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Abstract

Rapid urbanization, automobile dependence, and declining public-space quality have
increased interest in how street-level environments influence pedestrian activity and urban
vitality. Although prior research has focused on macro-scale urban form and individual
walking behavior, fewer studies have examined population-level pedestrian activity and
micro-scale streetscape characteristics, particularly in socioeconomically segregated Latin
American cities. This study explores the relationship between pedestrian activity and
street-level built environment characteristics in middle-income neighborhoods of Santiago.
The analysis included 514 street segments across seven neighborhoods using a modified
Pedestrian Environment Data Scan (PEDS) audit instrument assessing destinations, street
functionality, safety, aesthetics, and urban design qualities. Pedestrian activity was mea-
sured through repeated pedestrian counts conducted during two observation periods
in 2025. Street segments were categorized into low, medium, and high activity levels,
and multinomial logistic regression models were applied. Results showed that several
micro-scale streetscape characteristics were significantly associated with pedestrian activ-
ity. Tree presence, sidewalk width, landmark visibility, and street-name visibility were
consistently linked to higher pedestrian activity across both periods. Building height,
enclosure, benches, segment monitoring, and on-street parking were also significant in
at least one model. These findings highlight the importance of micro-scale urban design
in promoting walkable and socially vibrant urban environments. Overall, greener, more
legible, and pedestrian-oriented streets were consistently associated with higher levels of
pedestrian activity.
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life, social interactions, and active use of urban spaces. Pedestrian activity has long been
This article is an open access article
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pedestrian presence are often linked to greater social interaction and urban attractiveness,
and more vibrant public life.

Contemporary urban development patterns, however, have increasingly prioritized
automobile-oriented infrastructure, often at the expense of pedestrian-oriented public
spaces and human-scale urban environments. In response, growing attention has been
paid to understanding how urban design and built environment characteristics influence
pedestrian activity and the quality of urban experience. Previous studies have demonstrated
that urban form characteristics such as density, land-use diversity, street connectivity,
destination accessibility, and proximity to public transportation significantly influence
walking and pedestrian movement patterns [4-7]. These macro-scale dimensions have
been widely examined within walkability and urban planning research.

In addition to macro-scale urban form, recent studies increasingly emphasize the
importance of micro-scale streetscape qualities that directly shape pedestrians’ spatial
and sensory experiences. Features such as street trees, shading, sidewalk quality, facade
conditions, street furniture, enclosure, lighting, cleanliness, and visual complexity influence
pedestrians’ perceptions of comfort, safety, attractiveness, and spatial coherence [8-13].
Compared with macro-scale indicators, micro-scale streetscape characteristics provide a
more immediate representation of the urban qualities experienced by pedestrians during
everyday movement through city streets.

Most previous studies on walking and the built environment have focused primar-
ily on individual-level walking behavior, often relying on self-reported travel patterns
or physical activity measures [14]. Although these studies have substantially advanced
knowledge regarding walkability, they often lack spatial specificity regarding where pedes-
trian activity actually occurs. In contrast, population-level pedestrian activity measured
through pedestrian counts offers a more direct representation of active urban spaces and
street vitality at the street-segment scale. Pedestrian activity levels are closely associated
with urban liveliness, social interaction, public-space use, and the overall quality of urban
environments [15].

These relationships are especially important in Latin American cities characterized
by strong socioeconomic inequalities and spatial segregation. In Santiago, Chile, socioe-
conomic disparities are reflected in uneven distributions of urban greenery, pedestrian
infrastructure, public-space quality, and perceptions of safety. Previous studies conducted
in Santiago have identified sidewalk quality, greenery, traffic conditions, environmental
maintenance, and perceived security as important components of pedestrian experience and
walkability [16,17]. Evidence also suggests that socioeconomic conditions may influence
the relationship between the built environment and walking, as wealthier neighborhoods
often benefit from higher-quality public spaces and pedestrian-supportive urban environ-
ments [18].

Considering the actual strong socioeconomic segregation in Santiago, focusing on
neighborhoods with relatively similar socioeconomic conditions may help reduce the
confounding influence of socioeconomic disparities when examining built environment-
pedestrian activity relationships. Accordingly, this study focuses on middle-income neigh-
borhoods to better limit the associations between micro-scale streetscape characteristics
and pedestrian activity.

The main research question guiding this study is the following:

- Which street-level built environment characteristics are associated with population-
level pedestrian activity in middle-income neighborhoods of Santiago, Chile?
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Research Objectives

The primary objective of this study is to examine the relationship between street-level
built environment characteristics and population-level pedestrian activity in middle-income
neighborhoods of Santiago, Chile.

Specifically, the study aims to:

- Identify micro-scale streetscape characteristics associated with low, medium, and high
levels of pedestrian activity at the street-segment scale.

- Examine the consistency of these associations across two seasonal observation periods
(March-May and September—-November 2025).

2. Literature Review
2.1. Street-Level Urban Design and Pedestrian Experience

Research on the relationships between urban environments and pedestrian activity has
expanded considerably across urban design, planning, transportation, and environmental
psychology. Ecological approaches to human behavior suggest that pedestrian activity is
shaped not only by individual preferences, but also by the physical and spatial qualities
of urban environments that influence comfort, accessibility, safety, and environmental
attractiveness [19].

At the macro-scale, numerous studies have identified significant associations between
pedestrian activity and urban form characteristics such as density, land-use diversity, street
connectivity, accessibility to destinations, and proximity to public transportation [4,5,20].
Mixed-use environments and connected street networks generally support pedestrian
movement by increasing accessibility and reducing travel distances between daily desti-
nations [7]. Access to commercial services, parks, transit facilities, and public amenities
has similarly been associated with greater levels of walking and urban activity in different
urban contexts [21,22].

Beyond macro-scale urban form, increasing attention has been directed toward micro-
scale streetscape qualities that directly shape pedestrians’ everyday spatial experiences.
Street-level characteristics such as sidewalk quality, street trees, greenery, facade conditions,
shading, street furniture, enclosure, cleanliness, lighting, and visual complexity contribute
to pedestrians’ perceptions of comfort, safety, coherence, and attractiveness [8-10,12,13].
These micro-scale characteristics influence how urban environments are experienced at the
human scale and may substantially contribute to the vibrancy and liveliness of public spaces.

Urban design theories have strongly emphasized the importance of pedestrian-
oriented streets and active public spaces in creating vibrant urban environments. Jacobs [2]
highlighted the role of active streets, mixed uses, and natural surveillance in supporting
urban vitality and social interaction. Similarly, Gehl [1]) emphasized the importance of
designing cities at the human scale, arguing that high-quality public spaces and pedestrian-
friendly environments encourage social life and everyday urban activity. Montgomery [3]
further associated urban vitality with diversity, spatial quality, pedestrian accessibility, and
active street life.

Spatial legibility and visual coherence also represent important dimensions of
pedestrian-oriented urban environments. Ewing and Handy [8] identified urban design
qualities such as imageability, enclosure, transparency, complexity, and human scale as
central components of walkable and attractive streetscapes. Legible urban environments
characterized by recognizable landmarks, clear spatial organization and visually coherent
streets may improve orientation, navigability, and pedestrian comfort while supporting
increased pedestrian movement and street activity.

Population-level pedestrian activity indicators, including pedestrian counts and pedes-
trian density, have increasingly been used to examine urban vitality and street liveli-
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ness [23,24]. Active pedestrian environments are commonly associated with vibrant public
life, stronger social interaction, and higher-quality urban spaces [15]. Streets characterized
by greater pedestrian presence are often perceived as safer, more attractive, and more
socially engaging, whereas inactive urban environments may contribute to perceptions of
neglect, insecurity, and declining public-space quality [25,26].

Within the Latin American context, studies examining street-level urban environments
and pedestrian experience remain comparatively limited despite the region’s high levels of
urban density and socioeconomic inequality. In Santiago, Chile, previous studies have iden-
tified greenery, sidewalk quality, mixed land use, and active street frontages as important
contributors to positive walking experiences, while traffic intensity, environmental neglect,
and unsafe pedestrian infrastructure negatively affect pedestrian perceptions and street
use [16,17]. Other Chilean studies similarly emphasize the importance of pedestrian infras-
tructure quality, environmental aesthetics, accessibility, and urban greenery for supporting
active and vibrant urban environments [27].

Socioeconomic inequalities further influence the distribution and quality of pedestrian-
oriented urban environments. Previous research has shown that higher-income neighbor-
hoods generally possess better-quality public spaces, more greenery, and more pedestrian-
supportive infrastructure, whereas lower-income areas often experience deficiencies in
environmental quality and walkability-related infrastructure [18,28,29]. In highly segre-
gated cities such as Santiago, these spatial inequalities may substantially shape pedestrian
experiences and patterns of urban activity.

2.2. Research Gap and Conceptual Positioning

Although numerous studies have examined the relationships between urban environ-
ments and walking behavior, several important limitations remain in the existing literature.
First, most of the previous research has focused primarily on individual-level walking
measures, including self-reported walking frequency, duration, or travel behavior. Compar-
atively, fewer studies have investigated population-level pedestrian activity using direct
observations of pedestrian presence at the street-segment scale. Population-level indicators
provide a more spatially precise understanding of where pedestrian activity occurs and how
specific streetscape characteristics contribute to active and vibrant urban environments.

Second, a considerable proportion of existing research has concentrated on macro-scale
urban form indicators, while comparatively less attention has been directed toward micro-
scale streetscape qualities that directly shape everyday pedestrian experiences. Street-level
environmental characteristics such as greenery, enclosure, visual coherence, environmental
maintenance, fagade quality, shading, and spatial legibility may substantially influence
pedestrian activity and perceptions of urban quality; however, these dimensions remain
relatively underexplored in many urban contexts.

Third, much of the empirical evidence regarding pedestrian activity and urban envi-
ronments originates from North American, European, and East Asian cities. Comparatively
limited research has examined these relationships within Latin American cities, despite
their distinct urban characteristics, socioeconomic inequalities, and patterns of spatial segre-
gation. Existing studies conducted in Santiago primarily focused on perceived walkability,
older adults, or subjective environmental perceptions rather than broader population-level
pedestrian activity patterns across street segments.

Finally, socioeconomic inequalities may strongly influence both pedestrian activity and
the spatial quality of urban environments. However, relatively few studies have attempted
to reduce the confounding effects of socioeconomic variation when examining relationships
between streetscape characteristics and pedestrian activity. Focusing on middle-income
neighborhoods offers an opportunity to better identify the associations between micro-scale
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urban design qualities and pedestrian activity while reducing the influence of extreme
socioeconomic disparities.

Accordingly, this study investigates the relationships between population-level pedes-
trian activity and street-level built environment characteristics in middle-income neighbor-
hoods of Santiago, Chile. The study contributes to the literature by focusing on pedestrian
activity at the street-segment scale, emphasizing micro-scale streetscape qualities and urban
design characteristics, and providing evidence from a socioeconomically segregated Latin
American city.

3. Methodology

The research framework is presented in Figure 1; it summarizes the sequential stages
of the study, including study area selection, pedestrian count surveys, built environment
audits, data processing, and statistical analyses.

*Seven middle-income neighborhoods in Santiago, Chile

Study Area *514 street segments selected within a 500 m buffer

Selection
*Gate-count method
® Two survey periods: March-May 2025/September-November 2025;
Morning and evening/weekdays and weekends
Pedestrian 20 observations per street segment per season
Count Survey | e Average pedestrian counts calculated

eModified PEDS audit instrument \

*39 environmental variables in four domains of destinations,
functionality and street design, safety and streetscape aesthetics

_Bmlt eUrban design qualities of enclosure and legibility
Environment L ,
Audit eReliability assessment (Cohen's ) J

® Average pedestrian counts h
*(lassification into tertiles of low, medium and high pedestrian
activity
Data Processing y

eDescriptive statistics and Pearson correlation

*VIF assessment (VIF <5 retained) and Multinomial Logistic
Regression

Statistical *Backward Stepwise Selection

Analysis *Software of BM SPSS Statistics Version 23.0

*Comparison between two seasonal periods
Research

Outcomes

Figure 1. The methodological framework.
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3.1. Study Area

Santiago, the capital and largest metropolitan area of Chile, is home to approximately
seven million inhabitants, representing nearly 40% of the country’s total population. Al-
though Chile is considered one of the most economically developed countries in Latin
America, Santiago exhibits high levels of socioeconomic inequality and spatial segregation,
which are reflected in the distribution and quality of urban infrastructure, public spaces,
and pedestrian environments.

To reduce the confounding influence of socioeconomic disparities on walking behavior,
this study focused on neighborhoods with relatively similar middle-income characteristics.
Seven middle-income neighborhoods were selected across Santiago: Barrio Universitario,
Barrio Yungay, Barrio Ejército, Barrio Santa Isabel, Barrio Brasil, Barrio San Borja and
Barrio Portales. Most selected neighborhoods are located within or adjacent to Santiago’s
historic central area, characterized by mixed land use, relatively high pedestrian activity,
and traditional grid street patterns.

The historic center of Santiago was originally established during the colonial period
following the Spanish grid planning system, resulting in relatively compact urban blocks
and interconnected street networks. Sidewalk widths in the selected neighborhoods gener-
ally range between 2.5 and 4 m, although some segments contain wider pedestrian areas
and public spaces.

3.2. Street Segment Selection

Street segments within a 500 m radius of the geometric center of each selected neigh-
borhood were included in the study. The 500 m buffer distance has frequently been used
in walkability and pedestrian environment research as an acceptable walking distance for
neighborhood-scale analysis (e.g., an approximately 5-10 min walk) [30,31].

Each street segment was defined as the section of roadway between two consecutive
intersections. Both sides of each street segment were audited independently. In total,
514 street segments were examined.

3.3. Pedestrian Count Survey

Population-level walking behavior was measured using pedestrian counts collected
through the gate-count method, a commonly used observational technique in studies
of pedestrian activity and urban vitality [1,32]. In this method, an observer stands at a
fixed location within a street segment and counts the number of pedestrians crossing an
imaginary line perpendicular to the walking direction.

Pedestrian counts were conducted during two separate seasonal periods to evaluate
the consistency of walking patterns and the stability of built environment associations
across different climatic conditions. The first observation period was conducted from
March to May 2025, while the second took place from September to November 2025.
Conducting observations during two distinct periods allowed for a more reliable assessment
of pedestrian activity and provided a stronger basis for policy-oriented interpretation of
the findings.

3.4. Classification of Population-Level Walking Activity

For each observation, the researcher stood at the midpoint of the street segment and
counted pedestrians moving in both directions using digital hand counters. Observations
were conducted during both weekdays and weekends, covering the morning and evening
periods on randomly selected days. Each street segment was observed 20 times during each
seasonal period (40 observations in total across the two survey periods), with each observa-
tion lasting for two minutes. Thus, each street segment was observed for a total of 80 min
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over the study period. The average pedestrian count for each street segment was calculated
separately in each of two seasonal periods, and was used in the subsequent analysis.

To facilitate interpretation of the pedestrian activity patterns and improve the ap-
plicability of the findings for urban planning and policy-making, street segments were
classified into three levels of walking activity: low, medium, and high pedestrian activity.
Another reason for using this classification was that preliminary analysis of pedestrian
counts showed non-normal and over-dispersed distributions.

The average pedestrian count for each street segment was categorized into tertiles
of low, medium, and high pedestrian activity. Tertile cut-off points were determined
from the distribution of average pedestrian counts across all street segments, resulting in
three groups of approximately equal size. The low pedestrian activity category was used
as the reference category in the multinomial logistic regression analyses.

The classification was based on the average pedestrian counts observed on each street
segment during the survey periods. Similar categorization approaches have been adopted
in urban vitality and pedestrian environment studies to simplify the interpretation of
pedestrian intensity and to identify spatial variations in urban activity levels [1,8].

The use of activity-level classifications is particularly useful in streetscape and urban
design studies because it allows for a clearer comparison between different environmental
conditions and facilitates the identification of built environment characteristics associated
with varying levels of pedestrian activity.

3.5. Built Environment Audit

The built environment characteristics of each street segment were assessed using
a modified version of the Pedestrian Environment Data Scan (PEDS) audit instrument
developed by Clifton et al. [33]. Several widely used environmental audit tools were
initially reviewed, including the Irvine-Minnesota Inventory (IMI), SPACES, WSAF, and
the Analytic Audit Tool. PEDS was selected because of its suitability for evaluating micro-
scale pedestrian environments and its reliability in previous studies.

To better reflect the Santiago context, several additional variables were incorporated
from the SPACES instrument and previous streetscape studies. This included building
height, maintenance of green spaces, and natural surveillance from adjacent buildings.
Furthermore, an additional variable representing visible signs of insecurity was added due
to increasing concerns regarding urban safety in Santiago. This variable included both
physical and social signs of disorder observed during field audits. In addition, the field
audit also included the urban design qualities of enclosure and legibility, along with their
associated features.

The final audit instrument included 39 environmental variables across four domains:
destinations, functionality and street design, safety, and streetscape aesthetics. In addition,
two urban design qualities were used: legibility and enclosure (Table 1). Field audits
followed pedestrian counts and were conducted during two data collection periods in 2025:
the first from March to May, and the second from September to November.

To assess reliability, a subsample of street segments was independently re-audited by
three field researchers. Inter-rater reliability analysis indicated moderate to high agreement
for most variables (Cohen’s kappa > 0.40). Variables with low reliability were excluded
from the final analysis.

Table 1 presents descriptive statistics for all audited variables across both measurement
waves (Time 1 and Time 2). These two points correspond to the first and second audit
periods in the field described above. Accordingly, the column headings “Mean (Time 1,
All Zones) [SD]” and “Mean (Time 2, All Zones) [SD]” refer to the same street segments
assessed at two different time periods in 2025.
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Table 1.

Descriptive statistics of built environment variables obtained from street segment audit surveys conducted in two observation periods (2025).

Domain

Variable (Factor)

Variable Description

Mean (Time 1,
All Zones) [SD]

Mean (Time 2,
All Zones) [SD]

Destinations

Presence of destinations
(Access to destinations)

Housing 1 = present; 0 = not present 0.64 [0.473] 0.64 [0.473]
Office/Institutional 1 = present; 0 = not present 0.14 [0.33] 0.14 [0.33]
Restaurant/Café/Commercial 1 = present; 0 = not present 0.30[0.41] 0.30 [0.41]
Industrial 1 = present; 0 = not present 0.08 [0.28] 0.08 [0.28]
Vacant/Undeveloped 1 = present; 0 = not present 0.03 [0.22] 0.03 [0.22]
Parks and plazas 1 = present; 0 = not present 0.22[0.41] 0.22[0.41]
Functionality (Design)
Walkway’s structural features
Presence of pathway for pedestrian 1 = present; 0 = not present 0.98 [0.11] 0.98 [0.11]
Quality of pavement 1 = poor; 2 = fair; 3 = good 2.08 [0.72] 2.09 [0.70]
Sidewalk width 1 < 4 feet; 2 = between 4 and 8 feet; 3 > 8 feet 1.87 [0.74] 1.93 [0.68]
Physical barriers/path obstructions 1 = present; 0 = not present 0.78 [0.69] 0.76 [0.42]
The buffer between road and path 1 = present; 0 = not present 0.71 [0.45] 0.80 [0.39]
Curb cuts l1=none;2=1-4;3>4 1.64 [0.67] 1.64 [0.67]
Amenities (All types) 1 = present; 0 = not present 0.51 [0.50] 0.46 [0.49]
Presence of benches 1 = present; 0 = not present 0.21 [0.41] 0.20 [0.39]
Street’s structural features
Low volume street 1=yes;0=no 0.70 [0.42] 0.70 [0.42]
High volume street 1=yes;0=no 0.21 [0.43] 0.21 [0.43]
On-street parking 1 = parallel or diagonal; 0 = none 0.59 [0.49] 0.51 [0.50]
Off-street parking lot spaces 1=yes;0=no 0.18 [0.39] 0.18 [0.39]
Presence of bicycle lanes (Are there bicycle 1= yes; 0 =no 0.18 [0.39] 0.18 [0.39]

lanes on the segment?)
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Table 1. Cont.

Mean (Time 1,

Mean (Time 2,

Domain Variable (Factor) Variable Description All Zones) [SD] All Zones) [SD]
Safety
Traffic safety
Traffic control devices 1 = present; 0 = not present 0.82 [0.53] 0.82 [0.53]
Crossing aids 1 = present; 0 = not present 0.78 [0.96] 0.78 [0.96]
Posted speed limit 1 = present; 0 = not present 0.08 [0.23] 0.08 [0.23]
Crosswalks 1=none;2=1-2;3=34;4>4 1.78 [0.74] 1.78 [0.74]
Personal security
1 = Can be observed from less than 50%
of buildings

Surveillance (visibility) (can be observed 2 = Can be observed from between 50
from a window, verandah, porch, garden) and 74% of buildings 175[081] 17410.75]

3 = Can be observed from more than

75% of buildings
Roadway/path lighting 1=yes;0=no 0.95[0.22] 1.03 [0.24]
Presence of al.l signs of %nsecurlty whether 1=yes; 0 = no 0.78 [0.41] 0.75 [0.43]
physical or social aspects
Segment monitoring by visible camara 1=yes;0=no 0.49 [0.50] 0.49 [0.50]
Aesthetic on Streetscape
Number of trees 0= None or very few; 1 = some; 118 [0.66] 113 [0.66]
2 = many/dense
Presence of flowers 1=yes;0=no 0.21 [0.40] 0.12 [0.40]
0 = None or almost no trash/bad
General cleanliness: (Can you see trash, 1 —ngssfﬁa?l/iE(eﬂZfiilf:iils}?jﬁa d

graffiti, broken windows, discarded T 0.76 [0.59] 0.86 [0.67]

objects, etc.?)

graffiti/broken facilities);
2 = Yes, a lot (a lot of trash/bad
graffiti/broken facilities)
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Table 1. Cont.

Mean (Time 1, Mean (Time 2,

Domain Variable (Factor) Variable Description All Zones) [SD] All Zones) [SD]

1 = Poor (much litter /no grass cutting);
2 = Fair (some litter/grass cutting in
some places); 1,76 [0.42] 1,84 [0.66]
3 = Good (no litter /grass cutting in
many places)

Maintenance and cleanliness
of green spaces

1 = Poor (Much unrepaired and
unmaintained facade is observed;

2 = Fair (To some extent, unrepaired
and unmaintained fagade is observed);
3 = Good (unrepaired and
unmaintained fagade is not observed)

Building maintenance 1.80 [0.55] 1.80 [0.55]

1 = Little or no articulation;
Articulation in building designs 2 = Some articulation; 0.82[0.62] 0.82[0.62]
3 = Highly articulated

Public art (Is there public art that is visible
in this segment?)

Existence of historic buildings 1=yes;0=no 0.41 [0.50] 0.41 [0.50]

1=yes;0=no 0.11[0.31] 0.12 [0.32]

Selected two urban design qualities
and their relevant features

1 = Little or no enclosure;
Degree of enclosure 2 = Some enclosure; 1.85[0.68] 1.85[0.68]
3 = Highly enclosed

Building height (one dimension

1 = short; 2 = medium; 3 = tall 2.11 [0.74]
of enclosure)
Landmark visibility along the route o a
(legibility dimension 1) 1=yes;0=no 0.54 [0.49] 0.54 [0.49]
Seeing the name of the streets (legibility 1= yes; 0 = no 0.86 [0.34] 0.86 [0.34]

dimension 2)
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It is important to note that Table 1 includes the full set of variables measured through
the audit instrument, whereas the regression analyses (Tables 2-5) only have a subset of
these variables included. Initially, all audited variables were considered as candidate pre-
dictors for the regression analyses. Prior to model estimation, multicollinearity diagnostics
were conducted using variance inflation factor (VIF) statistics. Variables exhibiting high
multicollinearity (VIF > 5) were excluded from the regression models to improve model
stability and reduce redundancy among predictors. Therefore, the regression results do not
necessarily include all variables reported in Table 1.

Table 2. The results of multinomial logistic regression regarding the factors associated with
medium pedestrian activity (related to low pedestrian activity) during the first observation period
(March-May, 2025).

Variables Coefficient p-Value Odds Ratio 95% CI OR
Number of trees 1.812 0.000 6.12 2.78-13.50
Maintenance of green  » 0.022 3.48 1.20-10.10
areas
Curb cuts 1.375 0.024 3.96 1.20-13.08

Table 3. The results of multinomial logistic regression regarding the factors associated with high pedes-
trian activity (related to low pedestrian activity) during the first observation period (March-May, 2025).

Variables Coefficient p-Value Odds Ratio 95% CI OR

Number of trees 2.318 0.000 10.16 4.41-23.37
Landmark visibility 1.037 0.039 2.82 1.05-7.56

Visibility of street names 2.038 0.001 7.68 2.19-26.98
Maintenance of green areas 1.873 0.001 6.51 2.07-20.48
Sidewalk width 1.683 0.000 5.38 2.22-13.03
General cleaning 0.902 0.038 2.47 1.05-5.78

Curb cuts 1.326 0.034 3.77 1.10-12.85

Table 4. The results of multinomial logistic regression regarding the factors associated with
medium pedestrian activity (related to low pedestrian activity) during the second observation
period (September-November, 2025).

Variables Coefficient p-Value Odds Ratio 95% CI OR
Number of trees 1.744 0.000 5.72 2.91-11.23
Sidewalk width 1.033 0.001 2.81 1.51-5.22
Landmark visibility 1.209 0.009 3.35 1.36-8.25
Segment monitoring 1.075 0.008 2.93 1.32-6.51
Visibility of street names 0.978 0.045 2.66 1.02-6.93

Table 5. The results of multinomial logistic regression regarding the factors associated with
high pedestrian activity (related to low pedestrian activity) during the second observation period
(September—November, 2025).

Variables Coefficient p-Value Odds Ratio 95% CI OR
Number of trees 2.094 0.000 8.12 3.97-16.59
Building height 0.798 0.005 2.22 1.27-3.89
Enclosure 0.732 0.007 2.08 1.22-3.54
Sidewalk width 1.805 0.000 6.08 3.13-11.79
Bench availability 1.848 0.034 6.35 1.15-35.06
Landmark visibility 1.738 0.000 5.69 2.20-14.70
Segment monitoring 1.444 0.001 4.24 1.80-9.96
Visibility of street names 2.379 0.000 10.80 3.32-35.08
On-street parking —0.826 0.047 0.44 0.19-0.99
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3.6. Statistical Analysis

SPSS version 23.0 was used to analyze the data. Since pedestrian activity was classified
into three categorical levels (low, medium, and high walking activity), multinomial logistic
regression was selected as the primary analytical method.

Although the dependent variable categories possess an ordinal structure, multino-
mial logistic regression was preferred because it does not require the proportional odds
assumption associated with ordinal logistic regression and provides greater flexibility in
examining the relationships between built environment characteristics and different levels
of pedestrian activity.

Separate regression models were estimated for the two seasonal observation periods
(March-May and September—November) to compare the consistency of built environment
associations across different climatic conditions and pedestrian activity patterns.

Prior to model estimation, descriptive statistics and Pearson correlation analyses
were conducted for all variables. Multicollinearity among independent variables was
examined using correlation matrices and variance inflation factor (VIF) statistics. Variables
with VIF values greater than 5 were considered to exhibit high multicollinearity and
were excluded from the regression analyses. Following this screening procedure, the
remaining independent variables were entered simultaneously into each multinomial
logistic regression model.

A backward stepwise procedure was subsequently applied to identify the significant
environmental predictors associated with pedestrian activity levels in each seasonal model.
The final models were evaluated using likelihood ratio tests, model fitting statistics, and
pseudo-R? indicators. The regression analyses included all 514 audited street segments,
with complete data available for the variables retained in the final models.

4. Results
4.1. Factors Associated with Pedestrian Activity Levels During the First Observation Period

Tables 2 and 3 present the results of the multinomial logistic regression analysis for
environmental variables that were statistically significant at the 0.05 probability level,
examining two categories of pedestrian activity levels: medium pedestrian activity (Table 2)
and high pedestrian activity (Table 3). This was related to the reference category of low
pedestrian activity during the first observation period (March-May 2025).

Regarding the medium pedestrian activity and its associated environmental factors
during the summer—autumn period (Table 2), the number of trees showed a strong positive
association with medium pedestrian activity relative to low pedestrian activity (OR = 6.12,
95% CI = 2.78-13.50, p = 0.000). Similarly, maintenance of green areas demonstrated a signif-
icant positive association with medium pedestrian activity (OR = 3.48, 95% CI = 1.20-10.10,
p = 0.022). In addition, curb cuts (sidewalk curb ramps) were positively associated with
medium pedestrian activity levels (OR = 3.96, 95% CI = 1.20-13.08, p = 0.024).

Regarding high pedestrian activity during the first observation period (Table 3), the
number of trees revealed a strong positive association with high pedestrian activity rel-
ative to low pedestrian activity (OR = 10.16, 95% CI = 4.41-23.37, p = 0.000). Landmark
visibility also demonstrated a significant positive association with high pedestrian activity
(OR =2.82, 95% CI = 1.05-7.56, p = 0.039). Similarly, visibility of street names showed a
strong positive relationship with high pedestrian activity (OR = 7.68, 95% CI = 2.19-26.98,
p = 0.001). Maintenance of green areas was positively associated with high pedestrian
activity levels (OR = 6.51, 95% CI = 2.07-20.48, p = 0.001). Furthermore, sidewalk width
(OR =5.38,95% CI = 2.22-13.03, p = 0.000), general cleaning (OR = 2.47, 95% CI = 1.05-5.78,
p =0.038), and curb cuts (sidewalk curb ramps), (OR = 3.77, 95% CI = 1.10-12.85, p = 0.034),
were positively associated with high pedestrian activity levels.
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4.2. Factors Associated with Pedestrian Activity Levels During the Second Observation Period
(September—November, 2025)

Tables 4 and 5 present the results of the multinomial logistic regression analysis r
for environmental variables that were statistically significant at the 0.05 probability level
concerning two categories of pedestrian activity levels: medium pedestrian activity (Table 4)
and high pedestrian activity (Table 5). This was related to the reference category of low
pedestrian activity during the second observation period (September-November, 2025).

With regard to medium pedestrian activity during the second observation period
(Table 4), the number of trees showed a strong positive association with medium pedes-
trian activity related to low pedestrian activity (OR = 5.72, 95% CI = 2.91-11.23, p = 0.000).
Sidewalk width was also positively associated with medium pedestrian activity lev-
els (OR=2.81, 95% CI = 1.51-5.22, p = 0.001). Similarly, landmark visibility demon-
strated a significant positive association with medium pedestrian activity (OR = 3.35,
95% CI = 1.36-8.25, p = 0.009). Segment monitoring and visibility of street names also re-
vealed significant positive associations with medium pedestrian activity levels, with odds
ratios of 2.93 (p = 0.008) and 2.66 (p = 0.045), respectively.

Regarding high pedestrian activity during the second observation period (Table 5),
the number of trees demonstrated a strong positive association with high pedestrian
activity related to low pedestrian activity (OR = 8.12, 95% CI = 3.97-16.59, p = 0.000).
Building height (OR = 2.22, 95% CI = 1.27-3.89, p = 0.005) and enclosure (OR = 2.08,
95% CI = 1.22-3.54, p = 0.007) were also positively associated with high pedestrian activity
levels. Furthermore, sidewalk width revealed a strong positive relationship with high
pedestrian activity (OR = 6.08, 95% CI = 3.13-11.79, p = 0.000). Bench availability, landmark
visibility, segment monitoring, and visibility of street names were likewise positively
associated with high pedestrian activity. In particular, visibility of street names showed one
of the strongest associations with high pedestrian activity (OR = 10.80, 95% CI = 3.32-35.08,
p = 0.000). In contrast, on-street parking was significantly negatively associated with high
pedestrian activity levels (OR = 0.44, 95% CI = 0.19-0.99, p = 0.047).

5. Discussion

This study examined the relationships between population-level walking behavior and
street-level built environment characteristics in middle-income neighborhoods of Santiago,
Chile, using pedestrian activity observations collected during two separate observation
periods. The findings indicate that several micro-scale streetscape characteristics were
associated with pedestrian activity levels across both datasets, although some variables
differed between the two observation periods. Overall, the results are consistent with
previous studies that found street-level environmental qualities to play an important role
in shaping walking behavior and urban vitality.

A key contribution of the study is its focus on population-level pedestrian activity
measured directly at the street-segment scale through repeated pedestrian observations.
Compared with self-reported walking measures frequently used in previous studies, direct
pedestrian counts provide a more spatially specific representation of pedestrian activity and
allow a more detailed examination of environmental characteristics associated with active
urban spaces [9,15]. In the context of architecture and urban design, the findings contribute
to ongoing discussions regarding how micro-scale urban form, streetscape design, and
environmental legibility may influence everyday pedestrian experiences and the social use
of public space.
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5.1. Discussion of the First Observation Period

The results of the first observation period indicate that greenery-related variables,
particularly the number of trees and maintenance of green areas, were associated with
both medium and high pedestrian activity levels. Among the examined variables, the
number of trees demonstrated one of the strongest positive associations with pedestrian
activity. This finding is consistent with previous studies emphasizing the importance of
urban greenery and street trees for pedestrian comfort, environmental attractiveness, and
walking behavior [9,12,34].

Street trees may contribute to walkability through multiple mechanisms. In addition
to improving visual quality, trees can provide shading, moderate thermal discomfort, and
create more comfortable and attractive pedestrian environments. In climates such as Santi-
ago’s Mediterranean environment, these qualities may become particularly relevant due to
seasonal heat conditions and high levels of solar exposure. Previous studies conducted in
Santiago similarly identified greenery and streetscape vegetation as important contributors
to positive walking experiences [17].

Maintenance of green areas also demonstrated positive associations with pedestrian ac-
tivity levels. Well-maintained environments may contribute to perceptions of comfort, care,
and environmental quality while also improving the overall attractiveness of public spaces.
This finding is in line with previous studies finding that maintenance and environmental
aesthetics can influence public-space use and walking behavior [35,36].

The visibility of landmarks and street names was similarly associated with higher
pedestrian activity levels. These findings may reflect the importance of environmental
legibility and wayfinding within pedestrian environments. Urban design theories have long
emphasized that recognizable urban elements can improve spatial orientation, navigability,
and pedestrians’ sense of confidence within urban environments [2,8]. Streets that are
easier to interpret visually may therefore support more active pedestrian movement.

Sidewalk width and curb cuts (sidewalk curb ramps) were also positively associated
with pedestrian activity. Wider pedestrian environments may improve pedestrian comfort
and circulation while reducing conflicts with motorized traffic. Previous studies have
consistently identified pedestrian infrastructure quality as an important determinant of
walking behavior [9,37]. Curb cuts may additionally improve accessibility and crossing
convenience for different user groups.

General cleaning demonstrated positive associations with higher pedestrian activity as
well. Cleaner and better-maintained public spaces may contribute to greater environmental
attractiveness and reduced perceptions of neglect or insecurity. Similar relationships
between environmental aesthetics and walking behavior have been identified in previous
studies [10,38].

Overall, the findings from the first observation period show that environmental at-
tractiveness, greenery, pedestrian infrastructure quality, and streetscape legibility may
contribute to supporting pedestrian activity in middle-income neighborhoods of Santiago.

5.2. Discussion of the Second Observation Period

The second observation period similarly identified several built environment char-
acteristics associated with pedestrian activity levels, although some additional variables
emerged compared with the first dataset.

Consistent with the first observation period, the number of trees again demonstrated
positive associations with both medium and high pedestrian activity levels. The consistency
of this relationship across both observation periods reinforces the potential importance
of urban greenery within walkable urban environments. The repeated significance of
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street trees demonstrates that greenery may represent one of the more stable micro-scale
environmental characteristics associated with pedestrian activity in Santiago.

Sidewalk width also remained positively associated with pedestrian activity levels
across both datasets. Wider pedestrian spaces may facilitate pedestrian movement, improve
comfort, and create more inviting public environments. This finding is broadly consistent
with previous studies emphasizing the importance of pedestrian-oriented infrastructure
and adequate sidewalk dimensions for walking behavior [39—41].

Landmark visibility and visibility of street names again demonstrated positive associ-
ations with pedestrian activity. The consistency of these findings across both observation
periods suggests that urban legibility and navigational clarity may contribute to pedestrian
movement patterns and perceptions of accessibility within urban environments [42-44].

Segment monitoring also emerged as a positive predictor of pedestrian activity levels
during the second observation period. This finding may reflect the importance of perceived
surveillance and social visibility within public spaces. Streets characterized by greater
natural surveillance may contribute to stronger perceptions of safety and social presence,
which are frequently identified as important dimensions of walkable environments [2,45].

Additional variables identified during the second observation period included build-
ing height and enclosure. These findings may reflect the influence of spatial definition
and urban form on pedestrian experiences. Previous studies in the urban design literature
show that visually coherent and moderately enclosed street environments may support
pedestrian engagement and urban vitality by creating stronger spatial definition and a
sense of enclosure [46,47].

Bench availability was also positively associated with higher pedestrian activity levels.
Public seating may encourage longer stays, social interaction, and more intensive public-
space use, particularly among older adults and vulnerable populations. Previous studies
have similarly highlighted the role of street furniture and resting opportunities in improving
pedestrian comfort and walkability [48,49].

Conversely, on-street parking demonstrated a negative association with high pedes-
trian activity. This finding may indicate that environments dominated by vehicle-oriented
infrastructure can reduce pedestrian comfort and walkability by affecting sidewalk conti-
nuity, visual quality, and perceptions of safety. Similar relationships have been identified
in studies examining the impacts of automobile-oriented urban environments on walking
behavior and active transportation [4,5].

However, this relationship should be interpreted with caution. Given the cross-
sectional nature of the study, the direction of causality cannot be established. It is also
plausible that the relationship is bidirectional: streets with higher pedestrian activity may
discourage on-street parking due to higher pedestrian volumes, greater land-use intensity,
or informal regulation of space.

Future research using longitudinal or quasi-experimental designs would be valuable
to disentangle these potential mechanisms and better understand the causal direction
between on-street parking provision and pedestrian activity.

5.3. Comparative Interpretation Across the Two Observation Periods

Comparing the findings across the two observation periods reveals several environ-
mental characteristics that demonstrate relatively consistent associations with pedestrian
activity levels. The use of repeated observations across two separate data collection peri-
ods increases the robustness of the findings and reduces the likelihood that the observed
relationships were entirely influenced by temporary fluctuations in pedestrian activity.

In particular, the number of trees, sidewalk width, landmark visibility, and street-
name visibility were positively associated with pedestrian activity across both observation
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periods. The consistency of these findings means that these environmental characteristics
may represent comparatively reliable predictors of population-level walking behavior in
middle-income neighborhoods of Santiago.

Among these variables, street trees and greenery appear especially important. Their
repeated significance across both datasets reinforces previous international and Chilean
evidence emphasizing the contribution of urban greenery to pedestrian comfort, environ-
mental quality, and active mobility [12,34].

Similarly, sidewalk width and pedestrian infrastructure quality consistently supported
higher pedestrian activity levels. This finding aligns with the broader walkability literature
emphasizing the importance of pedestrian-oriented infrastructure in encouraging active
transportation and supporting vibrant public spaces [5,9].

The repeated significance of landmark visibility and street-name visibility also high-
lights the potential importance of urban legibility and navigability within pedestrian
environments [44]. Streets that are visually understandable and easier to navigate may
support both utilitarian and recreational walking while contributing to perceptions of
accessibility and environmental comfort.

Taken together, the findings indicate that micro-scale streetscape characteristics may
play an important role in shaping population-level walking behavior in Santiago. From
the architectural and urban design perspective, the results underscore the relevance of
environmental quality, spatial legibility, greenery, and pedestrian-oriented public-space
design in supporting active urban life.

Overall, these results highlight the importance of micro-scale urban design in shaping
walking behavior at the population level. It emphasizes the role of environmental quality,
spatial legibility, greenery, and pedestrian-oriented public-space design in fostering more
active and vibrant streets.

6. Conclusions

This study examined the relationships between street-level built environment char-
acteristics and population-level walking behavior in middle-income neighborhoods of
Santiago, Chile. Using multinomial logistic regression analyses based on repeated pedes-
trian observations collected during two separate observation periods, the study identified
several micro-scale environmental characteristics associated with pedestrian activity levels.

The findings suggest that environmental characteristics related to greenery, pedestrian
infrastructure, urban legibility, and streetscape quality were positively associated with
pedestrian activity. In particular, the number of trees, sidewalk width, landmark visibility,
and visibility of street names demonstrated relatively consistent positive associations across
both observation periods, suggesting that these characteristics may represent potentially
important components of walkable urban environments.

This study offers several contributions to the existing literature. First, it focuses on
population-level pedestrian activity measured through direct observational pedestrian
counts at the street-segment scale, complementing the large body of research that relies
primarily on self-reported walking behavior. Second, it emphasizes micro-scale streetscape
characteristics that directly shape pedestrian experiences within public space. Third, it
provides empirical evidence from Santiago, Chile, a context where studies examining
street-level environmental influences on pedestrian activity remain comparatively limited.
Finally, by focusing on middle-income neighborhoods, the study helps to reduce the
confounding effects associated with extreme socioeconomic disparities in highly segregated
urban contexts.

From an architectural and urban design perspective, the findings highlight the poten-
tial relevance of relatively localized design interventions for supporting more walkable and
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active urban environments. Improvements related to urban greenery, pedestrian infrastruc-
ture, streetscape legibility, and environmental maintenance may contribute positively to
pedestrian activity and the experiential quality of public space.

Several limitations should nevertheless be acknowledged. First, the study was based
on cross-sectional observational data, limiting causal interpretation between built envi-
ronment characteristics and pedestrian activity. Second, although pedestrian observations
were repeated during two separate periods, pedestrian activity was not monitored con-
tinuously throughout the year. Third, the study focused exclusively on middle-income
neighborhoods in Santiago, which may limit the generalizability of the findings to other
socioeconomic or urban contexts. Future research should examine whether the identified
relationships between micro-scale built environment characteristics and pedestrian activity
hold in low- and high-income neighborhoods in Santiago, where markedly different urban
forms, infrastructure quality, and safety conditions may influence walking behavior.

Fourth, although a broad range of micro-scale environmental characteristics was
examined, additional factors such as traffic intensity, land-use diversity, weather conditions,
crime perception, and broader socioeconomic dynamics may also influence pedestrian
activity patterns. In particular, weather conditions (e.g., temperature and rainfall) were not
systematically collected or controlled for during the two observation periods, which may
have influenced pedestrian activity levels.

Future research could expand the temporal scope of pedestrian observations, incor-
porate longitudinal or continuous pedestrian monitoring approaches, examine multiple
socioeconomic contexts, and combine objective environmental audits with pedestrians’
subjective perceptions and behavioral motivations. Additional studies using larger datasets
and advanced spatial or multilevel analytical approaches could further strengthen under-
standing of how micro-scale built environment characteristics shape pedestrian activity
and public-space use in Latin American cities.

Author Contributions: Conceptualization, M.V.R.P., M.P. and A K.E; methodology, M.V.R.P.,, M.P.
and A K.F; software, M.P.; validation, M.P. and A.K.E; formal analysis, M.P.; investigation, M.P;
resources, M.P. and A K.F,; data curation, M.V.R.P; writing—original draft preparation, M.V.R.P. and
M.P; writing—review and editing, M.P.; visualization, M.P,; supervision, M.P,; project administration,
M.P; funding acquisition, M.P. and A.K.F. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets generated and analyzed during the current study (includ-
ing pedestrian count data and built environment audit scores) are available from the corresponding
author upon reasonable request.

Acknowledgments: The authors are grateful for the support received from the students of the course
Urban Design and Landscape 1, 2025, School of Architecture, Santiago, Universidad Mayor.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

PEDS Pedestrian Environment Data Scan
IMI Irvine-Minnesota Inventory

https:/ /doi.org/10.3390/architecture6030124


https://doi.org/10.3390/architecture6030124

Architecture 2026, 6, 124 18 of 19

References

1. Gehl, J. Life Between Buildings: Using Public Space, 6th ed.; Island Press: Washington, DC, USA, 2011.

2. Jacobs, J. The Death and Life of Great American Cities; Random House: New York, NY, USA, 1961.

3. Montgomery, ]. Making a city: Urbanity, vitality and urban design. J. Urban Des. 1998, 3, 93-116. [CrossRef]

4. Ewing, R,; Cervero, R. Travel and the built environment: A meta-analysis. ]. Am. Plan. Assoc. 2010, 76, 265-294. [CrossRef]

5. Frank, L.D,; Iroz-Elardo, N.; MacLeod, K.E.; Hong, A. Pathways from built environment to health: A conceptual framework
linking behavior and exposure-based impacts. J. Transp. Health 2019, 12, 319-335. [CrossRef]

6. Kang, C.-D. The effects of spatial accessibility and centrality to land use on walking in Seoul, Korea. Cities 2015, 46, 94-103.
[CrossRef]

7. Paydar, M.; Kamani Fard, A. Active travel and subjective well-being in Temuco, Chile. . Transp. Geogr. 2025, 123, 104070.
[CrossRef]

8. Ewing, R,; Handy, S. Measuring the unmeasurable: Urban design qualities related to walkability. J. Urban Des. 2009, 14, 65-84.
[CrossRef]

9. Ewing, R.; Hajrasouliha, A.; Neckerman, K.M.; Purciel-Hill, M.; Greene, W. Streetscape features related to pedestrian activity.
J. Plan. Educ. Res. 2016, 36, 5-15. [CrossRef]

10. Harvey, C.; Aultman-Hall, L.; Hurley, S.; Troy, A. Effects of skeletal streetscape design on perceived safety. Landsc. Urban Plan.
2015, 142, 18-28. [CrossRef]

11. Kamani Fard, A.; Paydar, M.; Garate Navarrete, V. Urban Park Design and Pedestrian Mobility—Case Study: Temuco, Chile.
Sustainability 2023, 15, 14804. [CrossRef]

12.  Lu, Y,; Sarkar, C.; Xiao, Y. The effect of street-level greenery on walking behavior. Urban For. Urban Green. 2018, 35, 18-25.
[CrossRef]

13. Paydar, M.; Kamani Fard, A. Older Adults” Walking Behavior and the Associated Built Environment in Medium-Income Central
Neighborhoods of Santiago, Chile. Infrastructures 2025, 10, 137. [CrossRef]

14. Paydar, M.; Kamani Fard, A. Walking and cycling as recreational activities and their associated factors. Int. J. Urban Sustain. Dev.
2025, 17, 268-283. [CrossRef]

15. Hajrasouliha, A.; Yin, L. The impact of street network connectivity on pedestrian volume. Urban Stud. 2015, 52, 2483-2497.
[CrossRef]

16. Herrmann-Lunecke, M.G.; Mora, R.; Sagaris, L. Persistence of walking in Santiago de Chile: Lessons for urban sustainability.
Transp. Rev. 2020, 40, 135-159. [CrossRef]

17.  Herrmann-Lunecke, M.G.; Rodrigo, M.; Paloma, V. Perception of the built environment and walking in pericentral neighbour-
hoods in Santiago, Chile. Travel Behav. Soc. 2021, 23, 192-206. [CrossRef]

18. Adkins, A.; Makarewicz, C.; Scanze, M.; Ingram, M.; Luhr, G. Contextualizing walkability: Do relationships between built
environments and walking vary by socioeconomic context? J. Am. Plan. Assoc. 2017, 83, 296-314. [CrossRef] [PubMed]

19. Sallis, J.E; Cerin, E.; Conway, T.L.; Adams, M.A.; Frank, L.D.; Pratt, M.; Salvo, D.; Schipperijn, J.; Smith, G.; Cain, K.L.; et al.
Physical activity in relation to urban environments in 14 cities worldwide: A cross-sectional study. Lancet 2016, 387, 2207-2217.
[CrossRef] [PubMed]

20. Kamani Fard, A.; Paydar, M. Women'’s walking behaviour and subjective well-being in the middle-income neighbourhoods of
Santiago, Chile. BMC Public Health 2026. [CrossRef] [PubMed]

21. Barnett, D.W.; Barnett, A.; Nathan, A.; Van Cauwenberg, J. Built environmental correlates of older adults’ total physical activity
and walking: A systematic review and meta-analysis. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 103. [CrossRef] [PubMed]

22. Ding, D.; Sallis, ].F,; Kerr, J.; Lee, S.; Rosenberg, D.E. Neighborhood environment and physical activity among youth: A review.
Am. |. Prev. Med. 2011, 41, 442-455. [CrossRef] [PubMed]

23. Istrate, A.-L. Street Vitality: What Predicts Pedestrian Flows and Stationary Activities on Predominantly Residential Chinese
Streets, at the Mesoscale? J. Plan. Educ. Res. 2025, 45, 66-80.

24. Park, K; Singleton, P.A.; Brewer, S.; Zuban, ]J. Pedestrians and the Built Environment during the COVID-19 Pandemic: Changing
Relationships by the Pandemic Phases in Salt Lake County, Utah, U.S.A. Transp. Res. Rec. 2023, 2677, 448-462. [CrossRef]
[PubMed] [PubMed Central]

25. Lee, ].M. Exploring Walking Behavior in the Streets of New York City Using Hourly Pedestrian Count Data. Sustainability 2020,
12,7863. [CrossRef]

26. Fang, C.; Homma, R.; Liu, Q.; Liu, H.; Ridwan, A.S.S. Research on the Factors of Pedestrian Volume in Different Functional Areas
of Kumamoto City. Sustainability 2022, 14, 11636. [CrossRef]

27. Paydar, M.; Kamani Fard, A. Satisfaction with travel and its associated factors among university students. J. Transp. Health 2026,

48,102261. [CrossRef]

https:/ /doi.org/10.3390/architecture6030124


https://doi.org/10.1080/13574809808724418
https://doi.org/10.1080/01944361003766766
https://doi.org/10.1016/j.jth.2018.11.008
https://doi.org/10.1016/j.cities.2015.05.006
https://doi.org/10.1016/j.jtrangeo.2024.104070
https://doi.org/10.1080/13574800802451155
https://doi.org/10.1177/0739456X15591585
https://doi.org/10.1016/j.landurbplan.2015.05.007
https://doi.org/10.3390/su152014804
https://doi.org/10.1016/j.ufug.2018.08.002
https://doi.org/10.3390/infrastructures10060137
https://doi.org/10.1080/19463138.2025.2569344
https://doi.org/10.1177/0042098014544763
https://doi.org/10.1080/01441647.2020.1712494
https://doi.org/10.1016/j.tbs.2021.01.002
https://doi.org/10.1080/01944363.2017.1322527
https://www.ncbi.nlm.nih.gov/pubmed/31762526
https://doi.org/10.1016/S0140-6736(15)01284-2
https://www.ncbi.nlm.nih.gov/pubmed/27045735
https://doi.org/10.1186/s12889-026-28000-0
https://www.ncbi.nlm.nih.gov/pubmed/42286528
https://doi.org/10.1186/s12966-017-0558-z
https://www.ncbi.nlm.nih.gov/pubmed/28784183
https://doi.org/10.1016/j.amepre.2011.06.036
https://www.ncbi.nlm.nih.gov/pubmed/21961474
https://doi.org/10.1177/03611981221083606
https://www.ncbi.nlm.nih.gov/pubmed/37153183
https://pmc.ncbi.nlm.nih.gov/articles/PMC10149492
https://doi.org/10.3390/su12197863
https://doi.org/10.3390/su141811636
https://doi.org/10.1016/j.jth.2026.102261
https://doi.org/10.3390/architecture6030124

Architecture 2026, 6, 124 19 of 19

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.
39.
40.

41.

42.
43.

44.

45.
46.

47.

48.
49.

Kelly, C.M.; Schootman, M.; Baker, E.A.; Barnidge, E.K.; Lemes, A. Evidence-Based Public Health Policy and Practice: The
association of sidewalk walkability and physical disorder with area-level race and poverty. J. Epidemiol. Community Health 2007,
61,978-983. [PubMed]

Paydar, M.; Kamani Fard, A. Travel mode choice of the commuters and neighborhood socioeconomic segregation. J. Transp.
Health 2025, 44, 102085. [CrossRef]

Adams, M.A; Frank, L.D.; Schipperijn, J.; Smith, G.; Chapman, J.; Christiansen, L.B.; Coffee, N.; Salvo, D.; du Toit, L.; Dygryn, J.;
et al. International variation in neighborhood walkability, transit, and recreation environments using geographic information
systems: The IPEN adult study. Int. ]. Health Geogr. 2014, 13, 43. [CrossRef] [PubMed]

Hajna, S.; Ross, N.A; Joseph, L.; Harper, S.; Dasgupta, K. Neighbourhood walkability, daily steps and utilitarian walking in
Canadian adults. BM] Open 2016, 5, e€008964. [CrossRef]

Herrmann-Lunecke, M.G.H.; Mora, R. The layered city: Pedestrian networks in downtown Santiago and their impact on urban
vitality. J. Urban Des. 2017, 23, 336-353. [CrossRef]

Clifton, K.J.; Smith, A.D.L.; Rodriguez, D. The development and testing of an audit for the pedestrian environment. Landsc. Urban
Plan. 2007, 80, 95-110. [CrossRef]

Herrmann-Lunecke, M.G.; Mora, R.; Véjares, P. Identificacién de elementos del paisaje urbano que fomentan la caminata en
Santiago. Rev. Urban. 2020, 43, 4-25. [CrossRef]

Veitch, J.; Ball, K.; Crawford, D.; Abbott, G.R.; Salmon, J. Park improvements and park activity: A natural experiment. Am. J. Prev.
Med. 2021, 60, 264-273. [CrossRef] [PubMed]

Sugiyama, T.; Leslie, E.; Giles-Corti, B.; Owen, N. Associations of neighbourhood greenness with physical and mental health:
Do walking, social coherence and local social interaction explain the relationships? J. Epidemiol. Community Health 2010, 62, €9.
[CrossRef] [PubMed]

Ozbil, A.; Giirleyen, T.; Yesiltepe, D.; Zunbuloglu, E. Comparative associations of street network design, streetscape attributes
and land-use characteristics on pedestrian flows. Int. |. Environ. Res. Public Health 2019, 16, 1846. [CrossRef] [PubMed]

Zhang, X.; Mu, L. The perceived importance and objective measurement of walkability in the built environment rating. Environ.
Plan. B Urban Anal. City Sci. 2019, 47, 1658-1674. [CrossRef]

Middleton, J. The socialities of everyday urban walking and the “right to the city.”. Urban Stud. 2018, 55, 296-315. [CrossRef]
Sarkar, S. Qualitative evaluation of comfort needs in urban walkways in major activity centers. Transp. Q. 2003, 57, 39-59.
Talavera-Garcia, R.; Soria-Lara, J.A. Q-PLOS, developing an alternative walking index. A method based on urban design quality.
Cities 2015, 45, 7-17. [CrossRef]

Lynch, K. The Image of the City; MIT Press: Cambridge, MA, USA, 1960.

Silavi, T.; Hakimpour, F; Claramunt, C.; Nourian, F. The legibility and permeability of cities: Examining the role of spatial data
and metrics. ISPRS Int. ]. Geo-Inf. 2017, 6, 101. [CrossRef]

Yesiltepe, D.; Dalton, R.C.; Ozbil Torun, A. Landmarks in wayfinding: A review of the existing literature. Cogn. Process. 2021, 22,
369-410. [CrossRef] [PubMed]

Sung, H.; Go, D.; Choi, C.G. Evidence of Jacobs’s street life in the great Seoul city. Cities 2015, 35, 164-173. [CrossRef]

Carmona, M.; Heath, T.; Oc, T.; Tiesdell, S. Public Places, Urban Spaces: The Dimensions of Urban Design, 2nd ed.; Routledge:
Abingdon, UK, 2010.

Sitte, C. City Planning According to Artistic Principles; Collins, G.R.; Collins, C.C., Translators; Original Work Published 1889;
Random House: New York, NY, USA, 1986.

Mehta, V. Evaluating public space. J. Urban Des. 2014, 19, 53-88. [CrossRef]

Zhou, X.; Wang, Y.; Li, D. The role of street furniture in promoting walking and social interaction in urban public spaces.
Sustainability 2019, 11, 5596. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/architecture6030124


https://www.ncbi.nlm.nih.gov/pubmed/17933956
https://doi.org/10.1016/j.jth.2025.102085
https://doi.org/10.1186/1476-072X-13-43
https://www.ncbi.nlm.nih.gov/pubmed/25343966
https://doi.org/10.1136/bmjopen-2015-008964
https://doi.org/10.1080/13574809.2017.1369869
https://doi.org/10.1016/j.landurbplan.2006.06.008
https://doi.org/10.5354/0717-5051.2020.55975
https://doi.org/10.1016/j.amepre.2020.08.024
https://www.ncbi.nlm.nih.gov/pubmed/33153837
https://doi.org/10.1136/jech.2007.064287
https://www.ncbi.nlm.nih.gov/pubmed/18431834
https://doi.org/10.3390/ijerph16101846
https://www.ncbi.nlm.nih.gov/pubmed/31137690
https://doi.org/10.1177/2399808319832305
https://doi.org/10.1177/0042098016649325
https://doi.org/10.1016/j.cities.2015.03.003
https://doi.org/10.3390/ijgi6040101
https://doi.org/10.1007/s10339-021-01012-x
https://www.ncbi.nlm.nih.gov/pubmed/33682034
https://doi.org/10.1016/j.cities.2013.07.010
https://doi.org/10.1080/13574809.2013.854698
https://doi.org/10.3390/su11205596
https://doi.org/10.3390/architecture6030124

	Introduction 
	Literature Review 
	Street-Level Urban Design and Pedestrian Experience 
	Research Gap and Conceptual Positioning 

	Methodology 
	Study Area 
	Street Segment Selection 
	Pedestrian Count Survey 
	Classification of Population-Level Walking Activity 
	Built Environment Audit 
	Statistical Analysis 

	Results 
	Factors Associated with Pedestrian Activity Levels During the First Observation Period 
	Factors Associated with Pedestrian Activity Levels During the Second Observation Period (September–November, 2025) 

	Discussion 
	Discussion of the First Observation Period 
	Discussion of the Second Observation Period 
	Comparative Interpretation Across the Two Observation Periods 

	Conclusions 
	References

