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Abstract 

Complete streets and pedestrian-oriented design have been a pressing issue in cities over 

the past 20 years. While the safety benefits of having complete streets have been explored widely 

(Burlacu & Tărîţă-cîmpeanu 2016; Litman 2015; Kwon et al. 2022), less attention has been paid 

to the role comfort level and aesthetic quality has in walkability. This study aims to address this 

issue by examining people’s perceptions towards pedestrian-oriented street designs along an 

urban streetside interpretive trail. More specifically, this study investigates how sidewalk widths, 

plantings, and bike lanes influence people’s comfort level, perceived safety, and aesthetic 

preference towards a space. Using a virtual reality experience with 360ᵒ video, data was collected 

from a population of 53 participants in a study area in eastern Kansas City, Missouri. In this 

study, participants viewed three focus areas each with three different interventions of added 

pedestrian-oriented complete street elements including sidewalk width, planting, and bike lane, 

and ranked their levels of comfort, safety, and attractiveness for the space on a five-point rating 

scale. The results indicate the extent to which complete street elements contribute to creating 

more walkable spaces from users’ perspective. The statistical analysis results revealed that 

increased sidewalk width and flowered plantings had the greatest influence in increasing feelings 

of walkability. Building upon these findings planning and design interventions were proposed for 

each focus area type.  The broader outcome of this study relates to its implications in 

highlighting the use of VR and 360ᵒ videos in understanding people’s preferences for urban 

streetside interpretive trail design, and how 360ᵒ technology can be used as a research and design 

tool. 
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Key Terms

Complete Street: 

Level-of-Service: 

Ordinance:

Streets that are designed to meet the needs of all users – 
pedestrians, cyclists, transit users, and motorists – regardless 
of age or ability, to ensure safe access to mobility 
(Smart Growth America 2020)

An evaluation method of measuring of how well a facility 
can meet the user demand of movement through the space 
(Kingsbury et al. 2011)

A local law put in place by a municipality 
(Cornell Law School 2020)

Right of Way:

An area owned by the state, county, or local jurisdiction 
encompassing the street, curbs, sidewalks, parkways, and 
numerous utilities, while providing a safe space to travel 
through neighborhoods and cities 
(Richardson 2017)

Virtual Reality:

360° Video:

Head-mounted Display

A digitally enhanced experience that transports viewers into 
simulated alternatives to reality 
(Milovanovic et al. 2017)

Videos taken using a special camera capturing a 360° fi eld 
of vision

Wearable device over one’s head used to show immersive 
images, videos, and games in a digital setting. 
Examples: Meta Quest, Oculus, Google Cardboard
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Abstract

Complete streets and pedestrian-oriented design have been a 
pressing issue in cities over the past 20 years. While the safety 
benefi ts of having complete streets have been explored widely 
(Burlacu & Tărîţă-cîmpeanu 2016; Litman 2015; Kwon et al. 2022), 
less attention has been paid to the role comfort level and aesthetic 
quality has in walkability. This study aims to address this issue 
by examining people’s perceptions towards pedestrian-oriented 
street designs along an urban streetside interpretive trail. More 
specifi cally, this study investigates how sidewalk widths, plantings, 
and bike lanes infl uence people’s comfort level, perceived safety, 
and aesthetic preference towards a space. Using a virtual reality 
experience with 360° video, data was collected from a population 
of 53 participants in a study area in eastern Kansas City, Missouri. 
In this study, participants viewed three focus areas each with three 
different interventions of added pedestrian-oriented complete 
street elements including sidewalk width, planting, and bike lanes, 
and ranked their levels of comfort, safety, and attractiveness for the 
space on a fi ve-point rating scale. The results indicate the extent 
to which complete street elements contribute to creating more 
walkable spaces from users’ perspective. The statistical analysis 
results revealed that increased sidewalk width and fl owered plantings 
had the greatest infl uence in increasing feelings of walkability. 
Building upon these fi ndings, planning and design interventions 
were proposed for each focus area type.  The broader outcome of 
this study relates to its implications in highlighting the use of VR 
and 360° videos in understanding people’s preferences for urban 
streetside interpretive trail design, and how 360° technology can be 
used as a research and design tool.
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Focus Area One Brooklyn Avenue

Intervention Comfort Safety Attractiveness

No Intervention 3.42 3.28 2.87

Planting Intervention 3.92 3.75 3.87

n = 53
Significance p = < 0.001* p = < 0.001* p = < 0.001*

*significance level is 0.050
ns = not significant

Intervention

No Intervention

Widened Sidewalk Intervention

n = 53
Significance

Intervention Comfort Safety Attractiveness

No Intervention 3.42 3.28 2.87

Bike Lane Intervention 3.89 3.87 3.25

n = 53
Significance p = 0.001* p = 0.002* p = 0.009*

Comfort Safety Attractiveness

3.42 3.28 2.87

4.11 4.04 3.94

p = < 0.001* p = < 0.001* p = < 0.001*



Focus Area Two 25th Street

Intervention Comfort Safety Attractiveness

No Intervention 2.94 2.77 2.04

Planting Intervention 3.34 3.23 2.96

n = 53
Significance p = 0.003* p = < 0.001* p = < 0.001*

*significance level is 0.050
ns = not significant

Intervention

No Intervention

Narrowed Sidewalk Intervention

n = 53
Significance

Comfort Safety Attractiveness

2.94 2.77 2.04

3.00 2.92 2.38

ns ns p = 0.003*

Intervention Comfort Safety Attractiveness

No Intervention 2.94 2.77 2.04

Bike Lane Intervention 3.26 3.26 2.42

n = 53
Significance p = 0.007* p = < 0.001* p = 0.006*



Focus Area Three Benton Boulevard

Intervention Comfort Safety Attractiveness

No Intervention 4.02 3.98 3.74

Planting Intervention 4.47 4.40 4.30

n = 53
Significance p = 0.013* p = 0.020* p = 0.009*

*significance level is 0.050
ns = not significant

Intervention

No Intervention

Narrowed Sidewalk Intervention

n = 53
Significance

Comfort Safety Attractiveness

4.02 3.98 3.74

3.92 4.02 3.79

ns ns ns

Intervention Comfort Safety Attractiveness

No Intervention 4.02 3.98 3.74

Bike Lane Intervention 4.02 3.96 3.77

n = 53
Significance ns ns ns





Comfort Safety Attractiveness

Undstandardized B 0.306** 0.261* 0.547***
Coefficients Std. Error (0.104) (0.109) (0.105)

Undstandardized B 0.219* 0.173 0.226*
Coefficients Std. Error (0.098) (0.103) (0.100)

Undstandardized B 0.118 0.166 0.019
Coefficients Std. Error (0.104) (0.109) (0.105)

Undstandardized B 0.117 0.038 0.127
Coefficients Std. Error (0.090) (0.094) (0.091)

Undstandardized B 0.066 0.081* 0.125***
Coefficients Std. Error (0.036) (0.038) (0.037)

Undstandardized B 0.135*** 0.145*** 0.116***
Coefficients Std. Error (0.029) (0.030) (0.029)

Undstandardized B 0.068 0.080 0.062
Coefficients Std. Error (0.096) (0.106) (0.098)

Undstandardized B 0.808*** 0.775*** 1.146***
Coefficients Std. Error (0.113) (0.119) (0.115)

Undstandardized B 0.164 0.267* 0.307**
Coefficients Std. Error (0.113) (0.119) (0.115)

R Square 0.186 0.186 0.311
F 15.920 15.872 31.441
Significance <0.001 <0.001 <0.001

*** significant at the <0.001 level
** significant at the 0.010 level
* significant at the 0.050 level

Overall Model

Plantings

Wide Sidewalks

Bike Lanes

Male

Age

Walking
Frequency

Parental Status

25th St

Benton Blvd



Attractiveness

Undstandardized B 0.925***
Coefficients Std. Error (0.205)

Undstandardized B 0.340
Coefficients Std. Error (0.100)

Undstandardized B 0.377
Coefficients Std. Error (0.205)

Undstandardized B 0.299
Coefficients Std. Error (0.155)

Undstandardized B 0.133*
Coefficients Std. Error (0.062)

Undstandardized B 0.163**
Coefficients Std. Error (0.029)

Undstandardized B 0.102
Coefficients Std. Error (0.166)

R Square 0.181
F 6.456
Significance <0.001

*** significant at the <0.001 level
** significant at the 0.010 level
* significant at the 0.050 level

Parental Status

Overall Model

Plantings

Wide Sidewalks

Bike Lanes

Male

Age

Walking
Frequency



Focus Area One Brooklyn Avenue
No intervention
Planting intervention
Wide Sidewalk intervention
Bike Lane intervention

n=53

Minimum Maximum Mean Standard Deviation Variance
0.85 4.25 2.8277 1.02422 1.049
1.20 4.25 3.2500 0.87681 0.769
1.70 4.25 3.4557 0.72698 0.529
0.85 4.25 3.2836 0.79119 0.626

Focus Area Two 25th Street
No intervention
Planting intervention
Narrow Sidewalk intervention
Bike Lane intervention

n=53

Minimum Maximum Mean Standard Deviation Variance
0.85 4.25 2.4019 0.89454 0.800
0.85 4.25 2.7758 0.98977 0.980
0.85 4.25 2.5019 1.05969 1.123
0.85 4.25 2.7604 1.03538 1.072

Focus Area Three Benton Boulevard
No intervention
Planting intervention
Narrow Sidewalk intervention
Bike Lane intervention

n=53

Minimum Maximum Mean Standard Deviation Variance
1.00 5.00 3.9528 0.98405 0.968
2.83 5.00 4.4057 0.56944 0.324
1.50 5.00 3.9497 0.88770 0.788
1.67 5.00 3.9497 0.86453 0.747





Focus Area One

No Intervention

Planting Intervention

n = 51
Significance

Female Male

3.38 3.37

3.67 4.03

ns p = < 0.001*

*significance level is 0.050 
ns = not significant

Focus Area One

No Intervention

Bike Lane Intervention

n = 51
Significance

Female Male

3.38 3.37

n 4.05 3.77

p = 0.011* p = 0.013*

Focus Area One Female Male

No Intervention 3.38 3.37

Widened Sidewalk Intervention 4.24 4.03

n = 51
Significance p = 0.003* p = < 0.001*



Focus Area Two

No Intervention

Planting Intervention

n = 51
Significance

Female Male

3.00 2.83

3.38 3.27

ns p = 0.002*

Focus Area Three

No Intervention

Planting Intervention

n = 51
Significance

Female Male

3.86 4.10

4.81 4.30

p = 0.001* ns

*significance level is 0.050 
ns = not significant

*significance level is 0.050 
ns = not significant

Focus Area Three

No Intervention

Bike Lane Intervention

n = 51
Significance

Female Male

3.86 4.10

3.81 4.13

ns ns

Focus Area Two

No Intervention

Bike Lane Intervention

n = 51
Significance

Female Male

3.00 2.83

ion 3.38 3.10

p = 0.035* ns

Focus Area Three Female Male

No Intervention 3.86 4.10

Narrowed Sidewalk Intervention 3.90 3.97

n = 51
Significance ns ns

Focus Area Two Female Male

No Intervention 3.00 2.83

Narrowed Sidewalk Intervention 2.81 3.03

n = 51
Significance ns ns



Focus Area One

No Intervention

Planting Intervention

n = 51
Significance

Female Male

3.19 3.27

3.48 3.87

ns p = < 0.001*

*significance level is 0.050 
ns = not significant

Focus Area One

No Intervention

Bike Lane Intervention

n = 51
Significance

Female Male

3.19 3.27

3.86 3.87

ns p = 0.012*

Focus Area One Female Male

No Intervention 3.19 3.27

Widened Sidewalk Intervention 4.19 3.90

n = 51
Significance p = 0.002* p = < 0.001*



Focus Area Two

No Intervention

Planting Intervention

n = 51
Significance

Female Male

2.43 2.97

2.76 3.43

ns p = 0.005*

Focus Area Three

No Intervention

Planting Intervention

n = 51
Significance

Female Male

3.90 3.97

4.52 4.33

ns ns

*significance level is 0.050 
ns = not significant

*significance level is 0.050 
ns = not significant

Focus Area Three

No Intervention

Bike Lane Intervention

n = 51
Significance

Female Male

3.90 3.97

3.95 3.90

ns ns

Focus Area Two

No Intervention

Bike Lane Intervention

n = 51
Significance

Female Male

2.43 2.97

3.05 3.33

p = 0.007* p = 0.020*

Focus Area Three Female Male

No Intervention 3.90 3.97

Narrowed Sidewalk Intervention 3.81 4.10

n = 51
Significance ns ns

Focus Area Two Female Male

No Intervention 2.43 2.97

Narrowed Sidewalk Intervention 2.57 3.03

n = 51
Significance ns ns



Focus Area One

No Intervention

Planting Intervention

n = 51
Significance

Female Male

2.81 2.87

3.62 4.00

p = 0.004* p = < 0.001*

*significance level is 0.050 
ns = not significant

Focus Area One

No Intervention

Bike Lane Intervention

n = 51
Significance

Female Male

2.81 2.87

3.19 3.3

ns p = 0.005*

Focus Area One Female Male

No Intervention 2.81 2.87

Widened Sidewalk Intervention 4.14 3.87

n = 51
Significance p = 0.002* p = < 0.001*



Focus Area Two

No Intervention

Planting Intervention

n = 51
Significance

Female Male

1.67 2.30

3.00 2.97

p = < 0.001* p = 0.002*

Focus Area Three

No Intervention

Planting Intervention

n = 51
Significance

Female Male

3.43 3.93

4.48 4.23

p = 0.020* ns

*significance level is 0.050 
ns = not significant

*significance level is 0.050 
ns = not significant

Focus Area Three

No Intervention

Bike Lane Intervention

n = 51
Significance

Female Male

3.43 3.93

3.67 3.83

ns ns

Focus Area Two

No Intervention

Bike Lane Intervention

n = 51
Significance

Female Male

1.67 2.30

2.29 2.57

p = 0.011* ns

Focus Area Three Female Male

No Intervention 3.43 3.93

Narrowed Sidewalk Intervention 3.86 3.70

n = 51
Significance ns ns

Focus Area Two Female Male

No Intervention 1.67 2.30

Narrowed Sidewalk Intervention 2.1 2.57

n = 51
Significance p = 0.020* ns
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