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Abstract

Under the background of accelerating urbanization, increasing aging popula-
tion and decreasing fertility rate in China, all sectors of society eager for an
elderly-and-children friendly environment. As public transportation, the me-
tro is at the frontline. This article takes promoting the inclusive design of the
metro environment as the research goal, inclusive design as the research pers-
pective and progressive research as the research method. It analyzes the signi-
ficance of the inclusive design of metro through pyramid theory, employs
personas classification to define the inclusive group, and includes user jour-
ney to explore the touch-point of metro ride experience so as to propose a
metro inclusiveness evaluation kit. With the help of the toolkit, six metro
lines and 42 stations in Hangzhou were evaluated and analyzed by using the
method of mobile ethnography. Based on the macro and micro analysis of ho-
rizontal comparison, it offers solutions to Hangzhou Metro’s existing prob-
lems and optimizes the inclusive performance, which can provide direction
for the evaluation and optimization of the inclusive design of domestic metro
construction.
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1. Introduction

Inclusive design is not only a general way of enabling products and services to
meet the needs of the customers as far as possible [1] but also a growing philo-
sophical view [2]. With its development of more than 20 years, its connotation
and extension are no longer limited to the maximum fair use of products, envi-

ronment and services, and began to include situation of use needs under differ-
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ent factors such as culture [3]. Persad designed an analytical evaluation frame-
work and found a way to evaluate the match between user sensory, cognitive and
physical capabilities and the demands made on the user by the product [4]. How-
ever, Harding believes that the inclusive design approach for product design may
not apply to traffic building space, so he uses the service design approach to
analyze the contact design in the London Metro and employs the service level
based model (Agent-based model) to evaluate the inclusion of subway contacts
[5].

China’s rail transit research has also ushered in a steady and rapid develop-
ment. In particular, the signal system, big data, algorithms and train control
have become some hot topics. However, despite the decade-long research and
efforts made by Professor Dong [6] and China’s Center for Inclusive Design Re-
search, the general concept of inclusive design is still stuck in the “barrier-free
design” stage [7], and the recognition of inclusive design hasn’t been formed.
And the metro space research, inclusive design, and user research are isolated,
with cross-synthesis. In particular, there are no appropriate tools or evaluation
measures in evaluating the inclusiveness of the environment. This paper takes
the inclusive design of the Hangzhou metro environment as an example, designs
and assesses the evaluation methods to clarify the current situation and deficien-
cies of the inclusive design of the urban metro, and provides the basis for the op-

timization of inclusive design.

2. Triggering Elements for Inclusive Design

2.1. Urbanization and the Aging Society Are in Parallel

Data show that between 2010 and 2020, the urban population structure of Hangzhou
changed dramatically. In 2019, the total permanent resident population reached
10.36 million, increased by 28% from the end of 2009; the population over 60
accounted for 19.9%, which means Hangzhou is under urbanization yet entering
the aging society. Inclusive design can effectively enhance the ability of the el-
derly so as to live independently, while promoting the integration of social and
economic exchanges of groups, and alleviate the contradiction between urbani-

zation and population aging.

2.2. International Events Push to Upgrade the Transportation
System

In order to facilitate the 2022 Asia (Paralympic) Games, Hangzhou Municipal
Government has increased investment in rail transit. A total of 13 lines along the
general rail line, rail express line and municipal lines will be completed, and the
urban rail transit network with a total length of 516 kilometers and fully cover-
ing ten urban areas will be realized. In June 2020, Hangzhou Municipal Gov-
ernment issued the Action Plan for Barrier-free Environment Construction of
Hangzhou “Welcome Asian (Para) Games”, which officially put the three-year

barrier-free environment optimization on the agenda. The host of international
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events often leads to the attention in planning and constructing of sports facili-
ties [1].

2.3. Blank of Metro Inclusive Design Standard

In 2018, the British Standards Association issued the BS8300:2018 Accessibility
and Inclusive Building Environment Design Guidelines, which advocated serv-
ing diverse needs of people in all aspects including the public transport infra-
structure. Unfortunately, in China there is no such national standards for inclu-
sive or accessibility design in rail transit, besides Metro Design Code (GB
50157-2013) and Barrier Design Standard (GB50763-2012); it has not yet issued
a local standard related to metro inclusive design in Hangzhou [8]. In addition,
the target users projected by the barrier-free design, such as the elderly group
and the disabled group [9], other groups are not taken into consideration, but

these groups also have a niche market [10].

3. Methodology
3.1. Overview of Inclusive Design

“Inclusive Design” was first proposed by British scholar Coleman in a Canadian
conference in 1994. So far, enterprises, government and schools launched inter-
disciplinary inclusive design inquiry projects and cooperation, incubated a va-
riety of inclusive design ideas, methods, views, academic works and achievements.
The development of inclusive design eventually prompted the British reform
from top to bottom: the inclusive design application and implementation code
for urban transportation, urban planning, the large activities (Olympic Games)

has a far-reaching impact.

3.2. Research Method and Process

Taking metro is a complex process, which involves a single or multiple trip ex-
perience, such as environmental adaptation, facilities use, information cognition
and other aspects. Therefore, it seems impossible to assess metro inclusive design
in one way, requiring a more systematic approach [11], thus a progressive user
experience research approach centered on inclusive design has emerged at the

moment.

3.2.1. The Three Pyramid Theory

User Pyramid

Swedish engineering team Benktzon proposed the user pyramid [12], dividing
users into three categories based on limb damage and Motion Capability (MC),
namely people with average MC at the bottom of the pyramid, people with mod-
erate MC in the middle of the pyramid, and people with low MC at top of the
pyramid. It helps designers to define different users so as to design more inclu-
sive products, see Figure 1.

Segmented Pyramid
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Figure 1. Three pyramids.
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Based on the 2003 Microsoft research, Hosking and his group of the Cam-
bridge Engineering Center drew the segmented Pyramid, noting that the pur-
pose of inclusive design is to extend the scope of mainstream products as far as
the pyramid as possible while maintaining commercial viability without compro-
mising the design at the bottom of the pyramid [13], see Figure 1.

Metro User Pyramid

The author has proposed the pyramid of metro users to express the signific-
ance of inclusive design. First, passengers on the metro include ordinary people
and “inclusive groups”. The inclusive group is defined as all kinds of people with
temporary, permanent and situational obstacles, which beyond the groups of the
elderly and disabled. The significance of metro inclusive design lies in eliminat-
ing obstacles through the inclusive design of the metro, making the metro ride
process convenient, comfortable and equal, so that more people choose the me-
tro, thus to effectively expand the population of metro users, and generate a be-

nign revenue, see Figure 1.

3.2.2. Role Classification (Personas)
Inclusive user groups of the metro, including the elderly, children, the disabled,
the sick, new-comers, parents with kids to care, baggage carriers, pregnant women
and sexual minorities (LGBT). Each group of population can be divided into
several subgroups, each performing differently in three-dimensional [14]: Sen-
sory Capability (SC), Cognitive Capability (CC) and Motion Capability (MC) and
demanding inclusive facilities. At the same time, through 247 online question-
naire survey collection and qualitative analysis, the key considerations of the abili-
ty label of inclusive users and inclusive design of the metro are obtained. It is
worth noting that the role classification is not absolute, for the following main
reasons:

* There are several ways of classifying the subgroups.

* The ability of users has a compensation effect, and the ability level is multifa-
ceted, and affects [1], such as blind people who lose vision usually have very
keen hearing.

* There are possibilities with multiple lack of capacity [15], such as patients with
Alzheimer’s disease (cognitive disorder) usually with complications of mobil-

ity disorder.
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* This user analysis method can be used to describe ubiquitous features through-
out the population, but the fidelity will decrease [16].

Nevertheless, the sub-user group classification method has managed to obtain

the capability characteristics of typical users with reference value, and identify

the key points of inclusive design, as shown in Figure 2.

3.2.3. Journey Map

In the early research, some scholars have initially raised the idea that service de-
sign can promote inclusive design, and analyzed the activities of taking London
Underground through user journey [17].Based on their ideas, this study analyzes
the process of each inclusive group, so that the main touch points of the inclu-
sive design are summarized, as shown in Figure 3.

The idea of user journey is as follows:

Step one, determine the selected population. They should be the typical inclu-
sive groups within each subgroup in the inclusive population category, represented
by different colors. Step two, divide the activity stages. Metro ride activi-
ties(without transfer) can be separated into five parts, enter the station, reach the
platform, take the metro, leave the platform and exit the station, according to the
activity places. Step three, determine the touch-point of each stage. For example,
the stage of enter the station includes location, entering, take the stairs/escalator,
take the elevator, take the passage and other touch-point. Step four, a prelimi-
nary analysis: analyze whether each touch-point of each journey is inclusive and

documented accordingly.

Groups Classification Classification Capability Characteristics Key points of inclusive design
Basis

Walk Unaided Physiological decline is not obvious, SC,CC,MC decline slightly Range of visibility, font size, volume

The Seniors WSat“adlgg [NV WANEI Gl Moderate physiological decline, moderate degradation of SC,CC,MC Visual guidance system, BFT, Escalator

Use wheelchair Physiological decline was obvious, and SC,CC.MC are severely degraded Elevator, BFT, BFTG, Range of visibility

Infants:  0-1 Y/O Weak SC, CC, MC, need to be hold or sit alone in the pram, ticket free Elevator, BFT, BFTG, Reduce height difference

Children: 1-3 Y/O Weak SC, CC, MC, need to be hold or sit alone in the pram, ticket free Elevator/Escalator,BFT, BFTG, anti-lost system, anti-swing hand ring
Children Age Preschoolers:3-6 Y/O Strong SC and MC, weak CC, need company, ticket free bl ESCalator, Handrail, BFT, BFTG, Graphic icon, Anti-lost system

school-ager:6-12 Y/O Have certain CC, travel together or alone, free/half-price/full ticket Escalator, Handrail, BFT, BFTG, Graphic icon, Anti-lost system

Teenager:13-18 Y/O Like normal people None

IRVEEIUEERR VR Tleel] | CC is normal, SC and MC is weakened, organs "Use advance to retreat waste” Braille, blind track, multi sensory guidance system
Disabilities | Position |Organ dysfunction Cardiovascular sclerosis,bladder and digestive disorders, usually no difference in CC,SC,MC  |ms BFT, BFTG, escalator, Wheelchair Friendly
[Motor dysfunction Disabled, poliomyelitis, cerebral palsy, dwarfism, etc., weak MC, need wheelchair, crutches, etc BFT, BFTG, elevator, Wheelchair

With baby(no troller) Hold baby, operate with one hand, SC and MC become weaker Escalator, BFT, BFTG, reduce height difference, anti-swing hand ring
Parents éfﬁ:ﬁ?efn With baby and stroller Push a troller, operate with one hand, SC and MC become weaker Elevator, BFT, BFTG, reduce height difference, anti-swing hand ring
With preschoolers Keep an eye on child, distracted, SC and MC become weaker Escalator, BFT, BFTG, reduce height difference, anti-lost system

People with Luggage : MC became weaker, lower walking speed H Elevator, BFT, BFTG, reduce height difference, low security check

Figure 2. Personas classification label.
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Figure 3. Map of inclusive group’s journey.

The following information is concluded from Figure 3: 1) The journey and
the touch-points of each inclusive group are different; 2) each group has demands
for each touch-point. It is worth mentioning that, compared with the foreign me-
tro ride experience; the touch-points of the Chinese metro are slightly different
as follows:

* Options in buying tickets: with the popularity of mobile payment, more and
more passengers choose mobile phone payment, thus omitting the touch-point
of machine or manual tickets [18];

* Health code display: under the pressure of epidemic prevention and control,
it is the necessary steps to show the health code before taking the metro;

* Necessity of security check: to ensure a safe ride environment, it is also the

necessary steps to scan the luggage and items to the security check instru-
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ment.
Of course, the user’s journey only represents the journey path and the result-

ing contacts in the high probability of the crowd, which is not absolute.

3.3. Metro Inclusive Design Assessment Kit

How to scientifically evaluate the inclusive performance of products, the envi-
ronment, or services has always been a direction of research committed by scho-
lars at home and abroad, the Engineering Design Centre of Cambridge proposed
“Design Wheels” in long-term research, integrate exploration, creation, evalua-
tion, and even management into the inclusive design cycle to expose more basic
activities about the concept of inclusive design. During the evaluation phase, the
Center established a set of product exclusion computation methods [19], and sub-
sequently developed an exclusion calculator to quantify inclusiveness from five
evaluation dimensions, that is Mobility, Reach & Dexterity, Vision, Hearing, and
Thinking [20].

The idea of the Metro Inclusive Design Assessment Kit (hereinafter referred
to as the toolkit) is inspired by the exclusion calculator and post-use evaluation
method (POE), in the form of Lickett Quscale, with the user journey as the main
axis, the contact as the evaluation unit and the detailed rules from perspective of
various inclusive groups, requiring the appraisers to objectively evaluate the spe-
cific evaluation environment, facilities and services.

The toolkit is divided into 6 sub-forms, they are enter the station, reach the
platform, take the metro, leave the platform and exit the station, ticket and toilet,
and the first five sub-forms correspond to the five activities of the user’s journey.
The object measured by each sub-form is the contact generated by the user’s
journey, respectively. The evaluation standard is divided into qualitative standards
and quantitative standards. Among them, the description of nature is explained
in detail through comments, and the evaluation with numerical requirements is
classified as quantitative standard. The appraisers can make detailed interpretation
of the evaluation through comments, and attach drawings for reference. The tool-
kit requires the appraiser to evaluate the assessment items according to the actual
situation observed and measured, and tick the five scale, finally link the option
results to the score (1 - 5), and finally conduct data analysis. The higher the

score, the better the inclusive design and vice versa. See Figure 4 for the toolkit

page.
3.4. Mobile Ethnography

Based on Auto-ethnographic method, the research team divided into 7 groups
conducted the metro inclusive design assessment by using the toolkit, in January
2021.

First of all, the author led the team to Hangzhou Metro Line 1 Jiuhe Station to
demonstrate the way of inclusive design assessment and emphasize the require-

ments of assessment, that is objectivity, content with details, evaluation basis,
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Figure 4. Interface of the metro inclusive design assessment toolkit.

evaluation methods, etc. Next, the team members are asked to carry evaluation
kits, smartphones, measuring tools to evaluate a target metro line. Each team is
responsible for the six stations. They take the ride from one station and exit from
the next station, excluding the transfer factor, so each assessment contains three
pairs of stations. During the assessment, the evaluator uses his or her smart-
phone whenever possible to collect evidence photos and take images to record

and gain insights of his or her own.
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LINE Average Score

Line 7
Line 6

4. Case Analysis

4.1. Data Description

Based on the implementation of 21 evaluation results, we made detailed sorting
and objective analysis, and obtained the data analysis figure as follows, see Fig-
ure 5. The right half of the analysis chart marks the evaluation map of the evalu-
ators, where the yellow center is the starting station and the purple center is the
end station. 3 groups of stations of each line are randomly selected for evalua-
tion, including a large operation time span of the east section of Line 1 (Operat-
ed in November 2012) and Binjiang section (Operated in December 2020), so
three more groups are added. The evaluation scope is basically carried out along
the Qiantang River, and the total score of inclusive design of each group of sta-
tions is also marked on the evaluation map. On the left of the analysis chart is a
statistical chart, showing the average score value of each line and the score value

distribution column chart of each station group.

4.1.1. Distribution Description of the Station

The average score of the metro station group assessed was 598, a maximum
score of 649 (Xiaoshan International Airport Station—Xingang Station Group)
and a minimum score of 505 (Jiuhe Road Station—Qibao Station Group). The 590
(including)-610 fraction segment was most centralized with 7 groups. The result
shows that the score of each station group is in a normal distribution curve. The

number of pair of stations of high score segments decreases layer by layer, and

the number of low score segments is scattered and equally scattered.
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Figure 5. Assessment map (revised from Hangzhou Metro Line Map).

DOI: 10.4236/jtts.2021.113027

420 Journal of Transportation Technologies


https://doi.org/10.4236/jtts.2021.113027

W. W. Shi

4.1.2. Average Score for Each Line
As shown in Figure 5 above, the average score of the sampled line is 640 (Line 7)
and the minimum 565 (Line 1); the average score from high to low are line 7,

Line 5, Line 2, Line 6, Line 4 and Line 1 respectively.

4.2. Macro-Analysis Conclusions

Conclusion 1: The inclusiveness of Hangzhou metro environment is increas-
ing.

The degree of inclusiveness of Hangzhou metro is a dynamic process. This
proves that the inclusiveness of Hangzhou Metro is not static, as shown by: First,
the degree of inclusiveness of the same line is constantly improving. The authors
conducted research on Line 1 in August 2017, July 2018, January 2020 and Janu-
ary 2021, and found that both hardware and software inclusive design have been
improved; Statistically, the three lines with the highest average score are Line 7
(Operated in December 2020), the south-east section of Line 2 (Operated in De-
cember 2017) and Line 5 (Operated in June 2020), which are closely related to
the opening time, and the later the line is opened, the more in-depth the consid-
eration of inclusive design. The process of dynamic improvement fits well with
the philosophical values of “inclusive design”: designing for as many people as
possible to remove barriers and iteration and refinement.

Conclusion 2: Although the experience feeling varies from person to person,
the subjective error is small.

Inclusive assessment complies with the “heterogeneity” of service design, where
the assessment experience can vary from time and person. In the randomly se-
lected site evaluation, two pairs of appraisers selected the same stations, Xiao-
shan International Airport Station and East Railway Station. In the evaluation of
East Railway Station, since the evaluation object is a transfer station, the two ap-
praisers assessed the same activity with the score of 114 (Line 1) and 127 (Line
2), detailed comparison of the assessment error resulted in the qualitative evalu-
ation, including the “ambient light” option and Line 1 checked the “experience”;
the score of Xiaoshan International Airport Station were 128 (Line 1) and 133
(Line 7). Although there are errors, the difference is not obvious due to the ob-

jectivity of the environment.

4.3. Transverse Microscopic Analysis

The inclusiveness of the same environment and facilities between different sites
is also worthy of comparative analysis. The following table lists the six sub-forms
with the lowest scores in six activity stages. From the results, the score of 21
points indicates that all stations do not meet the requirements and need to be
improved; if the score is above 21 points, it means some stations did something
on inclusive design but incomplete or poor for some reason; some problems oc-
cur repeatedly in the evaluation process due to standardized design and con-

struction of the metro, see Table 1.
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Table 1. Three assessments with the lowest score per activity stage.

Sub-forms Touch point Object Assessment criteria Score
Ground Elevator Provided with inclusive design 29
location guide map features
Elevator Elevator Doors on both sides 29

No elevation difference or
Enter the Entrance Entrance . 29
. accessible ramps
station
Provided with voice guide for up
Escalator 31
and down
Escalator/Stairs
. The material of the first step has
Stairs ) . 36
obvious differences
Location Platform guide map Marked with barrier-free routes 21
Provided with voice guide for pass
(Barrier-free ticket d the directi £ lat 24
Reach the Ticketing and the direction of escalator
gate, BFTG)
platform Lower than the normal gate 25
. Platform Provided with voice guide for
Location i . 25
guide map typhlosolis
» Wheelchair . . .
Waiting . Guide maps for Low View Position 24
parking space
Take the . .
metro Map of the The.re are graphical design for each 36
Location metro carriage station
(Above the gate) Striking code for each station 40
Guide maps for Low View Position 21
. Platform . .
Location i With typhlosolis 21
guide map
With inclusive design 21
Elevator Elevator Doors on both sides 21
Leave the Ticket BETG Provided with voice guide for pass )1
checking out and the direction of escalator
platform
. Platform Marked with barrier-free routes 27
Location R
guide map Supported with inclusive facilities 27
Escalator/Stairs Escalator Provided with voice guide 27
Ticket
1? ¢ BFTG Height below the normal gate 33
checking out
Elevator Elevator Doors on both sides 21
Escalator/Stairs Escalator Provided with voice guide 21
Exit the . . . No elevation difference or within
. Exit Station hall exit . 33
station accessible ramps
' Platform With typhlosolis 33
Location .
guide map With inclusive design 36
With inclusive design 24
Ticket & toilet ~ Ticketing Ticket machine Easy to operate for people with
. . . 27
different visual height
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Continued

With typhlosolis 27

An guid ith inclusi
Toilet (Unisex toilet, UR) 1 guice map With Incustve 34

design at the entrance

4.4. Dire4.4. Dir4.4. Directions for Optimization

Based on the result of the evaluation data, the author summarizes the problems
and optimization direction of the Hangzhou metro lines into the following as-
pects:

* First, the planning of the new line should take inclusive design into consider-
ation, while at the same time; the old line of Human-centered optimization
should be noticed.

* Second, the height difference setting for the entrance and exit of metro should
be removed. Design specifications stipulate that the entrance of the metro
station must be set three steps of height, in order to prevent rainwater pour-
ing. However, this criterion is still worth discussion. An inlet slow slope and
drainage devices can be built to prevent rainwater; nonetheless, the avoidance
of height-difference for accessible entrance is significant.

* Thirdly, the inclusive design of the guide system should be considered. Al-
most all guide maps in the metro station are presented in a single visual trans-
mission way. We suggest integrating the expression of touch, voice prompts,
graphic symbols, combined with the blind road and low vision design to pro-
vide possibilities for independent travel for inclusive groups.

* Fourthly, the inclusive improvement of BFTG. The survey found that the re-
levant departments have optimized the appearance of the BFTG, more con-
spicuous than the ordinary gate. Therefore, the author suggests that metro
inclusive facilities should be distinguished by uniform design colors; the num-
ber and height of BFTG of new metro stations should be required and ad-
justed to fascilitate wheelchair, children and the elderly and add induction
system to provide sound assistance.

* Fifthly, the inclusive optimization of other facilities and the environment. For
example, the seats in the platform waiting area should be provided with han-
drails, and the height of seats should be uplift for the elderly. We also suggest
to set coding system [8] and add icon design to increase the readability of the
guide map, which can provide convenience for preschool children, elderly
and foreigners. It is also suggested to enhance the systematization of the blind
road, set prompt blind road before the inclusive facilities; incorporate the op-
timization design of UR, straight ladder in planning and design, such as open-

ing mode and door button design.

5. Conclusions

This study emphasizes that metro lead users are diverse, with differences in MC,

SC, and CC that largely affect their subway experience and may lead to design
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exclusion.

This study also shows that the inclusive design of the metro space can be quan-
titatively evaluated. The metro inclusive assessment toolkit has been established
through the definition of inclusive design and methods of service design. The re-
sult shows that there is still large room for improvement in the inclusive design
of Hangzhou metro. With the accumulation of metro construction experience,
the technical breakthrough and the improvement of the design, the inclusiveness
of subway space is also constantly improving. At the same time, the inclusive

renovation of the old line also needs to be put on the agenda.
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