRERR Professionals Yes All groups
Irvine-Minnesota Inventory (IMI), Accessibility, physical activity Reliability: PA = 80%: 76.8% of items
2006, U.S. needs and comfort, and Validity: All factors have undergone predictive
safety validity test
SHTREIEIRNE (PEDS ) 23/ | 84 oc,uc AfTERE. EHEN. & FiLx fEE: 1) PA=T75%: 92%MF51R, PA<75%: Tiex 5~12 & X5
20074F/%E TRBTHE NR B%MIFEIT; 2) K=0.4: 72%HIHEHR, K<0.4; NR No All groups
Pedestrian Environment Data Pedestrian facilities, road 28%HIFEFR
Scan (PEDS) Tool / 2007 / U.S. attributes, and environment WE: Nk
of walking / cycling Reliability: 1) PA = 75%: 92% of items, PA < 75%:
8% of items; 2) K = 0.4: 72% of items, K < 0.4:
28% of items
Validity: NA
PINSHR I B # K2R 70 BR,OC,UC, | BEXRLI®FA. FEEX Fiex THEHEMEE: K=0.4: 81%AKIFELR EiLx FiLx & EXD
(PIN3) /20094 /%H Counting THFIE., ENER. TB NR ENGEE: BERTI%HNIENR, K=04; —FF NR NR No All groups
PIN3 Neighborhood Audit HNiRHE. 3B FIEEEAFE 68%HItEHR, K=0.4
Instrument (PIN3) /2009 / U.S. Residential land use, BE. NHR
non-residential land use, Inter-auditor reliability: K = 0.4: 81% of items
aesthetics, mobile amenities, Retest reliability: 77% of items after two weeks,
and characteristics of traffic K = 0.4; 68% of items after one year, K = 0.4
and road Validity: NA
BN THEEER (MAPS) / 200 BR, 0C, UC INERFAE. BRBUHIE. X IAR LA S ARE 5B K>0.80: 50%MFE#HR, K#0.61~0.80: LEES PN 28.5 b3 X5
20154 /%H B CRFE . RIRERFE Weighted 25.6%FEFR, K40.40~0.60: 11.3%EI4E4R, Professionals Yes All groups

Microscale Audit of Pedestrian
Streetscapes (MAPS) / 2015/
us.

Routes, segments, crossings,
and cul-de-sacs

combination
model

K<0.40: 13.1%H9%5%R

BE: RFR

Reliability: K > 0.80: 50% of items, K=0.61 ~
0.80: 25.6% of items, K = 0.40 ~ 0.60: 11.3% of
items, K < 0.40: 13.1% of items

Validity: NA
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Table 1: Information of audit tools for measuring built environmental factors

BRER (H5) /RRNEE/ER iEtREE prAbta TEEEER HEIR ERERRER ThE FoRESE RENEHIRA SEEHE
Abbreviation of the Number of Option Main measured factors Scoring Results of reliability and validity test Auditor ( Bz 4354) An updated Target group
audit tool / published year / indicator items forms method Average time spent version or not
country of origin (minutes)
HXRSEE:
Community audit tools
EHTRE M S R EAMIRE A 115 BR, OC, UC REFHE. XBHE. HAE | 259 {55 PA=90%: 7T1%HI$E4R, PA% HEEZWAR 4~8 = X5
(WASABE ) /20144 /%E . HESWE. EEE Separate 80%~89%: 12%HIIE4R, PA<80%: 17%EIIEHR Professionals No All groups
The Wisconsin Assessment of Neighborhood characteristics, | analysis BE. "R
the Social and Built Environment traffic environment, Reliability: PA = 90%: 71% of items, PA =80% ~
(WASABE) /2014 / U.S. destinations, social 89%: 12% of items, PA < 80%: 17% of items
environment, and connectivity Validity: NA
HrERAELER AAT: 143 AAT:BR,OC, | T#hFIf, RBIHEE. ®iE. | LiLx fEE: 1) PA (AAT) =75%: 70%HI354R, LEES AN 10.6 2 (FHNER) | ERS
( AAT&CAT ) /2003%F/%E CAT: 128 UC; CAT:BR | EMEER. xR, HRHE NR PA (CAT) =75%: 87%#9%54%; 2) ICC Professionals Yes (App) All groups
Analytic Audit Tool and Checklist Land use, traffic environment, (AAT) >0.80: 19%k3FEHR, ICC (AAT)
Audit Tool (AAT & CAT) /2003 / facilities, aesthetics, signage, #0.61~0.80. 28%f93EHR, ICC (AAT) A
u.s. and social environment 0.41~0.60; 15%#9%54R; 3) K (AAT) >0.80;
19%E9FE4R, K (AAT) #0.61~0.80: 27%H33E
R, K (AAT) 50.41~0.60: 24%H935HR
ME: PR
Reliability: 1) PA = 75%: 70% of AAT items,
PA = 75%: 87% of CAT items; 2) ICC > 0.80:
19% of AAT items, ICC = 0.61 ~ 0.80: 28% of AAT
items, ICC = 0.41~ 0.60: 15% of AAT items; 3)
K > 0.80: 19% of AAT items, K=0.61 ~ 0.80: 27%
of AAT items, K =0.41 ~ 0.60: 24% of AAT items
Validity: NA
FRIRAETEH-XEL (ANC) / 57 BR,OC,UC | +#FIM. AfTERAE. 9 | CRIER 5. 1) PA>60%: 87%MIEHR; 2) KA9H9ME LEES A DN N 3-25 ( YA E) & FEX 5
20074F/%E ( AXKRIPIZER L. #HEEE. B | Summaryindex | 50.68 (SEE40.21~1.00) LHESHE. H11.75%0) No All groups
BT RERE BE: TR X F#1E%E 3 ~ 25 (average:
Active Neighborhood Checklist Land use, sidewalks, Reliability: 1) PA > 60%: 87% of items; 2) Mean Professionals, 11.7 mins)
(ANC) /2007 / U.S. (ANC is not characteristics of non- value of K = 0.68 (ranging from 0.21 to 1.00) PAs, CSs
analyzed in this paper) motor vehicle lanes, street Validity: NA
characteristics, and overall
environmental quality
FR=ERER
Open space audit tools
ENENFRITE (PARA) B3/ | 37 oc EMAFE. EFIRME. AXE | CRIER fFE: K>0.77 LEES A PN 10 = X5
20054/ EH I Summary index | #E: THR Professionals No All groups
Physical Activity Resource Features, amenities, and Reliability: K > 0.77
Assessment (PARA] Instrument / incivilities Validity: NA
2005/ U.S.
TUHE - RAFEENSITHEER 124 BR, OC, UC A, XMER. e Fiex 1ZE: PA; 67.6%~100% HXEWLAR FieE = X5
( BRAT-DO ) /2005%/%H Accessibility, aesthetics, and | NR BUE: UXREIERERBERNEASR, REH0.79 | Professionals NR No All groups
Bedimo-Rung Assessment Tool safety Reliability: 67.6% ~ 100%.
— Direct Observation Validity: the validity coefficient is 0.79 (taking
(BRAT-DO) / 2005/ U.S. literature data or expert opinions as a reference)
X /AFEER (CPAT) /20104/ 28 BR.UC,MC | 2REfEE. BRER A DRI fEE: 1) PA=70%; 2) K>04 LEES R FNZN 32 = BFOFE
E3E| M. EHXE. KERERR | Separate BE: Rk KHKRESHE. i Yes Adolescents
Community Park Audit Tool 2% analysis Reliability: 1) PA = 70%; 2) K > 0.4 XF AR XH
(CPAT)/ 2010/ U.S. Park information, Validity: NA Professionals,
surroundings and PAs, CSs

accessibility, activity areas,
and environmental quality and
safety

SR /18X

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

059

%W / Continued



=1 HERRFREZNERER

Table 1: Information of audit tools for measuring built environmental factors

BRER (HS) /RREE/ER iEtREE WIRE FTEEEERR HEIR ERERRER ThE FoKetE RENEHIRA SEEHE
Abbreviation of the Number of Option Main measured factors Scoring Results of reliability and validity test Auditor (B4 735h) An updated Target group
audit tool / published year / indicator items forms method Average time spent version or not
country of origin [minutes)
FHEiEEE
Open space audit tools
NS B R T 744 BR, UC EERAE . HSIRTNRESA PR . FitFE fFE: K>06 HXRELAR 10~258 =2 EX S5
( EAPRS ) /20064 /% SEKMEE. SEFNEIERE NR BE. NPk Professionals ( Fi9md1E) H Yes All groups
Environmental Assessment RITE Reliability: K > 0.6 67.35054 )
of Public Recreation Spaces Characteristics of streets, Validity: NA 10 ~ 258
(EAPRS) /2006 / U.S. routes, paths, and trails, (average: 67.3
places for specific uses, mins)
waterscapes, activity
facilities, and recreational
facilities
AE. JLEEHNRIRN (PARK) | 92 BR, OC, UC NECER . RERE. AHE Tiek fEE: K>077 HXRELAR 10 & FOE
B3R/20155F/IEX R, et BREOR NR BE: R R Professionals No Adolescents
The Parks, Activity and Activities, environmental Reliability: K > 0.77
Recreation among Kids (PARK) quality, services, safety, and Validity: NA
Tool / 2015/ Canada users' overall impression
AFRFREREER (POST) / | 43 BR, UC, OC AREER. KERE. &% CRIEESM fEE: 1) PA: 6.4%~97.9%; 2)ICC: 0.36~0.93; HEEZWAR FTiex = X5
20045 /R AFI T M. ERIEE A EHER 3) K: 0.19~1.00 Professionals NR Yes All groups
Public Open Space Tool (POST) / Activities, environmental Summary BE: UERBUANSR, HEE
2004 / Australia quality, safety, and amenities | index, weighted Reliability: 1) PA: 6.4% ~ 97.9%; 2) ICC: 0.36 ~ 0.93;
combination 3) K: 0.19~ 1.00
model Validity: assured by taking expert opinions as a
reference
B ARG ER/201746/3E 47 BR, OC, AN, RRRME. BRI TR EHEEY fSE: 1) Person: 0.78~0.96; 2) PA: 80%~83% | EiC% 16~28 S TR AL
Natural Environment Scoring Counting M. (3F) BRIEHENR Weighted BE: THR NR No groups
Tool (NEST) /2017 / UK EE, AXBPERR. BRE combination Reliability: 1) Person: 0.78 ~ 0.96; 2) PA: 80% ~
fE. TIfEAH model 83%
Accessibility, recreational Validity: NA
facilities, amenities,
aesthetics of natural and
constructed environment,
incivilities, natural features,
and usability
MR ER (NGST) /20124 | 39 Fiex k. RRRE. ERR IARLE S ARE fEE (ICC) . BA454R40.58~0.95, E{K40.73 TiLE 7-15 ( 1A S EXD
Eo) NR . BARHE. RXBME | Weighted WE: RHR NR B4 No All groups
Neighborhood Green Space Tool Accessibility, recreational combination Reliability (ICC): 0. 95 ~ 0. 58 (single item); 0.73 7 ~ 15 (average:
(NGST)/2012/U.S. facilities, amenities, natural model (overall) 11 mins)
features, and incivilities Validity: NA
Ik Ex
City audit tools
SRRILETEE (RALA) & 81 BR,OC,UC | HHEENIHE. RRIRHE. IANVAEER | EE. 1) PA; 91.9%; 2) K: 0.78 FiTF 3~25 (FHrtE) & TR
F/2009¢E/%H TEFBUR . #ERHE Weighted BE: AR NR H955h ) No All groups
The Rural Active Living Town characteristics, combination Reliability: 1) PA: 91.9%; 2) K: 0.78 3~ 25 (average:
Assessment (RALA) Tools / 2009 / recreational amenities, model Validity: NA 9 mins)
us. program and policy, and
street characteristics
SHTHEXNETRITRET | 27 Counting FHREREE. ERE TR EHERY f&E: ICC: 0.40~0.59 HXEWAR TIEF S X5
fH &% (MIUDQRW ) /2006%F/ Transparency and complexity | Weighted BE: TR Professionals NR No All groups

*H

Measurement Instrument for
Urban Design Quality Related to
Walkability (MIUDQRW) / 2006 /
u.s.

combination
model

Reliability: ICC: 0.40 ~ 0.59
Validity: NA
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Table 1: Information of audit tools for measuring built environmental factors

BRER (H5) /RRNEE/ER iEtREE prAbta FTEEEERR HEIR ERERRER ThE FoKetE RENEHIRA SEEHE
Abbreviation of the Number of Option Main measured factors Scoring Results of reliability and validity test Auditor (B4 735h) An updated Target group
audit tool / published year / indicator items forms method Average time spent version or not
country of origin (minutes)
[EEES £ 3
Street audit tools
BRI R ( PEAT ) /2005%F/ 36 BR, OC, UC XA, ERER. FHPR | DRI {5 ICC=0.52; 60%kIFEHR HEEZWAR FTiLE = X5
EdE| ENEE Separate ME . DIGPSEHRIEANS MR, T0%MIEIREE > 0.4 | Professionals NR No All groups
Path Environment Audit Tool Road intersections, amenities, | analysis Reliability: ICC = 0.52: 60% of items
(PEAT) / 2005/ U.S. maintenance, and aesthetics Validity: 70% items > 0.4 (refering to GPS data)
FITESBTTRSEMEITE #47: 15 W: BR, OC, SATHEEARE. BiTHE | IMASHRE {5&: ICC (W) =0.79; ICC (B) =0.90 LEES AN FiLx S X5
(WABSA ) /19984E/3%E W17 27 UC; B: BR, AR, EERHE. ReM | Weighted BE. WERBANSR, SOMBTRENHA | Professionals NR No All groups
Walking and Bicycling Suitability | W: 15 0C, Counting | Basic street features combination 0.58%10.62
Assessment (WABSA) /1998 / B: 27 for walking and cycling, model Reliability: ICC (W) =0.79; ICC (B) = 0.90
us. pavement, and safety Validity: the validity coefficients of walking and
bicycling are 0.58 and 0.62, respectively (taking
expert opinions as a reference)
ZEASITHREER (WRATS) / | 49 BR,OC,UC, | MERHHE. ZBRE. EAR | BIEX fFE: ZiLF Tiexk TiLx S ZFA
20094 /%E 0EQ . AGRE NR BE: KK NR NR No The aged
Walking Route Audit Tool for Road features, traffic safety, Reliability: NR
Seniors (WRATS) / 2009 / U.S. amenities, and personal safety Validity: NA
T{EimFREER
Workplace audit tools
JUERERE. AETEFRAMAGEMEE | 37 BR,0C,UC, | #HMBHHE. sxhfikk | LRk fEEK40.80-0.96: 42%K9FEHR, K40.61-0.79, Tiek 15~160 (FH9EtlE | & ILEREDE
W5t (ISCOLE ) &3/20155/%E Counting wiE. ENER. BEEE Summary index | 56%E9$EHR NR H5754H ) No Children and
The International Study of Walking and cycling NE. AERFNENNRE 15~ 160 adolescents
Childhood Obesity, Lifestyle and environment, sports and Reliability: K=0.80 ~ 0.96: 42% of items, K= 061 ~ (average: 57 mins)
the Environment (ISCOLE) Audit recreational facilities, 0.79: 56% of items
Tool / 2015/ U.S. aesthetics, and suitability Validity: With good structural validity
TCOPPEEKHEE R i uc, oc EREHE. ER¥RGH. B | TiLR TFEFEMEE: 1)I1CC: 0.60; 2) K: 0.84 LEES A PN 90 = X5
( TCOPPE ) /20134 /%R NR HEE NR F|MERZ, 1)I1CC: 0.77; 2) K: 0.90 Professionals No All groups
TCOPPE School Environmental Street audit, campus audit, BE. TR
Audit Tool (TCOPPE) / 2013/ U.S. map audit Inter-auditor reliability: 1) ICC: 0.60; 2) K: 0.84
Retest reliability: 1) ICC: 0.77; 2] K: 0.90
Validity: NA
TieGFEiTiEER (WWAT) / 14 oc ARG, ANTESHEN | A SER fEE: K=0.41: 60%kIEHR, KH0.20~0.40: 40% HEEZWAR FTiex = X5
2005%F/%H EEAORR . BEREH . o | Weighted fIEIR Professionals NR No All groups
Workplace Walkability Audit Tool kM. S, EBRE combination BE: K
(WWAT) / 2005/ U.S. Pedestrian facilities, model Reliability: K = 0.41: 60% of items, K=0.20 ~ 0.40:
pedestrian-vehicle conflicts, 40% of items
buffer between lanes, Validity: NA
accessibility, aesthetics, and
canopy ratio
=3 NOTES
1. AEEFRM(FALTEICKIEFRHENERR ., ART “BIrE" RIEEGNERTEFNEREENSE, FEE% 1. The literatures of audit tools studied in this paper adopt varied methods for counting the number of indicator items. In

BER (HEERD. REEREEBERER ) . NTHRESMENESR, fHinRMASHRA.
BREHMNAHLERHINER, FEEZFEITHRAR.
ERMTEFRGISRRT LY A ERA LMK ERIEX, BORT AR,

NIRRT B9 K e 18] S0 S (B R/ AT R SE

o s wN

B, EAMREITHNSE .

FERERPREREANN R ATEEDEENER. RN, SR—RASFEERPOAERE, REERMARE 3.

KirelmE. FERSREEEH 0, BmUEERES, 8%, FERK> 04NRREEAR TRIEKT,

6. BRIFR_ITMIN; OCKRTNAFHHK; UCKRREFSHK; MCERRZMLE; OEQFNAMAIM; PARTESL—F
; KRirkappaZ#l; ICCRITAMNERRE; PersonFimRREB—BMRE; PASKRRAEREKIESH; CSsHRRHEXF 5.

#iEXE; NRERRELIER; NARTARS Ko

SWIRITE /163 LANDSCAPE ARCHITECTURE

FRONTIERS / PAPERS

this table, "Number of indicator items" refers to the total number of their responses. Tags (e.g., auditor ID, segment ID,
codes, etc.) are excluded. The item is counted by combination response.

2. The audit tools listed in this table are recorded as their initiative names, while the names of their updated visions are not

mentioned.

The scoring methods in this table are sorted from relevant literatures, official documents, and empirical studies.

4. This table shows the corresponding average and / or range of time spent of each tool to provide references for future

studies.

Reliability in this table refers to inter-auditor reliability unless otherwise stated. Reliability test is conducted for specific

research needs, where generally open-ended questions are not included. The reliability coefficient ranges from 0 to 1,

and the closer to 1, the higher the reliability is. A coefficient higher than 0.4 means acceptable reliability.

6. Abbreviations used in this table include: BR = binary response; OC = ordered category; UC = unordered category;
MC = multiple choices; OEQ = open-ended questions; PA = the percentage agreement; K = Kappa coefficient; ICC =
intra-class correlation; Person = Person coefficient; PAs = practice advocates; CSs = community stakeholders; NR = not
reported; NA = not applicable.
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measurement on average, while most of rest cost no more than
20 minutes typically. The average time spent is impacted by the
size and land use of the targeted area, the indicator coverage and
the complexity of audit tool’s structure.

To sum up, audit tool applications require considerations on

the study object, scale, purpose, and auditor’s needs.

3.2 Validity and Reliability Tests

In general, standardized audit tools should go through
validity and reliability tests before application, and their items
and structure would be calibrated according to the feedback.

Validity represents to the extent of accuracy of an audit tool
for reflecting its research purpose and hypotheses. Only 7 of the
above 26 tools have conducted validity test. Compared with the
proven audit tools in Medical Sciences, the validity test of audit
tools on built environment is just primarily explored and lacks a
consistent benchmark”": most of them are simply developed by
experts’ experience or with GPS data, only a few of which have
systematically gone through validity test for correlation analysis
of environmental factors and physical activity level®. The audit
tools without formal validity tests often ensure their validity by
identifying environmental factors through extensive literature
reviews, open-ended qualitative surveys, referencing to published
audit tools, etc. Enhancing and improving validity test for audit
tools on built environment needs more efforts in strengthening
empirical studies across regions to identify the commonly
recognized environmental factors and to adjust and upgrade the
frameworks of audit tools.

The consistency of the measurement results, i.e., reliability,
is critical to the standardized application of audit tools on built
environment."”” Because of auditors’ bias, scorer reliability is
usually adopted to examine the consistency of audit tools. Except
of WRATS, all the other collected audit tools have conducted
reliability test with various methods. Tested with Kappa
coefficient (K) and intra-class correlation coefficient (ICC), most
items in the audit tools have acceptable reliability (K > 0.4,
ICC > 0.4); the test results of percentage agreement also show
good reliability (= 75%). A comparison of all the test results
further reveals that the reliability of objective and simple items
are higher than that of subjective and complicated ones”"**!,
Inevitably, some items see a low reliability yet are considered
highly correlated to people’s physical activities, such as canopy
cover, maintenance status of roads and facilities. In this instance,
researchers usually improve the overall reliability of audit tools
by adjusting the indicator selection or structure, and auditor

training"” """,
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3.3 Scoring Methods

Single item scoring and overall index analysis by summing
up multiple item scorings are commonly used methods for the
calculation in audit tools. For single item scoring, auditors
should carefully examine the characteristics of each factor
and determine statistical methods. This approach is suitable
for a quick profile and comparison between the status of
each environment factor, which helps researchers propose
improvement approaches correspondingly. For example, by using
CPAT to measure environmental factors of parks in Kansas
City, USA and analyzing the association between each item and
physical activity with logical regression, Andrew. T. Kaczynski
proved that playgrounds, baseball fields, swimming pools, spray
ponds, lakes, and other park facilities influence users’ physical
activities at varying degrees"”’. For overall index analysis,
auditors should carefully select computational models — simple
summary model”*"*”! or weighted combination model”®"”, The
simple summary model can be used for a quick measurement
of the environment’s support degree to physical activities, while
with the weighted combination model, various environmental
factors are weighted according to their support degree to
physical activities to gain a scientific overall analysis of index:
not supportive, relatively supportive, or supportive. This model
was applied in the study by Andrew L. Dannenberg®*to measure
a workplace with WWAT, and by James Emery et al.”" and
William Hansen et al.*” to measure urban streets with WABSA.

3.4 Comparative Study of Audit Tool Items and Relevant
Literature

For a same scenario, the environmental factors and items,
structures, and scoring methods of different audit tools may be
varied. Besides of the type and overall characteristic of a given
place, researchers should also investigate all the environmental
factors to evaluate the potential effects of the environment on
physical activities'®'.. In this paper, indicators in different audit
tools were reclassified to fit in audit tools for communities, open
spaces, and other scenarios, and a comparison study is made.

3.4.1 Community Audit Tools

Community audit tools have a longer development history
and a wider application, the indicators of which cover 10
categories of environmental factors that would promote
physical activities in communities (Table 2). The distributions
of indicators to various factors in each audit tool are shown in
Figure 3. The occurrence frequency of factors evidences their
priorities in each tool, from which audit tool’s suitability can be

learned.
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Table 2: Definitions of environmental factors in differe

nt types

EE S

Factors

BiRfaR

Interpretation

EEAER (RERTI%)

Items (only to mention)

ERRERHE

Basic environmental characteristics

TR H T BRIME R KA AT

Structural characteristics of basic environmental factors within a given study area

R

BAEESRHE, TORTXBROMNAEER. FEHESTBRE
Road slope, height of buildings, and traffic conditions (e.g., the forms of
roundabout, number of motorized lanes, etc.)

e EREPT PR R ERNRME. SR, RERIE REENRM. 1. B2, EfR. AOERS

Facilities All activity facilities, service facilities, and safety facilities within a given study area Fitness facilities, porches, fences, seats, bicycle stands, etc.

okt IEAEBRESH B ER R BERAEPRHEREOEES, SIEREMIGI A MMNIER AFTEERE. SRARMEHYNEE

Accessibility The accessibility to a given site and usage of facilities within it, including both positive and Connectivity of sidewalk, presence of highways and obstacles, etc.
negative indicators

EUER SRR RS RIR IR R 5| 1 4HE HeRAYE. FemBSuRERE

Aesthetics Positive or negative factors to the environmental attraction of a given study area Featured building facades and sculptures, presence of garbage, etc.

RERE BETRREHEMA FREHTIGIST REAABINEFAE. TRORASE

Safety Factors to secure or threaten people’s safety Presence of graffiti and abandoned cars, adequate lighting, etc.

HIPIER KB AR REE R R RR B, |Y. AMTESRERFSS

Maintenance

The maintenance status of a given study area (including facilities)

The maintenance status of buildings, landscape features, sidewalks, etc.

#RIR FREEHEXRGNREFERLSEIENTREZ NI ZEEENRZBENRES

Signage Whether there are signs within a given study area that have a potential impact on users’ Safety warning signs, and traffic control streamers, etc.
physical activities

THFEEE EAEERXMNASEEED (0B, HXES ) ME ftbEEmihs FEEEBLAE (RE. MET. Wl ) - B2 BRES

Mixed land use

The number and types of places for programmed individual or group activities (e.g.,

Commercial buildings (such as restaurants, cafes, and shopping malls),
churches, libraries, etc.

HERE

Social environment

ARSI Z SN 0] BE A SR M AR IR B R

Other relevant factors that may influence physical activities

ABARNEEED . FRE. SR BEE

All kinds of activities, traffic volume, air pollution, noise, etc.

=/

Subjective assessment

FFRVAGE X E A EEABE R B TR R 22 A0 WY

Auditors' intuitive assessments on the overall environment

o B B B S AT AN G T B A S M

An overall assessment of the suitability for walking and cycling along a road
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SPACE
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PIN3  WASABE AAT CAT IMI

MAPS

shopping and community activities)

NALP
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SWEAT

FUWIFE Subjective assessment

#4145 Social environment

iiﬂ!%uﬁﬁ/tt =) x

#xIX Signage

Mixed land use

#:4P1E R Maintenance

ZELER Safety
EMEF Aesthetics
oA Accessibility

Wi Facilities

ERMIFBHFE Basic environmental characteristics
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As is shown in Figure 3, indicators of mixed land use, basic
environmental characteristics, and safety are commonly found
across the community audit tools, where the number of the
former two items predominates, ranging from 33.33% (PIN3)
to 84% (SWEAT), with empirical studies proving a higher
level of safety and mixed land use can increase the community
vitality'*?®*!. The least mentioned factor is subjective assessment.
For example, indicators like “attraction of walking” are difficult
to quantify, therefore sometimes supplementary subjective
measurement is required. Subjective assessment is only included

64131 50 as the social

in four audit tools and sees a low reliability
environment factor (e.g., the noise occurs randomly and the
measurement results vary at different periods of time) which

is rarely adopted by most audit tools. Such social environment
factors may be improved indirectly through urban planning and
design approaches.

Among all the community audit tools, IMI and MAPS
witness a widest coverage of indicators and a relatively high
reliability. IMI is the most widely used community audit
tool**1**l MAPS excludes subjective assessment and has four
versions: the full version (including 200 indicator items) is
mainly used for measuring micro-scale environmental factors;
the abbreviated version (54 items) is mostly used in relevant
studies'®”’; MAPS-mini (18 items) is mainly employed for simple
measurement and welcomed by nonprofessional auditors
from community organizations'*’’; MAPS-global allows for
international comparison, whose reliability has been tested in
five countries””. NALP and SWEAT cover the fewest indicators;
specifically, items in NALP are concise and representative
for quick assessment of the support degree of the given

[71]

environment ', and SWEAT is developed for the measurement

of aged users’ physical activities and designed especially with

safety considerations"”,

3.4.2 Open Space Audit Tools

After reclassifying items of the eight open space audit tools,
two factor categories that are different from those of community
audit tools were identified, namely surrounding environment
and incivilities. Indicators of surrounding environment measure
basic environmental factors within a certain range around an
open space. Incivilities refer to the uncivilized behaviors (such as
littering) or unpleasant things (such as pet’s excrement) observed
in the open space. The distributions of indicators in each open
space audit tool are sorted as Figure 4.

Most empirical studies have demonstrated that proximity is

[72

key to the usage of open spaces””'”’!, Besides, Figure 4 reveals

many other potential elements, among which facility, as an easily
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4. Distribution of indicator

items among open
space audit tools

m EMPHE  Subjective assessment

m AT Surrounding environment
m XIS Incivilities

m #RI2  Signage

B 415N Maintenance
B Z2EZX Safety

m EWEZE Aesthetics
W oJikM Accessibility

B &jE Facilities

0k, TiffL, BHE, BER, KE

NEST NGST W ERHINIESFE  Basic environmental characteristics

measurable one, accounting for a highest percentage, e.g., up to
68% in PARK audit tool — probably because its popularization
in open spaces, especially in parks, can greatly help increase
physical activities. Similar to those for community, all the open
space audit tools measure basic environmental characteristics
(accounting from 12% to 22%), and subjective assessment

is least considered. Meanwhile, current studies less examine

the indicators of surrounding environment (only involved in
BRAT, CPAT, EAPRS, and POST), which should be taken into
consideration since it would subtly influence people’s behaviors
within or perceptions of open spaces'”*”*!,

Among these audit tools, BRAT and POST have a greatest
coverage of indicators, followed by CPAT and EAPRS. These
four tools are applicable at various scales. NEST and PARK
cover the fewest environmental factors (only 5 categories) and
can be used for a rough and quick measurement of open spaces
with little consideration of the surroundings. For the rest, NGST
and PARA exclude considerations on subjective assessment,
aesthetics, and surrounding environment and are often used
for assessing the environment’s direct influence on physical
activities. Witnessing the widest application, CPAT developed
the eCAPT version in 2016"*, and POST developed its New
Zealand version (NZ-POST) in 2010 and mobile application in
2018771781 All these new versions help popularize the audit tools
and simplify workflows.
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Adolescents are a major user group of open spaces.
Among the audit tools, CPAT and PARK are both youth-
oriented but notably different: CPAT is suitable for all-age user
measurement yet with an emphasis on teenagers, while PARK
mainly measures the environmental factors especially facilities,
encouraging adolescents’ physical activities. A large number
of empirical studies also have proved that sound facilities

.- . 79
facilitate teenagers’ exercise!”.

3.4.3 Audit Tools for Other Scenarios

In this paper, audit tools for other scenarios include the
ones for workplaces, urban streets, and cities.

Workplace is a main scenario for physical activities besides
communities and has received an increasing attention among
researchers. Workplace audit tools are mainly used to measure
outdoor walking spaces of a workplace (e.g., industrial and
college campuses), represented by WWAT[48] and ISCOLE"*",
Containing 9 indicators, WWAT is suitable for all types of
workplace with high user-friendliness and reliability. Nicholas
D. Gilson adopted WWAT in an international cooperative
study on major pedestrian routes of ten college campuses
in seven countries and regions (Australia, Canada, England,
Northern Ireland, Scotland, Spain, and the United States)™®", which
discovered significant variations in support degree to physical
activities among different campus environments: positive
factors include pleasant sidewalks, less conflicts between
walking and motor traffic, and conspicuous traffic signs, and
passive factors include poorly connected road system. Such
specific measurements and comparative studies can help
clarify the distinctiveness of each campus and inform related
improvement measures. ISCOLE, exclusively focusing on
environmental factors of workplaces such as college campuses,
measures recreational facilities and amenities (such as benches
and drinking fountains), aesthetic factors, and the suitability
for sports and general activities on playgrounds*”.

With an increasing popularity of pedestrian- and cyclist-
friendly streets, routes, paths, and trails"**, planners and
policymakers have started to value the significance in
tourism, retail, downtown renewal, recreation, and culture
propelled by outdoor activities™®’!. Assisted by audit tools
like PEAT, WABSA, and WRATS, recent studies on the
associations between urban streets and physical activities
have increased markedly. These tools are devised to measure
streets’ physical settings, including basic road characteristics,
facilities, and maintenance status, particularly the traffic
conditions of intersections which would affect people’s

willingness to travel.
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Cities are huge, complicated systems. Audit tools for cities
should be able to quickly measure a city’s overall characteristics.
RALA and MIUDQRW, two representative tools, both develop
overall index through the weighted combination model and
regulate threshold(s) for Healthy City identification and grading,
which facilitate comparative studies on the support degree
to physical activities across cities or different areas within a
city. RALA mainly measures factors of land use, subjective
assessment, recreational facilities, basic characteristics, policy
implementation, facility service condition (e.g., whether the
facilities in public schools are available to the public in non-
school hours), etc. MIUDARW is devised for measuring users’
experience and perception, focusing on the quantity and
proportion of environmental factors (landmarks, public art, etc.)

that would encourage or discourage physical activities.

3.4.4 Summary

To be brief, community audit tools emphasize the
influences of social-ecological environment on citizens’ lifestyle,
manifesting that active living could be supported by building
safe communities with highly mixed land use. Open space audit
tools examine various environmental factors that encourage
people’s physical activities. Workplace and street audit tools
primarily explore the environmental characteristics suitable for
walking and cycling, and city audit tools allow for a general and
quick review of a city’s support degree to physical activities.

4 Conclusion and Discussion

4.1 Existing Audit Tools and Development Trends

So far, audit tools for measuring built environment associated
with physical activities in countries of the United States, Canada,
Australia, etc. have developed systematic application procedures
in academic research, planning practice, and policy-making.

This paper profiles the 26 audit tools for built environment
measurement through a comparative analysis of indicator items
to study their application suitability in urban planning research
and practice. Diverse in forms, though, these audit tools have
three aspects in common. First, these tools are all developed and
applied in a same pattern (Fig. 5). Second, factors closely related
to physical activities (accessibility, safety, etc.) appear with a
higher frequency. Third, they are all easy to operate and sound
in reliability, offering the same or similar measurement methods
and indicator items for quick data collection and analysis.
Recently, two trends of audit tools have emerged:

1) Subdivided research on user groups. For example, the

obesity rate of children and adolescents keeps increasing
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globally, but there are inadequate places for them to do physical
exercise'*!l. Therefore, studies lay an emphasis on children’s and
teenagers’ behavior patterns and living environment to develop

targeted audit tools.

2) Multi-source data and new technologies. There are an
increasing number of studies integrating multi-source data
with field measurement to enhance audit tools’ validity and
reliability, and to promote their application in environmental
assessment and planning decision-making. Studies prove that
preliminary measurements with online maps see a lower cost
in operation and a higher effectiveness in measurement''**"¥7)
and can be used for the scenarios of difficulty in on-site
measurement (the areas of poor accessibility, etc.). As another
data source, mobile applications (Apps) based on smart devices

show a promising future for audit tools"*"®

, as they support
data collection and storage, scene and location identification,

and movement tracks.

4.2 Enlightenments on Establishing the Urban Environmental
Assessment System in China
Healthy environment planning and design in China is at its

initial stage. Auditing of environmental factors’ influence on
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citizens’ health, especially those at micro-scale, is still insufficient
and immethodical. It is essential to develop and promote audit
tools adaptive to China’s societal conditions and urban forms, and
construct a wide-ranging environmental assessment system so as to
steer health-oriented urban design throughout the country. Chinese
researchers are expected to strengthen audit tool studies from the
following three aspects.

4.2.1 Building a Scientific Framework on Locality

Given the significant regional diversity and urban-rural
gradient throughout China, it is necessary to stress the comparative
study on environmental factors to physical activities across cities
and regions.

Two roadmaps are suggested here for the preparation of
audit tools. One is to adapt the frameworks of proven audit tools to
China’s circumstance; the other is to develop an audit tool consisting
of all the commonly-mentioned environmental indicators after field
research and further literature review for quick measurement across
cities and regions, providing a baseline for comparative studies.
It is necessary to identify research objectives, objects, and site
conditions through cooperation among different stakeholders by
selecting proper scoring methods and indicators and adjusting the
framework of existing tools. For example, the indicators of mixed
land use that are highly weighed in foreign audit tools cannot be
adopted to measure or interpret urban built environment in China,
because the mixed land use level and pattern in Chinese cities vary
considerably, where gated residential communities sometimes cause
spatial fragmentation and low-usage streets. Also, cross validation
is a key to determine an audit tool’s structure and indicator items
but is often ignored in current standardized measurements. Finally,
machine learning algorithms could be introduced to make auditing
more refined, targeted, and multi-scaled, facilitating dynamic
monitoring and feedback.

4.2.2 Adaption to Dynamic Environment

The rapid urbanization since the 1990s in China has caused
dramatic changes of socio-economic environment in urban
structure, form, and fabric at varied scales, which has greatly
impacted citizens’ physical activities. These changes should be
responded through dynamic indicator constitution and scoring
method selection to improve environmental assessment of support
degree to physical activities. In addition, social, cultural, and
environmental changes should be considered, since they may
influence people’s perceptions and behaviors. For instance, the
emerging square dancing enriches citizens’ public activities, the
increasing vehicle dependence has reduced people’s walking hours,

and frequent haze has dispelled people’s willingness to travel®,
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These factors need to be attached importance in audit tool
development and design interventions for positive activity spaces.

4.2.3 Interdisciplinary and Multi-Department Collaboration in
Decision-Making

Interdisciplinary research is indispensable for built environment
auditing and positive design intervention. Cross-department
collaboration should be enhanced to propel relevant decision-
making processes.

Macro-, meso-, and micro- audit tools can be used to inform
master planning, regulatory planning, and detailed planning,
respectively. In master planning, by overlapping environmental factors
and public health data, it would be helpful to compare the impacts
of these environmental factors across different cities and regions,
providing a basis for optimal design. In the stages of regulatory
planning, detailed planning, and urban design, audit tools provide
guidelines for site design and for performance evaluation of planning
and design. For planning management, audit tools could be used
for performance monitoring and feedback collection to improve the
coordination of decision-making. In addition, the promotion of audit
tools benefits to increasing community governors’ health awareness,
enhancing public participation, and improving public health level

through bottom-up efforts.

4.3 Reflection

In China, empirical studies on physical activities and built
environment are still inadequate in the diversity and systematism
of research interests, which impedes the practice of health impact
assessment and fails to offer intelligential support to positive
intervention. This paper analyzes the existing audit tools for active
living and summarizes the valuable knowledge and methods that
can be used for developing audit tools. Given that it is difficult to
comparatively study the efficiency and every indicator item among
various audit tools, such differences are not examined in this
paper. In the future, field measurements with same category audit
tools should be conducted for more comprehensive and specific
comparative studies.

Concentrating on reviewing the indicator items and the
preparation and development of audit tools, this paper does not
include discussions about the validation process and adjustment
method of the audit tools — two indispensable steps in local
empirical research to given study areas — neither compare the
environmental benefits of different factors. Further efforts are
expected in future studies. LAF
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