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Abstract: Unsatisfactory urban walking environment stresses urban residents, and may cause
mental illness and chronic diseases by reducing walking activities. Therefore, establishing a high-
quality walking environment that can promote walking activities in urban residents has emerged
as an important issue. The walking environment consists of various components, such as trees,
stairs, streetlights, benches, signs, fences, and facilities, and it is essential to understand which
components and their settings act as satisfiers or dissatisfiers for pedestrians, to create a better
quality walking environment. Therefore, this study investigated pedestrian satisfaction and
dissatisfaction as a function of various environmental components through a survey using walking
environment images. The results revealed that most of the walking environment components except
the braille block and treezone exhibited significant correlations with pedestrian satisfaction.
Particularly, safety-related component (e.g., adjacent roads, parked cars, traffic cushions, and car
separation), and landscape-related components (e.g., trees and green), as well as the material
settings of landscape facilities (e.g., wooden fences, benches, stairs, and walkway surfaces)
correlated with pedestrian satisfaction. The results of this study can contribute to the extraction of
useful features to evaluate pedestrian satisfaction as a function of the walking environment. The
research outcome is expected to assist in the effective arrangement of walking environment
components and their settings, which will ultimately contribute to significantly satisfactory
walking environment and encourage walking activities.
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1. INTRODUCTION

A complex urban environment can affect the mental and physical health of urban residents [1].
Particularly, a poor urban environment has been reported as a factor that contributes to an increase
in chronic diseases by reducing the walking activities of urban residents and making them
dependent on the use of automobiles [2]. In addition, numerous studies have revealed that
compared to nature, urban environment negatively affects mental health, and that walking in an
uncomfortable urban environment causes stress in adults with mental illness [3]. Therefore, the
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establishment of a high-quality walking environment has emerged as an important issue directly
related to the health of modern people.

Walking exhibits advantages, such as reduced vehicle use and transportation costs [4], and is a
personal means of transportation that provides equal opportunities to the elderly, children, and
women who are vulnerable to transportation [5]. However, the value of walking is underestimated,
and transportation plans and policies related to walking are lacking [4], [6], [7]. Factors that affect
individual decision-making of walking include not only trip preferences and individual
characteristics (e.g., physical ability) of pedestrian but also attributes of the external walking
environment (e.g., environmental quality and safety) [8][9]. Although it is difficult to control the
personal pedestrian factors that affect walking decision, walking can be encouraged by creating a
better external walking environment.

The walking environment consists of various environmental components, such as trees, stairs,
streetlights, benches, signs, fences, and facilities. Depending on the settings (e.g., type, shape, and
material) of the walking environment components, walking environment may exhibit different
effect on the pedestrian [10]; accordingly, it is essential to satisfy the needs of pedestrians, or their
dissatisfaction may result in stress. Thus, it is essential to understand the subjective pedestrian
experience based on the components of a walking environment.

Therefore, the purpose of this study was to investigate pedestrian satisfaction and dissatisfaction
according to various environmental components through a survey using walking environment
images, which can be used as meaningful features to evaluate and predict pedestrian satisfaction
levels in the walking environment.

2. LITERATURE REVIEW

According to recent studies on the mental health of urban residents, noise pollution, air pollution,
and poor urban environment negatively affect the mental health of urban residents [11]-[15].
Furthermore, an increasing number of studies have revealed that urban green spaces and waterfront
spaces positively affect mental health [16]-[21]. In addition, several previous studies have
employed guestionnaires to propose walking environment standards suitable for urban pedestrians
[22]-[24]. However, they did not conduct an in-depth analysis that considers various settings (e.g.,
type, shape, and material) of the physical walking environmental components of a city. To establish
a high-quality walking environment that positively affects pedestrians, the effect of each walking
environment component and its setting on pedestrians should be investigated.

Recently, MIT Media Lab developed a perceived safety prediction model for walking
environment photos by learning the crowdsourced evaluation of various walking environment
photos to a machine learning algorithm using an image comparison method based on the of learning
the pixels, patterns, and colors of the photos [25]. However, despite the usefulness of this method
for the evaluation of walking environment, this model does not consider various walking
environment components. Walkscore measured the walkability of streets in the United States and
Canada by considering the distances to amenities in 13 categories (e.g., grocery stores, coffee
shops, restaurants, bars, movie theaters, schools, parks, libraries, bookstores, fitness centers,
drugstores, hardware stores, and clothing/music stores) [26]; however, this study did not
sufficiently consider the walking environment components related to the obstacles, caution area,
landscape, and aesthetics. In summary, to effectively construct and improve a walking
environment, it is essential to comprehensively understand which walking environment
components and their settings act as satisfier or dissatisfier for pedestrians, and the extent of their
effects on pedestrian satisfaction/dissatisfaction levels.

3. RESEARCH PROCESS
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This study conducted a pedestrian survey using various images of the walking environment to
investigate the effects of walking environment components on pedestrian satisfaction and
dissatisfaction. To this end, a list of walking environment components was constructed by referring
to satisfiers and dissatisfiers investigated in previous research and questionnaires [22]-[24].
Thereafter, the correlation between the walking environment components included in each image
and the surveyed pedestrian satisfaction/dissatisfaction level was examined using a chi-square test.
The chi-square test is a useful statistical method that enables researchers to test hypotheses about
variables measured at the nominal level, and can be used to analyze the significance of the
satisfaction difference for different situations [27].

Next, the ranking of major guesses for predicting pedestrian satisfaction was confirmed by
analyzing the mutual information between each walking environment component and pedestrian
satisfaction/dissatisfaction level. A mutual information is a measure of the mutual dependence
between two random variables and can be used as a distinguisher that ranks key guesses among
variables for classification analysis [28].

To create the image datasets of the walking environment for the questionnaire, public data
provided by the Al Hub operated by the National Information Society Agency was employed. This
data was produced to construct a general-purpose dataset that can be extended and applied to the
development of technologies related to general movement in pedestrian walkways. In this study,
100 images of the walking environment during daytime were selected for the survey, and the
images contained benches, soundproof walls, fences, stairs and spaces under repair, facilities and
decks, waterfront spaces, and bridges. A minimum of four, a maximum of 18, and an average of
nine walking environment components were included in each photo. The survey was conducted for
anonymous participants by posting on online bulletin boards in the Google survey form for a month
from November 17 to December 17, 2021 (Table 1), and 405 respondents participated in the survey,
and each respondent evaluated 20 images. Consequently, 8,100 questionnaire datasets for the 100
images were collected. The contents investigated through the questionnaire were satisfiers and
dissatisfiers among the components included in the walking environment images, and the overall
pedestrian satisfaction/dissatisfaction level with the walking environment. Satisfiers and
dissatisfiers were evaluated subjectively, and pedestrian satisfaction level was evaluated on a three-
point-scale score.

Table 1. Summary of the survey

Survey Period 2021.11.17-2021.12.17

Survey Respondents | 405 people, each of which evaluated 20 images
(Total of 8,100 evaluation datasets)
¢ o e 1. Arethere any factors that make this
3 walking environment comfortable?
2. Are there any factors that make this
walking environment uncomfortable?
3. Do you think this walking
environment is good for walking?

Questions (Sample)

4. RESULTS AND DISCUSSION

Table 2 shows the list of essential components (and their settings) of the walking environment
included in the surveyed images, which are the satisfiers or dissatisfiers derived from previous
studies on the criteria of a walking environment [22]-[24]. Based on the survey results, the satisfied
and/or dissatisfied settings in each walking environment component mentioned by respondents
were listed, and the mean values of the satisfaction scores of the respondents (1: dissatisfaction, 2:
overage, 3: satisfaction) were analyzed based on each setting.
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Table 2. Descriptive statistics of the survey results

Factor Component Settings N Mean SD Min  Max
Walkway Surface 0 dirt road 3 1992 0.374 1593 2.333
1 cement 6 1922 0521 1.185 2.691

2 asphalt 18 2.056 0.523 1.074 2.753

3 block 61 2250 0.434 1.074 2.938

4 urethane 12 2458 0.361 1.889 2.889

Wooden deck 0 without 89 2214 0482 1.074 2.938
1 with 11 2202 0.223 1.827 2.543

Curve 0 straight 58 2116 0.479 1.074 2.938
1 curved 32 2340 0.432 1284 2.889

2 openspace 5 2514 0.189 2309 2741

Braille block 0 without 87 2212 0464 1.074 2.938
1 with 13 2215 0452 1.617 2.827

Bike road 0 without 77 2192 0500 1.074 2.938
1 shared 9 2300 0.228 2.086 2.691

2 separated 14 2272 0.329 1.827 2.802

Safety Adjacent road 0 without 46 2.455 0.357 1.185 2.938
1 with 54 2006 0.439 1074 2.802

Crosswalk 0 without 90 2242 0467 1.074 2.938
1 with 10 1946 0.291 1556 2531

Car separation 0 not separated 7 1531 0.369 1074 2111
1 separated 93 2264 0425 1.074 20938

Traffic cushion 0 without 23 1.839 0480 1.074 2.938
1 with 77 2324 0.392 1.185 2.889

Parked car 0 without 86 2292 0409 1.074 2.938
1 with 8 1910 0456 1.309 2.667

2 invades walkway 6 1486 0406 1074 2.259

Street light 0 without 74 2162 0474 1.074 2.889
1 with 26 2358 0.390 1.469 2.938

Fence 0 without 60 2234 0514 1.074 2.938
1 wood 12 2471 0.247 1951 2.889

2 steel 26 2.081 0.344 1.198 2.864

3 stone 2 1753 0.192 1617 1.889

Soundproof wall 0 without 91 2229 0.453 1.074 20938
1 wood 3 2255 0.483 1.889 2.802

2 steel 1 1.074 - 1.074 1.074

3 plastic 5 2126 0400 1.679 2.580

Obstacle People 0 without 82 2175 0480 1.074 2.938
1 with 18 2385 0.308 1.802 2.827

Moving object 0 without 68 2.258 0.409 1.074 2.889
1 with 32 2116 0548 1.074 2.938

Static object 0 without 46 2341 0.406 1.074 2.889
1 with 54 2103 0.478 1.074 2.938

Caution area  Stair 0 without 83 2202 0462 1.074 2.938
1 wood 8 2361 0.134 2173 2.556

2 steel 2 1475 0.009 1469 1.481

3 stone 7 2384 0553 1.185 2.827

Manhole 0 without 85 2229 0.454 1.074 2.938
1 with 15 2119 0497 1.198 2.827

Tree zone 0 without 73 2225 0449 1.074 2.938
1 with 27 2180 0.496 1.074 2.827

Grating 0 without 95 2214 0450 1.074 2938
1 with 5 2183 0.687 1.185 2.889

Repair zone 0 without 92 2247 0431 1.074 2.938
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1 with 8 1.821 0.622 1.074 2.605

Landscape Tree 0 without 17 1760 0.420 1.074 2.395
1 with 83 2305 0.412 1074 2.938

Green 0 without 25 1.998 0.567 1.074 2.938

1 with 75 2284 0.397 1309 2.889

Amenities Bench 0 without 75 2156 0483 1.074 2.889
1 wood 18 2404 0.320 1.741 2.938

2 steel 2 2759 0.183 2.630 2.889

3 stone 4 2241 0.291 1.877 2.580

4 plastic 1 1852 - 1.852 1.852

Facility 0 without 91 2187 0.461 1074 2.938

(e.g., bus station, 1 wood 8 2448 0.389 1.741 2.889

bike station) 2 steel 1 2.679 - 2679 2.679

Sign 0 without 89 2226 0.452 1074 2.938

1 wood 2 2611 0.079 2556 2.667

2 steel 9 1995 0523 1.074 2.691

Culture space 0 without 94 2193 0.463 1.074 20938

1 square 3 2486 0.186 2.309 2.679

2 fitness equipment 3 2556 0418 2.086 2.889

Aesthetics Garbage 0 without 98 2228 0.450 1.074 2.938
1 with 2 1444 0.367 1.185 1.704

Water space 0 without 92 2183 0465 1.074 20938

1 with 8 2554 0.184 2160 2.753

Building 0 without 47 2242 0.433 1.074 2.938

1 with 53 2.187 0485 1.074 2.889

Bridge 0 without 77 2258 0454 1.074 2.938

1 with 9 2328 0437 1370 2.753

2 under the bridge 14 1.892 0.398 1.309 2.580

The results of the chi-square analysis confirmed that there were correlations between all
components of the walking environment and pedestrian satisfaction except the braille block and
treezone (Table 3). The chi-square values of the braille block and treezone were less than 9.210,
which is the standard value when d.f = 2 and p = 0.01, indicating that braille blocks and tree zones
were not correlated with pedestrian satisfaction.

Table 3. Result of chi-square analysis

Factor Feature Chi-square d.f p
Walkway Surface 345.588 8 0.000
Wooden deck 73.383 2 0.000
Curve 238.007 4 0.000
Braille block 8.738 2 0.013
Bicycle road 46.294 4 0.000
Safety Adjacent road 807.416 2 0.000
Crosswalk 162.937 2 0.000
Car separation 643.522 2 0.000
Traffic cushion 707.725 2 0.000
Parked car 863.891 4 0.000
Street light 118.948 2 0.000
Fence 347.759 6 0.000
Soundproof wall 347.759 6 0.000
Obstacle People 109.910 2 0.000
Moving object 127.007 2 0.000
Static object 226.096 2 0.000
Caution area Stair 295.629 6 0.000
Manhole 24.678 2 0.000
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Tree zone 7.909 2 0.019
Grating 28.012 2 0.000
Repair zone 279.180 2 0.000
landscape Tree 716.580 4 0.000
Green 301.285 4 0.000
Amenities Bench 280.939 8 0.000
Facility 115.755 4 0.000
Sign 137.711 4 0.000
Culture space 107.339 4 0.000
Aesthetics Garbage 217.847 2 0.000
Water space 167.121 2 0.000
Building 17.626 2 0.000
Bridge 281.725 4 0.000

The mutual information analysis results (Figure 1) revealed that the top five walking
environment components that affected the pedestrian satisfaction were adjacent road (mutual
information = 0.0515), parked car (0.0446), tree (0.0430), traffic cushion (0.0415), and car
separation (0.0346). The walking environment components significantly affected the pedestrian
satisfaction in the following order: fence (0.0235), walkway surface (0.0216), bench (0.0194), stair
(0.0192), green (0.0182), bridge (0.0178), walkway curve (0.0164), soundproof wall (0.0159),
static object (0.0142), repair zone (0.0142), garbage (0.0124), crosswalk (0.0111), and water space
(0.0109). In contrast, facility (0.0082), sign (0.0082), cultural space (0.0079), street light (0.0074),
wooden deck (0.0046), bicycle road (0.0031), grating (0.0017), manhole (0.0015), building
(0.0011), tree zone (0.0005), and braille block (0.0005) exhibited a low correlation with the
pedestrian satisfaction, all of which were less than 0.01.
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Figure 1. Result of mutual information analysis

The factors that exhibited the most significant effect on pedestrian satisfaction were trees and
safety-related  components. The evaluation of the difference in  pedestrian
satisfaction/dissatisfaction scores according to the presence or absence of each component revealed
that pedestrians feel a high satisfaction with a walking environment with trees, no adjacent roads,
with traffic cushions, separated from the road, and no cars parked nearby. In addition, the
components of the walking environment composed of various materials affected pedestrian
satisfaction. Particularly, pedestrians feel high satisfaction with environment consisting of wooden
fences, soundproof walls, stairs, and walkway surfaces made of blocks and urethane.

5. CONCLUSIONS
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In this study, the effect of walking environment components on pedestrian
satisfaction/dissatisfaction was analyzed to establish a high-quality walking environment that can
promote urban walking. Chi-square analysis confirmed the correlation between pedestrian
environment components and pedestrian satisfaction/dissatisfaction scores except the braille block
and treezone. In addition, mutual information analysis confirmed the high correlation between
safety and landscape-related components. Further, the material settings of components, such as a
wooden fence, walkway surface, bench, stair, and soundproof wall, affect pedestrian satisfaction.
This research results can be utilized for evaluating pedestrian satisfaction/dissatisfaction according
to the walking environment components and building a prediction model for pedestrian
satisfaction. This research outcome is expected to ultimately contribute to the development of an
efficient walking environment and the improvement of urban walking.

ACKNOWLEDGMENTS

This study was carried out with the support of ‘R&D Program for Forest Science Technology
(Project No. 2021355B10-2123-AC03)’ provided by Korea Forest Service (Korea Forestry
Promotion Institute).

REFERENCES

[1]  A. Abbott, “City living marks the brain,” Nature, vol. 474, no. 7352, p. 429, 2011, doi:
10.1038/474429a.

[2]  A. Steptoe and P. J. Feldman, “Neighborhood problems as sources of chronic stress:
Development of a measure of neighborhood problems, and associations with
socioeconomic status and health,” Ann. Behav. Med., vol. 23, no. 3, pp. 177-185, 2001,
doi: 10.1207/S15324796 ABM2303_5.

[3] J.Lee, B.J. Park, Y. Tsunetsugu, T. Kagawa, and Y. Miyazaki, “Restorative effects of
viewing real forest landscapes, based on a comparison with urban landscapes,” Scand. J.
For. Res., vol. 24, no. 3, pp. 227-234, 2009, doi: 10.1080/02827580902903341.

[4] T. Litman, “Integrating public health objectives in transportation decision-making,” Am. J.
Heal. Promot., vol. 18, no. 1, pp. 103-108, 2003, doi: 10.4278/0890-1171-18.1.103.

[5] H.C.Borst, S. I. de Vries, J. M. A. Graham, J. E. F. van Dongen, |. Bakker, and H. M. E.
Miedema, “Influence of environmental street characteristics on walking route choice of
elderly people,” J. Environ. Psychol., vol. 29, no. 4, pp. 477484, 2009, doi:
10.1016/j.jenvp.2009.08.002.

[6] D. Shoup, “Fixing broken sidewalks.,” ACCESS Mag. 1(36), vol. 15, no. 4, pp. 250-260,
2010, doi: 10.11436/mssj.15.250.

[7]1 P.Newman and J. Kenworthy, Sustainability and cities: overcoming automobile
dependence. Island press, 1999.

[8] R.H. Lo, “Walkability: What is it?,” J. Urban., vol. 2, no. 2, pp. 145-166, 2009, doi:
10.1080/17549170903092867.

[9] X. Cao, S. L. Handy, and P. L. Mokhtarian, “The influences of the built environment and
residential self-selection on pedestrian behavior: Evidence from Austin, TX,”
Transportation (Amst)., vol. 33, no. 1, pp. 1-20, 2006, doi: 10.1007/s11116-005-7027-2.

[10] Indian Roads Congress, “GUIDELINES FOR PEDESTRIAN FACILITIES,” 2012.

[11] M. Buoli et al., “Is there a link between air pollution and mental disorders?,” Environ. Int.,
vol. 118, no. March, pp. 154-168, 2018, doi: 10.1016/j.envint.2018.05.044.

[12] O. Gruebner, M. A. Rapp, M. Adli, U. Kluge, S. Galea, and A. Heinz, “Cities and mental
health,” Dtsch. Arztebl. Int., vol. 114, no. 8, pp. 121-127, 2017, doi:
10.3238/arztebl.2017.0121.

869



[13] J. Ma, C. Li, M. P. Kwan, and Y. Chai, “A multilevel analysis of perceived noise
pollution, geographic contexts and mental health in Beijing,” Int. J. Environ. Res. Public
Health, vol. 15, no. 7, pp. 1-18, 2018, doi: 10.3390/ijerph15071479.

[14] L. McCay, “Urban design and mental health,” Urban Ment. Heal. (Oxford Cult. Psychiatry
Ser., no. January, pp. 32-48, 2019, doi: 10.1093/med/9780198804949.003.0003.

[15] N. Rautio, S. Filatova, H. Lehtiniemi, and J. Miettunen, “Living environment and its
relationship to depressive mood: A systematic review.,” Int. J. Soc. Psychiatry, vol. 64(1),
pp. 92-103, 2018.

[16] K. M. M. Beyer, A. Kaltenbach, A. Szabo, S. Bogar, F. Javier Nieto, and K. M. Malecki,
“Exposure to neighborhood green space and mental health: Evidence from the survey of
the health of wisconsin,” Int. J. Environ. Res. Public Health, vol. 11, no. 3, pp. 3453—
3472, 2014, doi: 10.3390/ijerph110303453.

[17] D.T.C. Coxetal., “Doses of neighborhood nature: The benefits for mental health of
living with nature,” Bioscience, vol. 67, no. 2, pp. 147-155, 2017, doi:
10.1093/biosci/biwl73.

[18] N. Kabisch, The Influence of Socio-economic and Socio-demographic Factors in the
Association Between Urban Green Space and Health. 2019.

[19] D. Nutsford, A. L. Pearson, and S. Kingham, “An ecological study investigating the
association between access to urban green space and mental health,” Public Health, vol.
127, no. 11, pp. 1005-1011, 2013, doi: 10.1016/j.puhe.2013.08.016.

[20] E. C. South, B. C. Hohl, M. C. Kondo, J. M. MacDonald, and C. C. Branas, “Effect of
Greening Vacant Land on Mental Health of Community-Dwelling Adults: A Cluster
Randomized Trial,” JAMA Netw. open, vol. 1, no. 3, p. €180298, 2018, doi:
10.1001/jamanetworkopen.2018.0298.

[21] U. K. Stigsdotter, T. B. Randrup, O. Ekholm, J. Schipperijn, M. Toftager, and F. Kamper-
Jorgensen, “Health promoting outdoor environments - Associations between green space,
and health, health-related quality of life and stress based on a Danish national
representative survey,” Scand. J. Public Health, vol. 38, no. 4, pp. 411-417, 2010, doi:
10.1177/1403494810367468.

[22] T.J. Pikora, F. C. L. Bull, K. Jamrozik, M. Knuiman, B. Giles-Corti, and R. J. Donovan,
“Developing a reliable audit instrument to measure the physical environment for physical
activity,” Am. J. Prev. Med., vol. 23, no. 3, pp. 187-194, 2002, doi: 10.1016/S0749-
3797(02)00498-1.

[23] I. Mateo-Babiano, “Pedestrian’s needs matters: Examining Manila’s walking
environment,” Transp. Policy, vol. 45, pp. 107-115, 2016, doi:
10.1016/j.tranpol.2015.09.008.

[24] Z. Asadi-Shekari, M. Moeinaddini, and M. Zaly Shah, “A pedestrian level of service
method for evaluating and promoting walking facilities on campus streets,” Land use
policy, vol. 38, pp. 175-193, 2014, doi: 10.1016/j.landusepol.2013.11.007.

[25] A. Baumelou, V. L. Vacher, and M. Verny, “Streetscore - Predicting the Perceived Safety
of One Million Streetscapes Nikhil,” Rev. du Prat., vol. 55, no. 20, 2005.

[26] L.J.Carr, S. I. Dunsiger, and B. H. Marcus, “Walk Score™ as a global estimate of
neighborhood walkability,” Am. J. Prev. Med., vol. 39, no. 5, pp. 460—-463, 2010, doi:
10.1016/j.amepre.2010.07.007.

[27] M. L. Mchugh, “The Chi-square test of independence Lessons in biostatistics,” Biochem.
Medica, vol. 23, no. 2, pp. 143-9, 2013, [Online]. Available:
http://dx.doi.org/10.11613/BM.2013.018.

[28] B. Gierlichs, L. Batina, P. Tuyls, and B. Preneel, “Mutual information analysis: A generic
side-channel distinguisher,” Lect. Notes Comput. Sci. (including Subser. Lect. Notes Artif.
Intell. Lect. Notes Bioinformatics), vol. 5154 LNCS, pp. 426442, 2008, doi: 10.1007/978-
3-540-85053-3_27.

870



