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Abstract: Since rapid growth and car-oriented patterns became a global threat and non-communicable
diseases (NCDs) levels are advancing, strategies to redesign the built environment into healthier
spaces have gained importance. Walkability plays a central role in this context. However, the literature
is dominated by studies from western industrialized countries. In this paper, we employed structural
equational modeling to analyze perceptual data collected from different neighborhoods of Muscat.
We compared the responses regarding environmental attributes to the frequency of walking for
transport. We found that land use mix combined with low residential density are the factors that have
the highest impact on pedestrian activity. Conversely, the estimates of the pedestrian infrastructure
were surprisingly low, suggesting that, in car dominant societies, walking perceptions are affected by
drivers’ perspectives.

Keywords: sustainability; transport; urban planning; mobility; walking; neighborhood

1. Introduction

The conventional development of suburbs and urban sprawl has been broadly discour-
aged, as it degrades the social environment. They restrict opportunities for interacting with
neighbors and hinder them from psychologically bonding with their communities [1,2].
Consequently, mixed-use, high density, and pedestrian-oriented developments have been
emphasized by the new urbanist agenda as mechanisms to boost the sense of community,
along with various other benefits. A large body of research investigates the association
between physical characteristics of the built environment and neighborhood outcomes,
such as physical activity and social aspects. Some studies have compared suburban areas
with pedestrian-oriented kinds of development and have discovered higher levels of a
sense of community, health, and well-being in the latter [3,4].

In terms of design, comprehensive research has been carried out based on perceived
environmental assessment, using widely tested and well-proven tools for subjective assess-
ments [5,6]. Other studies have employed objective assessments or mixed-mode method-
ologies, combining GIS data and physical activity measurements with accelerometers [7,8].
Despite the availability of data and sophistication of methods, discrepancies between
the results of studies on perceived and objectively measured factors persist [9,10]. This
indicates a demand for further methodological investigations.

The research on walkable environments has evolved substantially in the last 20 years.
It has become an essential element in informing policies for the sustainable urbanization
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of Western societies (Figure 1). Perceived environmental tools, in particular, have recently
gained ground for adaptions in developing countries with emergent economies [11].

Figure 1. Policies to create dense and mixed walkable cores to make suburbs more livable [12].

In Oman, similarly to other countries in the region, the combination of nearly universal
car ownership and a lack of adequate urban infrastructures poses challenges to pedestrian
activity without precedent. In this paper, we employed an alternative statistical method
to explore methodological limitations for assessing this context. The results will help to
develop recommendations for similar situations internationally.

2. Background

Urbanization plays a central role in the United Nations Sustainable Development
Goals. There are 2 items (3—Good Health and Wellbeing, and 11—Sustainable Cities and
Communities) out of 17 that are directly linked to Urban Planning [13]. It is not surprising,
since sustainably planned environments, especially walkable cities, are widely recognized
as more efficient than their car-oriented counterparts. Authors have shown that walkable
environments help to create more compact growth, reducing land consumption and en-
croachments [14]. Further, increased walkability is associated with a decrease in the number
of travelers [15,16], which contributes to the reduction of energy consumption and emis-
sions [17]. Walkability also has a direct correlation with higher levels of physical activity,
actively promoting health and wellbeing [18–20]. Additionally, it has a significant impact
on the social aspects of the neighborhoods where they are in place [3,21] and helps to boost
the local economy [22], making neighborhoods more resilient and reducing inequities [23].
Therefore, turning cities into more walkable environments is, in general, a relevant agenda
to increase sustainability and a crucial factor to meet the United Nations Sustainable De-
velopment Goals (SDGs). Since Jacobs [24] defined the basic principles for lively cities, a
growing agenda under the slogan “new urbanism” has been established [25]. Scholars have
compared neighborhoods entailing new urbanist features and found that they perform
better in many aspects, such as health outcomes, predominantly associated with higher
degrees of pedestrian activity [26,27]. Environmental attributes—usually associated with
walkable and lively neighborhoods—are the so-called “3 Ds”: Density, Diversity (land use
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and incomes), and Design (street network and general environmental features, including
setbacks, street width, street lights, etc.) [28]. Walkability has a central role in the new
urbanism agenda and related approaches, such as “smart growth”.

Global projections for 2030 [29] indicate rising numbers of non-communicable diseases
(NCDs) (target 3.4 of the UN SDGs), while infectious diseases are decreasing. Generally,
low levels of physical activity and unhealthy lifestyles are regarded as the main deter-
minants of the growth in NCDs and, therefore, the primary causes of premature deaths
worldwide. Thus, the World Health Organization launched a global action plan to combat
non-communicable diseases. Their goals include a 10% reduction of insufficient physical
activity levels and a 25% reduction in mortality by cardiovascular diseases. Additionally,
it aims to hinder the rise of diabetes and obesity levels. Particularly, in Oman, the levels
of NCDs are very high and rising at an accelerated pace [30–33]. Currently, NCDs claim
approximately 70% of the total premature deaths in Oman, while over 80% of young
Omanis are not sufficiently engaged in physical activities and one-quarter of the adult
population is obese. Consequently, the Ministry of Health of Oman has issued a strategy to
combat non-communicable diseases within the agenda of the Health Vision for Oman [33].
Healthier habits and active environments are becoming central development targets for
Oman and other countries in the region. The health benefits associated with higher degrees
of walkability are undisputed. Studies in the field are often focused on the increase of
the physical activity levels or other health estimates as a correlate to different walking-
related environmental attributes combined. Some authors operationalize physical activity
as Body Mass Index [34], while others use the frequency of transport, recreational walking,
cycling, and sitting time [35,36]. The International Physical Activity and the Environment
Network project (IPEN) was launched in 2004 as a research network aiming to increase
research activity, develop methodologies, and boost collaboration among scholars studying
walkability [37]. A comprehensive study was conducted, pooling results from projects that
originated in 12 countries [38]. The study compared perceived environmental attributes
(independent variables) against the level of physical activity (dependent variable). For the
first, they employed the Neighborhood Environmental Walkable Scale tool [5], and for the
latter, the International Physical Activity Questionnaire [39].

Informed by the theories of walkable cities and in line with the methodologies devel-
oped by the IPEN research agenda, the authors analyzed comprehensive data collected
locally and drew recommendations for planning policies for the development of case-
sensitive tools valid for an international context. We are convinced that the walkable
environment plays a central role in the sustainable development of neighborhoods and
is a key element to converge public health policies [40] at a national level and on-ground
execution at a local level (Figure 2).
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Figure 2. Interrelation among the different walking requirements [41].

3. Theoretical Model

We have designed a conceptual model based upon the perceived environmental
attributes of a walkable neighborhood, which includes the following factors: Land Use Mix,
Street Connectivity, Pedestrian Infrastructure, Aesthetics, Shading, Safety, and Perceived
Residential Density. Subsequently, we assessed the influence of each one of the attributes
on the functional walking behavior, using the software Smart PLS-SEM.

This conceptual model entails seventeen (17) construct indicator variables that are clus-
tered into six categories, which are also known as exogenous latent variables. This model
explains the relationships between manifest variables and their relative latent variables. The
conceptual model showing the relationships between the manifest variables and exogenous
latent variables is shown in Figure 3.

Figure 3. Theoretical Model of the Functional Walking Behavior.
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3.1. H1: Land Use Mix→ Functional Walking

In the present study, Land Use Mix defines the diversity of uses of a certain area,
while Destination Access (DA) is how easily they can be reached by walking. The most
widely spread objective estimate of Land Use Mix (LUM) is mixed-use entropy, while DA
is commonly measured by the gravity model of trip attraction [28]. Perceived diversity
(LUM and DA) is assessed by the perceived distance and availability of services and
recreational facilities. This variable in the IPEN project also displays a significant positive
impact on walking.

3.2. H2: Street Connectivity→ Functional Walking

Street Connectivity represents a movement network with diversity and multiple
choices for reaching destinations. Smaller block sizes, higher intersection density, and low
occurrence of dead ends are deciding environmental characteristics to create a movement
network supportive of pedestrian activity. The results of IPEN showed a positive correlation
between node (intersection) density and walking levels. Similarly, perceived connectivity—
operationalized as many ways to get to destinations—was associated with higher levels
of pedestrian activity. However, connectivity alone might not be able to guarantee higher
walking levels.

3.3. H3: Pedestrian Infrastructure→ Functional Walking

Planning features associated with Pedestrian Infrastructure, Safety, and Aesthetics are
mostly covered by the third “D”, for “Density” [16]. Pedestrian Infrastructure is related to
comfortably paved walkways, shading trees, streetlights, and so forth. Pedestrian Infras-
tructure (PI) is considered to have a positive impact on walking for transport (according
to IPEN).

3.4. H4: Aesthetics→ Functional Walking

An attractive neighborhood is more supportive of pedestrian activity. The existence
of beautiful buildings and facades, greenery, beautiful sights, and so forth make an aes-
thetically appealing environment. Nevertheless, the results of the IPEN study show that
Aesthetics has a positive but low impact on walking levels.

3.5. H5: Safety→ Functional Walking

Both traffic safety and crime safety might hinder pedestrian activity. There are many
traffic calming strategies to reduce driving speed and increase perceived safety, such as
curbside parking, reducing curb radii, and reducing street profiles (road diets). Simi-
larly, designing an environment where more social interaction happens, avoiding blank
facades and “Big Box” development, induces a sense of safety. Within the IPEN study, the
association between safety and walking was not conclusive.

3.6. H6: Perceived Residential Density→ Functional Walking

Researchers like Newman et al. [14] have stressed that pedestrian or walking cities are
dense, with over 100 people per ha. Regulating Residential Density is a key strategy to tackle
suburbanization [42,43]. Besides the population occurrence, density can also be measured in
the function of the built area (floor area ratio) or dwelling density. Hence, perceived density is
usually associated with the prevalence of building types (fewer single-family houses, more
condos). The results of the IPEN study in 2012 demonstrated a strong correlation between
perceived density and walking transport (>150 min/week). Their relationship is defined by
an ascending curve, stagnating towards high and very high-density levels.

4. Materials and Methods
4.1. Research Framework

A complete comprehensive framework is shown in Figure 4, by which one can easily
follow the research pattern of this research.
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Figure 4. Framework of research.

4.2. Study Area and Geography

This research study adopted a quantitative research approach involving data collection
through structured questionnaires, using an adapted version of the Neighborhood Environ-
ment Walkability Scale [44]. A survey was carried out amongst 11 different neighborhoods
in Muscat, Oman, as shown in Figure 5. A total of 1150 questionnaires were distributed
among randomly selected individuals within these 11 neighborhoods. The questionnaire
survey was distributed during face-to-face interactions with residents of each neighbor-
hood. They were told the purpose of the research study and questionnaires were given
to the people willing to participate in the survey. As a result, 1113 questionnaires were
considered complete, and 37 questionnaires were incomplete and considered inappropriate.
The analysis used 1113 completed questionnaires, which were sufficient for the sample size
requirements, as a rule of thumb, in PLS-SEM [45,46].
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Figure 5. Study area of Muscat, Oman.

4.3. Data Collection

Measurements for the dimensions of the physical environment for walking (Land Use
Mix, Street Connectivity, Pedestrian Infrastructure, Aesthetics, Shading, Safety, and Per-
ceived Residential Density) were taken from the previous studies of the IPEN (International
Physical Activity and the Environment Network) project. To develop a comprehensive
set of measurement items, extensive literature was reviewed and we conducted focus
group discussions involving local people. As a result, seventeen (17) items related to the
six dimensions of the perceived walking environment were developed: Land Use Mix
(4 items); Street Connectivity (3 items); Pedestrian Infrastructure (3 items); Aesthetics
(2 items); Safety (4 items), and Perceived Residential Density. All of these items were
reworked to fit the context of the study. A 4-point Likert scale ranging from 1 (“Strongly
Disagree”) to 4 (“Strongly Agree”) was used to measure these items. The questionnaire
was sent to the academic assessors for review; some structural and grammatical changes
made the questionnaire statements easier to understand and gave them more credibility.
The description of the manifest variables and their relative exogenous latent variables are
presented in Table 1.
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Table 1. Perceived environmental attributes and descriptions.

Group/Construct Item Description of Item

Land Use Mix (LUM) LUM1 The stores are within an easy walking distance of
my house.

LUM2
There are major barriers to walk in my local area that
make it hard to get from place to place (for example,

freeways, rivers, etc.).

LUM3 There are many places to go within an easy walking
distance of my home.

LUM4 It’s easy to walk to a transit stop (bus, taxi) from
my home.

Street Connectivity (SC) SC1 Streets in my neighborhood do not have many
cul-de-sacs.

SC2
The distance between intersections in my

neighborhood is usually short (90 m or less; length of
a football field).

SC3
There are many alternative routes to get from place to
place in my neighborhood (I don’t have to go the same

way every time).

Pedestrian Infrastructure
(PI) PI1 There are sidewalks on most of the streets in

my neighborhood.

PI2 The walking paths are well shaded in
my neighborhood.

PI3 There are trees along the streets in my neighborhood.

Aesthetics (AS) AS1 There is too much garbage near the paths that make it
unpleasant to walk in my neighborhood.

AS2 There are attractive natural sights and attractive
facades in my neighborhood.

Safety (SF) SF1 There is so much traffic along the streets that it makes
it unpleasant or difficult to walk in my neighborhood.

SF2 There are crosswalks and pedestrian signals to help
walkers cross the busy streets.

SF3 My neighborhoods’ streets are well lit at night.
SF4 The speed of traffic on most streets is usually low.

Perceived Residential
Density (PRD) PRD1

Typology of buildings in the immediate neighborhood
(i.e., single-family villas, twin villas, Arab style houses,

apartment buildings).

4.4. Application of PLS-SEM Modelling Technique

Here, a well-established structural equation modeling (SEM) approach was applied,
which performs like a new second-generation multivariate data analysis method, helping in
the analysis of complex relationships [47–50]. It has a comprehensive approach, known as
“partial least square structural equation modeling” (PLS-SEM) techniques, using SmartPLS
to provide a visualization approach to overview many variables and prioritize better
options for variables, as shown in Figure 6.
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Figure 6. PLS-structural equation model formation.

5. Analysis and Results

Analysis of the data was carried out by using a Smart PLS simulation of the conceptual
model to assess the strength of each latent variable/factor affecting the functional walking
behavior. A two-step procedure was involved, which included (1) the assessment of the
PLS model parameters by a separate method by resolving the wedges of the measurement
model, and then (2) reckoning the parameter estimates of the structural model [51,52].
Overall, the structural equation model was corroborated by the value of the R-square. To
ensure the strength of each factor was consistent and reliable, the conceptual model used
in Smart PLS simulation needed to be evaluated. This process of evaluation involved four
steps, as follows:

1. Convergent Validity and Individual Item Validity
2. Discriminant Validity
3. Structural Model Relationships
4. Overall Fitness of the Model

5.1. Convergent Validity and Individual Item Validity

The consistency and validity of the manifest variables were gauged through the
measurement model. Initially, the measurement model was verified for convergent validity.
This was evaluated through Composite Reliability (CR), Factor Loadings, and Average
Variance Extracted (AVE). The cogency of the measurement model was assessed through
convergent validity [53]. The values of the Composite Reliability (CR) portray the degree
to which manifest variables indicate the constructs (as in Table 2) of the latent variables by
the calculation of the standardized outer loadings of the specific construct indicators.
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Table 2. Individual item reliability and convergent validity.

Constructs
First Iteration Final Iteration

Items Loading AVE CR Loading AVE CR

Land Use Mix (LUM)

LUM1
LUM2
LUM3
LUM4

0.840
0.650
0.770
0.583

0.515 0.722

0.840
0.650
0.770
0.583

0.515 0.722

Street Connectivity (SC)
SC1
SC2
SC3

0.902
0.891
0.630

0.668 0.855
0.902
0.891
0.630

0.668 0.855

Pedestrian Infrastructure (PI)
PI1
PI2
PI3

0.706
0.716
0.876

0.592 0.812
0.706
0.716
0.876

0.592 0.812

Aesthetics (AS) AS1
AS2

0.790
0.713 0.566 0.722 0.790

0.713 0.566 0.722

Safety (SF)

SF1
SF2
SF3
SF4

0.451
0.105
0.975
0.973

0.528 0.769

0.510
Omitted

0.975
0.973

0.70 0.865

Perceived Residential Density (PRD) PRD1 1.0 1.0 1.0 1.0 1.0 1.0

Manifest variables that have a value of the outer loadings of 0.7 or higher are consid-
ered extremely suitable [52–54]. The loading value of 0.5 for the specific manifest variable
suggests that the outer loading value of 0.4 should be acceptable. If the exclusion of these
specific construct indicators surges the value of Composite Reliability (CR), then it is ra-
tional to discard specific indicators; otherwise, these indicators should be maintained in
the analysis. The cut-off mark for the values of the outer loadings of construct indicators
was taken as 0.5 in this research. An iterative procedure was espoused for the exclusion of
the construct indicators. Measurement model consistency was also evaluated through the
construct reliability, which was assessed by the values of Composite Reliability (CR) and
Cronbach’s alpha. Ref. [49] recommended that the value of Composite Reliability (CR) is
suitable if it is above 0.7 and they further argued that the construal of Cronbach’s alpha
and Composite Reliability (CR) is similar. However, the better measure by which to assess
the internal consistency of the measurement model is Composite Reliability (CR), as it
engages the standardized loadings of the construct indicators [46,55]. As a next step, the
discriminant validity of the measurement model was assessed, which refers to the degree to
which measures are not a replication of other indicator variables; this was analyzed by the
indication of low correlations between the measures of other constructs and the measures of
interest. A discriminant validity test was performed to analyze that the construct indicator
in any construct is related to the chosen construct where its cross-loading value in a specific
construct should be higher than any other construct [56].

The AVE (Average Variance Extracted) test was performed to assess the Convergent
Validity of the model [55]. The amount of variance extracted by the latent variable from its
relative indicator variable was analyzed by the value of the AVE. Refs. [46,57] recommended
that latent variables must extract a minimum amount of 50% of variance from their relative
construct indicator This means that the AVE value of the latent variable should be greater
than 0.5. The measurement model was evaluated based upon the above-mentioned criteria
and an iterative simulation process was adopted to discard the weak manifest variables. In
the first iteration of Table 1, six constructs (Land Use Mix, Pedestrian Infrastructure, Street
Connectivity, Aesthetics, Safety, and Perceived Residential Density) have parametric values
above the cut-off mark, while one manifest variable within the construct of “Safety” proved
to be very weak. In the following iteration, this weak manifest variable was discarded and
better AVE and CR values were achieved. Once the whole iteration process was completed,
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the final measurement model was evaluated for discriminant validity, which was assessed
by the values of the cross-loadings. Cross loading values are shown in Table 3.

Table 3. Analysis of cross-loadings of factors.

LUM ST PI AS SF PRD

LUM1 0.840 0.393 0.214 0.302 0.218 0.289
LUM2 0.650 0.125 0.142 0.085 0.391 0.057
LUM3 0.770 0.345 0.321 0.396 0.174 0.257
LUM4 0.583 0.212 0.161 0.075 0.149 0.116

ST1 0.284 0.902 0.173 0.328 0.173 0.290
ST2 0.198 0.891 0.127 0.297 0.155 0.263
ST3 0.448 0.630 0.069 0.247 0.233 0.245
PI1 0.240 0.079 0.706 0.328 −0.080 0.192
PI2 0.149 0.084 0.716 0.193 −0.009 0.125
PI3 0.271 0.165 0.786 0.354 −0.023 0.247
AS1 0.258 0.285 0.415 0.790 −0.050 0.353
AS2 0.217 0.256 0.155 0.713 0.097 0.210
SF1 0.066 0.205 0.011 0.012 0.451 0.189
SF3 0.016 0.309 −0.043 0.077 0.975 0.205
SF4 0.004 0.310 0.061 0.076 0.973 0.201

PRD1 0.260 0.329 0.256 0.380 0.073 1.00

5.2. Discriminant Validity

After the assessment of the convergent validity and individual item reliability of the mea-
surement model, the discriminant validity of the latent variables/constructs was evaluated.
Discriminant validity specifies the extent to which a specific construct is different from the
other constructs [58]. The discriminant validity of the measurement model can be evaluated
by the values of the cross-loadings.

This follows the rule that “items should have a higher correlation with the latent variable
that they are supposed to measure than with any other latent variable in the model [56]”. The
evaluation of discriminant validity is shown in Table 3. The results indicate that the values
of the cross-loadings of construct indicators are higher on their relative constructs/latent
variables as compared to the other constructs/latent variables.

These higher values of cross-loadings verify that the manifest variables in each con-
struct represent the assigned construct, attesting to the discriminant validity of the mea-
surement model.

5.3. Structural Model Relationships

Structural Model relationships were analyzed to determine the significance of individual
paths and the explanatory power of the model. Ref. [49] recommended looking at the values
of β (beta) and the R-square to analyze the strength of the Structural Model. However, it was
necessary to test the β value for its significance level through a t-test. In Smart PLS, this test
was accomplished by the execution of the non-parametric bootstrapping technique [59].
The bootstrapping technique calculates the t-values by generating a prespecified number of
samples. Ref. [53] recommended that the acceptable t-values for a two-tailed t-test are 1.65
(significance level = 10%), 1.96 (significance level = 5%) and 2.58 (significance level = 1%).
In this research study, bootstrapping formed 5000 samples; then, these samples were used
to calculate t-values, which are presented in Table 4. Table 4 represents the values of the
path coefficients of all the latent variables and their corresponding t-values.

The structural model indicates the relationships between the endogenous and ex-
ogenous constructs by assessing them through the values of path coefficients (beta) and
coefficient of determination (R-square) [53]. The value of the path coefficient (beta) refers to
the strength of an effect of an exogenous latent variable on the endogenous latent variable
and the value of the R-square refers to the degree of variance that could be explained by
the structural model [60–62]. A suitable model fit requires the value of the R-square to
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be greater than 0.26 [63]. Since the value of the R-square of our developed model is 0.29,
which is above the recommended value, means that the developed model (as shown in
Figure 7) is considered to possess a substantial degree of explained variance of “Func-
tional Walk” by the perceived environmental factors. In the next step, the path coefficients
(β) of all the latent variables were assessed and compared. All the path coefficients (β)
attained t-values greater than the cut-off mark for a significance level of 1%, except the
latent variable “Pedestrian Infrastructure”. This implies that all the path coefficients in the
estimated model have a strong impact on the “Functional Walking” except “Pedestrian
Infrastructure”. The highest β value (0.248) was attained for “Land Use Mix” and it is the
most significant factor influencing “Functional Walking” for the residents of Muscat.

Figure 7. Structural model relationships.

Table 4. Structural model significance.

Abbreviation Constructs Path Coefficient (β) t-Value

LUM Land Use Mix 0.248 8.37 *
ST Street Connectivity 0.075 2.73 *
PI Pedestrian Infrastructure 0.048 1.49
AS Aesthetics 0.193 5.66 *
SF Safety 0.121 4.41 *

PRD Perceived Residential Density 0.150 5.55 *
Note: * Significant (p < 0.01).

5.4. Overall Model Fitness Analysis

To assess the global validity and explain the power of the structural equation model,
the overall fitness of the model was tested through the Goodness of Fit (GoF) index. GoF is
defined as the geometric mean of the average R2 of all endogenous latent variables/constructs
and average commonality [60,64]. The overall intent of the evaluation GoF index was to
examine the PLS model performance at both structural and measurement model levels,
with an emphasis on the prediction power of the model [64]. Studies [55,63,65] provided
the guidelines and the GoF cut-off values for the global validation of the PLS models and
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suggested the value of 0.50 as the cut-off value for communality and diverse effect sizes of
R2. The GoF index of the PLS model and its criteria are explained in Table 5.

Table 5. GoF index and its criteria [60].

GoF GoF Criteria

GoF =
√

Communality X R2
Communality = 0.5 [55]

R2 effect:
Small = 0.02, Medium = 0.13, Large = 0.26

Range of GoF values:
GoF = (0 < GoF < 1) Thus,

GoFmedium =
√

0.5 X 0.02 = 0.10
GoFmedium =

√
0.5 X 0.13 = 0.25

GoFlarge=
√

0.5 X 0.26 = 0.36

From Table 3, it is established that the GoFlarge (0.36), GoFmedium (0.25), and GoFs-
mall (0.10) are the cut-off values of the GoF index. The overall fitness of the PLS model was
calculated using the following Equation (1):

GoF =

√
AVE X R2 (1)

In this research study, the value of the R2 was 0.29, while AVE was calculated as the
average of all AVE values, as explained in Table 1. By using the AVE values of all the
exogenous latent variables, the average came out to be 0.673.

GoF =
√

0.673 X 0.29 (2)

GoF = 0.44 (3)

Since the GoF value calculated in Equation (3) was greater than the cut-off value of 0.36,
which is required for the substantial model, the GoF value of 0.44 endorses that the model
developed for this research study is substantial in explaining the relation between the
perceived environmental attributes and the functional walking behavior of residents. The
parameters used in the model are reliable and consistent and backed up by the IPEN project.

6. Discussion

Our research findings point to the important differences in the perceived environmen-
tal attributes that influence the functional walking behavior of individuals. Although, it
is evident from the existing literature that previous researchers have uncovered physical
environmental attributes that are significantly correlated with the behavior of physical activ-
ity [66–69]. However, the relative importance of the perceived environmental attributes had
not been investigated. Therefore, we attempted the well-established structural equation
modeling (SEM) approach to explore this relative importance. Our results are somehow
consistent with the findings of the prior research studies [66,70–72]; perceived attributes
that are related to the Land Use Mix, Safety, and Aesthetics have proved to be most im-
portant for walking. Land Use Mix is not surprisingly the latent variable with the highest
load on walking behavior [73]. Despite the dominant mono-functional character of the new
residential neighborhoods in Muscat, the areas where we carried out the surveys (delimited
by a 400 m radius around the mosque) concentrated a small cluster of commerce and
services. Previous research [74] revealed that walking to prayers is the most common active
mobility activity performed by residents of Muscat. Additionally, it is prescribed by law to
allocate a small number of shops and services such as a tailor, grocery, coffee shop, and so
forth to cover the daily needs of residents and to help to sustain the mosque economically.
That small mixed-use core in each neighborhood varies substantially, according to the
level of development of the surroundings. Consequently, despite the lacking diversity
of functions (considering objective parameters, such as entropy, job–dwelling ratios, etc.)
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necessary to guarantee a higher level of walking for transport, residents are still exposed to
at least a certain degree of land use mix in these core areas.

Conversely, the perception of the subjects on the pedestrian infrastructure does not
seem to influence their walking behavior substantially. The latent variable has the lowest
load, which was an unexpected result. Nevertheless, a closer look at the environmental
characteristics of the studied locations gives us some insight into the results. Again, walking
and physical activity levels are extremely low in any of the studied areas. Due to a rapid
expansive growth ratio in Muscat since the 1970s, authorities were not able to provide basic
infrastructure to the ever-expanding sprawling city. Consequently, open spaces usually
remain deprived of any basic attributes, such as walkways, street furniture, and greenery. If
any, the only infrastructural element present is an asphalted road in the middle. The space
between the road and the boundary walls surrounding the private lots (usually single-
detached houses) is commonly regarded as an “unofficial” extension of the private domains
and invariably treated as additional parking space. Residents call them “interlocks” because
it is the most common construction material used to pave them. Whenever present, the
paving of the interlocks occurs as an individual initiative without any dialogue with the
direct neighbors, resulting in uneven levels, inconsistent design obstructed by cars, or
other barriers, such as bushes or fences. In the residential neighborhoods of Muscat, the
pedestrian movements happen in an improvised challenging environment without trees to
cast shade, over an uncomfortable ground to walk, and often in the middle of the road. In
addition, if Omanis are not used to use a pedestrian infrastructure to walk as they are often
absent in their neighborhoods, how could they perceive them accurately? Nonetheless,
it does not necessarily mean that the existence of a pedestrian infrastructure would not
contribute to enhancing active transport. Reflecting on the structure of the questionnaire
and comparing it with the environment subjects are exposed to, it seems challenging to fit
an extremely changeable environment into one single judgment.

Aesthetic, traffic safety and residential densities are stable environmental elements
possible to address, even detached from pedestrian activity [75–77]. One can easily experi-
ence beautiful sights or different building typologies passing by while driving or parking
the cars. Similarly, a general impression of whether some apartment towers are sticking
out of the generally flattened landscape composed predominantly of single-family houses
or twin villas does not require a walk around, as the higher rise buildings are usually built
closer to arterial roads. Street connectivity is operationalized as node density and intersec-
tion connectivity. Those measurements are usually perceived by the size of the blocks and
the permeability of the streets network. Similarly, to pedestrian infrastructure, connectivity
is another environmental attribute strongly related to walking behavior since its perception
does not overlap with drivers’ experiences. This explains why Street Connectivity is a
construct with a relatively low load.

7. Conclusions

The study assessed the impact of perceived environmental elements in Oman on
walking behavior. Although a number of aforementioned studies have investigated the
correlation between individual attributes and physical activity, our study has attempted to
investigate the relative importance of perceived environmental attributes, more specifically
in the context of a developing country, and concludes that policies for the increase of density
levels allied with mixed-use development in strategic areas are likely to have the highest
potential to activate the communities in sprawling areas. We have also concluded that
when walking studies are applied in environments with extremely low walkable features
and car-oriented communities, the estimates are likely to be dominated by the drivers’
perspectives rather than the pedestrians’ perspectives, reducing the accuracy of some
constructs. In such circumstances, the results of parameters, such as Street Connectivity
and Pedestrian Infrastructure, are likely to be skewed. Our methodology to study the
relative importance of perceived environmental attributes on walking behavior may act as
a guide for decision-makers and urban planners who wish to implement and develop a
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proper walking environment in the context of developing countries. There may be some
constructs/features of walking environments that are perceived as less important because
the survey participants are not used to these environments. Additionally, to the survey
results, other methods, such as objective mapping and qualitative research, are required to
validate the latter assumption.

8. Limitations of the Study

The theory of walkable cities has guided several urban development policies world-
wide. However, it is more emphatically used in countries with recent peaks of development,
such as the United States [42] and Australia [43,78]. One central goal of those policies is to
leverage poly-centric development aiming to reverse the negative effects of expansionism
and suburbanization. Studies adapting methodologies for developing countries with ex-
treme growth ratios are proliferating and substantially contributing to expanding the scope
of the field [6,79–83]. Nevertheless, it is still unclear what the impacts are of rapid growth
and the absence of a well-established infrastructure on the prediction’s accuracy over the
methodology in question. Consequently, this study tested two concurring hypotheses:

1. Prevailing methodologies to assess the associations between environmental attributes
and perceived walkability are universal. Walkability tools, in their current state, are
directly applicable.

2. Rapid urbanization associated with different levels of development of urban infras-
tructure substantially impacts the perception of walkability. Prevailing walkability
tools need adjustments.

In this study, we focused on the perceived environmental attributes and their impacts
on walking behavior, especially in neighborhoods where the infrastructure is not well
established.
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