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Abstract

This study presents the development and validation of a context-sensitive walkability
assessment tool for Gulf Cooperation Council (GCC) commercial areas. Existing inter-
national audit tools often fail to assess the unique cultural and climatic environments of
these areas. To address this gap, the Commercial-Central Street Walkability Audit Tool for
GCC cities (CCSWAT-GCC) was developed using a mixed-method approach, including a
literature review, expert opinions, public perception weighting, and field-based reliability
testing, which includes 49 indicators. Reliability testing showed moderate to substantial
agreement (81.21%, total kappa of 0.581) among raters, ensuring practical application.
The CCSWAT-GCC contributes to walkability research by integrating local cultural and
climatic considerations with micro-level environmental auditing practices. The findings
provide urban planners and policymakers with a reliable framework for evaluating and
improving commercial street environments in GCC cities, supporting evidence-based urban
interventions in hot-climate contexts.
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1. Introduction

Walkability is a crucial urban metric linked to vibrant cities, population health, social
interaction, and sustainable transportation. Research demonstrates that walkable envi-
ronments correlate with increased physical activity, reduced car reliance, greater social
cohesion, and strong economic growth, contributing to more livable and sustainable urban
areas [1,2]. Walkability assessments are integral to contemporary urban planning, transport
policies, and public health studies. Various assessment tools and indices have emerged to
measure walkability at macro and micro scales, focusing on physical features of streets, like
sidewalk continuity, land-use mix, safety, comfort, and aesthetics. These tools often employ
structured checklists or scoring systems to evaluate pedestrian-friendly environments [3-5].
Walkability tools like PEDS, MAPS, SPACES, and SWAT are widely used and validated
in Westernized cities across Europe, North America, and Australia, contributing toward
standardized measurement [6].

However, these tools may not accurately capture the unique conditions of GCC cities,
such as extreme heat, cultural norms, privacy concerns, and religious spaces like mosques.
Applying these tools directly to GCC contexts could lead to misleading walkability as-
sessments and overlook critical local barriers to walking [7]. Existing walkability tools
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often fail to account for GCC-specific factors like extreme thermal conditions, cultural
influences on walking habits, privacy issues, and the role of mosques in urban settings [8,9].
Consequently, this oversight risks producing skewed walkability assessments for GCC
cities, potentially disregarding environmental and cultural challenges faced by pedestrians
when walking.

GCC cities” urban contexts are distinct, characterized by central commercial streets
with high pedestrian demand from retail, services, and religious activities. However, these
areas face challenges such as extreme summer temperatures, insufficient shading, and
auto-oriented street designs [10,11]. Cultural norms surrounding privacy, gender-based use
of space, and social constructs influence pedestrian behavior in GCC cities, necessitating
context specific walkability audits. Further, the rapid rate of urban redevelopment with a
blend of both traditional and modern commercial architecture creates diverse streetscapes,
further complicating the evaluation process. Traditional walkability audits do not capture
these complexities [12]. These circumstances require the creation of a walkability audit tool
that is clearly based on the socio-cultural and climatic specificities of GCC cities instead of
being adapted after the existing models [13]. Physical infrastructure measurement should
not be the only feature of a context-sensitive tool; there should also be an understanding
of how pedestrians perceive, prioritize, and navigate commercial streets in local condi-
tions [14]. The use of user-derived importance weights and culturally indicative attributes
is thus necessary to generate actionable and policy-relevant walkability assessments [15].

The present paper proposes the design and validation of the Central Street Walkability
Audit Tool (Commercial-Central Street Walkability Audit Tool-GCC). The instrument was
created to accomplish three primary purposes: (1) to enable planners, urban designers,
and transport professionals to have a systematic and helpful checklist for the assessment
of walkability in central commercial streets in GCC cities; (2) to combine the opinions
of people using the tool by weighting indicators of walkability based on their perceived
importance; and (3) to demonstrate acceptable inter-rater reliability [16], meaning that
other assessors in the field may implement the instrument under real-life circumstances.
CCSWAT-GCC was developed through a rigorous multi-stage embedded mixed-methods
approach [17]. Synthesis of evidence was undertaken using a systematic literature review,
a two-round expert Delphi process to determine content validity, and a survey of the
population to determine indicator weights based on perceived importance and satisfaction.
The stages informed the development of a weighted scoring system and an interpretable
framework of walking grading. The last step was an inter-rater reliability (IRR) test
conducted across several commercial street areas using kappa statistics and percentage
agreement as measures [18,19].

As the previous phases of the research program studied the identification of indicators,
expert opinions, and people’s views in detail, the paper is devoted to the construction
of the CCSWAT-GCC, the weighting and scoring methodology, and the outcomes of the
IRR analysis. General conceptual debates and the entire Delphi and population survey
results are thus cited and summarized rather than copied verbatim. Through this, the
paper provides a validated context-sensitive tool for walkability auditing that can further
methodological practice and applied urban planning research in GCC cities.

In addition to bridging gaps in context, the creation of an effective, user-weighted
walkability audit instrument is especially significant for evidence-based decision-making
in GCC cities, where the trend of large-scale urban investments is shifting towards central
commercial districts. In the absence of a measurement tool that captures local interests
and conditions, walkability evaluation may become symbolic rather than functional, with
little use in setting priorities for street-level interventions. A tested audit tool allows
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municipalities and planning authorities to compare the current situation and observe the
effects of incremental design and policy interventions over time [20].

The reliability of measurements is also of paramount importance [21,22]. Multidisci-
plinary teams that apply walkability audit tools include planners, engineers, consultants,
and municipal staff with a range of training levels [23]. In this kind of environment, the ef-
fectiveness of audit results in terms of credibility and usefulness for policy-making may be
compromised by unequal interpretations of the indicators. The establishment of inter-rater
reliability is thus a prerequisite for the shift from a conceptual framework of a walkability
tool to an effective planning tool [24,25]. By showing that there is a reasonable consensus
among independent raters, it can be concluded that any differences in walkability scores
reflect real-life situations rather than the subjectivity of the assessor.

The CCSWAT-GCC enhances walkability measurement by combining context-specific
indicators, weighted public input, and formal reliability testing, thereby improving walk-
ability measurement compared to checklist-based auditing. The instrument provides
walkability as a measured, comparative, and policy-relevant construct in GCC commercial
streets. In this way, it offers a basis for more sensitive pedestrian-based planning, data-
driven city-form decision-making, and discussion of the broader topic of how global urban
sustainability paradigms can be adapted to the regional context, taking into account social,
cultural, and climatic factors.

Historically, Arab and Muslim cities, including GCC urban areas, were organized
according to the distinct hierarchy of streets and open space, shifting from semi-privacy
to the fully-open space that was dominated by institutional and commercial activities.
Streets in this hierarchy were the most important open spaces of social life, which facilitated
social interaction, culture, and economic exchange [26]. The modern trends of urban
development and growing motorization have undermined this traditional purpose of
the streets, reviving the popularity of walkable environments as an element of larger
sustainability programs. Walkability audit tools have, in turn, become a viable tool that
can be used to assess the state of walkability in a systematic manner that highlights strong
and weak areas and identifies priority areas to improve the situation. The CCSWAT-GCC is
based on this context, incorporating the history and current state, and has potential to be
an informative and reliable assessment tool to help GCC authorities examine and improve
the walkability of central commercial streets and therefore lead to the revitalization of
streets as functional, social, and cultural responsive public spaces. This paper contributes
to the walkability assessment research in several ways. First, it builds a context-sensitive
walkability audit tool that has a particular focus on commercial streets in GCC cities, with
the added dimension of climatic and cultural aspects that are frequently not considered in
the current tools. Second, it presents a public-weighted indicator system, which considers
local perceptions of the importance of walkability. Third, it empirically confirms the tool by
inter-rater reliability testing in actual conditions in a hot climate. Lastly, the research offers
a viable and scaled framework that can be used to facilitate evidence-based urban planning
and policy intervention in the GCC cities.

2. Literature Review and Methodological Framework

This study employs a multi-stage mixed-methods research design to develop and
validate a walkability audit tool tailored for GCC commercial streets.

2.1. Literature Review

Combining qualitative and quantitative methods to ensure the tools’ validity, contex-
tual relevance, and reliability, the study integrates systematic evidence synthesis, expert
consensus, user-based weighting, and reliability testing in a consistent instrument develop-
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ment framework. This sequential design grounds walkability indicators in theory, local
context, and real-world empirical testing, promoting consistent implementation.

Recent studies in Asian contexts have also contributed to walkability assessment,
particularly in high-density urban environments such as China and Japan, where factors
such as mixed land use, pedestrian infrastructure, and transit accessibility have been
extensively examined [27-29].

Developing an Evaluation System for Measuring Walkability

Evaluating walkability necessitates a distinct methodological framework that accom-
modates various spatial scales [30]. Over time, diverse disciplines within social sciences,
public health, urban planning, architecture, and transport engineering have developed
numerous methods of constructing these frameworks, including auditing tools, level-of-
service inventories, social surveys, and GIS analyses [31,32].

The initial walkability literature was dominated by engineering-focused approaches,
which focused the consideration on pedestrian flow, capacity, and volume but put relatively
little emphasis on the experiential and contextual needs of pedestrians [33]. Consequently,
there was a lot of literature on the macro-level features of the built environment, including
street connectivity, land-use mix, block size, and intersection density [1]. These macro-level
features have been assessed extensively using GIS-based processes in terms of how they
relate to walking behavior [34-36]. Nevertheless, one of the longstanding weaknesses of
this literature is that it focuses on broad-scale spatial measures without paying enough
attention to the finer details, which are the street-level characteristics that directly influence
the everyday experiences of pedestrians. There is growing evidence that the urban environ-
ment’s micro-level factors, such as the quality of the sidewalks and their levels of comfort
and safety, have a significant effect on the behaviors of pedestrians and their decisions of
routes [35].

To address these shortcomings, the last twenty years have also seen the development
of design-based methods of measuring walkability, with the most prominent being walka-
bility audit tools. Walking audits offer a methodology that is systematic and organized in
assessing the micro-scale characteristics of the environment that are usually not described at
a macro-level, such as pathway width, surface condition, wayfinding signage, shading, and
maintenance [37]. Thus, quantitative ratings are usually followed by qualitative observa-
tions in the form of audit tools that make it possible to more effectively estimate pedestrian
environments. They have been extensively used to inform urban design interventions,
policy development, and public health interventions to better the walking conditions of
various user groups [38].

Many walkability audit tools exist, including the Irvine Minnesota Inventory (IMI) in
the United States [39], the Systematic Pedestrian and Cycling Environment Scan (SPACES)
in Australia [40], the Pedestrian Environment Data Scan (PEDS), the Microscale Audit
of Pedestrian Streetscapes (MAPS), the Scottish Walkability Assessment Tool (SWAT),
and the Walking Suitability Index of the Territory (T-WSI). These applications mainly
measure physical features of the street environment, such as the continuity and width of
the sidewalks, crossings, structure of the buildings, block size, traffic exposure, and parking
facilities [32]. The other tools, including the Maryland Inventory of Urban Design Qualities
(MIUDQ), place more emphasis on the perceptual and experiential characteristics of urban
design, and it can be said that it enables the evaluation of walking environments to be
performed beyond the realm of mere physical measures [41]. As a result, the majority of
modern audit tools include objective and subjective scales of walkability [42].

In order to completely assess walkability, thus it is also required that not only the phys-
ical properties of the built environment be assessed, but also the perceptions of pedestrians
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to the built environments should be assessed, since perception is that mediates the associa-
tion between objective conditions and walking behavior [43]. Simultaneously, it is indicated
that there could be more contextual variables that contribute to pedestrian behavior that are
otherwise unaccounted in conventional measurement systems [44]. Although numerous
instruments to measure walkability have been constructed to offer solutions to various
urban settings and research purposes, most of them have been constructed and tested in
non-GCC environments. This way, their direct implementation to GCC cities, marked by
specific cultural norms, weather patterns, and urban patterns, is methodologically con-
strained, which explains the necessity of a context-specific walkability audit instrument
that would be applied to GCC commercial streets.

2.2. Methodological Framework

To properly develop a weighted system for walkability indicators involves a structured
process. The five steps are outlined in Figure 1. These steps ensure a systematic approach
to assigning importance levels to various walkability indicators.

The expert sample was selected based on professional experience in urban planning
and related fields, ensuring relevance to the study context. The public survey sample
was selected to include individuals familiar with commercial streets in Riyadh. While
probability sampling was not feasible, efforts were made to ensure diversity in respondents’
backgrounds and experiences.

Steps to develop a weighting system for
measuring walkability indicators

N

1 Cbtain weights for each walkability
indicator

Develop a walkability evaluation form

3 Develop the scale of overall walkability
grade

Implement a point system method

5 Develop a walkability indicators checklist
form

Figure 1. Steps for the development of a valid weighting system.

Because the direction of desirability is different among indicators (i.e., some indicators
are positively related to walkability and others are negatively related to walkability), a
standardization process was implemented in order to achieve consistency in scoring. All
the indicators were converted into a single scale, with high values always reflecting the
better walkability conditions. In case of indicators which are negatively related (e.g., noise
level, air pollution), reverse scoring was used before aggregation.

Operational definitions of each indicator were created to make the field audits clear
and consistent. An example of this is the accessibility of a mosque, meaning the proximity of
amosque or a prayer facility within walking distance, and the accessibility of the facility on
foot. Gender-friendly spaces refer to the perceived safety, comfort, and inclusivity of public
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spaces to all users, including with regard to visibility, lighting, and social environment, not
the supply of segregated facilities. Detailed descriptions and guidance were provided to
raters through the audit manual.

Although the weighting system is based on mean importance scores, it is acknowl-
edged that dispersion in responses may influence the robustness of the weighting results.
However, this approach is widely used in perception-based studies due to its simplicity
and interpretability. In this study, standard deviation values were also examined to ensure
that no indicator exhibited extreme variability that could undermine its relevance. Future
research may consider incorporating consensus-based thresholds or alternative weighting
approaches to further refine the robustness of the model.

It is worth noting that the scoring system is provided in two complementary forms to
ensure clarity. The relative contribution of each indicator is calculated as the normalized
weighting system (WES), which is in the range of 0 to 1. This normalized score then
transforms into the Overall Walkability Evaluation Score (OWES), which is expressed as a
point-based scale with a range of 0 to 300 to facilitate interpretation and grading in practice
(A-F scale). These formulations are therefore based on the same underlying scoring system
in normalized and scaled form, and not two different methods.

Although the detailed procedures of the literature review, Delphi survey, and public
survey are reported in prior work, a concise summary is provided here to ensure the
methodological transparency and self-contained nature of this study.

2.2.1. Obtaining Weights for Each Walkability Indicator

The procedure for indicator weight selection and assignment is generally considered an
important methodological choice in composite index construction and it is, transparently and
objectively, supposed to be influenced by clear and objective principles for choosing weights
[45,46]. In this research, the weights of the indicators were obtained based on the answers to a
questionnaire given to residents of Riyadh, which is considered representative of the population,
and based on this analysis, objective and systematic results were obtained regarding the subject
of walkability, and the probability of researcher-induced or perception-related bias was reduced
to the lowest level possible at the same time [47]. This strategy makes the walkability scores
more legitimate and practical as the process of weighting them is based on empirical user data.

Simultaneously, it is also admitted that the task of weight generation presupposes
normative judgment because the concept of weighting presupposes the attribution of
relative values to various attributes. This is the reason why assigning importance to the
process should include, in an explicit way, the views of people experiencing the walking
environment. To make sure that the instrument represents lived pedestrian realities as
opposed to abstract theoretical assumptions, it is then necessary to develop a walkability
audit tool where the perceived significance of each indicator is assessed.

It is known that the perceived relative significance of walkability indicators differs within
cultural, climatic, and socio-demographic contexts. Cues that are very powerful determinants
of pedestrian behavior in cold weather conditions can be perceived differently in warm
weather conditions where the importance of thermal comfort and shading is more dominant.
Moreover, in the same cultural environment, walkability perceptions might also vary based on
demographic attributes like age and gender. Public-derived weights should consequently be
incorporated in such a way that the audit tool can be more adaptive to contextual variability
and will be more responsive to the varied needs of pedestrian populations.

Public perception was used to generate the relative importance or weight of each of
the walkability indicators in the audit tool using the following equation:

k
Y IRij) x 100 1)
i=1

. 1
Cli = (m
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where Cli represents the composite indicator (normalized value) of the case of indicator

i, IR represents the importance rating of each indicator, IRs represents the summation of

importance rating of all indicators, k represents the number of indicators (49 indicators)

and j represents the number of participants (302 participants). The composite indicator

(CIi) of each of the walkability indicators for central-GCC-area commercial streets was

also computed, and each indicator was categorized based on five walkability features as

presented in Table 1.

Table 1. Overall ranking and weighting of walkability assessment indicators [8].

Composite Indicator

Dimension Evaluated Walkability Measures Mean Std. Dev. Weighted Score D
Access to prayer facilities and mosques 425 1.200 1284 2.06
Wheelchair-friendly access to mosque areas 4.19 1.196 1265 2.03
Cultural Environment Heat-adaptive pavement materials 4.12 1.208 1244 2.00
Weather-protected street furniture 4.00 1.251 1208 1.94
Availability of open-air markets and galleries 3.95 1.198 1193 1.92
Adequate width of pedestrian walkways 4.15 1.212 1253 2.01
Footpaths free from barriers and obstructions 427 1.155 1290 2.07
Surface quality and condition of sidewalks 424 1.162 1280 2.06
Maintenance and cleanliness of streets and paths ~ 4.33 1.148 1308 2.10
Continuous connectivity of pedestrian routes 4.28 1.154 1293 2.08
Functional Environment  Availability of parking spaces 4.28 1.211 1293 2.08
Provision of public transport services 4.04 1.248 1220 1.96
Ease of access to public transit facilities 4.04 1.275 1220 1.96
Access to nearby shops and services 418 1.202 1262 2.03
Slope and gradient conditions of streets 3.86 1.267 1166 1.87
Distribution and diversity of land uses 4.01 1.185 1211 1.95
Diversity of street activities and uses 4.26 1.173 1287 2.07
Adequate lighting along pedestrian areas 4.38 1.095 1323 2.13
Visibility and clarity while crossing roads 4.38 1.098 1323 2.13
Presence of CCTV and security systems 4.28 1.152 1293 2.08
Absence of abandoned structures and buildings ~ 4.16 1.270 1256 2.02
Protection from traffic-related accident risks 431 1.188 1302 2.09
Operating hours of surrounding activities 413 1.200 1247 2.00
Safety Environment Pedestrian crossings along streets 4.25 1.155 1284 2.06
Separation buffers between roads and sidewalks  4.14 1.156 1250 2.01
Availability of street sign systems 4.26 1.124 1287 2.07
Traffic speed conditions in pedestrian areas 421 1.184 1271 2.04
Traffic flow and vehicle volume 421 1.163 1271 2.04
Directional signage for pedestrians 417 1.205 1259 2.02
Traffic-calming design measures 4.09 1.205 1235 1.98
Density of pedestrian movement 4.12 1.175 1244 2.00
Availability of pedestrian signal systems 4.21 1.192 1271 2.04
Streetscape landscaping and greenery 422 1.144 1274 2.05
Buildings with visible identification features 4.11 1.112 1241 1.99
Aesthetic Environment Presence of landmarks for orientation 418 1.053 1262 2.03
Availability of public open spaces 4.19 1.104 1265 2.03
Tree coverage along pedestrian routes 4.35 1.016 1314 2.11
Appropriate spacing between trees 4.14 1.157 1250 2.01
Availability of shelters and shaded canopies 4.26 1.148 1287 2.07
Provision of benches and seating spaces 4.37 1.041 1320 212
Access to public toilet facilities 443 1.091 1338 2.15
Kerb ramps supporting accessibility 4.38 1.074 1323 2.13
Tactile paving for visually impaired users 4.31 1.083 1302 2.09
Comfort Environment Presence of commercial and business activities 4.24 1.093 1280 2.06
Availability of children’s playgrounds 4.12 1.152 1244 2.00
Environmental noise conditions 4.18 1.092 1262 2.03
Outdoor thermal comfort conditions 423 1.138 1277 2.05
Air quality and pollution conditions 4.28 1.146 1293 2.08
Pleasant outdoor smell and sensory quality 427 1.115 1290 2.07
Total weighted score = 622,215 100.0
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Several indicators included in the CCSWAT-GCC are context-specific and reflect the
unique socio-cultural and climatic characteristics of GCC cities. These include accessibility
of mosques/prayer spaces, gender-sensitive spatial considerations, thermal comfort provi-
sions such as shading and heat-resistant materials, and the presence of climate-adaptive
street furniture. Such indicators are rarely incorporated in conventional walkability tools
developed in temperate regions, highlighting the contextual contribution of this study.

2.2.2. Walkability Evaluation Form

The Walkability Evaluation Form, being a pre-designed database, was created to
facilitate the calculation of overall walkability values created by the audit tool. The database
will integrate all 49 indicators in the fieldwork audit form and will give a systematic
platform on which the field observations will be consolidated and processed. After data
collection, the scores that were used to indicate data during field audits were copied out of
the fieldwork forms onto the relevant fields in the Walkability Evaluation Form.

The values of composite indicators based on the perceptions of the residents of Riyadh
were computed and initially recorded in the database to indicate the relative significance
of each indicator. After that, the ratings given to each street block in the field were input
into neighboring columns. It is possible to combine the indicator weights and field-based
scoring of the evaluation scores to calculate one composite measure of the walkability at
street level. In this regard, the overall walkability evaluation score (OWES) was computed
based on the equation below:

k
OWES = Y Cli x IESi )
(i=1)

OWES denotes the overall score from the walkability evaluation, Cli denotes the
composite indicator (normalized) of indicator i, IESi denotes the indicator evaluation score
of indicator i, and k denotes the count of indicators (49 indicators).

The last step of the audit process is the transfer of the Overall Walkability Evaluation
Score (OWES) into an overall walkability grade (OWLK) by means of attributing the
calculated score to a pre-established grade point scale. By doing this, the continuous
OWES value can be interpreted in a clear and policy-relevant way and it will be easier
to compare the street segments and to prioritise interventions. By means of this grading
methodology, the audit tool is capable of allowing an empirical evaluation of the walkability
of central commercial streets in the GCC cities in general. Table 2 shows the walkability
evaluation form.

Table 2. Framework for assessing walkability performance [8].

. . . Composite Indicator Walkabili Walkabili
Dimension Assessment Indicators In de)l(J (€D Score (IS) Score (wst)y Level ty
Access to prayer facilities and mosques 2.06
Wheelchair-friendly access to mosque areas 2.03
Cultural Environment Heat-adaptive pavement materials 2.00
Weather-protected street furniture 1.94
Availability of open-air markets and galleries 1.92
Adequate width of pedestrian walkways 2.01
Footpaths free from barriers and obstructions 2.07
Surface quality and condition of sidewalks 2.06
Maintenance and cleanliness of streets and paths ~ 2.10
Continuous connectivity of pedestrian routes 2.08
Functional Environment Availability of parking spaces 2.08
Provision of public transport services 1.96
Ease of access to public transit facilities 1.96
Access to nearby shops and services 2.03
Slope and gradient conditions of streets 1.87
Distribution and diversity of land uses 1.95
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Table 2. Cont.
. . . Composite Indicator Walkability Walkability

Dimension Assessment Indicators Index (CI)  Score (IS) Score (WS)  Level
Diversity of street activities and uses 2.07
Adequate lighting along pedestrian areas 2.13
Visibility and clarity while crossing roads 2.13
Presence of CCTV and security systems 2.08
Absence of abandoned structures and buildings ~ 2.02
Protection from traffic-related accident risks 2.09
Operating hours of surrounding activities 2.00

Safety Environment Pedestrian crossings along streets 2.06
Separation buffers between roads and sidewalks ~ 2.01
Availability of street sign systems 2.07
Traffic speed conditions in pedestrian areas 2.04
Traffic flow and vehicle volume 2.04
Directional signage for pedestrians 2.02
Traffic-calming design measures 1.98
Density of pedestrian movement 2.00
Availability of pedestrian signal systems 2.04
Streetscape landscaping and greenery 2.05
Buildings with visible identification features 1.99

Aesthetic Environment Presence of landmarks for orientation 2.03
Availability of public open spaces 2.03
Tree coverage along pedestrian routes 211
Appropriate spacing between trees 2.01
Availability of shelters and shaded canopies 2.07
Provision of benches and seating spaces 212
Access to public toilet facilities 2.15
Kerb ramps supporting accessibility 2.13
Tactile paving for visually impaired users 2.09

Comfort Environment Presence of commercial and business activities 2.06
Availability of children’s playgrounds 2.00
Environmental noise conditions 2.03
Outdoor thermal comfort conditions 2.05
Air quality and pollution conditions 2.08
Pleasant outdoor smell and sensory quality 2.07

Final Result

Overall walkability assessment score
Overall walkability condition
Assigned walkability grade

2.2.3. Overall Walkability Grade Scale

Walkability measurement lacks a single standard due to its multifaceted nature (REF).
A walkability assessment covers a wide range of physical, perceptual, and behavioral
measures. Common approaches, like Pedestrian Level of Service (PLOS) [48], adapt the
larger Level of Service (LOS) framework that was initially applied to assess the conditions
of vehicular traffic [49,50]. LOS traditionally prioritizes vehicles due to the emphasis on
street capacity, traffic volume, and flow characteristics. This has resulted in service-level
measures, which focus uniquely on pedestrians being the major street users, being relatively
underdeveloped [51].

This shortcoming displays the multifaceted nature of pedestrian environment assess-
ment, which is more complex than the vehicle one because of the multiplicity of pedestrian
requirements, behavioral patterns, and perceptions [33]. Although street volume and
capacity metrics are still important ingredients in the process of capturing the features of
the service level, they still are not enough to reflect the pedestrian experience. Qualitative
dimensions, which include perceived comfort, safety and movement ease, are essential in
influencing the behavior of pedestrians, and should be included in pedestrian-based assess-
ments [52]. This is why recent studies point to the incorporation of PLOS with walkability
assessments to offer a more efficient means of assessing street design characteristics and to
confirm the expanded consideration of walkability issues [48].
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A useful walkability audit tool, thus, must include not only an identification of the
indicators of interest, but also a system of interpretable grades that would project the mea-
surements of the conditions to meaningful levels of walkability of particular street segments.
The walkability grading scale in the current paper is based on modifications of pedestrian-
oriented service-level models incorporated in the Highway Capacity Model (HCM) and
its associated guidelines by the Florida Department of Transportation (FDOT) [52]. This
scale also includes the principles applied in the assessment of PLOS within the general LOS
assessment framework.

The empirical research conducted recently contributes to the usefulness of this kind
of adapted grading method. Indicatively, Raad [33] has used a scaled version of service
level to assess qualitative and quantitative variables that affect footpath conditions for
pedestrians in Australia. The tool was empirically viable and responsive to environmental
changes in the walking experience by combining both objective and subjective indicators
of the pedestrian experience. In line with this evidence, the addition of quantitative and
qualitative measures into a graded walkability framework will increase the capacity of
audit tools to capture real pedestrian experiences and will aid in more subtle and valid
assessment results [53].

A qualitative point-based grading system (based on the Highway Capacity Manual
(HCM) scale) was used to regress the scores in the walkability evaluation process into a
service level in this study. The use of the HCM-based point system is a standardized and
generally recognized method of evaluating the conditions of pedestrians, which increases
the transparency and the comparability of the evaluation outcomes. The grading scheme
consists of six levels of walkability, A to F, that reflect different levels of walking quality,
including excellent walking conditions to very poor walking conditions, as summarized in
Table 3.

Table 3. Overall walkability grade scale and description [8].

Walkability Grade OWES Condition Explanation

The audited street is in a very good condition. It is said to possess a high level
A Score > 250 Excellent of culture, function, safety, aesthetics, and comfort, the availability and efficacy
of which have positive impacts on walkability.

The street that is audited is in a good condition. It is believed to be effective in
B 200-249 Good terms of the availability of culture, functionality, safety, beauty, and comfort,
which has a moderately positive influence on walkability.

The street being audited is in mediocre condition. It is seen as possessing a
moderate degree of efficacy in items concerning the availability of culture,
functionality, safety, aesthetics and comfort, which moderately influences
walkability.

C 150-199 Fair

The street under audit is in a an underdeveloped condition. It is thought to
D 100-149 Poor possess few items concerning the availability of culture, functionality, security,
beauty and comfort, which ineffectively influences walkability.

The street that is audited is in bad condition. It is believed to lack adequate
E 50-99 Bad access to culture, functionality, safety, aesthetic and comfort-related items,
which has a slightly negative impact on walkability.

The street being audited is in a very poor condition. It is deemed to have a very
poor rating in terms of the availability and effectiveness of items associated
with culture, functionality, safety, aesthetics, and comfort, which adversely
affect walkability.

F Score < 50 Very bad

The cumulative condition of the audited segments of a street in the form of a score
in points are reflected in the Overall Walkability Evaluation Score (OWES). OWES values
in the proposed system will be between 0 and 250, which are the lowest and the highest
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possible values, respectively. The individual scores on the indicators are initially obtained
and entered into the Walkability Evaluation Form Table 3 and then the overall OWES is
obtained by using the point-system method. The resultant OWES is then converted into its
respective HCM-based walkability grade.

2.3. Overview of the Multi-Stage Development Process

The CCSWAT-GCC was developed in a logical multi-stage manner. To begin with,
a systematic and narrative literature review was conducted to find a preliminary pool of
111 walkability indicators. Second, a two-round Delphi survey among walkability experts
was conducted to develop content validity and reach an agreement on indicator relevance,
leading to a final set of indicators (38 participants in Round 1 and 27 in Round 2). Third,
residents of Riyadh with familiarity with the central commercial streets (n = 302) were
surveyed on their perceptions of importance and satisfaction levels for each indicator. This
is based on the previous preparation steps, which entailed the formulation of a weighted
and point-based scoring system that combined the importance values determined by people
with field-based evaluation data to form a composite measure of walkability.

The last stage involved an inter-rater reliability (IRR) test, in which six trained raters
rated six commercial street sections in central Riyadh using the audit tool. A prior work
provides all the methodological information and findings from the first three stages; how-
ever, in this paper, they are summarized, and the latter two stages were the main focus
because it was during these two stages that the structure of CCSWAT-GCC and its reliability
performance were institutionalized and assessed.

2.4. Indicator Reduction and Selection (Delphi Summary)

From the initial pool of 111 indicators identified through a systematic literature review
and local studies, the two-round Delphi process focused on 49 indicators across five
domains: Cultural (e.g., privacy, proximity to mosques), Functional (e.g., continuity of
footpath, crossings), Safety (e.g., lighting, CCTV presence), Aesthetic (e.g., fagade quality),
and Comfort (e.g., shade, seating). The Delphi used median ratings and interquartile range
(IQR) thresholds to determine consensus and retention [8].

2.5. Public Weighting Survey

A web-based social-network recruitment survey (respondent-driven sampling) of
302 residents rated:
¢ Importance ratings for each indicator (Likert scale).
e  Satisfaction/performance of current conditions.

These data were used to compute a Relative Importance Index (RII) and a composite
importance metric for each indicator. The weighting approach is described below.

2.6. Weighting and Point-System Scoring
The tool applies a two-stage numerical approach:

1.  Indicator weight calculation: For each indicator i, a normalized weight w; was
computed from the public survey importance values. Weights were scaled so that
Zi w; = 1.

2. Indicator score: Each item in the audit is scored in the field by raters using discrete
ordinal scales (for example: 0 = poor, 1 = fair, 2 = good, 3 = excellent) or dichotomous
presence/absence where applicable.

A point system translates observed ratings into a standardized indicator score s; in the
range [0,1]. The street-level Walkability Evaluation Score (WES) for a segment is then:
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n
WES = Z w; - S (3)
i=1
To aid interpretation, WES values were then converted into an overall walkability grade
using a grade scale (e.g., Excellent, Good, Moderate, Poor) with clearly defined thresholds.

2.7. Walkability Checklist and Field Guidelines

The CCSWAT-GCC comprises three pages: (1) contextual and street metadata, (2) the
49-item checklist with scoring rubrics and guidance, and (3) a summary scoring sheet and
space for notes. A short field manual clarifies scoring rules, item definitions and examples,
and recommends pre-field training procedures for raters.

2.8. Inter-Rater Reliability (IRR) Test

Walkability audits always involve subjective judgement by raters, especially on indica-
tors that pertain to comfort, safety and perceptual attributes of the pedestrian environment.
This kind of subjectivity may affect the results of the audit and create variability in mea-
surement, which is why the formal testing of reliability is necessary. Inter-rater reliability
(IRR) is a measure that determines how consistent the assessments of independent raters
are towards the same attributes, and thus, is an essential measure of the measurement
strength of an audit tool [40]. When used in the context of this study, IRR shows how
well the CCSWAT-GCC measures walkability conditions when used by different assessors.
By showing reasonable reliability, to the extent that if the same parts of the street were
to be assessed again, it would be likely to generate similar results, enhances the validity
of the audit findings and thus their ability to influence policy decisions surrounding the
implementation and prioritization of walkability.

One of the most common methods of IRR measurement is to measure the rate of
agreement between raters, which refers to the percentage of the same ratings given to
the same indicators expressed as a percentage of the responses given by the raters [54].
Although this approach offers a clear measure of concordance, it fails to distinguish the
difference between agreement that results from chance and agreement. To overcome this,
kappa statistics are often used, as they explicitly correct chance agreement and provide
an estimate of reliability that is less conservative than with other statistics like alpha and
tau-a [40]. Kappa statistics are especially appropriate when the measure is categorical or
ordinal, which is typical of walkability audit tools [55,56].

Other researchers have posited that, provided raters are adequately trained and
the likelihood of chance agreement is minimal, percentage agreement may suffice as an
acceptable indicator of IRR [57]. Still, the combined use of percentage agreement and Fleiss’
kappa provides a robust assessment of reliability, as it accounts for chance agreement
and captures subtle differences in rater interpretation, thereby revealing variability across
indicators [58]. To this end, this study employs both percent agreement and Fleiss’ kappa
to assess the IRR of the CCSWAT-GCC. Table 4 provides a summary of selected studies
that have implemented IRR testing in street-level walkability and pedestrian environment
audit instruments.

Given that multiple raters (n = 6) were involved in the audit process, Fleiss’ Kappa
statistic was employed to assess inter-rater reliability. Unlike Cohen’s Kappa, which is
suitable for two raters, Fleiss’ Kappa allows for the evaluation of agreement among multiple
raters and is therefore appropriate for this study.

One of the most critical aspects of IRR testing is the selection and training of raters, as
the variability in their interpretation can significantly influence audit results. In this case,
six raters with professional experience in urban planning were employed in the current
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study. All raters were residents and employed in Riyadh and were well-conversant with
the chosen commercial street segments, which were situated in the central part of the city.
Knowledge of the local context was thought to be significant in order to give an informed
and realistic interpretation of culture and climatically specific indicators.

Table 4. Representative studies employing inter-rater reliability (IRR) approaches in walkability and
pedestrian environment audits [8].

. No. of No. of Reported IRR Street Segments
Study Location Assessment Tool Raters Variables  Findings Assessed Segment Length
. Agreement level
Is,zzt:?ﬁ?:rf exceeded 70% for all
[40] Australia  and Cycling 4 67 indicators; kappa 27 segments 140 m per segment
Environmental valules abs)ve 0.4 for
Scan (SPACES) nearly 70%
of measures
Analytical and Overall agreement
[59] USA checklist-based 6 pairs 27 reported §t 759 147 segments 147 m per segment
audit instruments P ¢
Pedestrian Most variables
[39] USA Environment Data 2 31 achieved kappa 955 segments 400 ft. (121 m) per segment
Scan (PEDS) values around 0.4
China Urban Built Kappa coefficient
[60] China Environment Scan 2 41 values greater than 309 segments Not specified
Tool (CUBEST) or equal to 0.8
Pedestrian Level of Agreement level Approximately 300-350 m
[33] Australia  Service Audit Tool 6 33 reached 82.5%; kappa 6 segments per segment (2 km total
PLOSAT value reported as 0.5 footpath length
P p g

Since the researcher was in Australia during the data collection period, all the training
programs were done through a video conferencing platform. Proper training of the raters
was supposed to enhance the uniformity of ratings and thus lead to better IRR results [58].
Each rater was provided with a full auditing package consisting of elaborate guidelines on
the indicators, a presentation explaining the format of the audit tool, photographs of the
selected segments of the street, and a map showing the boundaries of the segments before
the training sessions.

The training was provided to each rater in an individual session some 5 days after
training materials were distributed and after ensuring that the quality of the video calls
was good. The sessions took about an hour and included an introduction of the research
goals and a clear explanation of each indicator with its scoring criteria in a detailed manner
with visual illustrations. The trainer also encouraged raters to ask questions during the
session and all questions and clarifications raised during the session were compiled and
made available to the rest of the raters through email so that they would understand things
in the same way.

After the training, the raters were given an elaborate guide on how to carry out the
field audit, and an actual date to collect the data was prescribed. Raters were asked to
make more visits to the street on two days where extreme climate conditions were to
be taken into consideration, and also to perform audits in the late afternoon or evening.
The auditing process was completed by all raters within the stipulated duration, except
one rater who had a slight delay owing to work commitments. All raters completed the
entire auditing process in one week, and no more than two visits were made to each street
segment. Each audit took an average of 20 min for each block. Raters had the choice to
record their responses either on paper or in an electronic survey format that was conducted
on the Key Survey platform of their choice.
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3. Data Collection

The inter-rater reliability test used data from July 2022, focusing on six segments of
a 2 km commercial street in a GCC city. These segments, chosen from 12, represented
typical central city commercial areas. The average length of each street was approximately
between 300 and 350 m.

The sample of the survey, which was conducted among the population, was 302 people
who were conversant with the commercial streets of Riyadh. Purposive and convenience
sampling were used together to approach the participants and make sure that the respon-
dents had some previous experience with the study areas. We tried to involve people from
varying socio-demographic groups and with different degrees of street usage. Although not
all of the potential participants agreed to participate, the ultimate sample size can be seen
as sufficient in a perception-based study and consistent with related walkability studies.

The study areas chosen have a diversity of commercial street conditions in terms of
land use intensity, the level of pedestrian activity, and the nature of traffic conditions. This
difference was designed to embrace different walkability experiences in the core location of
Riyadh and make the weighting process more solid.

Street segment selection was based on public walkability ratings, reflecting the most
and the least popular walkable streets. The six segments were selected in a purposeful
way (see Figure 2). This methodology was used to make sure that the audit tool included a
diverse range of walkability conditions. Each segment used in the selection was audited
and measured using all the indicators included in the CCSWAT-GCC.

Adh Dhahirah Street 27% 34% 20% 19%
Al Atayif Street 26% 33% 24% 17%
Al Batha Street 16% 32% 42% 10%
Al Imam Faisal Ibn Turki Ibn Abdullah Street{Alkhazaan) 20% 35% 27% 18%
Al Imam Muhammad Ibn Saud lbn Mugrin Street 22% 34% 21% 23%
Al Imam Turki Ibn Abdullah Ibn Muhammad Street 22% 35% 23% 20%
Al Mugaybirah Street 17% 33% 28% 22%
Al Suwailem Street 27% 36% 24% 13%
Al Thumairi Street 38% 31% 21% 10%
Ash Shaikh Muhammad Ibn Ibrahim Street 22% 35% 20% 23%
King Faisal Street 23% 35% 24% 18%
Sheikh Muhammad Bin Abdul Wahab Street 28% 33% 16% 23%

1. Walkable 2. Somewhat walkable 3. Not walkable 4. Not sure

Figure 2. Perceptions of walkability in commercial streets [61].

To reduce the chances of temporal and environmental variation, all the raters were
requested to perform the audits in the late afternoon and early evening hours when
pedestrian presence is generally high in cities with hot climates as a result of the daytime
thermal conditions. This was the right time, especially considering the fact that the period
of data collection was the summer month of July, when the daytime temperatures were
at their peak. A uniform time of data collection was useful in creating consistency in the
observed pedestrian behavior and environmental conditions among all audited segments.

The demographic characteristics of respondents were also recorded to ensure sample
representativeness. The sample included a diverse distribution in terms of gender, age
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groups, and socio-economic backgrounds. These characteristics were considered to capture
variations in walkability perceptions across different population segments.

4. Analysis

To establish the level of consistency in ratings obtained through the CCSWAT-GCC,
inter-rater reliability (IRR) was measured to assess the consistency of ratings given by
multiple assessors. The reliability analysis was done at two levels: initially, to determine the
overall reliability of the audit instrument, and secondly, to determine the level of agreement
that was related to each of the walkability indicators. This two-step method allowed for
a thorough analysis of the internal consistency of the tool as well as the reliability of the
elements that make it up to be conducted.

The two complementary statistical measures that were used to quantify IRR were the
percentage agreement and Fleiss” kappa. The agreement, expressed as a percentage, was
applied to explain the relative rating that the raters gave, which directly and intuitively
measures concordance. Nevertheless, because percentage agreement lacks consideration of
possible agreement by chance, Fleiss’ kappa was also used to offer a lower and stronger
estimate of the reliability of categorical multi-rater data. A combination of these two
measures has been found to explain variability in indicators even when raters differed
slightly among themselves [58]. The IBM SPSS Statistics (Version 28.0) was used to compute
the statistics of Fleiss” kappa.

In order to read percent agreement, read qualitative thresholds were used. The
level of agreement of 75 percent or above was defined as good reliability, the range of
60-74 percent was used as moderate reliability and below 60 percent was termed as fair
to poor reliability [62]. Fleiss further interpreted the kappa values with the assistance of
the classification suggested by Landis and Koch [51], such that a value between 0.01 and
0.20 would be slight agreement, 0.21-0.40 would be fair, 0.41-0.60 would be moderate,
0.61-0.80 would be substantial, and 0.81-0.99 would be almost perfect. This interpretive
framework is also frequently used in research that demonstrates the validity of walkability
and pedestrian environment audit instruments [55,56,63].

The statistics on IRR that emerged were then subject to these qualitative levels of
agreement, as in Table 5. This analytical framework offers a foundation for assessing
the reliability and applicability of the CCSWAT-GCC in measuring walkability on the
commercial streets of central locations in the GCC cities.

Table 5. Kappa values classification [8].

Kappa Statistics Agreement Degree

1.0 Perfect

0.81-0.99 Almost perfect

0.61-0.80 Substantial

0.41-0.60 Moderate

0.21-0.40 Fair

0.00-0.20 Slight

>0.00 Less than chance
5. Results

The findings of the inter-rater reliability test are described in two sections to give a
thorough evaluation of the CCSWAT-GCC's performance. First, the reliability findings are
given at the street-segment scale. This allows an assessment of the consistency of ratings in
various commercial street settings. Second, the research provides the reliability of single
items in the audit tool to measure the consistency of each indicator among raters. Such
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a two-level reporting system allows for the evaluation of the general strength of the tool
in its application to specific streets and the validity of the indicators that compose it. The
subsection below gives the results of the IRR assessment for every audited street segment.

5.1. IRR Results for Each Street Segment

The total analysis of IRR showed moderate to high consistency in the six audited street
segments. The mean percentage agreement of the raters was 81.21 percent with a Fleiss’
kappa of kappa = 0.581. At the street-segment level, three out of six segments showed
moderate, and the other three segments, completed by raters, showed a high degree of
agreement. When the 49 audit indicators were added together in all the segments, the
median of the kappa values was in the moderate agreement range.

The mean percentage agreement of the 49 indicators within each street segment, as
summarized in Table 6, ranges from 74.1% to 85.0%, with corresponding kappa values
ranging from 0.453 to 0.667, indicating moderate to high interrater agreement. Al-Batha
Street (Segment = 3 W) had the highest agreement (85%), and the lowest agreement (74.1%)
was in Al Thumairi Street (Segment = 8 N).

Table 6. Overall IRR [8].

Street Segment Street Segment Agreement (%) Kappa Statistics Level of Agreement
.. 8N 74.1% 0.453 Moderate
Al Thumairi Street o 79.3% 0.542 Moderate
3E 81.6% 0.613 substantial
Al Batha Street 3W 85.0% 0.667 substantial
. 9E 84.4% 0.622 substantial
Al Suwailem Street gy 82.3% 0.589 Moderate
Overall 81.12% 0.581 Moderate

5.2. IRR Results for the CCSWAT-GCC Items

Most of the CCSWAT-GCC audit items exhibited reasonable IRR as indicated by kappa
values and percentage agreement, see Table 7. These results were derived from reliability
testing conducted by six raters across six commercial street segments in central Riyadh.
From the audit tool’s 49 indicators, 29 received kappa values exceeding a value of 0.40,
which is a moderate to substantial agreement. Indicators in this range can be for such
examples as heat-resistant pavement, protection of pedestrians against the dangers of traffic
accidents, pedestrian crossings, traffic calming devices, landmarks, open spaces in the city,
and public toilets.

Four indicators had perfect agreement between raters and kappa values of 1.00 and
100 percent agreement. These measurements were the proximity to mosques/prayer rooms,
the size of pedestrian paths, transportation amenities, and road speed. Another specificity
of such indicators is that they are mostly objective; in other words, those that are associated
with physical characteristics like the width of pedestrian paths and the speed of traffic.
Moreover, the high consensus of access to mosques testifies to the high number of mosques
in the main trade centers of Riyadh. The difference between agreement regarding some
indicators can also be explained by the fact that the city was not fully developed in terms
of its public transport infrastructure during the time of data collection, which affected
the raters in their capacity to consistently measure some of the features that are related to
public transport.

Conversely, two indicators, the security cameras (CCTV) and the perceived noise level,
demonstrated low reliability, with percentage agreement below 60% and kappa values
under 0.40, suggesting poor inter-rater reliability. Less reliable indicators were more prone
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to a higher level of subjective judgment and could have been evaluated based on the time of
the day and the contextual circumstances in which audits were performed. Overall, many
more subjective indicators showed a relatively lower level of reliability, such as cleanliness
and maintenance of streets and paths, the supply of canopies and shelters, outdoor thermal

comfort, and perceived air pollution.

Table 7. Inter-rater reliability outcomes for walkability assessment indicators [8].

Dimension Assessment Indicators Agreement (%) Kappa 95% Confidence Interval  p Value
Access to mosques and prayer facilities 100.0% 1.000 - 0.000
Wheelchair-friendly access to mosques 86.1% 0.565 0.416-0.715 <0.001
Cultural Environment Heat-adaptive pavement materials 88.9% 0.640 0.481-0.799 <0.001
Weather-protected street furniture 80.6% 0.518 0.377-0.658 <0.001
Open-air markets and galleries 75.0% 0.496 0.372-0.619 <0.001
Adequate pedestrian walkway width 100.0% 1.000 - 0.000
Footpaths free from barriers 77.8% 0.486 0.358-0.613 <0.001
Quality of sidewalk paving surface 86.1% 0.525 0.373-0.677 <0.001
Cleanliness and maintenance of walkways  77.8% 0.200 —0.007-0.407 0.580
Continuity of pedestrian pathways 77.8% 0.520 0.400-0.640 0.000
Functional Environment  Availability of parking facilities 83.3% 0.503 0.324-0.682 <0.001
Presence of public transport services 100.0% 1.000 - 0.000
Accessibility to nearby transit 66.7% 0.174 —0.039-0.309 0.011
Access to shops and local services 80.6% 0.042 —0.146-0.249 0.688
Street slope and gradient 77.8% 0.342 0.179-0.505 <0.001
Diversity of land-use distribution 94.4% 0.783 0.605-0.961 0.000
Diversity of street activities 86.1% 0.529 0.362-0.696 <0.001
Adequate street lighting 80.6% 0.376 0.237-0.516 <0.001
Visibility during road crossing 80.6% 0.541 0.414-0.668 0.000
Presence of CCTV surveillance 55.6% —0.057 —0.219-0.106 0.495
Absence of abandoned structures 77.8% 0.100 —0.107-0.307 0.343
Protection from traffic accident risks 86.1% 0.626 0.492-0.760 0.000
Operating hours of surrounding activities 88.9% 0.100 —0.107-0.307 0.343
Safety Environment Pedestrian crossings along streets 88.9% 0.723 0.574-0.872 0.000
Buffers between roads and sidewalks 94.4% —0.059 —0.265-0.577 0.148
Street sign systems 69.4% 0.228 0.093-0.363 <0.001
Traffic speed conditions 100.0% 1.000 - 0.000
Vehicle traffic volume 77.8% 0.400 0.237-0.563 <0.001
Directional wayfinding signage 86.1% 0.597 0.451-0.744 <0.001
Traffic-calming interventions 94.4% 0.723 0.516-0.930 <0.001
Pedestrian movement density 83.3% 0.537 0.387-0.686 <0.001
Pedestrian signal systems 80.6% 0.042 —0.164-0.688 0.249
Streetscape landscaping and greenery 83.3% 0.467 0.298-0.636 <0.001
Buildings with identification features 83.3% 0.157 —0.007-0.322 0.061
Aesthetic Environment Presence of landmarks 88.9% 0.687 0.525-0.849 0.000
Public open-space availability 77.8% 0.600 0.465-0.735 0.000
Presence of roadside trees 72.2% 0.282 0.135-0.428 <0.001
Spacing between planted trees 72.2% 0.458 0.333-0.583 <0.001
Shelters and shaded canopies 69.4% 0.008 —0.171-0.186 0.933
Availability of benches 72.2% 0.205 —0.001-0.412 0.052
Access to public toilet facilities 83.3% 0.630 0.492-0.768 0.000
Kerb ramps for accessibility 80.6% 0.200 —0.007-0.407 0.058
Tactile paving for visually impaired users 88.9% 0.486 0.279-0.692 <0.001
Comfort Environment Commercial and business activity presence  83.3% —0.040 —0.247-0.167 0.704
Presence of children’s playgrounds 77.8% 0.400 0.249-0.551 <0.001
Environmental noise conditions 58.3% 0.005 —0.148-0.158 0.950
Outdoor thermal comfort conditions 63.9% 0.050 —0.104-0.203 0.524
Air pollution conditions 69.4% 0.293 0.148-0.437 <0.001
Pleasant outdoor smell conditions 66.7% 0.400 0.273-0.527 <0.001

Moreover, three of the indicators gave negative kappa values, implying a lower
level of agreement than what chance would have demonstrated. Nonetheless, two of
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these indicators showed a high percentage agreement between raters, with agreement
levels of 94.4 percent between streets and footpaths, and 83.3 percent in commercial zones
or business activities. Low or negative kappa values do not automatically imply low
observed agreement but could occur in circumstances when the ratings are highly skewed
across categories. Negative kappa values, though uncommon, have been reported in prior
walkability audit studies (REF) and are generally interpreted as a methodological limitation
of kappa-based reliability, particularly in contexts with high agreement rates or uniformly
rated items, rather than an indication of inherently unreliable measurement.

The fact that the Kappa value is negative for only a small number of indicators may
be due to the impact of prevalence and bias, whereby the distribution of responses is
highly skewed and affects the statistics despite high levels of agreement. This is one of
the limitations of Kappa statistics and does not necessarily imply low agreement. To
overcome this limitation, future applications can take into consideration complementary
reliability measures.

6. Discussion

This study demonstrates that the CCSWAT-GCC is a reliable and practicable audit tool,
particularly given its high number of indicators. The reliability testing conducted on com-
mercial streets in central Riyadh provided moderate to substantial inter-rater agreement,
indicating consistent application across evaluators in a real-world urban environment.
These findings suggest that the CCSWAT-GCC is a robust instrument for assessing walka-
bility in the commercial areas across GCC cities.

Several pragmatic issues were encountered during the reliability testing process, in-
cluding recruiting qualified raters, conducting remote rater training, and carrying out
audits under extreme summer heat in Riyadh with daytime temperatures reaching ap-
proximately 43 °C. In spite of these limitations, the implemented mitigation measures,
including systematic training courses, distinct auditing policies, and field audits in the
late afternoon and evening hours, were effective in providing acceptable reliability results.
Such conditions represent real-world implementation challenges in the GCC cities, hence
support even but not undermine the external validity of results.

Notably, the CCSWAT-GCC audit findings for the selected street segments were rela-
tively consistent with public perceptions of walkability identified in earlier assessments
presented in this paper. The fact that the results of the expert-based audit are convergent
with user perceptions gives further evidence of the construct validity of the tool. To the
author’s knowledge, the CCSWAT-GCC is the first walkability audit tool specifically devel-
oped and empirically validated to reflect the climatic, cultural, and functional characteristics
of commercial streets in GCC cities.

Although this study focused on the development and reliability testing of the audit
tool, future research could incorporate sensitivity analysis to examine the relative influence
of individual indicators on overall walkability scores. Such analysis would further enhance
the analytical depth and policy relevance of the tool.

The development of the CCSWAT-GCC followed a systematic, context-sensitive pro-
cess. It began with a comprehensive review of the global walkability literature to identify
potential indicators, followed by expert consultation to refine and localize them for GCC
contexts. These were further validated through public input to establish priority weighting,
ensuring alignment with local lived experiences. The final phase involved designing the
audit structure, scoring system, and reliability testing processes, including rater training
and detailed auditing instructions. This multi-stage approach increases the tool’s method-
ological rigor and supports its practical application for planners and policymakers aiming
to improve walkability in GCC commercial streets.
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7. Conclusions

This study successfully developed and validated the CCSWAT-GCC, addressing a
critical gap in the existing walkability assessment tools, which are largely designed for
non-GCC cities. The CCSWAT-GCC offers a context-sensitive, empirically grounded frame-
work that incorporates the climatic, cultural and functional characteristics unique to Gulf
region cities, offering a more relevant and reliable tool for evaluating walkability in central
commercial areas.

The inter-rater reliability testing indicated moderate to substantial agreement across
both street segments and individual audit indicators. Most indicators showed acceptable
reliability, with the greatest concurrence on objective features. A few of the subjective
indicators, such as perceived noise and CCTV presence, demonstrated lower reliability,
consistent with findings from prior walkability studies, highlighting opportunities to refine
operational definitions and rater training in future applications. The alignment between
audits and public perceptions further supports the tool’s construct validity and its practical
utility for assessing walkability in urban contexts.

While this study focused primarily on the development and reliability testing of
the CCSWAT-GCC, formal validation against behavioral or health-related outcomes was
beyond its scope. Future research is needed to examine the external validity of the tool
by correlating walkability scores with pedestrian activity levels, modal choice, and public
health indicators. Nevertheless, the alignment observed between audit results and public
perception provides preliminary support for the construct validity of the tool.

In addition to its methodological contribution, the CCSWAT-GCC offers practical value
for urban planners, transport professionals, and policy makers in GCC cities. It enables
systematic identification of street-level walkability assets and gaps, supporting evidence-
based interventions to improve pedestrian environments. As a decision-support tool, it can
guide walkability-oriented urban development in alignment with broader sustainability,
public health, and livability goals. Future studies could explore the tool’s applicability
across diverse GCC urban typologies to assess its generalizability. Longitudinal studies
may evaluate changes in walkability following urban interventions, while refinements to
subjective indicators could improve sensitivity. Overall, this study established a robust
foundation for context-specific walkability assessment and pedestrian-oriented planning in
hot climate urban settings.

It is recommended that GCC countries consider integrating the CCSWAT-GCC into
national urban development strategies and street renewal guidelines. Establishing periodic
walkability audits using this tool could support continuous monitoring and improvement
of pedestrian environments in rapidly evolving urban contexts.

Limitations

This study has several limitations. The inter-rater reliability test was conducted in a
single city, limiting geographical generalizability. Additionally, data collection occurred
during extreme summer temperatures, which may have influenced rater conditions and
fieldwork feasibility.

In addition, the study is limited by the use of a single-city case (Riyadh) and a relatively
small number of audited street segments, which may affect the generalizability of the
findings across different GCC urban contexts. The use of non-probability sampling for the
public survey may also introduce potential bias. Furthermore, variations in urban form
across GCC cities suggest that further testing is required to confirm the tool’s transferability.
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