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Mobility impairments can prevent older adults from performing their daily activities, which highly impacts
quality of life. Powered exoskeletons, which are wearable robotic devices, can assist older adults by providing
additional support to compensate for age-related decline in muscle strength. To date, little is known about
the opinions and needs of older adults regarding exoskeletons, as current research primarily focuses on the
technical development of exoskeleton devices and on groups with more severe mobility impairments such
as people with spinal cord injuries. Therefore, the aim of this article is to inform the design of exoskeletons
for older adults from a person-centered perspective. Interviews were conducted with seven older adults and
six clinicians. Results indicated that exoskeletons can be a valuable addition to existing mobility devices to
support older adults during walking and other actions necessary to perform their daily activities. Although
reactions towards the concept of exoskeleton technology were positive, older adults did not currently perceive
the need for an exoskeleton device. Exoskeletons for older adults should be easy to use; preferably, users
should be able to put the device on and take it off independently. Moreover, the appearance of the exoskeleton
should be as inconspicuous as possible, as most older adults do not like to advertise their need for assistive
devices. At this point in time, the willingness to use exoskeleton technology will depend on personal needs
and preferences.
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1

INTRODUCTION

In an aging population, mobility impairments are prevalent due to a decline in physical functioning and muscle strength [33, 37, 40]. When physical deficiencies make it increasingly difficult to
move, people stop moving, which increases both the risk of diseases associated with a sedentary
lifestyle (e.g., cardiovascular disease, type 2 diabetes, and obesity) and the risk of withdrawing
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from participation in society [33, 37, 40]. Moreover, mobility loss prevents people from performing their daily activities, which highly impacts the quality of life of a person and often increases
the dependency on others [22, 37, 40]. In light of the aforementioned concerns, the World Health
Organization has proposed a framework for action towards active aging, which is defined as “the
process of optimizing opportunities for health, participation and security to enhance quality of life
as people age” [39].
To stay active while aging, assistive technology can help individuals with reduced mobility
to perform their daily activities safely and independently [7, 15, 34]. Importantly, unnecessary
wheelchair use should be avoided to prevent loss of muscle strength as a result of inactivity [15].
Increasing the mobility of older adults1 can increase their level of physical activity and can have
a positive effect on their well-being and cognitive functioning [28, 33, 40]. However, traditional
mobility aids have their disadvantages. For example, the rollator, commonly used by older adults,
has been criticized for being heavy and bulky, making it difficult to handle, park, and transport the
device [5, 34]. Additionally, most walking aids such as canes and walkers do not provide sufficient
support during sit-to-stand transfers, which are an integral part of daily life [29]. For these reasons,
powered exoskeletons, which are wearable robotic devices, might be a suitable mobility aid for
older adults.
The aim of the study presented in this article is to inform the design of exoskeleton devices for
older adults. Currently, exoskeletons are being developed for the military, industry, and for medical
applications such as rehabilitation [8]. As technology advances, exoskeletons can also support
older adults with daily living by providing additional support during standing, walking, sit-tostand transfers, and climbing stairs to compensate for age-related decline in muscle strength [1,
29]. Besides the technical developments of exoskeletons, it is important to focus on the perspective
of the user [9]. User acceptance and usability are critical factors in the successful adoption of any
assistive technology, therefore it is important to involve end-users and other stakeholders in the
development process [5, 7, 9, 24, 34, 38]. To this end, we will explore the views of older adults and
clinicians on exoskeleton technology to assist with daily living.
2

RELATED WORK

2.1 Advances in the Development of Exoskeleton Technology
Several exoskeleton prototypes are being developed to assist people with mobility impairments including older adults. Age-related changes in gait function (e.g., decreased walking speed, shorter
step length, increased step variability, and reduced range of motion at the hip, knee, and ankle
joints) and decreased metabolic efficiency for walking strongly affect the ability to perform daily
activities [13, 31]. Improving walking function is therefore an important focus when developing
exoskeletons for older adults. Lab studies with older adults showed that the Gait Enhancing Mechatronic System (GEMS)—a wearable hip exoskeleton that provides walking assistance—can improve
gait function and cardiopulmonary metabolic efficiency and reduce muscle effort [13, 14]. In other
work, seven older adult men walked on a treadmill at a constant speed for 50 minutes both with
and without wearing a robotic hip exoskeleton called the Stride Assistance System (SAS) [31]. Results showed that the SAS significantly improved walk ratios (i.e., step length/steps per minute),
walking speeds, and step lengths without increasing energy consumption of the leg muscles. In a
long-term study, 15 older women participated in a three-month supervised walking program using
the SAS [30]. The results showed that a walking intervention with the SAS can improve walking
speed and muscle efficiency.
1 We

will use the term “older adults” to refer to people aged 65+.
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Researchers have also tried to integrate exoskeleton technology with existing mobility aids to
come up with innovative solutions. For example, the EXPOS is a lightweight exoskeleton designed
to support older adults and rehabilitating patients to sit down, stand up, and walk [12]. The exoskeleton is attached to a walker that carries the electronics, thereby reducing the weight of the
exoskeleton. Another concept for a hybrid mobility device is the COMBO, which offers wheelchair
users the health benefits of standing and walking through an attached powered exoskeleton while
also maintaining the advantages of wheeled mobility [4].
More recently, soft exoskeletons—often referred to as exosuits—are being developed by replacing rigid structures with garment-like textiles integrated with compliant sensors and actuators to
interface with the human body in a more comfortable manner [2, 36]. These devices can be made
significantly lighter and more portable [29, 36]. Jin et al. showed that older adults can benefit
from wearing a soft robotic suit that provides assistive force for hip flexion during walking, both
in terms of reduced energy expenditure and improved gait characteristics [11]. Another example
is the Myosuit, which is designed to provide anti-gravity support during standing, walking, and
sit-to-stand transfers to assist people with mobility impairments during their daily activities [29].
Users of exoskeletons will be interacting closely with the device, therefore the control interface
should be intuitive, seamless, and non-obtrusive [7]. One way of adapting to the needs of people is by providing the appropriate level of assistance based on the capabilities of a person and
the performed action [1]. As a result of this method, the exoskeleton only compensates for the
muscle weakness of the user, which stimulates the use of remaining muscle strength, preventing
unnecessary disuse. The aforementioned studies show promising results regarding the benefits of
exoskeletons in terms of improving gait characteristics and reducing energy expenditure. However, older adults will only be able to benefit from exoskeleton technology if they are willing and
able to use such a device [9].
2.2 User Perspective on the Use of Exoskeleton Technology
Some studies have focused on the user perspective regarding the use of exoskeletons for target
groups with more severe mobility impairments such as people with spinal cord injuries and those
recovering from a stroke. For example, Wolff et al. conducted a survey on the use of exoskeletons
among wheelchair users and care professionals [38]. Results showed that the most important reason for wheelchair users to use an exoskeleton would be for the health benefits associated with
standing and walking. Notably, also psychosocial benefits from the use of exoskeletons were mentioned; for example, the opportunity to engage in eye-level social interaction. Stakeholders placed
high importance on safety, purchase and maintenance costs, comfort, and the ease of use putting
on/taking off the exoskeleton. The appearance of an exoskeleton device and required training time
were deemed less important. Currently, it is unclear whether these findings can be generalized to
other target groups such as older adults. Differences in age (i.e., 88% of the wheelchair users in the
study were under the age of 65) and health condition between the two user groups might result in
different opinions and needs regarding the use of exoskeleton technology.
To date, little is known about the opinions and needs of older adults with respect to exoskeleton
technology for home use, as this topic has only been addressed by a few studies. For example, in
a questionnaire, older adults rated the importance of different body motions needed to perform
their daily activities [22]. The results indicated that assistance would be required during actions
such as sitting down, standing up, standing, lifting, carrying, and bending. In other work, the
European XoSoft project aims to develop an exosuit for the lower body to assist (older) adults
with mobility impairments [25]. Potential users (i.e., people recovering from a stroke, people with
incomplete spinal cord injuries, and older adults) and their (in)formal caregivers were asked to give
their opinions on the XoSoft concept design. The soft wearable assistive device was generally well
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received, although frail older adults tended to be less positive about the concept. The main design
requirements listed were comfort (e.g., lightweight, compatible with usual clothing/footwear, and
the option to wear the device underneath normal clothing), ease of use (e.g., independent donning
and doffing, easy to clean, not bulky, and no extensive training required), and affordability (either
by a low purchasing cost or reimbursement).
In contrast to previous studies, we will specifically focus on the needs and preferences of older
adults, and we will explore the views on exoskeleton technology in general instead of asking for
opinions on one specific exoskeleton concept. The aim of the study presented in this article is to
inform the design of exoskeleton technology that can help older adults with reduced mobility to
perform their daily activities. In addition, we will explore the most promising situations in which
older adults would use such a device.
3

METHODS

3.1 Participants
Participants were recruited through a contact person at an assisted-living facility in the eastern
part of the Netherlands who gathered a list of suitable candidates among staff and residents. In
addition, participants were recruited via a mobile application that was developed by a local organization supporting the well-being of older adults. Exclusion criteria were the presence of any
cognitive or sensory impairments that would limit the ability to participate in the study. Interviews were conducted with seven older adults (two male, five female) and six clinicians (two male,
four female) who all volunteered to take part. The age of the older adults ranged between 68 and
94 (M = 85, SD = 9). Most older adults (six) resided in an assisted-living facility and received help
with activities such as dressing, cleaning, and grocery shopping, whereas the one other participant lived independently. None of the older adults were users of exoskeleton technology. The age
of the clinicians ranged between 27 and 68 (M = 39, SD = 15). Their experience with older adults
working as a physical therapist (three), occupational therapist (one), or nurse (two) ranged from 2
to 44 years (M = 14, SD = 16). Written informed consent was obtained from all participants. The
ratings of their general interest in technology on a scale ranging from 1 (not interested) to 5 (very
interested) were lower for the older adult participants (Mdn(Q1, Q3) = 3(2.5, 4)) compared to the
clinicians (Mdn(Q1, Q3) = 4(3.25, 4)). All older adults and most clinicians (four/six) were unfamiliar with the concept of exoskeletons (all rated 1—I have never heard of exoskeleton technology).
The other two clinicians reported to have seen exoskeletons in pictures and/or video (one participant rated 2—I am somewhat familiar with the concept, and the other rated 3—I am very familiar
with the concept).
3.2 Materials
3.2.1 Interview. A semi-structured one-on-one interview was conducted in two versions to either cover the personal experiences of older adults or the experiences of clinicians who are working with older adults. During the interview, the researcher took notes and audio recordings were
made for later analysis. The interview consisted of three parts, and all interviews were conducted
in Dutch. Part one covered basic demographic information: age, gender, profession, years of experience working in elderly care (clinicians only), and living situation (older adults only). Also,
general interest in technology was rated on a 5-point Likert scale ranging from 1—not interested
to 5—very interested.
Part two covered questions on mobility. Older adults were asked the following questions: “Do
you experience mobility difficulties in daily life? If so, what kind of difficulties?” and “Do you use
walking aids? If so, what kind?.” To explore their opinions on traditional mobility aids, the following questions were asked about each of the devices that they used: (a) “In which situations/with
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what goal do you use this walking aid?” (b) “What are in your experience the advantages of this
walking aid?” (c) “What are in your experience the disadvantages of this walking aid?.” Clinicians
were asked the following questions: “What are the most prominent mobility difficulties that are
experienced by your clients in their daily lives?” and “Which walking aids are most often used by
your clients?.” For each of the three most used walking aids, the following questions were asked:
(a) “In which situations/with what goal do your clients use this walking aid?” (b) “What are in your
experience the advantages of this walking aid?” (c) “What are in your experience the disadvantages
of this walking aid?.”
Part 3 covered questions on exoskeleton technology, including an introduction to the technology (see Section 3.2.3). Both the older adults and the clinicians were asked the following questions:
“How familiar are you with exoskeleton technology?.” Similar to the question included in the survey by Reference [38], participants were asked to rate their familiarity on a 4-point Likert scale
(1—I have never heard of exoskeleton technology; 2—I am somewhat familiar with the concept; 3—I
am very familiar with the concept; 4—I would consider myself an expert on exoskeleton technology). The next questions regarded the positive and negative aspects of exoskeleton technologies:
“What are in your opinion the positive aspects of exoskeletons?” and “What are in your opinion the
negative aspects of exoskeletons?.” In addition, older adults were asked the following questions:
“Would you be interested in using an exoskeleton in your daily life? If so, in which situations/with
what goal would you use such a device? If not, why?” and “Do you know other older adults that
might be interested in using an exoskeleton in their daily lives? If so, in which situations/with
what goal would they use such a device? If not, why?.” Clinicians were asked the following questions: “Would your clients be interested in using an exoskeleton in their daily lives? If so, in which
situations/with what goal would they use such a device? If not, why?.”
3.2.2 Questionnaire. The level of mobility of the older adults was assessed through a questionnaire. The questionnaire was adapted from a Dutch questionnaire assessing the capacities of
patients with rheumatoid arthritis to perform their daily activities [3]. Only the subscales related
to mobility were included covering questions about walking (i.e., walking outside for 15 minutes and stair climbing) and activities (i.e., grocery shopping, getting in and out of a car, and performing household chores). Participants were asked to rate their ability to perform these actions
or activities in the last week on a 4-point Likert scale (0—independently without difficulty; 1—
independently with some difficulty; 2—independently with great difficulty; 3—unable to perform
independently). In addition, participants were asked to indicate which mobility aids they had used
performing these actions or activities.
3.2.3 Introduction to Exoskeleton Technology. Participants were introduced to the concept of
exoskeletons by a short explanation, including pictures (see Figure 1) and a short video featuring people wearing different exoskeleton devices. The introduction to the technology covered the
development of exoskeleton devices over the past decades illustrating the progress in design by
showing a picture of the Hardiman2 by General Electric next to a modern exoskeleton. In addition,
the following topics were covered: application areas (i.e., military, industry, and medical), examples
of actions that can be supported (i.e., sit-to-stand transfers, bending, walking), and research into
soft exoskeletons. Pictures of existing mobility aids (i.e., cane, walker, rollator) were also shown
accompanied by the question of whether exoskeletons could be a suitable addition. The aim of this
question was to elicit participants to think about the possibility. To give a better idea of the workings of exoskeletons, a 1.5-minute video clip was shown on a laptop computer covering a woman
walking wearing a hip exoskeleton (Stride Management Assist by Honda; see Figure 1, right) and
2 https://www.ge.com/reports/post/78574114995/the-story-behind-the-real-iron-man-suit/.
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Fig. 1. Examples of exoskeletons that were shown to participants to introduce the technology (left to right):
ReWalkTM exoskeleton [27], Stride Management Assist by Honda [10].

a man performing several actions wearing a full lower-body exoskeleton (KeeogoTM by B-TEMIA).
The video was compiled from two corporate videos available online.3 Sound was removed to avoid
possible language barriers, as both videos were in English.
3.3

Procedure

Participants were individually welcomed by the researcher in a quiet office within either the care
facility where the participant worked/lived or at the University of Twente. The participants were
informed about the nature of the study and were given the opportunity to ask questions before
signing the informed consent form. Next, audio recordings were started and part one of the interview was conducted followed by the questionnaire (older adults only). Then, part two of the
interview was conducted, followed by the first question of part three regarding familiarity with
exoskeleton technology. Subsequently, participants were introduced to the concept of exoskeletons followed by the remaining questions of part three of the interview. Afterwards, participants
were given the opportunity to provide any additional comments and ask questions. The entire
procedure took approximately 30 minutes.
3.4 Data Analysis
Notes and audio recordings from the interviews were summarized per question using ATLAS.ti4
version 8.1.28. Themes were identified from the data using a general inductive approach [35].
The number of participants that mentioned each of the themes was tallied per user group. In the
results section, the themes are presented in italics between square brackets and are supported by
quotes from the participants. Descriptive statistics of the demographic information and the ratings
from interview questions and the questionnaire were calculated using R [26]. The ratings of the
questionnaire were scored according to the instructions of the original questionnaire [3]; that is,
scores were calculated by averaging the highest rated item from each of the two subscales (higher
scores indicate more difficulties).
4 RESULTS
4.1 Mobility Difficulties and Use of Assistive Devices by Older Adults
4.1.1 Mobility Questionnaire. The scores of the questionnaire (Mdn(Q1, Q3) = 3(2.25, 3))
showed that most of the older adults experienced mobility difficulties and used mobility aids to
3 https://www.youtube.com/watch?v=Io3MBpzmVJc
4 by

and https://www.youtube.com/watch?v=-uQs-FJnC4I.
Scientific Software Development GmbH, http://atlasti.com.
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Table 1. Results of the Mobility Questionnaire

Older adult
1
2
3
4
5
6
7

Mobility score (0—3)a
0
3.0
3.0
2.5
3.0
2.0
3.0

Mobility aid(s) used
none
cane, rollator, mobility scooter
rollator
cane, rollator
wheelchair
rollator
does not applyb

a Higher scores indicate more difficulties; b Unable to perform any of the listed activities.

walk and perform activities (see Table 1). Some of the participants were dependent on assistance
from other people.
4.1.2 Mobility Difficulties in Daily Activities. Most older adults (6/7) reported that they experienced difficulties performing daily activities due to reduced mobility. Walking, especially longer
distances, was difficult for most participants (5/7). In addition, the general remark was made that
all daily activities had become more difficult (3/7). Also, most participants (5/7) reported to be
careful to avoid falling. The clinicians indicated that their clients had difficulty with walking (especially longer distances and walking outside) (6/6), sit-to-stand transfers (5/6), and standing for
prolonged periods of time; for example, when showering or cooking (3/6). Also, the risk of falling
was highlighted (3/6).
4.1.3 Use of Mobility Aids. Most older adult participants reported using at least one mobility
device (6/7): 2 people only used a rollator, 2 used a rollator and cane, 1 used a rollator, cane, and
mobility scooter, and the other participant only used a wheelchair (see Figure 2). The clinicians
indicated that the rollator was the most-used mobility device by their clients (6/6). Other mobility aids that were frequently used were mobility scooters (3/6), walkers (2/6), wheelchairs (2/6),
crutches (2/6), and a cane (1/6).
4.1.4 Rollator. Older adults reported that they used their rollator both within their home (5/5)
and outside (4/5). Participants valued the support that the device provides (5/5), helping to prevent
falling (2/5) and contributing to a feeling of safety (1/5). Also, the ability to sit down on the
device was appreciated (1/5). The only downside mentioned was that people were dependent on
their rollator, meaning that they had to take the device everywhere, causing some transportation
problems (3/5). The clinicians indicated that rollators were often used to prevent falling (4/6) and
to increase mobility at home (3/6) and/or outside (3/6). Advantages that were mentioned included
the increase in stability (5/6), mobility (4/6), and feeling of safety (2/6). Other positive aspects
included the ability to transport items (3/6) and to sit down to rest. However, in order for the
device to have a positive effect and to avoid accidents, it is important that the rollator is adjusted
to the height of the user and is used properly (2/6). Moreover, sufficient space is needed to allow
for the use of a rollator at home (2/6). Also, a rollator might be less suitable for some older adults,
as the device can roll away; in this case, a walking frame might be a better option (2/6).
4.1.5 Walking Frame. Clinicians indicated that walking frames are used in similar situations as
rollators (2/2). Walking frames have the advantage of not rolling away (2/2) and providing more
support compared to rollators (1/2). However, the lack of wheels comes with the disadvantage of
needing to lift the device to move around, which requires more effort from the user (2/2).
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Fig. 2. Commonly used mobility aids (left to right, top to bottom): rollator [19], walking frame [20], cane
[16], crutch [17], non-powered wheelchair [21], mobility scooter [18].

4.1.6 Cane. Older adults reported using their cane at home (2/3) and/or outside (2/3). One older
adult indicated that it was easier to use a cane when riding the bus instead of taking his rollator
with him. The other two participants used their cane predominantly when walking short distances;
for example, within their living room. Positive aspects of the cane included the support that the device can provide (2/3) and its compact size (1/3). No disadvantages were reported (3/3), participants
indicated that they had gotten used to the device (2/3). One of the clinicians indicated that a cane
can be used to alleviate some of the weight that needs to be supported by the lower limbs, which
can also help to reduce pain (1/1). Moreover, a cane can provide stability, albeit less compared to
a rollator or walking frame. The option to use a cane for self-defense was seen as an advantage.
Downsides included that the device can easily fall when stored against a wall or table and the risk
of the cane sliding away on a slippery surface.
4.1.7 Crutches. Clinicians indicated that one or two crutches can be used to alleviate the pressure put on joints and to increase stability (2/2). One of the participants indicated that older adults
are more inclined to accept the use of crutches compared to a rollator or a mobility scooter. Another positive aspect of the device that was mentioned was its compact size (1/2). Disadvantages
included the inability of the crutches to stand upright on their own (1/2) and the need of one or
both hands to use the device(s) making it harder to open doors (1/2). Moreover, it was mentioned
that using crutches to climb stairs can be dangerous (1/2) and that the use of crutches is not a
suitable long-term solution to mobility problems (1/2).
4.1.8 Non-powered Wheelchair. One of the older adults used a wheelchair during the entire day
(1/1). She mentioned that the wheelchair enabled her to go places, and she saw no disadvantages in
using the device. Two of the clinicians indicated that wheelchairs are primarily used to go outside
by people that are unable to walk (longer distances) (2/2). The main advantage mentioned was the
ACM Transactions on Human-Robot Interaction, Vol. 8, No. 2, Article 10. Publication date: May 2019.
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social aspect of being able to meet other people and participate in activities (e.g., going shopping
together instead of having someone do the shopping for you) (2/2). Wheelchairs are seen as a
last resort, as maintaining walking function will help to prevent muscle dystrophy (1/2). Other
disadvantages included the dependency on another person to push the wheelchair, which is a
heavy task (1/2). Also, the person in the wheelchair might get cold sitting still for a prolonged
period of time (1/2).
4.1.9 Mobility Scooter. One of the older adult participants used a mobility scooter for shopping
and to drive to the waterside to watch the fishermen (1/1). He mentioned that he enjoys the ability
to cover long distances (compared to using a rollator) and the benefits of being able to sit. The only
negative aspect of the device according to the participant was that he gets cold from sitting still
when he goes outside during winter time. Also, he mentioned buying his own mobility scooter, as
he was uncomfortable using the one that was provided to him by the municipality. The clinicians
indicated that the mobility scooter was primarily used outside (3/3); for example, to go grocery
shopping (2/3). Advantages included the freedom and independence that the device can provide
(3/3) and the ability to cover long distances (2/3). Disadvantages included concerns about safety
due to the relatively high speed of the device (1/3) and concerns about older adults with cognitive
impairments such as dementia using the device (1/3).
4.2 Views on Exoskeleton Technology for Older Adults
4.2.1 Suitability of Exoskeletons for Older Adults. [Positive about exoskeleton concept] All participants (13/13) were positive about the general concept of exoskeletons.
Clinician 1: “I’m in favor of this [exoskletons]. I’m in favor of these kinds of
innovations.”
Older adult 2: “I think that it is a good thing that they [exoskeleton devices] exist.”
Interviewer: “Why do you think that this is such a good thing?” Older adult 2:
“Well, some people really need it . . . ”
Older adult 6: “Imagine that I wouldn’t be able to walk anymore and they would be
able to make me walk again with this [exoskeleton]. [ . . . ] Yes, I think it’s a positive
thing [exoskeleton technology], I really mean it. People would like to live their life.
If you would be able to walk with something like this [exoskeleton], people would
want to walk.”
[Would use exoskeleton if necessary] Most older adults (5/7) indicated that they would wear an
exoskeleton device if needed. However, none of these participants felt that they needed such a
device at the moment.
Older adult 2: “As long as it [the use of an exoskeleton device] is not necessary, I
would not use it.” Interviewer: “And if you would need it?” Older adult 2:“Then I
will have to use it.”
Older adult 3: “If it [the use of an exoskeleton device] would be necessary, yes of
course!”
[Would not use exoskeleton] One of the other participants (1/7) felt too old to try a new device, as
she would not be going out anyway and the last (1/7) preferred doing everything herself instead
of being dependent on exoskeleton technology.
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Older adult 5: “If it is somehow possible I would like to do things by myself as
much as possible.”

[Other older adults would use an exoskeleton] Some participants (3/7) argued that other older
adults would be open to try an exoskeleton.
Older adult 2: “I think that they [older adults] are up for it [trying out an exoskeleton device]. . . . Something new works wonders.”
[Other older adults would not use an exoskeleton] In contrast, other participants could not think
of anyone who would be needing such a device (3/7) or doubted that others would be willing to
try it out (1/7).
Older adult 6: “I know some [older adults] that would be negative about it [exoskeletons]. They wouldn’t feel like starting something anymore, you know?”
[Use of exoskeletons is person-dependent] All clinicians (6/6) indicated that the suitability of an
exoskeleton device would be person-dependent.
Clinician 5: “I think that this will depend on the patient. Some people are open to
everything that can help to make their life better, and others are fine with the way
that things are. But I think that there is a large group of people that would be open
to this [exoskeleton technology].”
[Acceptance of the need for assistive technology] Accepting the need for assistive technology was
described to be a difficult process for both the older adult and their relatives, as this can be perceived
as a sign of deteriorating health (2/6).
Clinician 2: “[ . . . ] the biggest problem with rollators is that they [older adults]
don’t want to be seen with a rollator because it would make you an ‘old person.”’
This was illustrated by some older adult participants (2/7) mentioning that they would have to
be “far gone” before needing an exoskeleton.
Older adult 4: “[ . . . ] I think it’s nice that it’s [exoskeletons] there but hopefully I
don’t have to use it. Yes, I need some things [assistive devices] but something like
that [exoskeleton device], by then you are far gone, right?”
[Resistance to change] The clinicians experienced that change, especially involving new technology, was often met with resistance, which might cause people to refrain from adopting a mobility
device (5/6).
Clinician 2: “In my experience, if we provide them [older adults] with things, those
are of course not like these [exoskeleton devices], but just new things that can
make life easier, then it is always a ‘no’ at first. Sometimes it’s a process and eventually it becomes a ‘yes’ but sometimes the answer remains ‘no.’ ”
[Exoskeletons are more suitable for younger generations] For this reason, exoskeletons were perceived to be more suitable for younger generations who are more familiar with the current state
of technology (4/6), especially compared to people aged 80+ (3/6).
Clinician 6: “I think that it [exoskeleton] is an unfamiliar device for this target
group [older adults] and this target group already has problems with change. I
would rather envision this [exoskeleton technology] to be suitable for someone
who has been in a car accident and still has his whole life ahead of him.”
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4.2.2 Design Requirements of Exoskeletons for Older Adults. [Inconspicuous design] Regarding
the appearance of exoskeletons, older adult participants stated that the device should not be conspicuous (3/7). One participant (1/7) mentioned that she would try to conceal the device with her
clothes as much as possible.
Older adult 6: “I wouldn’t want the device to be too conspicuous. I would try to
conceal it [exoskeleton] if I would use it.”
The clinicians also emphasized the importance of an inconspicuous appearance (6/6). According
to some of the clinicians, an exoskeleton that could be worn underneath regular clothing would be
preferred by their clients, as this would make the device invisible to others (3/6). Alternatively, the
exoskeleton could be worn as clothing, making the device less noticeable and look less complicated
(2/6).
Clinician 4: “[ . . . ] integration in clothing and so on or possibly something that
could go underneath clothes or something like that. Yes, that would be a positive
thing.”
Moreover, the use of neutral colors (2/6) and a compact design (3/6) could help to make the
device stand out less.
Clinician 6: “[ . . . ] currently it’s [exoskeletons] very conspicuous and I think that
if it would be less conspicuous . . . , but also if it would be used more often, then it
would also be less conspicuous, then it will become normal.” Interviewer: “How
could it be less conspicuous?” Clinician 6: “I think definitely more neutral colors
and less . . . , just the materials should be more compact.”
[Utility over appearance] However, other older adults (3/7) indicated that they would wear an
exoskeleton device if they would need it, regardless of its appearance.
Older adult 1: “I would wear it [exoskeleton], even if I would go to the market
place.”
[Ease of use] Other design requirements include that the device should be lightweight (2/6) and
is easy to put on and take off, preferably independently (5/6).
Clinician 3: “I don’t know how easy it is to connect or to put on [an exoskeleton].
That’s of course a very relevant point in the context of older adults, to what degree
they are still able to learn [ . . . ]”
[Practical requirements] Practical issues raised by the clinicians included the costs involved for
acquiring an exoskeleton (4/6) and the need for sufficient battery life; for example, to be able to
use the device during shopping (2/6).
Clinician 1: “[ . . . ] but of course it is always the question: ‘who will pay for it
[exoskeleton]?’ ”
Clinician 5: “If you would be able to walk with it [exoskeleton] for a longer period
of time, more people would use it when they want to walk longer distances, to the
store or something. If you would walk for about 15 minutes and the thing would
be empty, then it’s no use.”
4.2.3 Usages of Exoskeletons by Older Adults. [Using exoskeleton the whole day] Older adult
participants indicated that they would be willing to wear an exoskeleton device during the entire
day if necessary (3/7).
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Older adult 1: “If someone’s physical health allows that person to do things during
the entire day, then there needs to be something [exoskeleton] that is comfortable
and light enough to wear the whole day.”

[Using exoskeleton for walking] Both the older adults (2/7) and the clinicians (5/6) indicated that
the exoskeleton device would be used for support during walking. Two of the clinicians stated that
an exoskeleton would be especially suitable to provide support when going outside.
Older adult 6: “[ . . . ] if I can’t walk anymore, let them give me something [exoskeleton] that allows me to walk a bit again. Don’t lose hope.”
Clinician 5: “I think when someone leaves the house to walk a longer distance.
[ . . . ] Maybe they [older adults] will use it [exoskeleton] in their home but I think
that they would use it more often to go outside, for longer distances.”
[Using exoskeleton for non-walking actions] According to the clinicians, exoskeletons might also
support older adults during lifting (1/6), prolonged standing (2/6), and climbing stairs (1/6).
Clinician 6: “[ . . . ] it is harder to perform activities from a wheelchair compared to
a standing position.”
[Using exoskeleton to increase endurance] The clinicians mentioned that an exoskeleton could
help older adults to increase their endurance (4/6) and might be used during the recovery from
injuries or illnesses (2/6).
Clinician 6: “[ . . . ] I expect that people would be able to walk for longer periods of
time and that walking will also be easier.”
Clinician 3: “[ . . . ] in the recovery phase, for example for people who have been
inactive for a prolonged period of time due to illness and who want to be active
again. In this way they [older adults] can use it [exoskeleton] which can have a
positive effect.”
[Using exoskeleton to increase independence] Also, it was stated that exoskeleton technology
could help older adults stay independent for longer (2/6).
Clinician 4: “[ . . . ] people with reduced mobility or cardiovascular diseases or
something like that will be able to live independently for a long time and will
be able to take care of themselves this way [with the use of an exoskeleton].”
5 DISCUSSION
5.1 Summary of Results
Participants in this study were generally positive about the concept of exoskeleton technology.
However, the older adults indicated that they would not currently need an exoskeleton device.
The results indicate that whether the older adults would be willing to use an exoskeleton device
is dependent on personal needs and preferences. If needed, most of the older adults would be
willing to use an exoskeleton device, and some thought that their peers would use it as well. Others
indicated to be reluctant to try the new technology and thought that other older adults would have
no need for an exoskeleton device. Design requirements for exoskeletons focused mainly on two
aspects: ease of use especially regarding (independent) donning and doffing and various ways to
make the appearance of the device as inconspicuous as possible (e.g., compactness, neutral colors,
and integration in clothing). Participants expected that an exoskeleton device would be used to
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support older adults during their daily activities, especially for walking (outside) but also during
prolonged standing, lifting, and stair climbing.
5.2

Acceptance of Exoskeleton Technology for Older Adults

Older adults reported that they did not perceive the need for wearing an exoskeleton device despite
their reported difficulties performing daily activities and their dependence on “traditional” mobility aids (see Figure 2). This paradoxical finding might be understood in light of previous work on
Technology Acceptance Models (TAMs) that try to explain the complex relationship between the
expectation of a person towards a technology (e.g., perceived usefulness and perceived ease of use)
and their actual use [32]. It seems that older adults assess their health based on their current capabilities and assistive needs. As a result, the need for each new or additional assistive device might
be perceived as a sign of deteriorating health. This is also reflected in remarks of the clinicians in
this study: they mentioned that usually when they suggest a new assistive device, the first answer
is “no.” It is important for developers of mobility aids and clinicians who prescribe these devices
to be sensitive to the stigmas that people might associate with the use of assistive devices [9].
Older adults and their relatives will most likely need time to accept the need for a (new) mobility
aid and to get acquainted with the device [5]. A study on the perception of walkers among older
adults showed that concerns about the need for a walker often subsided with time [24]. In contrast
to our findings, the study (i.e., Reference [24]) also indicated that there is usually less resistance
towards acquiring a second mobility device (e.g., getting a walker after having used a cane). This
difference might be (partially) due to the fact that the older adult participants in this study were
unfamiliar with exoskeleton technology, whereas walkers are commonly used among this user
group. Nevertheless, the introduction of the electric bicycle has illustrated that older adults can be
early adopters of new technology and that public opinion can change over time—from a mobility
aid for people with disabilities to a bike that helps people of all ages to cover longer distances with
ease [23].
Designers of exoskeletons can help to reduce the resistance towards wearing such a device by
aiming for a discreet appearance. Providing users with customization options such as different
colors could also help to make the device more acceptable [24]. Based on the results of this study,
an exoskeleton with neutral colors would be preferred by older adults that would like the device to blend in with their regular clothing. Additionally, other colors might be offered to serve
users that would like to wear an exoskeleton in their favorite color. Moreover, co-design methods
can be used to involve older adults and other stakeholders in the development process (e.g., see
Reference [6]).
Ease of use has also been identified in previous studies [25, 38] as an important design requirement for exoskeleton devices that are meant to be used in daily living. Older adults might
encounter problems putting on and taking off an exoskeleton device due to joint stiffness. Consequently, designers of exoskeletons for older adults should take age-related loss of range-of-motion
into account.
From an engineering perspective, there are still technical challenges to overcome with regards
to power supply, lightweight actuators, and efficient transmissions [8]. Moreover, soft exoskeletons will also require flexible sensing and actuation techniques [25, 36]. With the current state of
technology, a hip exoskeleton (e.g., see Figure 1, right) might be the best trade-off for older adult
users considering their preferences regarding the appearance of the device (i.e., compact and as
inconspicuous as possible) compared to the available sizable rigid lower-limb exoskeletons (e.g.,
see Figure 1, left) and experimental exosuits (e.g., Reference [2]). It should be noted, however, that
most currently available exoskeletons are unable to support gait stability [38]. Therefore, older
adults with gait instability will still require the use of another mobility aid for stability, such as
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a rollator. An exception is the REX powered lower-limb exoskeleton by Rex Bionics,5 which is
self-supporting, requiring no use of crutches or walker, albeit at the cost of a more bulky design.
5.3 Integration of Exoskeleton Technology into the Lives of Older Adults
The findings of this study indicated that the suitability of an exoskeleton device will be persondependent. Indeed, previous studies emphasize the importance of matching the assistive device to
the capabilities of the user, both on a physical and cognitive level, and their environment [5, 25,
34]. For this reason, it is important to actively include older adults in the decision about acquiring
an assistive device [24]. The match between user and technology can be optimized by trying to
understand what the assistive device means to the user, which purpose it is expected to serve, and
how the device can be incorporated into the daily life and activities of a person [34]. For example,
viewing a mobility aid as a symbol of independence that enables its user to perform daily activities would ease the acceptance of a device [24]. The older adults in this study seemed to attribute
meaning to their mobility aids, such as the feeling of safety they get from using the device or the
freedom to go outside and cover longer distances but also a feeling of dependency, which complicates their lives, as they have to take the device with them wherever they go. Previous studies
showed that older adults might differ in the value that they place on their level of autonomy and
the importance of the appearance of a mobility aid [24, 25]. Some older adults in this study also
clearly valued the ability to be mobile and perform daily activities over concerns about how they
would look wearing an exoskeleton device. To further help older adults to integrate a mobility device into their daily life, new users should be provided with clear instructions, contact information
in case of problems, help to set up the device, and training on how to use it [5]. In addition, followup visits for answering questions and solving problems cannot only improve the effectiveness of
the device but also positively influence user satisfaction [5].
One of the technical aspects that currently limits use in daily life is the immaturity of the algorithms that control exoskeleton devices to perform different actions at varying speeds and adapt to
different terrain [7]. Moreover, exoskeletons are being developed to either enhance human performance or to compensate for loss in physical functioning [8]. However, if exoskeleton technology
becomes more readily available to consumers in the near future, users might be inclined to also
use such a device to support them in tasks that they would (still) be able to perform independently.
To avoid unnecessary disuse of body function, algorithms are being developed for the control of
exoskeletons to provide the appropriate level of support that is “assistance as needed” [1]. As this
method for determining the need for assistance will most likely not prevent deliberate “misuse,”
developers of exoskeleton technology should be mindful of possible adverse effects of the use of
such devices. Furthermore, it should be noted that current exoskeleton devices require supervised
use, which limits the feasibility of use outside clinical settings [7].
5.4

Considerations Regarding the Study

It is important to note that participation in the study was on a voluntary basis. As a result, the
participants might have been more open towards new technologies. Data was collected based on
availability of participants instead of until saturation was reached. Further research will be required to verify the transferability of the findings. In this study, we have used triangulation by
interviewing two different groups of stakeholders. However, the use of multiple trustworthiness
strategies such as asking study participants to provide feedback on transcripts of the interview to
verify whether their intentions were properly captured would have enhanced the quality of the
data. In this study, participants were asked to express their views on exoskeleton technology based
5 https://www.rexbionics.com.
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on an explanation supported with pictures and video of exoskeleton devices. As a result, it might
have been difficult for participants to get a complete understanding of the advantages and disadvantages of the use of exoskeletons. With the advances in exoskeleton technology, it will likely
become feasible in the near future to study the use of these devices in a home environment. Longterm studies will be necessary to get a better understanding of how exoskeleton technology can
support older adults in their daily activities and whether their use will increase physical activity
among users.
6 CONCLUSION
Reactions towards exoskeleton technology were generally positive, indicating that exoskeletons
can be a valuable addition to existing mobility devices to assist older adults with daily living.
However, the older adults in this study did not perceive the current need for using an exoskeleton
device. Moreover, the results show the willingness to use exoskeleton technology to support older
adults in their daily activities if needed will vary from person to person.
To successfully integrate exoskeleton technology into the lives of older adults, there are still
a lot of challenges to overcome from the engineering perspective as well as the user perspective.
Developers of exoskeletons will have to design a device that is easy to don and doff that can preferably also be used independently by frail older adults. In addition to an intuitive design, training
should be offered to ensure that the exoskeleton device is properly used and has the desired effect.
The need for assistive technology might be perceived as a sign of deteriorating health, forming a
barrier to its adoption. Therefore, older adults should be actively involved in the decision to acquire a mobility aid and should receive expert advice to make an informed decision. Moreover,
giving the opportunity to try out a device will help to determine if the mobility aid suits the needs
of the user. Developers of exoskeletons can ease acceptance by designing a device that blends in
with the regular clothing of the user or can be worn underneath. In the end, it will be dependent
onpersonal preference, health condition, and living situation of a person whether the use of an
exoskeleton device is a suitable option. Offering older adults a diverse range of assistive devices
can help to suit their individual needs.
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