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Abstract Against the backdrop of a healthy city initiative in helping encourage and facilitate
walking behavior, this study first elaborates the fitness function of the ladder trails, which
largely form the daily living spaces for the people in mountainous cities or areas. It then ana-
lyses the existing research on the elements and guidelines of environmental design from the
perspective of their pedestrian friendliness while discussing their suitability to the needs of
the elderly. With the research framework set up in the first part, empirical research focusing
on the walking behavior of the elderly has been carried out based on two comparable cases of
Chongqing Mountain trails. Observing, survey, and interviews have been applied to collect the
data. This study concludes with a summary of the elements and principles for designing ladder
trails, which are walking-friendly for the elderly.
ª 2022 Higher Education Press Limited Company. Publishing services by Elsevier B.V. on behalf
of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The first urban planning law in the world, enacted in En-
gland in 1909, aimed to solve urban public health problems
that emerged over 19th-century urbanization. Movements
such as Urban Beautification and Modernist Urban Planning
represented by CIAM and the Athens Charter influenced
design principles of city planning, with an increased focus
M. Xu).
f Southeast University.
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on improving urban design and infrastructure by providing
more green spaces, public parks, fresh air, and clean
water. These laws, movements, principles, and practices
played a significant role in effectively reducing and elimi-
nating malignant diseases, which once posed a serious
threat to public health and the development of industrial
cities. However, post-industrial cities worldwide are facing
new challenges in public health. Along with improving
people’s living standards, obesity is becoming pervasive
against high meat consumption and fat in people’s diet,
heavy reliance on cars, and a lack of physical activity in
daily life with jobs more focused on mental labor. These
challenges have led to a sharp rise in chronic diseases, such
services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd.
reativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1 Urban design 5D model (R$Cervero,
K$Kockelman).

Aspects Factors

Density Household/population density
Job density
Commercial floor area ratio

Diversity Land use mix
Jobs-housing balance
Distance to a store

Design Intersection/street density

% 4-way intersections

Destination
accessibility

Job within one mile
Job accessibility by auto
Job accessibility by transit
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as diabetes, hypertension, coronary heart disease, and
some cancers among various aging and gender groups.
A study recently published in The Lancet, analyzing the BMI
of adults from 1975 to 2014, shows remarkable growth
globally in the number of obese people over the past 40
years, with China reporting the fastest growth. The seri-
ousness of the matter in China is further emphasized in a
report published by The National Health and Family Plan-
ning Commission in 2015. The results are startling; 30.1% of
adults are overweight, with 11.9% deemed obese, 25.2%
suffering from hypertension, and 9.7% diabetic. Therefore,
especially in developed regions and countries with high
living standards, the issue of how to facilitate an increase
in physical activity through environmental design has
become a pressing issue for public health officials and the
healthy city initiative in urban planning and design.
Walking-friendly environmental (re)design, in particular,
has become the foremost approach in terms of facilitating
a healthy city, which actively stimulates fitness awareness
and behavior among citizens (Wang et al., 2016).

Most of the existing research has been focused on
Western cities contributing to a series of public policies and
design guidelines, such as “Active Design Guidelines: Pro-
moting Physical Activity and Health in Design” published by
the City of New York (2010) and “Designing A Healthy LA” by
the City of Los Angeles (2013). The findings and principles in
these reports are enlightening and can be a good reference,
although their relevance and applicability in the Chinese
urban context are yet to be explored. The present study is
generally focused on the slow traffic network of the cities
with flat land topography. It largely overlooks cities on
expanding ladder trails, such as those found in many
mountainous regions in China, while not considering the
needs of specialized groups such as the elderly. Therefore,
specialized research is urgently needed to focus on a set of
places classified with different geographical characteristics
and on groups of people of different ages with differing
needs. Thus, according to the United Nations, a country can
be regarded as an aging society when people aged 65 and
above account for more than 7% of the total population or
those aged 60 and above account for more than 10%. China
is defined as an aging society because those aged 65 and
above account for 8.87% and those aged 60 and above
represent 13.26% of the total explanation.1 For the aged,
especially those 80s or over, the best outdoor exercise is
walking around their communities or cities. From this
perspective, any spatial design should pay substantial
attention to this group’s physical and psychological needs.
Focusing on the fitness effect of ladder trails, based on an
empirical study of the ladder tails of Chongqing, this study
intends to explore the elements and principles of urban
design, which are adaptive for an aging society.

2. Ladder trail in a mountainous city and its
fitness effect on the elderly

Ladder trails meandering into slopes are a common feature
of outdoor urban spaces across the world in ancient and
1 Based on the sixth National Census.
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modern days. Together with the various buildings and
natural views along the way, they are becoming popular
spots for leisure and are actively used by local people. They
also represent an indispensable part of the vertical walking
network for communities dispersed across mountainous
areas, shaping a unique environmental and human land-
scape in mountainous cities. These spaces have acted as
transport links in everyday life and a platform for connec-
tion and the development of intimate bonds through cross-
community culture exchange and activities, economic
development, recreation, and communication. The design
of the ladder trail has traditionally focused on its function
for vertical connection and picturesque views. However,
from the perspective of a healthy city, the ladder trails
should be designed considering architectural quality, social
interaction, economic appropriateness, and public health.
Considerable research has shown that climbing up and
down the stairs is an affordable, inconspicuous, and readily
accessible exercise in daily life. It can increase the con-
centration of the body’s high-density lipoprotein to help
prevent osteoporosis (Boreham, 2000) and consume calories
comparable to jogging, helping prevent obesity-related
diseases such as stroke.

A study of 1000 males shows that, for those climbing 20
to 34 steps a week (3e5 times a day), the likelihood of a
stroke is reduced by 29%, regardless of whether they are
taking part in additional sporting activities (Lee and
Paffenbarger Jr, 1998). Furthermore, the accumulation of
multiple intermittent climbing stairs on a set of step seg-
ments can enhance endurance (Dunn, 1998) and reduce the
risk of coronary heart disease (Lee et al., 2000). In this
case, the ladder trails in the mountainous city represent a
suitable fitness space with integrated natural and human
landscapes.

People aged 50 or above account for a large proportion
of people who take vigorous walking as physical activity,
which will continue to increase in an aging society. There-
fore, environmental friendliness for the elderly should be
included as the key criteria for assessing the fitness effect
of ladder trails. The elderly in this study refers to the
“healthy aging” elderly who can carry out moderate phys-
ical exercise. In general, along with the inevitable
Distance to downtown
Distance to transit Distance to nearest transit stop



Table 2 Five types of urban design qualities (Ewing & Handy).

Quality Define Physical feature

Imageability The quality of environment that could leave
the observers an impressive impression

People
Proportion of historic buildings
Courtyards/plazas/parks outdoor dining
Buildings with non-rectangular silhouettes
Noise level
Major landscape features
Buildings with identifiers

Enclosure The quality of environment that could
define the space by the vertical element
and upper element

Proportion street walldsame side
Proportion street walldopposite side
Proportion sky across
Long sight lines
Proportion sky ahead

Human scale The quality of environment that could
answer for the sensory characteristics and
physiological feature

Long sight lines all street furniture and
other street items
Proportion of first floor with windows
building heightdsame side
Small plants
Urban design

Transparency The quality of environment that could
generate visual and physical contact and
interaction

Proportion of first floor with windows
Proportion active uses
Proportion street walldsame side

Complexity The quality of environment that could
generate rich perception and diverse usages

People
Buildings
Dominant building colours
Accent colours
Outdoor dining

R. Chen, M. Xu, L. Zhang et al.
reduction in sporting activity and exercise intensity that
comes with old age, many older people take walking as a
usual outdoor exercise to prevent or alleviate chronic dis-
eases associated with aging. Studies have shown that an
elderly who travels at least 1 mile (1.6 km) per day can
reduce the lethality of diseases by half and, to a large
extent, avoid death from cardiovascular disease (Noda
et al., 2006).

Ample evidence demonstrates that walking will gener-
ally be effective for the elderly with different lesions to
Fig. 1 Urban design research framework to prom
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keep physical fitness and wellbeing, improving and pre-
venting the disease such as osteoarthritis (Mangani et al.,
2006), diabetes (Smith et al., 2007), colon cancer
(Takahashi et al., 2007), high blood pressure (Iwane et al.,
2000), and senile dementia (Andel et al., 2008). Further-
more, increasing the amount of walking will enhance oxy-
gen capacity (Shin, 1999), which is extremely important,
especially for the elderly who experience declines in car-
diovascular health related to aging and reduced exercise.
However, the elderly also have their own unique pedestrian
ote the walkability of the street environment.
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environment needs because of their physical and psycho-
logical conditions. For instance, ensuring that the pedes-
trian environment will not be interrupted by motorways is
particularly important, as aging people are more reluctant
to cross the road. Resting places along paths are needed for
reduced aerobic capacity and integration of other living
and recreational activities, such as the grocery and meeting
friends. Walking in everyday life is important, according to
experts. Some comparative studies show that facilitating
walking activities is more vital and effective among the
elderly than in younger generations (Shigematsu, 2009).
The ladder trails expanding through the old communities
are the natural fitness space suitable for the elderly living
in these areas. However, the environmental qualities are
often not good enough to support and stimulate active use,
especially for the fitness function. First, such spaces are
often in a state of disrepair and dilapidation, with poor
provision of greenery, street lighting, and other facilities.
Second, the ladder tails are scattered in segments that are
not well connected and easily accessed by public transport.
Finally, the old buildings along the ladder trails do not
provide proper functional support for the various recrea-
tional needs or visual pleasure for pedestrians. How have
these deficiencies prevented the elders from using the
ladder trails for walking in mountainous cities? How can
such conditions be improved by environmental design and
management? Existing research literature has seldom
responded to these questions.

3. Design for the elderly: principles for the
ladder trails in the mountainous city

3.1. Design for walking activities

A key feature of a livable city is that it should encourage
residents to lead a healthy lifestyle. While a host of basic
activities have been made “easier” through the increased
availability of modern technologies, such as elevators and
vehicles, travel offers an important opportunity for the
residents to exercise. As a result, many researchers have
focused on utilizing certain features of the built environ-
ment to create pedestrianized areas that could reduce
Fig. 2 Typical spatial forms of lad
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the travel demand while encouraging residents to
choose healthier travel options, such as walking or riding a
bike.

Considering the perspective that looks at the influence of
the built environment on travel modes, a 3D model was
proposed, suggesting that factors related to density,
diversity, and design are highly relative to reducing vehicle
miles traveled by personal vehicles (Cervero and Kockelman,
1997). Furthermore, Cervero and Ewing (2006) also put for-
ward that the notion that destination accessibility and dis-
tance transit also influence transport modes, thereby
improving the 3D model to a 5D model (Table 1).

Regarding “design” in particular, classified the factors
that may influence street walkability into three categories:
physical features, urban design qualities, and individual re-
action. Physical features refer to some objective traits of
streets, such as spatial scale, color, temperature, and noise.
Individual reaction reflects one’s assessment and attitude on
the place they stay and could be described as their sense of
safety or comfort; the urban design qualities lie in between.
On the one hand, this group’s factors help researchers define
objective traits by certain design principles, such as enclo-
sure and human scale (Table 2). On the other hand, a posi-
tive correlation is observed between urban design qualities
and individual reactions (Fig. 1). Based on this framework,
the next section will further elaborate on the characteristic
physical features of mountainous ladder trails and the indi-
vidual reaction of the elderly, both of which should be
considered when defining urban design qualities.

3.2. Design for the walking activities of the elderly
on ladder trails

The three-dimensional geographic nature of mountainous
cities creates a unique urban form. The ladder trails system
has transcended through time as a core part of urban her-
itage, forming a relatively large-scale pedestrian district
naturally without the interference of today’s motor vehicle
traffic. From the perspective of spatial features, on the one
hand, ladder trails with different forms such as step, ramp,
or trestle are more adaptable to the geographic feature of
mountainous cities than general streets, which are mostly
dominated by motorways. On the other hand, ladder trails
der trails in mountainous cities.



Table 3 Summary of the physical feature of ladder trails in mountainous cities.

Type Physics feature of mountainous trail

Graphical representation Explanation

Spatial dimension Differing from the spatial reference system in plain cities like Beijing, the spatial reference
system in mountainous cities includes “up” and “down”.
In mountainous cities, people always regard certain natural or cultural landscape as the
landmarks in a spatial reference system.
Relevant physical feature:, the type and the quantity of the landmarks in spatial reference
system.

Macro-structure and
the typical spatial
form

Macrostructure: The macro-structure of the mountainous trails system is a hierarchical
structure with a semi-network form. In that kind of structure, “streets” link the urban roads
and the “lanes” link the “streets” and courtyards.
The feature of the spatial form: The spatial form of the mountainous trails is always flexural
because of its adaptability to the geographic feature of the mountain. Besides, there is a
considerable amount of transitional space between the trail and the buildings nearby.
Relevant physical feature: linkage, the length of a continuous section of the steps in view, the
type and quantity of the transitional space and the intersections.

Microscopic feature in
visual interface

The types of lateral surface include building facades, retaining wall and the boundary of the
natural landscape.
Relevant physical feature:
(1) The function of the lateral surface.
(2) The scale, the function and the level of planting of the transitional space; the number of
safe facilities of the precipice; the quality of the natural landscape in view.
(3) The height of the buildings and the ancillary structure; the transparency and the continuity
of the surface.
(4) The characteristics of different intersections.
(5) The quality and quantity of the signage system, shade facilities, lighting facilities and
safety facilities.
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are often located at a slightly different height to the
buildings, thereby creating many small-scale squares in
transitional spaces (Fig. 2). These spaces have gradually
been actively used for daily life.

The physical features of ladder trails in mountainous
cities have been shaped by several visible and invisible
factors, including the building height of single and com-
bined volumes, the transparency of the enclosing facade,
the D/H of the enclosure, and the microclimate of the
niches. The complex nature of the physical features of
ladder trails contributes to the rich landscape of moun-
tainous cities (Table 3).

Recently, a host of research has been carried out looking
at the interactive relationship between the quality of the
outdoor environment and its use by the elderly (Burton and
Mitchell, 2009). While some researchers believe that
motivation, independence, microclimate, and the comfort
of the benches are the key factors impacting the outdoor
spatial quality, Gallagher et al. (2010) argue that factors,
such as the presence of other age groups, neighborhood
environment, safety, and weather also impact the walking
behavior of the old people. The present study shows that,
apart from the level of safety, comfort, and interest, the
accessibility and intelligibility of the places (Table 4) are
found to be especially significant for encouraging the usage
by the elderly according to their physical and psychological
conditions.

Therefore, revising Ewing and Handy’s framework for
“design” analysis by extending and redefining the checklist
related to old people’s “personal reactions” is necessary
(Fig. 3). This revision will underpin the assessment of the
ladder tails in mountainous cities from the perspective of
walkability for the elderly.

4. POE research of Chongqing ladder trails for
the elderly

4.1. Ladder trails in the city of Chongqing

The historical downtown of Chongqing, which is selected as
the empirical study case, is located in the river valley and
tableland between Zhongliang Mountain and Tongluo
Mountain. Throughout its long history, ladder trails repre-
sent a core part of the whole pedestrian system of the
terrain. They have actively defined the city structure and
undertaken urban functions such as transportation, com-
merce, recreation, and social interaction. Along with rapid
economic development and urbanization, urban renewal in
the post-industrial stage has paid increasing attention to
the conservation, exploration, and utility of the values of
the natural landscape and physical and non-physical
cultural legacies, especially using urban design projects.
Against this backdrop, the ladder trails, which are widely
recognized as an iconic part of Chongqing’s culture and
landscape as a mountain city, have received unprecedented
attention. In a series of official documents, such as The
Urban Design of Yuzhong Peninsula (2003) and The Planning
of the Pedestrian System in Yuzhong Peninsula (2010), we
learn about plans for rebuilding and constructing 18 ladder
trails, including five latitudinal trails, 12 longitudinal trails,
and 1 circuit trail. The total length of these trails amounts



Table 4 Requirements of trail design based on the reaction of the aged. Source: summary of inclusive urban design: street for
life.

Individual reaction Definition Way of influence

Sense of accessibility The physical feature of street could help
the elderly easily arrive at the destination
without any negative disturbances.

The distance and location of the
destination.
No barriers on their trip

Sense of intelligibility The environment of street could help the
elderly confirm their location and route.

The east to which routes and locations can
be confirmed

Sense of safety The aged feel safe on street. Worry about the attack from outside Worry
about falling over/down.

Sense of comfort The elderly could arrive at the destination
smoothly without any discomfort in physical
or psychological sense the street
environment makes them feel comfortable.

The sense of amity
Peaceful surroundings
Adaption to the recession of somatic
function

Sense of interest The environment of street could appeal to
the elderly and leave a positive impression
on them encouraging them join in
recreational activities with others.

The environment could stimulate the
interest to join an activity.
The feature of the environment is enjoyable
aesthetically.

R. Chen, M. Xu, L. Zhang et al.
to 61.14 km, and the density of the trail network is 2.6 km/
km (Table 5).

As a core part of the urban transportation system in this
mountainous city, the ladder trails extend across the entire
traditional Yuzhong peninsula, linking varied communities,
landscape nodes, and cultural relics. For example, the third
longitudinal trail connects three parks, six cultural relics,
and several city communities, formulating an integral linear
space. In Zhangjiahuayuan, a continuous pedestrian space
extends 1.1 km, where various elements such as residential
buildings, squares, and community commercial kiosks are
located, reminding us of life in the traditional Chongqing.
The functional support for ladder trails as sites of cultural
exhibition, recreation, exercise, and social activities have
gradually been recognized and explored, with the stronger
interest shown by citizens and the urban administration. In
particular, elderly people living near the ladder trails see
them as “an outdoor living room” and the main places for
varied daily activities. While the elderly are becoming the
main users on these ladder trails over time, making the
trails suitable to the needs of the elderly has become a
Fig. 3 Research framework of lad
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pressing issue in urban design inquiry for the environmental
quality of these ladder trails.

4.2. Research cases and methods

The complete network of ladder trails consists of varied linear
and node spaces expanding into a large area of the old
downtown and many other neighborhoods. Therefore, each
trail has its own unique traits, landscapes, views, and com-
munity. This study takes the third longitudinal ladder trail as
the sample case, adopting a comparative approach between
the segments of Zhangjiahuayuan and Shibanpo (Fig. 4).

Zhangjiahuayuan segment stretches from the sub-
district government office to the Zhongshan Hospital. The
section for investigation is approximately 130 m long. As a
typical ladder trail, it consists of continuous steps. The
buildings on either side are mainly residences built from the
1970s onwards. Other facilities include a hospital, the sub-
district government office of the community, and a school.
In terms of spatial construction, open spaces exist between
the trails and the buildings often used for diverse activities.
der trails design for the elders.



Table 5 General situation of the mountainous trails in the Yuzhong district.

The beginning and termination Length Important node

Longitudinal
trails

Shangqing temple-post office in
minzu road

4.6 km The three gorges museum, Hongya hole,
Luohan temple

Auditorium-linjiang door 2.8 km The people auditorium, the Linjiangmen
business center

Lianglukou-Liberation
Monument

3.6 km Libertion monument, cultural palace,
gymnasium

DapingdChaotian road 5.8 km Eling park, cultural palace
LianglukoudChaotian road 4.67 km Pipashan park, People park, Huguang guild

hall
Latitudinal

trails
Qiansi doordChangbing road 1.5 km Cangbai road, Datong street, Hongxue alley
Hongya hole-Changbing road 3 km Cangbai road, Liberation Monument, Shibati
Jiabing road-Coral Park 3.9 km Jiabing road, Pipa mountain, Coral park
Jiabing road-Changbing road 1.67 km Zhourong road, People park, Baixiang street
Linjiang door-Changbing road 1.72 km Kuixing building, Ciqi street, Kaixuan road
Fucheng buildingdChangbinglu
park

2 km Tongyuan door, Fangniu alley, Mati street

Huanghuayuan-Changbing road 2.5 km Kangtian city balcony, Shibanpo, Shancheng
alley

Zengjiayan-Coral Park 3.05 km People square, cultural palace, Yanziya
Niujiaotuo-Caiyuanba 2.9 km Shangqing temple, Crownescalator
Liziba-Caiyuanba 2.1 km International village, Eling park
Fotuguan-Caiyuanba 2.3 km Fuoto pass, Eling park
Niujiaotuo-Coral Park 2.8 km cultural palace, Song qingling’s former

residence, Coral park
The circle Liziba-Chaotian doordCoral

Park
10.5 km Memorial hall of war memorial、viewing

deck in Shangqing temple、 Hongya hole,
Coral park

Fig. 4 Two case segments of ladder trails.
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The local government of Yuzhong district has implemented
the public service facilities and landscape construction
since 2004 (Fig. 5).

Shibanpo segment links the Zhongxing road and the
Zhongshanyi road and spans 420 m. The Shibanpo trail is
called the “Side Street,” which means only one side of this
trail is lined with buildings, whereas the other has open
views (Fig. 6). In detail, the ground plane form includes
steps, trestle, and ramp, and the form of either side includes
traditional residence, natural landscapes, and historical
heritage sites (Fig. 7). Therefore, the Shibanpo segment is a
community path similar to the Zhangjiahuayuan segment
and a popular tourist destination of Chongqing.

Given that the sample ladder trail network is a central
location, the functional roles and the many users, trails,
and their segments are typical and representative cases
selected for the detailed on-site investigation of this post-
occupation evaluation (POE) research. Furthermore, the
discrepancy in the spatial dimension and form and the
microscopic feature of the two trails allow us to assess
carefully the different walkability for the elderly and the
degree of satisfaction of the elderly using the two trails.
Based on observing the physical elements of these ladder
trails, we further explore the quality of the urban design as
perceived by the elderly. Observations and questionnaires
are the main methods used for data collection, supple-
mented by documentary reviews. The fieldwork was carried
out at the segment of Zhangjia Huayuan and Shibanpo
during Autumn when the weather was most suitable for
837
outdoor walking. Fifty questionnaires were distributed to
the two trails to investigate the personal attributes of the
elders and the use status. A total of 42 valid questionnaires
for the segment of Zhangjia Huayuan and 35 for
Shibanpo were collected. When processing data, the
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degree of satisfaction was assessed using the Likert Scale
(Table 6).

4.3. The elderly’s behaviors on the ladder trails

1) General characters

As expected, nearby residents are the most common users
of both trails. However, the Shibanpo trail has more visitors
than the Zhangjiahuayuan trail, resulting from the advan-
tage of a historical heritage site and the natural landscape
in Shibanpo. More women use both trails than men, the
average age of users in Zhangjiahuayuan is higher than in
Shibanpo, and a small number of residents are over 80
years old (Figs. 8e10). From our observations and
interviews, more leisure facilities and public
facilities, especially chairs, are unobstructed and safe for
the elderly (Fig. 11. The rest space in Zhangjiahuayuan
segment).

2) Use intensity

Concerning the usage frequency, little difference is
noticed between Zhangjiahuyuan and Shibanpo, where
most users use the trails more than once a day (Fig. 12).
The major difference exists in the amount of time users
stay on the trail. Most users spend more than 2 h during
Fig. 5 Plan of Zhangjiahuayuan segment.
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each stay on the Zhangjiahuayuan trail, but the duration
varies between half an hour to 2 h on the Shibanpo trail
(Fig. 13). Our follow-up observations and interviews show
that this phenomenon is because of the more abundant
leisure facilities and spaces facilitating quiet activities in
Zhangjiahuayuan than in Shibanpo. This finding is further
supported in the analysis of activity types.

3) Types of activities

There are more quiet activities in Zhangjiahuayuan
trails, such as chess, card games, reading and chatting. This
conclusion echoes the findings above in terms of the leisure
facilities and staying time of users (Fig. 14).

4.4. Satisfaction of the elderly on the ladder trails

The satisfaction analysis is conducted according to physical
features relative to the sense of safety, intelligibility,
accessibility, comfort, and interest.

The satisfaction of the two trails is close to each other.
The lighting facility, shade facilities, seat facilities, and
sanitary conditions are relatively low. The main issues
with these facilities are insufficient quantity and poor
quality, which negatively affect the sense of safety and
comfort.

The level of vision and building height are highly rated.
The majority of the elderly believe that the spatial con-
struction of the trails is distinct and intelligible. In terms
of building height, buildings running along the trails are
found to be tall but do not have a sense of pressure
because the first boundary was defined by plants in the
transitional space (Fig. 15). As a whole, however, the
degree of satisfaction differs from each other on many
aspects that are closely related to discrepancies in the
physical feature.

1) Sense of intelligibility and accessibility

Compared with the Zhangjiahuayuan trail, Shibanpo has
more landmarks and special landscapes to help the elderly
identify their location and keep them from getting lost.
When we transfer our attention to the sense of accessi-
bility, we find that the signage system, accessibility, and
cognition of transportation in Zhangjiahuayuan are evalu-
ated more positively. Our observations and interviews show
a strong correlation with the discrepancy of the spatial
aspect of the two ladder trails. The Zhangjiahuayuan trail,
with its wider and straighter spatial structure, is more
intelligible than the Shibanpo trail made up of narrow
spaces and many turns.

2) Sense of safety

The safety facilities and the non-skid properties of the
pavement in Shibanpo get a higher satisfaction than that
in Zhangjiahuayuan. We found that the handrails along
the Shibanpo trail with a height of 1.1 m were made with a
metal of wood-imitation texture, whereas no handrails
were available in some places along the Zhangjiahuayuan
trail (Fig. 16). Furthermore, the pavement on the



Fig. 6 Section plans of Segment Zhangjiahuayuan (left) and Segment Shibanpo (right).

Fig. 7 Plan of Zhangjiahuayuan segment.
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Zhangjiahuayuan trail is made up of glazed tiles, which are
slippery during damp or rainy days, whereas that in Shi-
banpo is made with timber, providing a better grip in wet
conditions (Fig. 17).

3) Sense of comfort

The elderly were full of praise for the green shade and
leisure space for hanging out on the Zhangjiahuayuan trail.
The elderly always gathered in the transition space with
seats and tables, but the seats and tables on the Shibanpo
trail were insufficient. In terms of sense of comfort when
walking, the elderly were more satisfied with the average
width of Zhangjiahuayuan than that of Shibanpo. The
former exceeds 3.5 m, and the latter ranges from 1.5 m to
2.5 m, making the Shibanpo trail look steeper and more
crowded. The quality and characteristics of the landscape
on the Shibanpo trail received considerably higher ratings
than that of the Zhangjiahuayuan trail, which is consistent
with our predictions.

4) Sense of interest

The elderly highly value the richness of the spatial form,
traditional features, and peculiarity of the landscape across
the Shibanpo trail, showing that thediversity of architectural
style and landscape appeals to the elderly and encourages
greater usage in time and type of activities (Fig. 18).
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5. Ladder trails for the elderly: design
considerations

Based on the investigation above, the sense of accessibility,
intelligibility, safety, comfort and interest are the five
major quality sub-items that actively determine the walk-
ability for the elderly on ladder trails. Thus, these sub-
items should be the core focus of urban design consider-
ations and guidelines (Table 7). In general, four points must
be considered when building and rebuilding the ladder
trails for the elderly:

1) To clarify the hierarchy system of the spatial structure

The hierarchical system with a street-alley-count yard is
the most common organizational form of the transportation
system, making understanding and resuming the path easier
for the elderly. Thus, in designing mountainous trails, the
designer could deliberately strengthen the discrepancy
between different grades of trails by changing the physical
features like the scale, pavement, and street furniture.
Furthermore, the diversity of intersections formed by the
trails with different features could help the elderly acquire
more reference points.

2) To use actively the transitional space between the trails
and buildings running alongside



Table 6 Survey result of satisfaction of the aged.

Sense of
accessibility

Unobstruction of
transportation

Unobstruction of
line of sight

Accessibility facilities

Zhangjiahuayuan 3.4 3.65 2.15
Shibanpo 2.45 3.7 2.30

Sense of
intelligibility

Degree of the significant
expression of landscapea

Clearance of the
signage
system

Clearance of
transportation

Zhangjiahuayuan 2.25 3.95 3.80
Shibanpo 3.8 2.4 3.05

Sense of safety Flatness of trails Activeness in trails Lighting facilities Water proof and
anti-reflective
performance

Safety facilities Non-skid
property

Zhangjiahuayuan 3.47 3.4 2.3 3.55 2.60 2.50
Shibanpo 3.1 3.7 1.7 3.75 4.0 3.6

Sense of comfort Rest Shaded facilities Relaxing facilities Green shade Rest space
Zhangjiahuayuan 1.95 2.3 3.45 3.10
Shibanpo 2.8 2 1.8 1.95

Walk Height of step Height of building Width of step
Zhangjiahuayuan 3.35 3.70 3.65
Shibanpo 3.9 3.90 2.20

Environment Characteristic of
traditional
architecture

Landscape Sanitary condition

Zhangjiahuayuan 2.5 2.25 2.55
Shibanpo 3.75 4.35 2.35

Sense of interest Complexity of spacious
form

Characteristic of
traditional
architecture

degree of the significant
expression of landscspea

Zhangjiahuayuan 2.25 2.5 2.25
Shibanpo 3.7 3.75 3.8

a These features could meet several types of sense.
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Fig. 8 Source of users.

Fig. 9 Gender of users.

Fig. 10 Age of users.

Fig. 11 Rest space in Zhangjiahuayuan Segment.

Fig. 12 Frequency of use.

Fig. 13 Duration of use per day.

Fig. 14 Types of activities.
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Fig. 15 Section plans of boundary spaces along the ladder trails.

Fig. 16 With and without handrails.

R. Chen, M. Xu, L. Zhang et al.
The most significant features of the transitional space
are the extensive distribution and ease of access. We found
that the existence of this kind of space near the Zhang-
jiahuyuan trails is popular. This great accessibility provides
a potential place for those much older to meet and relax.
Furthermore, only a small part of the edge is closely con-
nected with no dispersion, which results in a defensible
pocket space that makes the elderly feels safe.
Fig. 17 Paving o
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3) To consider the need for the comfort of the elderly in
designing public facilities and the signage system

According to our survey, the main issues related to the
public facility and the signage system were small quantities
and low quality. We find that these facilities always have
low quality in the materials, cleanliness, characteristics,
and diversity of usage, which negatively affect the use of
the trail by the elderly. Thus, we suggest that street
furniture and signage in mountainous should be adapted to
the criterion mentioned in Table 7.

4) To enhance accessibility and intelligibility

In general, a zigzag ladder trail is regarded as fun
because of its changing views. However, for the aged, it
may cause confusion and consequently reduce accessibility,
as proven in the case of Shibanpo, which enjoys high levels
of interest but low levels of accessibility. Our interviews
show that the elderly we surveyed are impressed by the
characteristic buildings and landscape or the catchments
for certain activities. Thus, the way to create a highly
interesting, accessible and perceivable place is to diversify
the landscape and building characters and socialize the
f ladder trails.



Fig. 18 Rich architectural styles and landscape along the Segment Shibanpo.

Table 7 Design guidelines of ladder trails for the elderly.

Urban design
quality

Design guideline Way of influence

Sense of
accessibility

Complexity The function and facility of trails could
meet the diverse requirements of the
elderly.
There should be enough public service and
commercial facilities in the walking district,
which should meet the daily requirements
of the elderly.

The accessibility of termination

Transparency A certain part of surface of trails (both in
the top and the lateral) should be
transparent, so as to make the space seem
easily accessible.

No obstruction in mental

Human scale The height of the step should be low, the
slope should be gentle, the number of
continuous steps should be small, and the
rest space should be large.

No barriers on their trip

Sense of
intelligibility

Imageability The design of the space in different level-
street, alley and yard -should be different
enough so the elderly can tell them apart.

Easiness to confirm their
location, find the route (may
be planted in advance).
Protecting them from getting
lost

The turning angle of the winding trails
should be obtuse angles.
The pattern, symbol and text should large
and intelligible; the texture of that should
be anti-reflective and the height of
important information should not be too
high.
The building façade behind trails should be
the main façade of the building, so as to
express the building function.
The boundary of the trail and the
surrounding should be clear to make the
route distinct for the elderly.
The quantity of the characteristic
architecture and landscape.

Complexity The design should be rich in composing
elements.

Protecting them from getting
lost

Sense of safety Human scale The route of trails should be moderately
winding to shorten the length of continuous
steps in view, which could relieve the sense
of fear.

Protecting them from tumble

The bottom surface should be flat and the
texture of that should be anti-reflective,
waterproof and skid-proof.

(continued on next page)

Frontiers of Architectural Research 11 (2022) 830e845

843



Table 7 (continued )

Urban design
quality

Design guideline Way of influence

The height of the step should be low, the
slope should be gentle, the quantity of
continuous steps should be small and that of
rest space should be large.
The feature of the lighting facilities and
safety facilities should answer for human
scale.

Enclosure The transitional spaces between buildings
and trails should be designed as
comfortable and quite public spaces by the
enclosure of trees and parterre.

Protecting them from attacking

Complexity The presence of others could enhance the
sense of safety.

Protecting them from attacking

Sense of comfort Enclosure The transitional spaces between building
and trails should be design as comfortable
and quite public spaces enclosed by trees
and parterre.

A quiet environment.
Adaption to the recession of
somatic function.
The environment is popular

The top surface should consist of creasing,
canopy and sky, which could provide a semi-
outdoor space.
When the lateral surface is fortress and
stone, it should be made more aesthetically
appealing by vegetation and a landscape
wall; when the lateral surface is building,
the value of D/H should be inferior to 1.
Boundary consisting of trees could keep the
public space from the outside noise and
create a quiet place.

Human scale The height of the step should be low, the
slope should be gentle, the number of
continuous steps should be small and that of
rest space should be large.

Adaption to the recession of
somatic function.
The environment is popular

The shading and leisure facilities should be
numerous and diverse, so as to meet the
requirements of different activities.
The route of trails should be moderately
winding to shorten the length of continuous
steps in view, which could relieve the sense
of fear.
The value of D/H should be inferior to 1.

Imageability The design of architecture and landscape
should be integrated regional
characteristics and aesthetically enjoyable.

The environment is popular

Sense of interest Transparence A certain part of surface of trails (both in
top and lateral) should be transparent, so as
to make the landscape more easily viewed.

The space stimulating the
activities

Complexity The route of trails should be moderately
winding, and different street furniture
should be placed on turnings to enhance the
sense of interest and enhance the usage of
the ground floor and transitional space.

The environment and building
in accordance with aesthetics
of the aged.
The space stimulating the
activities

Enhance the quantity of parks, squares and
other informal open spaces.

R. Chen, M. Xu, L. Zhang et al.

844



Frontiers of Architectural Research 11 (2022) 830e845
small spaces while consciously reducing the zigzag pattern
of the ladder trails.
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