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Abstract. The use of physically passive assistive technology devices like powered
wheelchairs and scooters by people with some preserved walking ability may impose
the risk of physical de-conditioning on the user’s physical capacity and their mobility
function at a faster rate than those who had used a more physically active assistive
technology such as manual wheelchair and walking aids. This project explores the in-
formation required to support the combined use of passive and active assistive technol-
ogy for mobility, aiming to enhance the well-being of people with disability who are
users of mobility devices. The study utilized an online survey to gather insights from
individuals in Hong Kong using multiple mobility devices. The survey focused on de-
mographic data, user behavior, mobility device usage, [oT elements, and information
requirements. Results from 263 respondents revealed the prevalence of mixed active
and passive mobility device usage, shedding light on the use of IoT devices and the
essential information needed for commuting, device selection, and overall well-being.
The findings provide valuable insights for healthcare professionals, policymakers, and
technology developers aiming to improve assistive technology systems and promote
well-being.

Keywords: Mobility, Active Aging, Assistive Technology Devices, Internet of
Things.

1 Introduction

Assistive technology devices (ATDs) such as canes, walkers and wheelchairs are
often prescribed to increase people’s mobility and help them maintain balance while
performing activities of daily living [1,2]. Nonetheless, expanding the capabilities of
people with disabilities and the senior population requires various solutions. The Asso-
ciation for the Advancement of Assistive Technology in Europe (AAATE) coined the
term assistive solution, in which mainstream commercial products, ATDs, and services
are summed to personal assistance and individual environmental adaptations to equal
an assistive solution [3]. It is well-established that an AT system is essential to offer
expertise to support the assistive solution selection and provide user training and fol-
low-up [3,4,5]. In contrast, people often purchase ATD without going through an AT
system or receiving expert advice [3]. Regardless of the AT service provision in place,
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end users should be supported in their choices, and information and professional sup-
port services play a fundamental role in empowering the user to be capable of respon-
sible decisions [3,4].

ATDs for mobility are often purchased in Hong Kong through a consumer model
of AT service delivery in which the user decides on the devices and purchases them
directly [6]. Given the dense population and high vehicular traffic flow in Hong
Kong, electric mobility devices (EMDs) such as electric scooters and power-assisted
pedal cycles are not allowed on footpaths or carriageways [7]. The government cur-
rently adopts the definition of “motor vehicle” in the Road Traffic Ordinance (Cap.
374) for regulating all EMDs [7]. Among various types of EMDs, the Hong Kong
government classifies powered wheelchairs as Motorized Personal Mobility Aids
(PMAs) manufactured for medical purposes. It regards them as medical devices in-
stead of motor vehicles [8]. Nonetheless, confusion among allowed EMDs often
arises, and the government is still working on a framework to regulate and expand the
use of EMDs in Hong Kong [7,8].

There is a growing trend of using the Internet and Internet of Things (IoT) devices
such as smartphones and smartwatches to make healthcare-related decisions that come
with associated risks and benefits [9,10]. This project aimed to understand the infor-
mation required to support the effective mixed-use of passive and active assistive tech-
nology for mobility and active aging among the Hong Kong population.

1.1  The Mixed-Use of Assistive Technologies for Mobility

Commonly, a person uses more than one assistive and other readily available commer-
cial technologies to cater to different needs. For example, a person may use a powered
wheelchair or mobility scooter to cover longer distances and a walking frame or cane
for community mobility and shopping. Among people with physical disabilities in
Hong Kong, 42% of them require either a wheelchair or specialized aids for mobility,
and 36% of them use either a wheelchair or specialized mobility aids [11]. A seminal
longitudinal study about health differences between mobility scooter users and the un-
aided pedestrian in the UK showed that of the 77 respondents in the sample who used
mobility scooters, 60 also used a cane, 13 used a walker, 30 used a manual wheelchair,
and 3 used a powered wheelchair [12]. The study has concluded that mobility scooter
users perform worse at physical functioning tasks than other older people. The study
also points out that unregulated access to assistive mobility devices, including mobility
scooters, leads to a lack of good advice to assess the suitability of a device for a person
and vice versa [12].

In the past two decades, there has been a surge in the number of new types of
EMDs, like self-balancing scooters [13]. The last can present similar functions to a
powered wheelchair. The use of powered wheelchairs and mobility scooters is in-
creasing significantly despite no significant increase in people with mobility difficul-
ties [14]. Like other cities worldwide, EMDs have gained popularity in Hong Kong,
with their retained imports reaching 1.16 million units in 2018 [13].

While there is a wealth of data on the relationships between physical activity, health,
and aging, there is a lack of evidence on the role of EMDs in promoting physical func-
tioning and physical capabilities [14].
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1.2 Information Requirement Versus Information Overload

In ATD service provision, various service stages often require the collection of various
service user information to define and follow up with AT solutions and rehabilitation
programs. The AAATE suggests seven service steps, all requiring the collection of dif-
ferent information that will affect the effectiveness of the rehabilitation programs [3].

Considering user information is collected in various stages of AT service, there is
still the need to analyze the collected data to make complex decisions, such as deciding
on the ATD that will compose the AT solution and evaluating required changes for the
rehabilitation program and assistive solution after a period of use. However, the com-
plexity of end-user medical data analysis is challenging yet often impossible [10,15,16].
As aresult, the long-debated information overload is a constant challenge to healthcare
research and service provision. Hence, there is a need to explore more efficient ways to
interact with health information from different stakeholders’ perspectives and consider
the models of service provision, such as the medical, social, or consumer models of AT
service provision.

There has been a surge of new ways to collect data to support informed healthcare
decisions and well-being, supported by advances in Artificial Intelligence (Al), Big
Data, and the Internet of Things (IoT). The last expanded to the Internet of Mobile
Things (IoMT). From a user perspective, technology such as wearable devices can
make the process of habit formation - essential to avoid AT use discontinuance - more
effective and efficient [9]. Users can also learn more about themselves and control life-
style changes. Another example is mobile Health (mHealth), which delivers healthcare
or healthcare-related services through portable devices [16]. However, although com-
mercial app stores hold thousands of healthcare-related apps, most focus on wellness
and well-being, neglecting condition-specific solutions such as for people with disabil-
ities and assistive technology [17]. According to a 2022 survey by Rakuten Insight [18]
on wearable technology with 3787 respondents in Hong Kong, approximately 42 per-
cent of male respondents and 41 percent of females stated that they owned a smart-
watch, while 37 percent of females and 34 percent of male respondents did not own a
smartwatch or wearable fitness or activity tracker. Regarding motivation, both male and
female respondents claimed they were concerned about their health and would like to
monitor and improve it using wearable technologies [18].

2 Methods

We conducted an online survey of people using multiple mobility devices to support
commuting in Hong Kong. The survey collected information on people using active
and passive assistive technologies for mobility in Hong Kong and their caregivers. We
divided the survey into three parts. The first part collected participants’ demographic
information, such as age, educational attainment, living and employment status. The
second part collected information related to user behavior and mobility device usage.
We enquired about the mobility device users’ health function, types of active and pas-
sive devices used for mobility, frequency of device use, required parameters to track
mobility function, information about their commute, and factors affecting device
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choice. The third part of the survey enquired about IoT elements and information re-
quirements. We enquired about the use of IoT devices, the frequency of IoT device use,
the information used to decide the assistive solution for commuting, sharing infor-
mation with healthcare professionals, and the privacy of information collected by IoT
devices.

3 Results and Discussion
3.1 Mixed Use of Active and Passive Assistive Devices in Hong Kong
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Fig. 1. Mobility device(s) used to support daily commute.

The survey obtained 263 responses from May 2022 to May 2023. Figure 1 shows all
the current mobility device(s) respondents reported using to support daily commutes.
Among all respondents who declare currently using a powered wheel device (n=79),
13% (n=10) also use a powered assisted wheel device, 15% also operate a fully manual
wheel device pushed by others, 19% (n=15) also use a self-propelled fully manual
wheelchair, 25% (n=20) also use weight supporting devices such as cane with forearm
support, crutches, walking frame, rollator, shopping trolley, 28% (n=22) also uses a
walking stick device. Among all respondents who declare currently using a manual
wheelchair pushed by others (n=60), 20% (n=12) also use a powered wheel device,
22% (n=13) also use a powered assisted wheel device, 17% (n=10) also use a self-
propelled fully manual wheelchair, 50% (n=30) also use weight supporting devices
such as cane with forearm support, crutches, walking frame, rollator, shopping trolley,
40% (n=24) also uses a walking stick device.

When asked how often they use a stick or frame device in combination with a
wheeled device to commute, 32% responded they use it once or twice a week, 31% use
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it every day or most days of the week, 25% never use those devices in combination,
and 12% use it once or twice a month.

Despite in lesser proportion than studies conducted in the UK [12], results reveal a
common mixed use of powered mobility devices in combination with ATDs for walk-
ing in Hong Kong. The differences could be explained by the fact that access and use
of powered mobility devices in Hong Kong are strictly regulated [7,8].

From a design perspective, mobility devices are hardly designed considering their
use combined with other mobility devices or personal objects such as phones, umbrel-
las, bags, and drinks. Developers of mobility devices should consider such integrated
use of devices to provide a better user experience that reflects the reality of use.

3.2 Information Used to Decide on Assistive Technology Devices

The most frequent type of information used when choosing the mobility device(s)
to commute on a typical day was, in order of most frequent response based on weighted
average, the weather report, accessibility in the built environment, schedule of the day,
availability of others, distance they commute, health information from wearable health
trackers devices. Despite the less frequent type of information reported when choosing
the mobility device, 13% (n=29) reported always using health information from wear-
able health tracker devices, 17% reported using it frequently, 24% (n=51) using it some-
times, 15% (n=33) seldom using it, and 30% (n=65) never using it. We asked partici-
pants to rank determinant factors in terms of importance when choosing the mobility
device(s) for commuting on a regular day, as represented in Figure 2.
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Fig 2. Ranking of important factors when choosing the mobility device(s) for commuting on a
regular day, ordered by weighted average.

The results reveal that users of mixed ATDs for mobility in Hong Kong frequently
use various information to decide on their devices to commute on a typical day.
Similarly, most respondents rated all suggested determinant factors as very important
or fairly important when choosing mobility. Notably, physical condition on the day of
commute is rated the highest factor, and health information from wearable health
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trackers is the least frequent type of information used when choosing the mobility de-
vice. This contrast reinforces the gap between the information used and information
required to select ATDs, that information from IoT devices needs to reflect better users’
physical condition status to be helpful to support mobility device selection, as well as
showing the complexity of information required to make daily decisions on which
ATDs for mobility to use.

3.3 Information Requirements to Keep Mobility Function and Use of IoT
Devices

When asked to rate the IoT elements statements in terms of the agreement, most
participants strongly agreed (25%) or agreed (53%) with the statement: “I think proper
notifications would prevent me from developing an overreliance on my mobility de-
vice.” Most participants strongly agreed (25%) or agreed (51%) with the statement: “I
think that using the digital device that helps to make an informed decision can help to
increase my independence.” Most participants strongly agreed (25%) or agreed (48%)
with the statement: “I think the tracking ability of the device can help motivate me to
do more physical exercise. It aids me with my goal.”

When asked which standards are most important for tracking mobility functions,
participants answered in order of importance: strength, distance walked, pain level, psy-
chological state, and body posture.

When enquired which IoT device they use the most regularly, 84% of participants
responded smartphones, 8% smartwatches, 4% tablets, 2% pedometers, and 2% don’t
use any of the listed devices. When asked how regularly they use their IoT device to
help them decide how they would commute, 39% responded always, 30% frequently,
22% sometimes, 5% seldom, and 4% never.

The results indicate that the smartphone is the IoT device used most frequently by
most respondents among users of mixed ATDs in Hong Kong. Most respondents will
often use their IoT devices to make judgments on how to commute and agree that using
the digital device that helps to make an informed decision can help to increase their
independence. Despite the smartwatch’s frequent use in Hong Kong [18], developers
of IoT devices should consider the popularity of smartphones among the variety of
emerging IoT devices when developing apps or IoT solutions for mobility for ATD
users. The results also align with the Hong Kong population’s reported concern about
their health and willingness to monitor and improve it using wearable technologies [18].
Despite our study not enquiring if participants would like to monitor and improve it by
using wearable technologies like enquired in the Rakuten Insight survey [18], there is
a strong indication of the potential of wearable technology to help track mobility func-
tion, informing users about overreliance on mobility devices and make an informed
decision to increase independence.
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4 Conclusion

The survey results reveal a common mixed use of powered mobility devices in
combination with ATDs for walking in Hong Kong. They highlight the current use of
IoT devices and the information required for commute planning, mobility device
selection, and promoting well-being. Interestingly, the findings indicate that users of
mixed ATDs for mobility in Hong Kong frequently use various information to decide
on their commuting devices, such as weather reports, accessibility in the built
environment, and schedules of the day.

There is a contrast between the information used and the information required to
select ATDs. While physical condition on the day was reported as the most important
factor, using health information from wearable health tracker devices was the less fre-
quent type of information reported when choosing the mobility device. Information
from IoT devices needs to reflect users’ physical condition status to be useful in
supporting mobility device selection. Furthermore, our results show that most
respondents use smartphones as the predominant IoT device. This suggests that
developers of IoT devices should consider the popularity of smartphones among the
variety of emerging IoT devices when developing apps or IoT solutions for mobility
for ATD users.

Our research highlights the significant potential of IoT devices and wearable
technology in monitoring mobility functions. These technologies can inform users
about excessive reliance on mobility aids and facilitate informed decision-making to
enhance independence. This finding aligns with the health-related concerns expressed
by the Hong Kong population in another study, who demonstrate a willingness to utilize
wearable technologies for self-monitoring and improvement. Consequently, this area
presents a promising avenue for future research and development.
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