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Abstract: Many scientific papers that deal with the topic of the pedestrian environment use a prede-
fined form for assessing or evaluating its quality as a basic methodological instrument. The aim of
this research is to emphasize the dimension of the available audit tools or methodologies in order to
develop a full-scale database of indices that can be used for the measurement and evaluation of the
pedestrian environment. By analyzing 115 research papers selected according to predefined selection
criteria, the basic methodological apparatus or the evaluation instrument was observed. Based on
the analysis carried out in this way, a number of 40 valid instruments were identified by which it
was possible to evaluate the pedestrian environment. The observed instruments have a high level
of reliability according to the high values of the ICC coefficient, IRR test, or Kappa value. There are
193 items for the evaluation of the pedestrian environment that were derived from the observed
instruments. The items were arranged over seven groups regarding the quality of the pedestrian envi-
ronment, namely, Functionality, Safety, Comfort, Mobility, Environment, Connectivity, and Aesthetics.
On average, the items distributed over those seven groups are in use throughout the entire pool
of instruments at the level of 47.41% across all groups. There are 30 instruments or methodologies
that are objectively based, 4 subjectively oriented, and 6 with elements of both approaches. Of the
instruments, 14 measure and assess the pedestrian environment through a quantitative data set,
while 20 are designed for qualitative assessment. Only six of the instruments contain both qualitative
and quantitative measuring items. A large percentage of analyzed papers that use a predefined
methodology or instrument indicate the need to deepen the field of research and to include additional
aspects that would give more authoritative results.

Keywords: pedestrian environment; walkability; audit tool; assessment methodology

1. Introduction

In light of global problems such as overpopulation, exploitation of fossil fuels, global
warming, issues of ecology, and general and mental health, by analyzing the factors,
influences and whom they affect, we can first extract the human as a universal variable.
Analyzing the quality of human life and looking at these aspects and factors, we can
say that there are a number of problems in relation: human-society, human-needs, and
human-space. In this sense, it is possible to describe the principle of modern human
life through the needs of the place of residence, work and way of working, style, and
living standard. This opens up many questions in the field of culture of living, existential
principles, technical and technological means of support, general physical and mental
health, and other closely related issues.

Many aspects are related to the quality of space in the built environment. With the
aim of increasing the quality of life, worldwide activities are directed at the improvement
of the living environment by applying the principles of sustainability and introducing new

Appl. Sci. 2023, 13, 4408. https:/ /doi.org/10.3390/app13074408

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app13074408
https://doi.org/10.3390/app13074408
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-0830-9753
https://orcid.org/0000-0003-4252-258X
https://orcid.org/0000-0002-6767-606X
https://orcid.org/0000-0002-7355-7403
https://orcid.org/0000-0001-9102-8065
https://doi.org/10.3390/app13074408
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app13074408?type=check_update&version=1

Appl. Sci. 2023,13, 4408

2 0f23

principles that lead to greater resilience of the places where we live. The principles of
sustainability and resilience of cities are advocated by Jan Gehl, the leading representa-
tive of theorists and critics of the development of sustainable architecture and urbanism
in the 21st century. Jan Gehl stands for the idea of returning cities to their people by
verifying these attitudes through the filter of the human dimension of space [1]. Cities
such as Copenhagen, Amsterdam, Stockholm, Vienna, Munich, Boston, New York, Athens,
Rome, and others have already adopted strategies and plans for central pedestrian areas
of the city as a direction towards sustainable and resilient cities. Besides Gehl, there are
several other statements supporting the development of sustainable architecture and urban-
ism [2,3]. This is also supported by research and projects, such as Shared space—application
of contemporary alternative methods of urban planning [4]; COST C6 i COST 358 ac-
tion (https://www.cost.eu/ (accessed on 29 March 2023)); ADONIS (Analysis and De-
velopment Of New Insight into Substitution of short car trips by cycling and walking);
WALCYNG, walking and cycling strategy and action plan (https://safety.thwa.dot.gov/
(accessed on 22 September 2020)); Sydney2030/Green/Global /Connected, Walking strat-
egy and action plan (https://apo.org.au/ (accessed on 23 September 2020)); Your city,
your space: Dublin city public realm strategy (https://www.dublincity.ie/ (accessed on
23 September 2020)); Reclaiming city streets for people. Chaos or quality of life?—EU com-
mission (https://op.europa.eu/ (accessed on 23 September 2020)); Pedestrian safety guide-
lines for residential streets, Boston transportation department (https://www.boston.gov/
(accessed on 24 September 2020)), etc.

Besides various studies and actions in a practical sense, through projects, applications,
and strategies, contribution is actively provided through scientific research at the level
of pedestrian experience and perception [5-8], technical analysis considering various
aspects [9-13], and theoretical research worldwide [14-16].

By using the descriptive method and SWOT analysis, Bagheri et al. [17] state the need
to improve undeveloped areas in the direction of sustainable urbanism and architecture
through strategies for the development of sustainable transport modalities, of which the
greatest emphasis is on walking as a form of transport. In this sense, walkability is a current
topic that considers the parameters that affect the quality of the environment used by pedes-
trians. Southworth [18] emphasizes the most important criteria with indicators relevant to
raising the quality of the pedestrian environment in cities. Among those criteria, the most
important are Connectivity, Transport Modes, Safety, Land Use, Design of the Environment,
and Natural Environment. Brownson et al. [19] assert general groups of indicators, which
refer to Population and Demographic Data, Land Use, Accessibility, Street Pattern, Traffic
Data, Crime and Traffic Safety, and Environment. A more detailed analysis is given by
Tabatabaee et al. [20], which indicates several attributes: Accessibility, Comfort, Pleasura-
bility, Traffic Factors, Safety (from crime and traffic), Geometry/Environmental/Footpath
Factors, Pedestrian Movement Factors, Aesthetics, Functionality, Destinations, Environ-
mental Appearance, Activity Potential, Shade, Convenience, Walking Facilities, Usability,
and Exploration.

In addition, it is important to observe the way of evaluating the pedestrian envi-
ronment from a subjective or objective aspect [21-24]. Most auditing-based walkability
assessment models objectively measure the association between built environmental walk-
ability and individuals’ perception and preference of route selection, but cannot measure
this correlation subjectively [25]. Subjective measures have received less attention so far
in research studies due to the complex form of surveys and data processing, as well as
problems of perceptions of different dimensions/items of perceived walkability [21].

By analyzing the available methodologies and procedures for the evaluation of the
pedestrian environment, this paper aims to present the details of the measuring instruments
that are used to evaluate the pedestrian environment in order to be able to derive adequate
elements and indicators for evaluation. Therefore, the aim of this research is to emphasize
the dimension of the available audit tools or methodologies in order to develop a full-scale
database of indices that are used for the measurement and evaluation of the pedestrian
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environment. There are several research questions that arise according to the aim of
this paper:

Which domain do the instruments cover/apply to?

Which method of data collection is used in the instruments?

Which level of application does the instrument refer to?

Which type of users is the instrument adjusted to?

Which aspect of analysis is in focus?

What level of reliability does the instrument provide?

What are the groups of indices that represent the instrument?

What is the level of significance and contribution of each of the indicators for the
observed methodologies?

2. Research Database Materials and Analysis

The methodological procedure of this paper refers to an extensive review of the
literature and articles on the topic of pedestrian environment evaluation. The research
of this paper was performed using the following phases: Introduction (Section 1), with
research problems and questions, also with the aims and goals; Online search of the litera-
ture (Section 2); Results with the criteria for the selection of the research and analysis of
the selected papers and discussion of the presented results, with presentation (Section 3);
Conclusion (Section 4); Literature and references. The methodology of this paper is pre-
sented in Figure 1.

Background Identification of Aims of the Research
g the problem research questions
Comprehensive -
search of the Ad'"?"al o A
literature through - mart\'t:a Se;“c > Total hits
databases and tousy
registers references

Selection of the references relevant for

. Selected Derived methodologies/audit
the research based on the theoretical ——% studies e T
and conceptual framework
Presentation of Table 1 - List of the Table 2 -

Table 3 - Detailed sistematisation and

the results from ——» selected methodologies =  Details of the - presentation of the findings - Indices
Step 3 - in general methodologies
Conclusion of the results and Contribution
discussion and the summary of the — and the - Future work
findings research gaps

Figure 1. Flowchart of this paper’s methodology.

By searching databases of academic papers, e.g., Scopus, Web of Science, and MED-
LINE, we found a significant number of articles on the general topic: pedestrians as a group
of traffic participants, pedestrian aspects—field of expertise, spaces used by pedestrians,
general characteristics of traffic participants, and other aspects that affect the analysis. The
search of the papers was conducted under the PRISMA statement [26].

In order to identify appropriate studies, we applied a predefined criteria search
through two categories: (1) papers considering the pedestrian environment or walkability
or the neighborhood environment and (2) audit-tool-related or papers with a specific
measurement instrument or assessment procedure or scale or tool. During the search of
relevant literature through these databases, keywords were used according to the following
model: PEDESTRIAN ENVIRONMENT (and) (WALKABILITY (or) AUDIT TOOL (or)
ASSESSMENT. The search strategy for the mentioned databases is shown in Figure 2.
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Web Of Science

Scopus

pedestrian environment* (Topic) OR walkability* (Topic) AND audit toal* (Title) OR assessment methadology*
(Title) and 1996 ar 1997 or 1998 or 1999 (Exclude — Publication Years) and Article or Review Article
{Document Types) and Other or Meeting or Early Access or Unspecified or Clinical Trial or Editorial Material
or Ahstract or Correction or Book or Case Report or Data Paper or Letter or Report or Retracted Publication
or News or Retraction (Exclude - Document Types) and Engineering or Environmental Sciences Ecology or
Transportation or Sacial Sciences Other Topics or Behavioral Sciences or Urban Studies or Architecture
(Research Areas) and Pedestrians or Walking or Adult or Surveys And Questionnaires or Environment or
Built Environment or Environment Design or Bicycling or Transportation (MeSH Headings) and Methods or
Analysis ar Instrumentation or Statistics Numerical Data or Classification (MeSH Qualifiers)

L. s

walkability and pedestrian* and audit and toal or assessment or methodology and ( limit-to (oa, "all"))
and (limit-ta ( subjarea, “soci”) or limit-to ( subjarea, "envi") or limit-to ( subjarea, "engi") or limit-to (
subjarea , "heal") or limit-to ( subjarea , "arts") or limit-to ( subjarea , "mult*}) and (limit-to ( doctype ,
“ar*) or limit-to ( doctype, “re")) and (limit-to ( exactkeyword , “walking") or limit-to { exactkeyword ,
"“walkability" ) or limit-to ( exactkeyword , "built environment") or limit-to { exactkeyword , “"physical activity" )
or limit-to ( exactkeyword , "neighborhood") or limit-to ( exactkeyword , "pedestrian” ) or limit-to (
exactkeyword , "environment design” ) or limit-to { exactkeyword , "environmental planning” ) or limit-to (
exactkeyword , "urban planning” ) or limit-to ( exactkeyword , "urban design") or limit-to ( exactkeyword ,
"urban area") or limit-to ( exactkeyword , "public health" ) or limit-to { exactkeyword , "environmental factor”
) or limit-to ( exactkeyword , "transportation" ) or limit-to ( exactkeyword , "pedestrians” ) or limit-to {
exactkeyword , “sustainability”) or limit-to ( exactkeyword , “accessibility") or limit-to { exactkeyword ,
“traffic and transport” ) or limit-to ( exactkeyword , "cross-sectional study” ) or limit-to ( exactkeyword ,
"questionnaire” ) or limit-to { exactkeyword , "cross-sectional studies”) or limit-to { exactkeyword , “"public
transport” ) or limit-to ( exactkeyword , “mobility” } or limit-to { exactkeyword , "public space") or limit-to (
exactkeyword , "regression analysis" ) or limit-to ( exactkeyword , "bicycling”) or limit-to ( exactkeyword ,
"city planning" ) or limit-to { exactkeyword , "environment") or limit-to { exactkeyword , "review") or limit-to
( exactkeyword , "active transport” ) or limit-to ( exactkeyword , "social environment” ) or limit-to (
exactkeyword , "surveys and guestionnaires” ) or limit-to ( exactkeyword , "sustainable development") or
limit-to ( exactkeyword , "guantitative analysis" ) or limit-ta ( exactkeyward , "urhan transport”) or limit-to (
exactkeyword , "quality of life" ) or limit-to ( exactkeyword , "guestionnaire survey") or limit-to {
exactkeyword , "traffic safety” } or limit-to ( exactkeyword , "methodology” ) or limit-to ( exactkeyword ,
“transportation mode” ) or limit-to { exactkeyword , “urban development") or limit-to ( exactkeyword ,
"urbanization" ) or limit-to { exactkeyword , "pedestrian mobility" ) or limit-to { exactkeyword , "systematic
review" ) or limit-to { exactkeyword , "level of service") or limit-to ( exactkeyword , “literature review" ) or
limit-to { exactkeyword , "environmental health") or limit-to ( exactkeyword , "longitudinal study”) or limit-to (
exactkeyword , "sidewalks” ) or limit-to { exactkeyword , "transportation system” ) or limit-to { exactkeyword ,
"urban environment” }) and ( limit-to ( language , "english"))

walkability assessment audit tool[Title/Abstract]

o

Figure 2. Chart of the search strategies for WoS, Scopus, and MEDLINE. The * symbol is added as
a expanded search symbol. It search sufixses, prefixes, or spelling variations etc.

Figure 3 provides an overview of the review process of the papers, as well as the
number of papers selected for the analysis from each stage. The flowchart in Figure 3 shows
the criteria for the selection of the papers relevant for further analysis.

During the screening process, articles were included if they met the following criteria:
papers available in English language and other languages that we were able to understand
(such as Balkan native languages); papers from the group of environmental studies, engi-
neering studies, social studies, and other relevant areas; papers focused on the usage of
specific tools or assessment or an audit tool or questionnaire or survey; general studies
considering age and gender; relatively fresh literature; literature with full text available.

Articles were excluded if they met the following criteria: language other than English
that we were not able to understand (or Southern Balkan native languages); focused
on medical and clinical trials, general health-oriented, technical report opinions, and
discussions; studies with a focus on obesity, body mass index, walking inside buildings,
and pedestrian simulations; strict age/gender studies; older than the year 2000; and full
text not available or missing. A preview of the inclusion or exclusion criteria is shown
in Figure 4.
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Records identified from:
Databases (n = 587):
= Web of Science (n =294) Records removed before screening:
% Scopus (n = 279) Duplicate records (n = 7)
L Medline&PuBMED (n = 14) Records marked as ineligible by automation
= Registers (n = 102): tools (n =0)
§ ScienceDirect (n = 36) Records removed for other reasons (n =5)
Active Livign Research (n = 26)
Drjimsallis.org (n = 40)
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(n =689) ) (n=153)
Y
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§ (n =5836) (n=12)
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TP Irelevant based on the Title (n = 393)
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(n =524)
keywords (n = 13)
Irelevant Based on the Full Text (n = 3)
g New studies included in review
%’ (n=115)
[ =

Figure 3. Flowchart of the literature review process.

ELEMENTS FOR INCLUSION

Full text in English,
Serbian, Croatian, Bosnian, Montenegrin

Empirical studies, Theoretical papers, Conceptual
papers, Analisys of the data from the field - studies,
Analisys of the data from observations - studies,
Reviews, Meta - analisys

Studies focused on the usage of the Tool or an Audit, or
an Instrument / Questionaire or a specific Procedure or
Survey

All age - range studies, Specific age studies regardles
gender, All gender studies

Year range from 2000 to 2023

Full text - available

ELEMENTS FOR EXCLUSION

All other languages

Medical and clinical trials, General health, Technical
reports, Books, Oppinions, Discussions

Studies focused on a signe-point of view (Obesity, BMI,
walking inside the buildings - tbus stations or railway
stations or malls, simulations, etc.)

Strict age-gender studies

<2000

Full text not available, not exists, missing refferences

Figure 4. Elements for the inclusion or exclusion of the available studies.



Appl. Sci. 2023,13, 4408

6 of 23

From all available platforms for scientific research, a number of research papers
dealing with the analysis of the pedestrian environment regarding certain aspects were
selected. All of the papers use some form of predetermined methodology, use their own
designed instrument, or deal with the comparison of several of the most significant and
available methodologies/instruments. A total of 115 papers were selected for analysis. In
the observed research papers, 40 methodological procedures/instruments for evaluation
appear, which represent the subject of the research of this paper. These instruments were
extracted from the context of the analyzed scientific research, and they were observed
independently. This means that if the research deals with designing the instrument, it
is observed in its original form. The instrument that was used for the research in its
predetermined form was observed independently from that research.

3. Results and Discussion

From the pool of analyzed papers, there are a certain number of articles that use the
same evaluation instrument. In that sense, they are considered as one observed instrument.
The dimension of acquired instruments can be seen in Figure 5.

""Neighborhood scale ©
Urban level

Rural level

Micro Macro

DIMENSION OF AN AUDIT TOOLS / INSTRUMENTS / SURVEY FORMS / QUESTIONAIRES / PROCEDURES / METHODOLOGIES

Type of space - class of observed space e Age clssification OGender clssification e Type of usage Aspects

Parks, Schools, Historical Areas, Central Areas, Promenades General population General population Walking for: Obesity

Pedestrian network elements Adults Seniors Male Purpose Recreation Recreational/BMI

Sidewalks Streets Crossroads Young/Youth  Adolescent Female Leisure Shopping Physical Activity

Figure 5. The dimension of observed audit tools survey forms, questionnaires or instruments.

According to the dimension of the observed tools, their domains and aspects, their
level of significance, and their level of reliability, there are several tools identified: the
Pedestrian Health-Oriented Audit (PHOA) [27]; Study of Environmental and Individ-
ual Determinants of Physical Activity (SEID) [28]; Neighborhood Environment Walkabil-
ity Scale (NEWS) [29-35]; Microscale Audit of Pedestrian Streetscapes (MAPS) [36-38];
Neighborhood Brief Observation Tool (NBOT) [39,40]; Irvine-Minnesota Inventory Form
(IMI) [41-44]; SPOTLIGHT-Virtual Audit Tool (S-VAT) [45]; Collaborative Research of
AGEing in EU (COURAGE) [46]; Active Neighborhood Checklist (ANC) [47-50]; Sys-
tematic Pedestrian and Cycling Environmental Scan (SPACES) [51-53]; Environmental
Profile of a Community Health (EPOCH) [54]; Path Walkability Assessment (PWA) [25];
Walkability Assessment Checklist (WAC) [55]; Senior Walking Environment Audit Tool
(SWEAT) [56-59]; International Physical Activity Questionnaire (IPAQ) [60-66]; Path Walk-
ability Indicators (PWI) [67]; International Physical Activity & Environment Network
(IPEN) [68,69]; Road Safety Audit (RSA) [70]; Pedestrian Level of Service (PLOS) [71,72];
Gross Sidewalk Walkability Index (GSWI) [73]; Pedestrian Environment Data Scan
(PEDS) [74,75]; Path Environment Audit Tool (PEAT) [76]; Active Accessibility (AA) [77];
Field Survey Instrument (FSI) [78]; Physical Activity Resource Assessment (PARA) [79];
Analytic Hierarchy Process (AHP) [80]; Utah Household Travel Index (UHTS) [81]; Pedes-
trian Environment Quality Index (PEQI) [82]; Parks, Activity and Recreations among
Kids (PARK) [83]; China Urban Built Environment Data Scan Tool (CUBEST) [84]; Pedes-
trian Environment Review System (PERS) [85]; Virtual—Systematic Tool for Evaluating
Pedestrian Streetscapes (V-STEPS) [86]; Audit of Physical Activity Resources for Seniors
(APARS) [87]; Physical Activity Neighborhood Environment Scale (PANES) [88-93]; Grad-
uate Ready for Activity Daily (GRAD) [94-96]; Environmental Assessment of Public
Recreation Spaces (EAPRS) [97,98]; Walk Score Index (WSI) [99-103]; School Audit Tool
(SAT) [104]; Public Space Quality Index (PSQI) [105-107]; Walking Suitability Index for
Territory (T-WSI) [108-110].
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3.1. Pedestrian Health-Oriented Audit

Moudon and Chanam [27] analyze several classes of parameters that refer to the walk-
ing and bicycling environment by using the Pedestrian Health-Oriented Audit (PHOA)
instrument. In general, the main groups of parameter classes are Roadway characteris-
tics, Network, and Area. They are defined as spatial-physical aspects. The parameters
that influence the quality of traffic flow are listed as spatial-behavioral aspects. Con-
sidering a user feedback system, the authors define a group of such parameters as
spatial-psychosocial aspects.

3.2. Study of Environmental and Individual Determinants of Physical Activity

McCormack et.al. [28] use the Rach model of analysis, a mathematical model based on
the latent property of the stochastic joint measurement of pedestrians and objects using
the property of the equal scale interval. They perform the Study of Environmental and
Individual Determinants of Physical Activity (SEID). The general characteristics of this
study refer to the assessment of the psychometric properties of the instrument for the
valorization of the pedestrian environment and the design of indicators that show the
degree of support for walking in a pedestrian environment. The two relevant groups of
parameters are Functionality /Safety and Aesthetics.

3.3. Neighborhood Environment Walkability Scale

Weiss et al. [29], Brownson et al. [30], Saelens et al. [31], Rosenberg et al. [32], and
several others [33-35] use the Neighborhood Environment Walkability Scale (NEWS) in-
strument. The main aspects of this instrument are Land use, Connectivity, Aesthetics, and
Pedestrian safety.

3.4. Microscale Audit of Pedestrian Streetscapes

Millstein et al. [36], Sallis et al. [37], and Cain et al. [38] use the Microscale Audit of
Pedestrian Streetscapes (MAPS), developed by James Sallis and a group of other authors,
available at: https://drjimsallis.org/measures.html (accessed on 10 January 2023). The au-
thors analyze details related to the pedestrian space relative to the physical activity of users.
The tool is designed for the analysis of movement paths, network segments, crossing sys-
tems, and blind corridors. It relies on screening through approximately 84 applicable items.

3.5. Neighborhood Brief Observation Tool

Evenson et al.’s [39] and Caughy’s [40] Neighborhood Brief Observation Tool (NBOT)
is an instrument that relies on the factorial analysis of environmental data or EFA (ex-
ploratory factorial analysis). The authors perform a comparative analysis between two types
of pedestrian environments, rural and urban, through seven groups of indicators, which
are Functionality, Safety, Aesthetics, Destinations, Territoriality, Social spaces, and Physical
incivilities. Data collected from the field were obtained by using a modified PIN3 tool. The
PIN3 pedestrian environment assessment tool refers to pedestrians and cyclists as users.
The instrument is intended for objective data collection through four groups of indicators:
Street network (Arterial road), Walkable neighborhood, Untidiness (Physical incivilities),
and Decorations. The tool was originally developed for use in the urban and rural areas
of North Carolina in America. Spatial and physical parameters were processed by EFA
analysis, while mutual comparisons were made by CFA (confirmatory factor analysis).

3.6. Irvine-Minnesota Inventory

Gasevi¢ et al. [41], Brown et.al. [42], Gallimore et al. [43], and Boarnet et al. [44] use
the Irvine-Minnesota Inventory (IMI) form. Speaking in the sense of the methodology,
the analysis comes down to a subjective and objective evaluation of the pedestrian en-
vironment. Individual groups of indices regarding this methodology are Traffic safety,
Security (Personal safety), Attractiveness, Social environment, and Amenities. As the main
drawback of this methodology, the authors state the impossibility of subjective assessment.
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3.7. Virtual Audit Tool

Betlehem et al. [45], by relying on online available information based on the GIS
platform and Street View tools, create the tool SPOTLIGHT-Virtual Audit Tool (5-VAT),
which functions as part of the larger SPOTLIGHT research. The tool proved to be reliable
based on the research conducted by the authors, and it consists of eight groups of indicators
related to Walking, Cycling, Public transport, Aesthetics, Land Use, Retails, and level of
physical activity.

3.8. Universal Design and Health Promotion

Quintas et al. [46] present the Universal Design and Health Promotion Project, which
represents a platform for the unification of available pedestrian assessment methodologies.
This project listed 101 methodological tools that evaluate the degree of quality of the
living environment. With exclusions, the final list considered 15 instruments applicable
on the European continent with 77 relevant and generally applicable indicators for the
valorization of the pedestrian environment, both for people with unrestricted movement
and for people with disabilities. General groups of indicators are from the domain of Land
use, Functionality, and General infrastructure of the pedestrian environment. Tools and
a list of indicators can be found at https:/ /sdc.ahslabs.uic.edu/wp-content/uploads/sites/
4/2014/04/ (accessed on 18 January 2023).

3.9. Active Neighborhood Checklist

The tool developed for field data collection, the Active Neighborhood Checklist (ANC),
by Hoehner et al. [47] is a common instrument in various studies [48-50]. This tool is
structured into the six categories: Land use, Public transportation, Street infrastructure,
Pedestrian environment quality, Pedestrian, Cyclist, and other infrastructure. This tool
includes 72 indicators from those groups.

3.10. Systematic Pedestrian and Cycling Environmental Scan

The research tool SPACES (Systematic Pedestrian and Cycling Environmental Scan),
which includes aspects of infrastructure design, location, and the user themselves, was
developed according to a large amount of data collected from the field. This tool was
developed by Pikora et al. [51] and is a common research instrument for several other
studies [52,53]. The parameters that affect the results are related to traffic, infrastructure
design, and design of intersections, but also the design of pedestrian avenues. Ease of use,
reliability, and practical collection of data are elements of the methodological procedure of
this tool.

3.11. Environmental Profile of a Community Health

Research regarding the EPOCH methodology conducted by Chow et al. [54] includes
an overview of several methodological procedures for the valorization of the pedestrian
environment. Among them, the most influential and significant are the SPACES, IMI, WI,
and NEWS tools, which use the direct method (application in the field) of evaluation and
user perception as an additional aspect. Due to a more universal approach and application
around the world, data availability, and data collection time, the analysis of this research
discards the user aspects, and the EPOCH (Environmental Profile of a Community Health)
tool was developed, designed to refer only to the physical aspect of the built environment.
The basic groups of indicators used by this novel tool are Aesthetics, Community disorder
level, Urban density, and Overall appeal. Although a subjective aspect, the last group
refers to the evaluation of the person who performs the evaluation and not of the user of
the space.

3.12. Path Walkability Assessment

Due to different movement needs, the platform that was developed by Keyvanfar et al. [25]
for the needs of this research is PWA (Path Walkability Assessment), and it is based on checking
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the quality of the pedestrian environment through five classes of indicators: Safety and
security, Connectivity, Comfort, Convenience, Aesthetics, and Attractiveness. The authors
believe that the model is universally applicable throughout the world, considering that it
uses the physical qualities of the observed environment.

3.13. Walkability Assessment Checklist

By comparing the opinions of children and the opinions of parents, from the as-
pect of safety when it comes to the behavior of pedestrians in a pedestrian environment,
Mendoza et al. [55] obtain an overview and feedback on the degree of safe movement in
the network. In this sense, they use two tools, the WAC (Walkability Assessment Checklist)
obtained as a free evaluation tool as part of the SRTS (Safe Routes to School) program
and a tool for evaluating the behavior of pedestrians on the path of movement. The dis-
advantages of these tools are the impossibility of examining several different ages and
structures of children in combination with parental observations, but also the fact that the
tools are reduced to almost physical indicators of the observed pedestrian environment.
The conclusion of this research refers to the guidelines for the tool improvement, i.e., to
expand the areas that include more criteria for evaluating the pedestrian environment.

3.14. Senior Walkability Environment Audit Tool

For most studies regarding the pedestrian environment, it is necessary to set the target
group of respondents, considering that all measurement instruments are adapted to the
different needs of users of the pedestrian environment. The basic tool for evaluating the
environment used by seniors is SWEAT (Senior Walkability Environment Audit Tool).
developed by Cunningham et al. [56]. Other studies [57-59] use the revised or adjusted
version of the SWEAT tool. The basic feature of this tool is the ability to evaluate the
functionality of the space, destinations, aesthetics, and personal/traffic safety and comfort.
The reliability level of this tool is classified as highly reliable through a high percentage
of indicators.

3.15. International Physical Activity Questionnaire

With the aim of harmonizing the objective evaluation with the subjective evaluation
of the quality of walking space, a tool for collecting subjective data, the IPAQ International
Physical Activity Questionnaire was designed as part of the PLACE (Physical Activity
in Localities and Community Environments) study, based on the NEWS (Neighborhood
Environment Walkability Scale) tool. The basic groups of indicators are Land use and
Connectivity. The tool used in this way gave good results in evaluating the set criteria.
The authors who deal with this research [60-66] and use the IPAQ tool indicate a great
possibility for misunderstandings of evaluation data if the criteria are not defined very
precisely at the beginning of the work. This means that objective measurements and
subjective measurements must be harmonized at the start so that the results can be used in
a valid and reliable way.

3.16. Path Walkability Indicators

Based on several groups of indicators considering a pedestrian-friendly environment
according to Moaeyedi et al. [67] the quality of the pedestrian environment is valorized
through Accessibility, Convenience, Personal safety, and Traffic safety. In addition, this
research emphasizes and examines, thereby indicating an exceptional connection with
parameters from groups of indicators such as Distances, Topography, Climate and weather
conditions, Land use, and Social factors. They use the Path Walkability Indicators tool,
consisting of 92 indicators for analysis.

3.17. International Physical Activity and Environment Network

The IPEN (International Physical Activity and Environment Network) platform is
a comprehensive review of the various studies. The methodologies are applied in those
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studies, techniques, samples, target groups, and criteria for the valorization of the pedes-
trian environment. As part of the platform, a multidisciplinary team of experts [68,69]
covers the state of research in several countries of the world and presents guidelines for
further coordination of future research, because due to the type of environment being
observed, subjective indicators (preferred in measurement), objective indicators (obliga-
tory in measurement), psychosocial measures, general quality of life (indicators based on
health assessment, annual income and standard of living), and demographic variables, it
is not possible to adopt a uniform tool model for evaluating the pedestrian environment.
In terms of data collection within the IPEN study, the main base of indicators was extracted
from the IPAQ (International Physical Activity Questionnaire) and NEWS (Neighborhood
Environment Walkability Scale) tools.

3.18. Road Safety Audit

Institutional studies only speak in favor of the need to deal with certain topics, with
the aim of recognizing the importance of a given topic and research area, when viewed in
relation to individual researchers. Regarding this, the systematic approach to the analysis
of factors important for the safety of pedestrians in the built environment carried out by
this research provides an exceptional contribution and support for the continuation of
research in the field of pedestrian environment evaluation. The basic parameters taken into
consideration in this study conducted by Thomas et al. [70] are Roadway data, Motorized
traffic (traffic data), Non-motorized traffic (Non-motorized data), Public transport (Transit
data), Land use, Socioeconomic aspect (Socioeconomic data), and Risk factor (Pedestrian
crash data). For the purposes of data collection, three developed methodologies were used
as part of this study: SSPST (Systemic Safety Project Selection Tool), PBISI (Pedestrian
and Bicyclist Intersection Safety Indices), and ATPT (Active Trans Priority Tool). These
methodologies were developed at the institutional level, and the customer is the FHWA
(Federal Highway Administration). Several evaluation tools can be found at this site:
https:/ /www.road-safety-audit-wa.org/_home/check.html (accessed on 18 January 2023).

3.19. Pedestrian Level of Service

From the aspect of traffic safety in a pedestrian environment, dealing with the eval-
uation of the pedestrian environment on a micro level, Landis et al. [71,72] use street
infrastructure segments (a street segment between two intersections) as a polygon for ex-
periments. Indicator groups are related to Road infrastructure design, Traffic characteristics,
and Pedestrian traffic characteristics in order to assess the level of pedestrian safety from
the impact of motor vehicles. The methodological approach gave satisfactory results when
it comes to the micro level of one segment, but in terms of looking at the wider picture,
when it comes to the level of quality of pedestrian circulation, it is necessary to include
more aspects.

3.20. Gross Sidewalk Walkability Index

The Gross Sidewalk Walkability Index (GSWI) is a methodological tool for the evalu-
ation of the physical infrastructure of pedestrian areas developed by Gokhale et al. [73].
It refers to the parameters related to sidewalk infrastructure. The model was developed
based on the level of service of the pedestrian network and structured for evaluation based
on five levels scale from A to E (from best to worst). Basic measurable indicators are the
width, the length of the sidewalks, the general state of the infrastructure, equipment, and
part of the physical environment.

3.21. Pedestrian Environment Data Scan

Slifton et al. [74], based on the research of several available methodologies, develop
a very reliable instrument for evaluating the pedestrian environment, PEDS Pedestrian
Environment Data Scan. The advantage of this tool compared to other tools is the subjective
assessment of certain segments that affect the quality of the pedestrian environment. The
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basic groups of indicators of the quality of the pedestrian environment are Land use,
Physical structure of the network (Sidewalk and street design), Vehicle and pedestrian
collision aspect, and Safety and Security. The tool is considered a very acceptable and
reliable instrument, because it is universally applicable to any built environment, both
urban and rural. This tool is also applied in other studies [75].

3.22. Path Environment Audit Tool

Troped et al. [76] develops the tool PEAT (Path Environment Audit Tool). The charac-
teristic of this analyzed tool is the evaluation of the quality of the pedestrian environment
on a predefined course of pedestrian movement, evaluating segment-by-segment on that
path. The use of the tool is reduced to evaluation through groups of indicators, namely,
Design, Amenities, and Aesthetic values. The authors believe, based on their research, that
the tool has acceptable reliability, as well as readiness to be used in practice.

3.23. Active Accessibility

It is of great interest to investigate as many aspects as possible that influence the quality
of the pedestrian environment. Vale et al. [77] look at the given problem in a comprehensive
way and through five groups of indicators, they analyze the level of quality of the pedestrian
environment. The first four groups of indicators of distance-based indicators, gravitational-
based indicators, infrastructure-based indicators, and walkability—walk score indicators
refer to the individual indicators from these four groups that are related to the environment
in general, but also to indicators that directly affect the quality of walking. The fifth group
refers to certain common indicators or surpluses from the previous four groups. Although
the indicators are determined to show the level of quality of the pedestrian environment,
they are classified into such groups, sorted, and comprehensively classified. There are
limitations in their computational use, because there are disagreements in the conceptual
approach, as well as in the conditions under which certain parameters are used. In addition,
it is necessary to carry out a sensitivity analysis in order to improve current practice, theory,
and research.

3.24. Field Survey Instrument

Ewing et al. [78] use the FSI field survey instrument for the analysis of the quality of
the pedestrian environment. Through nine indicators of Visual recognition (Imageability),
Spatial completeness and comprehensibility (Legibility), Structured environment (Enclo-
sure), Scale (Human scale), Visibility and readability (Transparency), Linkage (Linkage),
Complexity (Complexity), Coherence (Coherence), Cleanliness—Sustainability (Tidiness),
they show how the urban environment and the pedestrian environment can be qualitatively
evaluated. The main advantage of this research lies in the use of relatively simple and
measurable characteristics of the built environment. The instrumental approach showed
a high level of reliability; however, the disadvantage lies in the need for trained experts
to handle the measurements, as well as the complicated methodological procedure of
data collection.

3.25. Physical Activity Resource Assessment

By using a simply structured survey sheet of the PARA (Physical Activity Resource
Assessment instrument), Lee et al. [79] evaluate the pedestrian space primarily based on
land use, i.e., the type of content in the environment, and then the market price of real
estate, content, equipment, quality, and untidiness of observed environment. The tool
proved to be reliable in principle in differentiating the resources of physical activity when
the degree of organization of the observed environment is in question. It is necessary to
include more parameters for a more detailed analysis of the pedestrian environment.
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3.26. Analytic Hierarchy Process

With a few existing methodologies that assess the pedestrian risk factor at crossings
and intersections, Basile et al. [80] start from the assumption that it is possible to develop
such a tool. By using the AHP (analytic hierarchy process) methodology, with which it is
possible to find the adequate share and importance of each factor that affects pedestrian
safety, it developed a platform that evaluates the degree of pedestrian safety in the pedes-
trian environment. The basic groups of indicators that affect pedestrian safety, and concern
the pedestrian environment, refer to Infrastructure Design, Visibility during the day, Visi-
bility at night, as well as general accessibility. The main advantage of the tool developed in
this way is its application, which does not require traffic data as input parameters.

3.27. Utah Household Travel Survey

Based on the UHTS (Utah Household Travel Survey) tool, which combines physical
activity parameters and convenience for walking (Walkability), the authors [83] of this
research examine the interdependence of these two observed topics. According to this
research, the aspect of convenience for walking is observed through five groups of indicators
(5D’s): building Density (Density), Diversity in types of buildings (Diversity), Design and
functionality of the infrastructure (Design), Accessibility (Destination accessibility), and
Distance from transit and public points (Distance to transit). The results indicate that the
optimal range of observation of the built environment is from 800 to 1600 m distance,
that is, up to a 20 min walk from a pedestrian’s point of view. Additionally, land use
and socio-demographic status are dominant factors in determining the level of physical
activity, while building density and design (urban plan) are key elements for promoting
physical activity.

3.28. Pedestrian Environment Review System

By analyzing several methodologies that refer to the research of indicators that affect
the quality of the pedestrian environment, Amoroso et al. [82] recognize the importance
of the PERS (Pedestrian Environment Review System) tool, which is mostly related to
the area of England; PEQI, which is mainly related to the area of America (Pedestrian
Environment Quality Index); and the most widespread tool worldwide, which serves
for synthesized evaluation of the pedestrian environment, through numerical indicators,
HCM LOS (Highway Capacity Manual Level of Service). Based on these tools, the authors
highlight the four groups of indicators relevant to the evaluation and observation of the
pedestrian environment and hiking in general, namely, Functionality, Aesthetics, Safety
and Security, and Practicality. Since the PERS tool is a software-based instrument for the
analysis, it offers a quantitative set of parameters regarding lighting, surface quality, traffic
conflicts, facilities, obstructions, cleaning and drainage, crossings at the cross-sections, rest
points, public spaces, and permeability. The PERS audit tool considers mobility issues
through bus stops, waiting areas, etc. It has great graphical output, which can provide more
information for the analysis. There are findings from the applied research in the field [83]
by using the software benefits

3.29. Parks, Activity, and Recreations among Kids

The PARK (Parks, Activity and Recreations among Kids) platform was developed by
Bird et al. [84] as part of the much larger project in Canada, the QUALITY (Quebec Adipose
and Lifestyle Investigation in Youth), from the aspect of public health screening primarily
young adults. Analyzing a large number of the relevant literature, the authors develop
the PARK tool, which relies on five conceptual domains of evaluation, namely, Activities,
Environmental quality, Services, Safety, and General impression. The tool showed some
reliability based on the measured indicators, but the general conclusion is that it should be
developed further, with the aim of increasing the reliability results and general applicability.
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3.30. China Urban Built Environment Data Scan Tool

Relying on several existing methodologies for evaluating pedestrian space, such as
ANC (Active Neighborhood Checklist), IMI (Irvine-Minnesota Inventory), SPACES (Sys-
tematic Pedestrian and Cycling Environmental Scan), PEDS (Pedestrian Environment Data
Scan), PARA (Physical Activity Resource Assessment), and a few more, Su et al. [85] create
their own methodology adapted to the geographical and cultural characteristics of China’s
climate. Based on the indicators analyzed in the existing methodologies, the CUBEST tool
was formed with 28 indicators of the quality of the pedestrian environment, divided into
6 basic groups of indicators: Density, Street Connectivity, Accessibility, Sidewalk quality,
Bike lane quality, and Aesthetics. The tool is classified as reliable in collecting values of the
quality of pedestrian space, i.e., the built environment that supports active physical activity.

3.31. Pedestrian Environment Review System

With the aim of applying the highest possible degree of objectivity in the evaluation of
the pedestrian environment in the function of walking as a physical activity, the research of
Griew et al. [86] deals with the reliability of the evaluation tool based on computer platforms
(Google Street View), in relation to the evaluation in the field. The tool tested in this paper
(FASTVIEW (Forty Area Study view)) is based on a commercial evaluation instrument,
PERS (Pedestrian Environment Review System), which can be found at the link: https:
/ /trlsoftware.com/products/road-safety /street-auditing /streetaudit-pers/ (accessed on
18 January 2023).

The PERS instrument as the basis for this research relies on six groups of indicators,
namely, Link, Crossings, Route, Public Transport, Interchange Space, and Public Space.
In terms of the practical application of the FASTVIEW platform, there are certain limitations
that can affect data collection (camera position, inability to see a real image, lack of data
on ephemeral factors, etc.). Although there are shortcomings, the tool has shown some
reliability, and wider application at the macro level is possible. Guidelines for further
improvement refer to the review of walking behavior in the network, extended analysis of
physical structure, and objectively evaluated physical activity in the sense of walking.

3.32. Virtual Systematic Tool for Evaluating Pedestrian Streetscapes

Most recent research shows that it is necessary that the evaluation be performed by
a person qualified for such work in the field or regarding the instrument, by a person who
does not have to be an expert. There is a growing tendency to activate digital technologies,
software, and applications that evaluate pedestrian areas. Steinmetz-Wood et al. [87] rely
on the virtual context obtained by using digital platforms (Google Street View), which
they evaluate using their own tool Virtual-STEPS (Virtual Systematic Tool for Evaluating
Pedestrian Streetscapes). This tool is constructed from six categories of indicators. These
indicators are classified according to the structure of the segments to which they are applied,
namely, Pedestrian infrastructure, Design of streets and signaling systems, Characteristics of
surrounding buildings, Transit traffic (Heavy and public transport), Bicycle infrastructure,
and Aesthetics of space or disorder (Aesthetics/disorder). These indicators are used
according to the grading system or simply existing in the field. In this sense, the auditor is
able to perform a quick evaluation. According to the success of the auditor, the tool showed
reliability in evaluation. One of the advantages is that the tool formulated in this way is
cheap and quick to use.

3.33. Audit of Physical Activity Resources for Seniors

APARS—The Audit of Physical Activity Resources for Seniors [88] is designed to
evaluate the pedestrian environment by addressing physical activity as a main aspect. It
is designed for an objective quantitative measurement of physical activity in the neigh-
borhood. It consists of two scales, the inside and outside facilities with 21 out of 90 items
considering the outside pedestrian environment. The main items considering the pedestrian
environment are Functionality of the Space, Aesthetics, and Amenities.
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3.34. Physical Activity Neighborhood Environment Scale

PANES—The Physical Activity Neighborhood Environment Scale is an addition to the
IPAQ tool. Revised in 2002 [89-94], it uses 17 single items instead of multi-item scales. It
is a subjective-oriented tool regarding the support for walking and bicycling in terms of
Pedestrian Infrastructure, Density, Aesthetics, Land use, and Safety from traffic and crime.

3.35. Graduate Ready for Activity Daily

Project GRAD—Graduate Ready for Activity Daily is a health-oriented subjective
and quantitative analysis of physical activity through the transition of university
graduation [95-97]. It relies on a survey that, among other items, consists of at least
10 items regarding the built environment. The reviewed articles indicate a low level
of reliability.

3.36. Environmental Assessment of Public Recreation Spaces

EAPRS—Environmental Assessment of Public Recreation Spaces is a measurement
tool that provides a comprehensive quantitative and qualitative assessment of the physical
environments of public spaces. The main domains of this tool are Aesthetics, Functionality,
and Amenities. The tool consists of 122 items for evaluation, of which 19 regard the physical
characteristics of the environment [98,99].

3.37. Walk Score Index

WSI—The Walk Score Index refers to a systematic analysis of the Walk Score tool and
web application. The Walk Score tool has a lot of limitations, and the general conclusion is
that it should be modified and improved so that it can be applied elsewhere from the area
of American-oriented pedestrian environments [100-104].

3.38. School Audit Tool

SAT—The School Audit Tool is a qualitative and reliable evaluation tool designed
by Shaaban et al. [105] that consists of a 30-item checklist. The main domains of the
tool are School site assessment, Road network, Parking/loading assessment, and Active
transport system.

3.39. Public Space Quality Index

PSQI—The Public Space Quality Index is based on a multi-criteria decision analysis
(MCDA) method for the analysis of the pedestrian environment and public space [106-108].
It is a mathematical procedure for a qualitative and quantitative assessment of the environ-
ment, which relies on the 26 items from the 5C concept of the evaluation of the environment.
The main groups of the 5C concept are Connections, Comfort, Convenience, Conviviality,
and Conspicuous.

3.40. Walking Suitability Index for Territory

T-WSI—The Walking Suitability Index for Territory is a 12-item evaluation tool divided
into 4 categories of indicators: Safety, Pleasantness, Practicability, and Urbanity. The
application of the tool shows that it is an easy-to-use instrument with a high level of
reliability [109-111].

3.41. GIS-Based Research and Theoretical Approach

The search of the databases for the studies that refer to the assessment of the pedestrian
environment has shown that there is a great number of articles whose methodology relies
on the usage of a GIS (geographic information system) platform [112-118]. It is most
commonly used for the spatial analysis and visualization of inputs and variables regarding
the pedestrian environment. Although it is not the exact methodology or survey form
used for the assessment, it is a great tool for understanding the geospatial processes of
the environment.
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Regardless of the methodology of the analyzed articles, their topic, study sample,
observed context, etc., this paper refers to the basic instrument that was used to conduct
the observed research. Table 1 provides an overview of the abbreviations and full names of
the methodology/instruments, original research place, year, and number of indicators on
which the methodology relies.

Table 1. List of the relevant methodologies/instruments selected for the analysis—in general.

. L. Original No.
Abbreviation Full Name of the Methodology/Instrument Resgarch Country  Year Indices
PHOA Pedestrian Health-Oriented Audit [27] USA 2003 116
SEID Study of Env. & Individual Det. of Physical Activity [28] AUS 2006 59
NEWS Neighborhood Environment Walkability Scale [31] USA 2004 71
MAPS Microscale Audit of Pedestrian Streetscapes [36] USA 2013 84
NBOT Neighborhood Brief Observation Tool [39] USA 2009 42
IMI Irvine-Minnesota Inventory [44] USA 2007 88
S-VAT Spotlight Virtual Audit Tool [45] HOL 2014 18
COURAGE Collaborative Research of AGEing i EU [46] EU 2011 77
ANC Active Neighborhood Checklist [47] USA 2013 72
SPACES Systematic Pedestrian and Cycling Environment Scan [51] AUS 2002 55
EPOCH Environmental Profile of a Community Health [54] WW 2014 77
PWA Path Walkability Assessment [25] MAL 2018 66
WAC Walkability Assessment Checklist [55] USA 2010 78
SWEAT Senior Walking Environment Audit Tool [56] CAN 2011 51
IPAQ International Physical activity Questionnaire [63] AUS 2007 3
PWI Path Walkability Indicators [67] MAL 2013 92
IPEN International Physical Activity & Env. Network [69] WW 2013 85
RSA Road Safety Audit [70] USA 2018 56
PLOS Pedestrian Level of Service [71] USA 2001 38
GSWI Gross Sidewalk Walkability Index [73] IND 2013 56
PEDS Pedestrian Environment Data Scan [74] USA 2007 57
PEAT Path Environment Audit Tool [76] USA 2006 85
AA Active Accessibility [77] POR 2016 72
FSI Field Survey Instrument [78] USA 2006 60
PARA Physical Activity Resource Assessment [79] USA 2005 18
AHP Analytic Hierarchy Process [80] EU 2010 73
UHTS Utah Household Travel Survey [81] USA 2016 16
PEQI Pedestrian Environment Quality Index [82] ITA 2012 105
PARK Parks, Activity and Recreations among Kids [84] CAN 2015 35
CUBEST China Urban Built Environment Data Scan Tool [85] CHN 2014 28
PERS Pedestrian Environment Review System [86] UK 2013 40
V-STEPS Virtual Systematic Tool for Evaluating Ped. Street. [87] CAN 2019 43
APARS Audit of Physical Activity Resources for Seniors [88] USA 2011 21
PANES Physical Activity Neighborhood Environment Scale [89] USA 2010 17
GRAD Graduate Ready for Activity Daily [96] USA 1999 10
EAPRS Environmental Assessment of Public Recreation Spaces [98] USA 2006 19
WSI Walk Score Index [104] USA 2007 6
SAT School Audit Tool [105] UAE 2019 30
PSQI Public Space Quality Index [107] SG 2020 26
T-WSI Walking Suitability Index for Territory [110] ITA 2020 12

Abbreviations of the methodology names are derived from the initial letters of the full name of the methodology
itself. Abbreviations of country names are given according to the international codes for the names of countries.

Table 2 shows the characteristics of the selected methodological instruments for the
evaluation of the pedestrian environment and, additionally, the cycling environment from
several aspects.
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Table 2. List of relevant methodologies/instruments selected for the analysis—in general.

Abbrev. Collect. Meth. LZ‘;e;I(.)f Unit A;;iiiz d: Aspect Subj./Obj. Qual./Quant Reliability
PHOA Thr Mic A, S P B W, B O Qt o
SEID Thr Mic S P W O Qt, Q1 >
NEWS FDC, Q Mic S A P B w S Qt o
MAPS FDC, Q Mic S,A,P P PA O Ql ok
NBOT FDC Mic S P W, B O Qt *
IMI FDC, CK Mic S P P O Qt, Q1 o
S-VAT DDC Mic S P B PA O Qt e
COURAGE Thr Mic S P PA, K O Ql o
ANC FDC Mic S P P O Ql o
SPACES FDC Mic S P B PA S,0 Ql ok
EPOCH FDC Mic S P HW S, 0. Ql *
PWA Thr Mic S P T O Ql i
WAC FDC, CK Mic S P B O Ql **
SWEAT FDC Mic S P P O Ql o
IPAQ FDC Mic S P H S,0 Qt, Ql i
PWI Thr Mac S, A P W, T O Qt e
IPEN Thr Mac S P PA,W, T S,0 Qt o
RSA FDC, CK Mic S, AP P B W, T O Qt o
PLOS FDC Mic S P B w O Qt o
GSWI Thr Mic S P W O Qt #*
PEDS FDC, CK Mic S P W, B S,0 Ql o
PEAT FDC Mic S P B W O Ql *
AA Thr Mac S P B W, T o Ql *
FSI Thr Mac S P w O Ql ok
PARA CK Mac S, A P PA O Qt *
AHP Thr Mic S, DA P W o Ql *
UHTS Thr Mic S, A P, B T, PA, W S/0 Ql *
PEQI FDC, CK Mic S, A P B,W, T O Qt ok
PARK FDC Mic S A P PA, H O Ql **
CUBEST FDC Mic S A P B PA, W O Qt ok
PERS FDC, DDC, CK Mic S,A,P P W, T O Qt, Q1 o
V-STEPS FDC Mic S P B W, T o Ql o
APARS S Mic S P PA O Qt ok
PANES Q Mic S P B PA, W S Ql >
GRAD Q Mic S P PA, H O Qt *
EAPRS FDC Mic A P PA S Ql **
WSI DDC Milc S P B O Ql, Qt >
SAT CK Mic S P T o Ql o
PSQI Thr Mic S, A P PA O Ql, Qt **
T-WSI FDC Mic S P PA S Ql ok

Collection method legend: Thr—Theoretical work; FDC—Field data collection; DDC—Digital data collection;
CK—Checklist; Qq—Questionnaire; S—Survey Level of application legend: Mic—Micro level; Mac—Macro
level; Unit of analysis legend: Area/Segment/Point; Users Adjusted legend: P—Pedestrian; B—Bicyclist; As-
pect: PA—Physical activity; W—Walking; B—Behavior; T—Transport walking; H—Health-oriented walking;
Subjective/objective approach legend: S—Subjective; O—Objective; Type of assessment: Qt—Quantitative;
Ql—Qualitative; Reliability level legend based on the ICC coefficient/IRR test/Kappa: *—Low; **—Moderate;
***__High.

From 115 relevant studies, by analyzing the basic characteristics of the tools or pro-
cedures designed for the evaluation of such an environment, such tools that deal with
evaluation in their full form are emphasized.

In general, there are seven groups or domains of the items, distributed according to
the type of the parameter. The identified groups of items are Functionality, Safety, Comfort,
Mobility, Environment, Connectivity, and Aesthetics. These domains are distributed over
31 subgroups.

Over these subgroups, we identified 193 items that are used in the observed instru-
ments for the evaluation of the pedestrian environment.
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The number of each parameter over the mentioned 31 subgroups are as follows: Land-
use subgroup, 5 item types; Motor traffic, 13 item types; Non-motor traffic—Pedestrians,
23 item types; Non-motor traffic—Bicyclists, 8 item types; Accessibility, 8 item types;
Safety—Crime, 9 item types; Safety—Traffic, 5 item types; Comfort—Pedestrians, 6 item
types; Comfort—Bicyclists, 1 item type; Conflicts, 1 item type; Speed, 1 item type; Vehicle
type, 2 item type; Vehicle volume, 9 item types; Safety, 3 item types; Perception, 27 item
types; Intersection, 10 item type; Imageability, 6 item types; Enclosure, 4 item types; Human
scale, 4 item types; Transparency, 4 item type; Amenities, 6 item type; Pollution, 6 item type;
Environment, 13 item type; Public art, 1 item type; Public spaces, 1 item type; Building
architecture, 1 item type; Street design, 1 item type; Landscape, 5 item type; Complexity,
5 item type; Attractiveness, 1 item type; General atmosphere, 1 item type.

The complete database of evaluation items, sorted according to groups and subgroups,
with a preview of the matching items in the observed evaluation instrument is given in
Table S1, provided in the Supplementary Materials.

4. Conclusions

During the analysis of the relevant papers, it is evident that the used tools are officially
recognized by world research organizations and supported by national committees for
the evaluation of pedestrian and other non-motorized traffic, which is confirmed by the
database of available evaluation tools. Several notable platforms for the research and
distribution of freely available evaluation tools were identified:

https:/ /www.activelivingresearch.org/ (accessed on 19 January 2023).

https:/ /www.achp.gov/initiatives/sustainability-climate-resilience /community-
livability-smart-growth (accessed on 19 January 2023).

https:/ /drjimsallis.org /measures.html (accessed on 19 January 2023).

https:/ /sdc.ahslabs.uic.edu/wp-content/uploads/sites /4/2014/04/ (accessed on
19 January 2023).

https:/ /www.road-safety-audit-wa.org/_home/check.html (accessed on 19 January 2023).
https:/ /trlsoftware.com/products/road-safety/street-auditing /streetaudit-pers/
(accessed on 19 January 2023).

By presenting the original research, and the authors that created the evaluation instru-
ment, it can be seen that most research was conducted in the United States, parts of Europe,
Australia, and a small part of Asia.

Observing the period of research or creation of individual instruments, it can be seen
that the topic is very current and that it is treated in the context of contemporary world
problems of life in urban areas. The vast majority of instruments are designed for micro-
level evaluation, meaning that the details of the pedestrian environment are important
to observe.

The main aspects of observation in the papers are:

Physical activity;

General or physical health, obesity, and body mass index;

Movement (movement, path/route decision choice, type of walking: leisure; physical
activity; shopping);

Pedestrian behavior (behavior: rules of compliance, system functionality);
Environment—built environment—urban patterns (land use);

Environment—living environment (environment, climate, land, and air pollution);
Social aspect—demography (gender, age, social, economic status).

The groups that define the degree of quality of the pedestrian environment through
parameters or indicators can be distinguished:

(a) Design of space and infrastructure—Functionality of space;

(b) Safety and security (traffic safety, security depending on the level of criminality or
natural phenomena);

(c) Aesthetic values;


https://www.activelivingresearch.org/
https://www.achp.gov/initiatives/sustainability-climate-resilience/community-livability-smart-growth
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(d) Connectivity;

(e) Accessibility;

(f) Modes of transport—mobility;
(g) Comfort.

From these groups arise 193 specific parameters that influence the quality of the
pedestrian environment. Based on them, it is possible to create a model for evaluating
the pedestrian environment because, in this way, a number of aspects that directly affect
quality are covered.

The level of reliability of the selected methodologies depends on the comparative
assessment of pedestrian environment assessors (Kappa or ICC coefficient in the confidence
zone of 90-100%) or the IRR (inter-rater reliability). According to the analyzed papers, the
level of reliability of the selected methodologies is at a high rate.

Most of the papers collect data through questionnaires, survey forms, audit tools,
or specific procedures regarding the method of data collection, i.e., field data collection
or digitally collected data through online available software and GIS applications. There
are 30 instruments or methodologies that are objectively based, 4 subjectively oriented,
and 6 with elements of both approaches. Of the instruments, 14 measure and assess the
pedestrian environment through a quantitative data set, while 20 of them are designed for
qualitative assessment. Only six of the instruments contain both qualitative and quantitative
measuring items.

In general, all of the analyzed papers indicate that it is necessary to further investigate
the aspects that have impacts on the quality of the pedestrian environment.

Several gaps are identified: (a) Most of the instruments are single-country oriented or
adjusted for a specific region; (b) Due to the different approaches, most of the instruments
are restricted to certain aspects, i.e., they do not cover all available aspects; (c) Most of
the available methodologies lack the ability to integrate subjective and objective types
of data into the evaluation procedure; (d) Persons with disabilities are not covered with
methodologies for the assessment of the built environment.

Regarding the next steps of this research, it is necessary to carry out an analysis of
the individual parameters. To reduce the instruments to their final forms and based on
them, the elements must be extracted to create a new instrument adjusted for application in
a wider area. It is necessary to adjust the system of the evaluation of the pedestrian area in
terms of a more universal approach regarding the difficulties of collecting data objectively
and subjectively.

It is also necessary to develop a system for the evaluation of the built environ-
ment for persons with disabilities since there has been little or no evidence of such tools
for evaluation.
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