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Abstract: In recent years, there has been a sharp increase in the number of elderly people in South
Korea; this has led to rising costs and concerns on the quality of physical therapy treatment involving
rehabilitation robotic devices. Therefore, the government has asked academia to expand its research
scope to evaluate the usability of these devices. Hence, this study aimed to identify the major factors
influencing the usability of a rehabilitation robotic device for lower limbs and the reasons for involving
several diverse user groups for a more comprehensive evaluation. To measure usability as perceived
by three primary user groups of user experience (UX) professionals, rehab professionals, and lay
people, this study collected 196 survey. The results of an EFA showed that among three general
quality factors and five device specific factors, visual pertinence, use confidence, and safety were the
critical factors influencing usability, and the results of ANOVA offered that there was discrepancy in
the influential factors, namely visual pertinence, transferring, and holding the body. These findings
indicate that the necessity of employing a posture-centered approach and multiple user groups in
assessing the usability of rehabilitation devices. Given these findings, it is suggested that the industry
and design community should move toward implementing a more explorative perspective to enable
a more human-centered and posture-concerned approach to provide better usability to the diverse
users of medical devices.

Keywords: rehabilitation robotic device; diverse user groups; medical device; lower-limb
rehabilitation; usability assessment; human-centered approach

1. Introduction

1.1. Increasing Demands for Rehabilitation Robotic Devices

After the invention of MIT-Manus, the first robotic device for rehabilitation in 1992 [1], over the
last decade, the application of robotic technologies to rehabilitation has progressed from conception to
reality. However, in South Korea, robotics-based rehabilitation has emerged only very recently. Across
countries, there are some common factors that make robot-assisted therapy acceptable in medical
settings, such as demographic factors, financial situations, and healthcare service issues.

The first basic factor is the increase in the number of the elderly requiring rehabilitation treatment
and the resulting financial burden. The global population is aging, and especially South Korea’s
population is aging at the fastest pace [2]. Koreans aged 65 and older accounted for 14.3 percent
of the total domestic population of approximately 50 million [3]. This sharp increase in the elderly
population has increased the demand for rehabilitative medical treatment, which is conventionally
human resource intensive [4] and thus costly. Moreover, there are service quality issues. There are very
few physiotherapists available [5]. Among the advanced countries, the percentage of physiotherapists
for every 100 people in South Korea is 0.54, lower than 0.62 of the US and 0.89 of Europe [6]; this is also
a critical impediment for providing equitable healthcare services by service providers. In addition,
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conventional manual therapy is significantly affected by the experience of therapists, which makes
it difficult to fulfil the requirements of high-intensity and repetitive training [7]; therefore, effective
treatment cannot be guaranteed [8]. Utilizing robots in rehabilitation medicine is expected not only
to release physicians from the heavy burden of training sessions but also to help patients precisely,
quantitatively, and scientifically perform training exercises [9]. Hence, demographic changes, costs
incurred by patients, and service quality are the main parameters accelerating the development of
rehabilitation robotic devices comprising some automatic systems, which allow several types of users
from multiple dynamic settings, such as hospitals, wherein emergency situations occur, to utilize these
devices to aid in their everyday activities.

Considering this high demand for robotic systems in rehabilitation treatment, the global
rehabilitation robot market is expected to grow from $40 million USD in 2014, at a compound
annual growth Rate (CAGR) of 86.1 percent (24.27%), to $1.8 billion USD by 2020 [10]. In comparison,
the domestic market in South Korea was worth $7.6 million in 2014 but is projected to grow to $65.2
million USD, increasing at a CAGR of 43.1 percent, by 2020 [11]. Despite these promising growth
prospects, there is some skepticism regarding the use of rehabilitation robots. Though MIT-Manus for
upper limbs, Lokomat for lower limbs, and others claim to be successful in the global market, there
are limited commercially available devices due to various reasons such as complexity of usage and
difficulties in reproducing prototypes, lack of clinical trials showing evidence of their effectiveness and
acceptance of the system in clinical practice, or price- and time-related issues [12]. Similarly, although
the South Korean government designated the robotics industry as a strategic sector in 2003 to foster
growth and has strengthened investment and policy supports, the rehabilitation robotics market is still
at its initial stage [13].

Owing to difficulties in compiling statistical data at such an early stage, to analyze the rehabilitation
robotics industry and market, it is worth referring to associated fields like the medical device industry
and robotics industry of South Korea. As of 2014, the technical standard of rehabilitation medical
devices in South Korea is 77.0 percent of and is 3.1 years behind the most advanced countries like
the US and European countries [14]. The medical device market of South Korea mainly comprises
small- and medium-sized enterprises (SMEs), which account for 75.8 percent and 19.5 percent of the
market, respectively [15]. On the other hand, despite the high utilization of robots in industry and
with the industrial robot market of South Korea ranked among the top five in the world [16], the robot
industry of South Korea is mostly composed of SMEs (92%) as well [17]. These facts indicate that
the rehabilitation robot industry of South Korea needs consistent support financially and through
favorable policies to develop the competitive edge required to establish itself in the global market.

Because of the practical needs of society and the healthcare industry, rehabilitation robotics
has become an attractive research field that has drawn considerable attention in the last decade [7];
however, research progress in this field remains slow. In the past decade, most studies have focused
on demonstrating the therapeutic effectiveness, efficiency, or advantages of robot-assisted therapy
rather than conventional labor-intensive training procedures; therefore, research in this field should
focus on overcoming these challenges to make robotics more user-friendly [1] and create better
interaction between robots and their diverse users [18]. These unmet needs emphasize the importance
of using a human-centered approach for developing rehabilitation robots. Nevertheless, the continuous
advancements in rehabilitation robotics like other everyday devices have caused people to think that
these devices are technology-driven products [19] while ignoring the fact that these devices are to be
used by a person.

To provide various users with a better experience when utilizing robotic devices, it is important to
understand the factors influencing the perceptions of users regarding these devices; it is necessary to
make them realize that these devices are usable from the pre-use to the post-use stage. Hence, to boost
the development of rehabilitation robotic devices with enhanced usability, this paper mainly focuses
on assessing the factors influencing usability on the basis of a usability questionnaire on robotic devices
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and then comparing the ratings provided by possible users for the factors influencing the usability of
these devices.

1.2. Usability and Users of Medical Devices

In product development, user-centered approaches engaging users, and assessing and fulfilling
their needs are used and these approaches have proved their worth [20]. Likewise, in developing
medical devices, user involvement has become a touchstone for determining the success or failure of
a device [21]. It is because no one but the users themselves can better judge and identify the barriers in
using these devices; further, sharing their experience presents a valid rationale to identify possible
risks [22]. A more crucial point is that misunderstanding or not considering the needs of users in
developing a consumer product causes under-utilization or rejection of the product [23]; however,
in medical devices, it raises the possibilities of errors leading to preventable patient injuries and more
severe incidents in some cases [21,24-27]. In other words, the occurrence of the errors indicates failure
in understanding the usage contexts of the device and presuming situations where errors are likely
to occur rather than actually analyzing the error possibilities; thus, the device is not in line with the
mental models of users or the thought processes of users about how the device works in the real world.

Who is the user of medical devices including rehabilitation robots and who should be concerned
during a development process? In the real world, some devices are operated only by clinicians,
and some are operated by trained caregivers. As the diversity of medical devices widens, their users,
having traditionally been regarded as just healthcare professionals and patients [26], can also further
diversify. In practice, users of medical devices range from well-trained people, such as medical doctors
or nurses, to untrained people, such as laypersons or patients [28-30]. These facts indicate that the
users are heterogeneous with different points of view.

Through analyzing research on medical devices with user involvement, a medical device user
can be defined as anyone who uses a medical device for treatment and/or for taking care of oneself
or someone else; users necessarily fall into either the primary or secondary class based on the
usage purpose; they could be using the devices for therapeutic purposes or for testing, calibration,
and research [31]. In addition, under these user classes, there are the various divisions of user groups
and types depending on why the device is used, where the device is used, what stage the device is in
its lifecycle, and what type of device is used.

This flexible user definition with several subclasses seems inevitable owing to two explicit trends
in the healthcare industry. One is the increased use of devices by laypersons [32] who, as a group,
have higher diversity and thus should be included in any user testing [33]. The other is the involvement
of diverse users [34], because user engagement is extremely important at each stage of the development
process. These trends explain the necessity of having flexible definitions for medical device users and
such definitions and classifications help integrate and understand the perspectives of diverse users by
analyzing the different opinions they have on using medical devices.

1.3. Usability Assessment of Medical Devices by SMEs

The International Electro-Technical Commission (IEC) requires that medical device manufacturers
implement a usability engineering process to analyze, specify, design, verify, and validate the usability
of their equipment [35]. In addition, the US Food and Drug Administration (FDA) requires proof of
human factors/usability procedures in the development or (re)design of the medical devices for sale in
the US [32]. In the medical device industry, usability is no longer a luxury. Though the requirements of
the IEC and FDA do not provide specific questionnaires immediately applicable to individual usability
tests, these requirements specified help in raising awareness on the usability of medical devices in
the industry.

However, when considering the medical device industry of South Korea, predominantly
comprising SMEs, the requirements of agencies/regulatory bodies for examining and demonstrating
the user-centered design of devices places an enormous burden on the industry. This has caused the
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SMEs of South Korea to adopt discount research techniques. From a practical perspective, usability
tests of medical devices frequently involve moderately large sets of users ranging from 50 to 150
participants [36]; however, the medical device enterprises of South Korea conduct usability tests of
medical devices with approximately 20 people referring to the best practices of the industry [37].
Such a small number of participants appears to be the reason for situations where there are doubts
concerning the validity of the test results and user diversity. Usability practitioners familiar with
handy research techniques [38] may find that these techniques are not sufficient to address human
safety requirements [36], which is one of the main issues associated with medical devices. Medical
device development during the last decade has placed increased importance on user issues related to
device design, human errors, and patient safety [19,24,39-41]. These factors necessitate the importance
of utilizing referential tools universally and immediately for usability tests of various medical devices,
which in turn can help reduce the burden of SMEs.

In many cases, usability research is characterized as a highly qualitative approach,
but questionnaires are often utilized to identify remaining problems and evaluate success or failure in
achieving the target usability values [42]. Though there are well-known quantitative approaches—such
as standardized questionnaires to evaluate usability including the Questionnaire for User Interface
Satisfaction (QUIS), Software Usability Measurement Inventory (SUMI), Computer System Usability
Questionnaire (CSUQ), and System Usability Scale (SUS) [32]—these evaluation methods appear
insufficient for medical devices because the methods mainly focus on assessing two-dimensional
screens in computer systems. Table 1 summarizes these assessment tools.

Table 1. Standardized usability assessment tools focusing on two-dimensional screens in computer systems.

Approach Dimensions and Factors to Measure Usability

Overall satisfaction, interface (screen, terminology and system feedback,
QUIS learning factors, system capabilities, technical manuals, online tutorials,
g Y p
multimedia, teleconferencing, and software installation)

SUMI Affect, efficiency, learnability, helpfulness, control
PSSUQ System usefulness, information quality, interface quality, overall satisfaction
SUS ease of use (learnability and usability)

Despite the absence of standardized questionnaires to evaluate the usability of medical devices,
relatively less effort has apparently been made to establish a tool for evaluating rehabilitation devices.
This is evident from the small number of studies regarding usability questionnaires in the healthcare
area. Let us consider journal articles recently published between 2014 and 2019 (as of 30 August)
in English and Korean from PubMed in the US and Research Information Sharing Service (RISS) of
South Korea, respectively. When searched following a scoping review approach using the keywords
“usability,” “questionnaire,” and “design,” combined with “medical device,” a total of 38 and eight
studies were found, respectively. Out of the 38 studies listed on PubMed in English, 14 focused on
screen-based equipment like mobile phones or information systems, 12 on small personal equipment
like pen injectors and inhalation devices, 11 on intangible services, and one on orthodontic appliances
for the upper limbs. Further, among the eight studies from the RISS, four studies were on screen-based
devices, two focused on small personal equipment, one on various device comparisons, and another on
service evaluation. Thus, considering this scarcity of studies about usability questionnaire development
regarding medical devices for lower limbs, it is worth trying to establish a questionnaire for evaluating
the usability of these devices.



Sustainability 2020, 12, 598 50f 15

2. Materials and Methods

2.1. Materials and Subjects

To create a base for standardized questionnaires to evaluate the usability of medical devices for
lower limbs, focusing on visual design, this study tested a working prototype of a rehabilitation robotic
device for pre-gait training. Considering the increasing interest in robotic medical devices resulting
from the increasing number of older people and soaring costs of rehabilitative therapy, it is appropriate
to develop such questionnaires.

The device with a semi-automatic system helps service-provider users like medical staff to
reduce their workload and makes patient users perform weight shifting, sitting, and gait training.
More specifically, the use procedure for the device considered in this study is as follows: Once a patient
user sits on the device, it automatically adjusts the chest board and seat of the device according to
the height of the patient user. When performing the main exercise, it sets a task of weight balancing,
automatically moves the central pole back and forth, and moves the foot pad up and down depending
on the exercise program mode. Additionally, it forces the patients to shift their weights between the
two legs and the left and right sides of the pelvis when sitting on the seat and bend their knees in turn
while leaning over the chest board (Figure 1).
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Figure 1. Rehabilitation robotic device tested in this study.

This robotic device is intended to be used under the supervision of a clinician (physiatrist,
orthopedist, and physiotherapist); however, its semi-automatic systems allow a guardian to operate it.
Hence, the primary users can be categorized into two groups: clinicians and laypersons. Laypersons
refer to people (potentially without medical training) such as the patients, who use the device, and their
guardians, who may operate the device for them. However, in this study, it was considered better to
seek others representing real patient users having impaired motor functions regarding ethics to prevent
participants from experiencing unexpected adverse incidents while testing the device. Consequently, to
obtain the opinions of patient users who are the ultimate recipients, it is cogent to replace them with user
experience (UX) designers who are educated and trained in various industry practices to convey users’
views. Thus, it was decided that the participants acting as primary users were rehabilitation medical
treatment professionals (hereafter referred to as rehab professionals), lay people representing patients’
guardians, and UX designer professionals (hereafter referred to as UX professionals) conveying the
patients’ views.

2.2. Questionnaire Development

To identify influential factors with statements before developing a questionnaire which measures
perceived usability, the following process was adopted. First, preliminary questions were collected
through a literature review on electronic medical devices [43] and the SUS [44]. Second, with the help
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of four UX professionals skilled in evaluating user experiences using a low-fidelity working model
of the device, the questions were reviewed and revised. This allowed for verifying the validity of
the content in the preliminary questions. Third, a pilot test using the questionnaire was conducted
with five people to find any potential errors in wording, terminology, and conciseness, and to ensure
the appropriateness of the questionnaire. Based on the findings from the above three steps, the final
version of the questionnaire was developed.

The questionnaire comprised 56 questions divided into three parts, focusing on demographic
information, overall quality parameters applicable to different devices, and device specifics based
on device components. The demographic information part included four questions regarding prior
experience in using medical devices, age, gender, and professional experience. The prior experience
question simply asked whether each participant had used any rehabilitation robotic devices similar to the
robotic device in this study. The part regarding the general quality parameters applicable for evaluating
the usability of most devices contained statements of effectiveness, efficiency, and satisfaction based on
the definition of usability. Though there are numerous measures for evaluating products with high
usability such as learnability, memorability, satisfaction, accessibility, and others [45], the International
Organization for Standardization (ISO 9241-11) [46] states that measures of usability need to consider
the user’s ability to complete tasks using the system (effectiveness), resource expenditure required for
task completion (efficiency), and satisfaction. In addition, attractiveness was considered as a measure
to evaluate aesthetic usability [47]. The device-specific questions included items on the attributes of
each part possibly influencing on its usability (e.g., comfort, durability, and visual appropriateness)
based on its operational procedure. Table 2 presents the structure of the developed questionnaire.
Each question was rated on a five-point Likert scale from 1 (strongly disagree) to 5 (strongly agree).

Table 2. Questionnaire structure to measure usability of a rehabilitation robotic device for lower limbs.

Question Categories Attributes Number of Questions
Age
Demographic Information Gender 4

Period of career
Prior experience

Effectiveness
Efficiency
Attractiveness
Satisfaction

Rail
Seat
Chest board
Knee Board
Handle
Handle strap
Armrest
Footrest
Footrest strap
Footplate

Generality across devices

Device-specific questions

BN R RN WWSO O O W W

2.3. Survey Administration

The survey to collect evaluation data of perceived usability for the robotic device was administered
digitally through a computer to show video clips and pictures related to the device’s specific components
or usage procedures. Prior to answering the survey questions, each participant was offered an outline of
the tasks to better understand the survey. Then, they were asked to watch a how-to-use video about the
device. Despite concerns about confidentiality and privacy, video-based surveys are promising methods
in human-factor engineering research [48]. While a subject’s own experience can offer subject-rich
and direct information to evaluate products and video recordings may hide some challenges faced by
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a user [49], video data have proved to be a powerful tool for making informed decisions regarding
design changes [50] and also allow raters to detect synchronized actions and events in the video footage.
After watching the video, the users could again review the video to answer the survey questions.
Furthermore, they could change their answers whenever they wanted. In the final session of the survey,
when component-specific questions were given, photos and videos showing each of the parts were
presented to the participants. To assist participants in managing unexpected problems during the
survey, the research team or its representative was present. All the participants were informed about
the incentive for participating in the survey, a gift voucher worth KRW 10,000, which is equivalent to
$10 USD.

3. Results

3.1. Characteristics of Respondents

The survey to determine the visually perceived ease of use by the user groups in using the
rehabilitation robotic device was conducted with 196 participants. The participants consisted of
51 UX design professionals, 51 rehab professionals, and 94 ordinary people. They were contacted
through convenience sampling in South Korea. To reduce the cost, initial participants of the group,
gathered from the authors’ personal network, were asked to spread the survey through their personal
networks. The UX design professional group consisted of UX designers who were working on
researching and analyzing home appliances, automobiles, and mobile phones. The length of their
careers varied from 1-13 years. The rehab professional group comprised physical therapists and
physiatrists with experiences ranging from 1-20 years. In terms of age, the UX design professionals
ranged from 20-40 years, the rehab professional group was aged from 20-50 years, and the lay people
group comprised people aged 20-60 years (Table 3). Introduced after the early 2000s, UX design and
rehabilitation medicine are relatively new fields in South Korea; therefore, the participants in the
professional groups were young compared to those in the lay people group, which included people aged
over 60 who lived independently. Of the participants, 42.35% were females, and 57.65% were males.
The first contact with the participants was initiated via text messages, emails, or meetings in person;
subsequently, the goal and process of the survey was explained to the participants. All participants
indicated that they had not used rehabilitation robots similar to the robotic device tested in this study.

Table 3. Outline of survey respondents” demographic characteristics.

Classification UX Design Professionals ~ Rehab Professionals  Lay People Total Users
21-30 15 15 33 63 (32.14%)
31-40 24 15 29 68 (34.69%)
Age 41-50 12 14 15 41 (20.9%)
>51-60 0 7 9 16 (8.16%)
261 0 0 8 8 (4.08%)
Total 51 51 94 196 (100%)
Male 23 36 24 83 (42.35%)
Sex Female 28 15 70 113 (57.65%)
Total 51 51 94 196 (100%)
1-5 years 24 20 N/A N/A
Years of 6-10 years 23 10 N/A N/A
professional experience  >10 years 4 21 N/A N/A
Total 51 51 N/A N/A

3.2. Identifying Factors Influencing Usability

To uncover the relational structure of large variables and their effective factors, Table 4 presents
the Exploratory Factor Analysis (EFA) results.
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Table 4. EFA results.

Factor Interpretation  Variable No.  Factor Loading =~ Communality = Eigen Value % of Variance Explained Cronbach’s Alpha

42 0.688 0.664
29 0.622 0.733
44 0.608 0.782
30 0.605 0.721
43 0.584 0.497
Piggybacking 36 0.565 0.607 6.446 13.429 0.934
31 0.547 0.642
25 0.539 0.632
26 0.527 0.712
38 0.524 0.542
24 0.524 0.646
48 0.801 0.800
47 0.769 0.782
50 0.694 0.731
) 51 0.681 0.789
Transferring 0 0.629 0,649 5.297 11.034 0.905
49 0.598 0.591
46 0.511 0.497
39 0.452 0.542
19 0.742 0.731
22 0.731 0.739
20 0.715 0.727
Supporting 18 0.658 0.674 5.000 10.417 0.911
21 0.578 0.634
23 0.545 0.732
37 0.441 0.607
01 0.613 0.645
15 0.591 0.641
16 0.539 0.734
Sitting on/off 17 0.536 0.732 3.713 7.736 0.886
03 0.515 0.599
08 0.477 0.695
10 0.460 0.585
35 0.723 0.725
28 0.721 0.710
Holding the body 27 0.564 0.609 3.274 6.822 0.857
32 0.506 0.639
34 0.490 0.714
02 0.771 0.729
Visual pertinence 07 0.756 0.733 3.233 6.736 0.806
11 0.683 0.708
06 0.808 0.804
) 04 0.730 0.754
Use confidence 05 0.631 0.709 3.184 6.634 0.851
09 0.459 0.617
12 0.765 0.771
Safety 13 0.680 0.740 2592 5.399 0.793
14 0.596 0.637

3.3. Differences in Usability Evaluation between User Groups

To identify differences in the extent of influence in terms of the withdrawn factors between the
three primary user groups, the UX professionals, rehab professionals, and lay people, one-way analysis
of variance (ANOVA) tests with Scheffé post hoc comparisons at 0.05 were conducted. With a large
sample (>30) and the results of Levene’s Test showing equality of variances, the ANOVA test results
revealed that there was discrepancy in the influential factors, namely visual pertinence, transferring,
and holding the body (Table 5). More specifically, the mean scores of the lay people statistically did
not match with those of the UX design professionals in terms of visual pertinence (UX professionals
M = 3.93, rehab professionals M = 3.66, and lay people M = 3.48, when F = 5.62, p = 0.004), transferring
(UX professionals M = 3.38, rehab professionals M = 3.28, and lay people M = 3.03, when F = 3.11,
p = 0.047) and holding the body (UX professionals M = 3.73, rehab professionals M = 3.62, and lay
people M = 3.24, when F = 6.72, p = 0.002). In all the dimensions showing dissensus between the user
groups, the lay people showed higher scores than the UX professionals.
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Table 5. Comparison of ANOVA results between the primary user groups.

Factors Groups N Mean SD F p
UX professionals (a) 51 3.73 0.82
. Rehab professionals (b) 51 3.66 0.90
Use confidence Lay people (c) 94 343 0.74 2.34 0.099
Total 196 3.63 0.83
UX professionals (a) 51 3.88 0.81
Reh fessional 1 . .87
General Qualities Safety e "‘E’al;r;;s;;j?; SO T o osss
Total 196 3.87 0.80
UX professionals (a) 94 3.93 0.80
) . Rehab professionals (b) 51 3.66 0.82
Visual pert
isual pertinence Lay people (c) 51 348 o071 >0z 0004
Total 196 3.74 0.80
UX professionals (a) 51 3.75 0.7475
. . Rehab professionals (b) 51 3.66 0.7172
Piggyback P
1ggypacking Lay people (c) 94 346 07401 274 0067
Total 196 3.65 0.7444
UX professionals (a) 51 3.38 0.8951
. Rehab professionals (b) 51 3.28 0.8058
Transf
ransierting Lay people (c) 94 303 oersy > 0047
Total 196 3.26 0.8296
UX professionals (a) 94 4.04 0.7026
. i . Rehab professionals (b) 51 3.95 0.6808
S ting the bod;
Device Specifics upporting the body Lay people (c) 51 381 0.7032 1.83 0.164
Total 196 3.96 0.7001
UX professionals (a) 51 3.50 0.8525
i Rehab professionals (b) 51 3.50 0.8448
Sitt ff
itting on/o Lay people (c) 94 324 o681 o1 0150
Total 196 3.43 0.8133
UX professionals (a) 51 3.73 0.8371
. Rehab professionals (b) 51 3.62 0.7876
Holding the Bod
olding the Bocy Lay people (c) 94 324 o627 072 0002
Total 196 3.58 0.7962

4. Discussion

4.1. Factors Influencing Usability of Medical Devices for Lower Limbs

From the EFA, in order to identify the main factors influencing the usability of the robotic device
involving primary users, three general quality factors (visual pertinence, use confidence, and safety),
and five device-specific factors (piggybacking, transitioning, supporting body weight, holding the
body, sitting, and getting on/off) were determined. Considering the different names given to the
factors by different researchers, the general quality factors seem to get assent from researchers in that
they are frequently identified when establishing evaluation models or standards (of medical devices);
visual pertinence probably can be interpreted as attractiveness or aesthetics, use confidence involves
combining learnability and intuitiveness, and safety refers to trustworthiness or security. The repetitive
emergence of these factors in usability studies demonstrates their importance as effective factors; they
present strong possibilities of contributing toward measuring and then improving perceived usability
during the development process at least in these types of devices. Another interesting observation
was that the device-specific factors were so specific to the device tested in this study that it was
difficult to see them in precedent. Posture, the identifier for discerning and regrouping the factors,
is one of the frequently observed product-specific problems in medical devices. Many researchers
have noted that right body positions matter to users. Unique positions necessarily required for using
a particular medical device should be considered [24] in designing the device. If not, poor design
could be a constraint that can cause users to use the device only once [51]. Proper body position is
vital for providing comfort to people with reduced mobility like bedridden patients or patients with
limited mobility [52]. All these factors support the necessity of a repository for posture-related factors,
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criteria, or metrics and a questionnaire factoring postures to measure the usability of medical devices.
This new observation can help discover more usability flaws by providing another perspective for
evaluating medical devices. The unfamiliarity of the new perspective is possibly a burden to the
industry; however, it is not merely a matter of considering another factor when designing medical
devices. Rather than considering this as one more relevant design criterion, we could think about how
the product could be improved further. Moreover, in the long term, it could be a more effective way of
ensuring a greater return on investment (ROI) to users with less effort and few critical usability flaws.

4.2. Discrepancy in Usability Evaluation among User Groups

To evaluate the usability of medical devices by considering user diversity, this study involved
three primary user groups. ANOVA statistically compared the user ratings for the eight discovered
factors and revealed disagreement between the lay people and UX professionals. These different
results indicate that working only with a specific user group possibly results in lost opportunities to
identify different perspectives and needs, which could be critical for consistent use and enhancing
the ease-of-use of the device. Further, this difference requires the SMEs accept that their de facto
standard is an economical way of measuring usability into something question worthy as for its
authentic relevance. This low-cost technique, called the discount usability test, involves three to five
users [53] and has shown its robustness with astounding ROI figures in usability analysis [54,55].
However, despite being a simpler, easier, faster, and thus discounted version of the original usability
evaluation method, this method is controversial because it could cause oversimplification or distortion
of results to some degree. The most controversial issue faced by the advocates of the discount
usability test is the number of users to be employed to evaluate the usability of any given device [56].
A popular claim is that diminishing returns kicks in after testing with approximately five users [57].
However, many researchers attempting to define acceptable upper bounds argue that more user tests
are necessary [58-60]. Moreover, there are some debates with respect to the number of users and
user heterogeneity in the real world. Though the possibilities for including different types of users
increase as more users are tested, this does not guarantee user diversity. Considering the environment
in which the industry operates, the number of user types depends on economic feasibility. Thus,
an effective and efficient range for the lower and upper bounds in terms of user variety for usability
tests is required. Nevertheless, before identifying methods requiring the smallest amount of effort (the
number of user types) that will return the greatest amount of data (the number of usability flaws), ‘do
it’ for user benefits is the invariable rule of usability tests. A successful product is not only the one that
is commercially beneficial to the manufacturer [61] but also the one that is beneficial to its users [30].
Even while considering the increased use of medical devices used in care homes, private homes,
and elsewhere [62,63], laypeople and caregivers as well as medical device professionals (e.g., medical
staff and UX professionals) should be included in usability tests to evaluate the medical device [33].
Therefore, because of diverse user groups, it is necessary to follow a human-centered approach in
designing medical devices, rather than a user-focused approach which constrains the human-centric
nature of products [64]. However, if companies operating in the challenging environment of the
industry cannot wait until designers and researchers consider all segments of the population, finding
an equilibrium point between the real and ideal design can be a feasible approach. Inclusiveness of
products is “negotiable” to find an equilibrium point between the range of requirements of varied users
and the population of target users, which is linked to the lucrativeness of the market [65]. Therefore,
considering that SMEs manufacturing medical devices are unlikely to carry out rigorous user research,
as a strategic “negotiable” progress, taking the views of primary users into consideration can contribute
towards developing a medical device with better usability.

4.3. Contribution of Expected Usability to Improved Visual Design

This study attempted to investigate the factors influencing the usability of medical devices and
identified differences in terms of the evaluation of these factors by different user groups. However,
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some might argue that the findings are not sufficiently convincing because the results are related to
expected usability, i.e., evaluations before actual use. Scholars diverge on this issue of validity of
the results with respect to expected usability. On the one hand, some studies found that expected
usability has an influence on the perceived overall quality [66], overall impression [67], and very
early ratings of perceived usability; these results were consistent across studies [68]. On the other
hand, several studies have shown that expected usability is connected only to visual aesthetics of
a system [69,70] or a website [71-73]. Despite this controversy, we may conclude that the factors
influencing the evaluations regarding expected usability and different evaluations by different user
groups are effective for improving the visual design of the device at least. Thus, by constructing
a questionnaire reflecting the research outcomes and utilizing it to measure the usability of a medical
device, we expect to obtain some valuable inputs for enhancing the device design. If so, it is worth
considering that an aesthetically appealing design helps users to perceive that a product is usable [74].
This argument implying “what is beautiful is usable” [70], despite having a counterargument implying
“what is usable is beautiful” [75], is supported by a widely acknowledged notion that people positively
infer from attractive objects to preferably keep consistent judgments about these objects [76]. This is
connected to the so-called halo effect of aesthetics that outshines all other features of the object and
influences the evaluation of the object by users [70]; this effect is based on the social psychological
principle that a physically attractive person is considered to possess more positive personality traits
than an unattractive person [77]. Likewise, in usability tests, the attitude toward a product designed
aesthetically during the very early stage of product interaction [73] influences the later appreciation of
the other characteristics of the product. This indicates that, aside from the debate on whether expected
usability is linked with objective measures of performance in usability tests, the very first impression
formed regarding the product before using it is extremely important. Therefore, it is essential to create
a positive impression in terms of aesthetics from the viewpoint of usability.

5. Conclusions

The usability of robotic devices has drawn considerable attention since their first introduction
in rehabilitation medicine. However, most companies in the medical device market of South Korea,
where SMEs make up the majority of the market, are focusing on using simplified methods to test
device usability. Despite the efficiency of the discount test methods, this is not only because of the
lack of financial and human resources and time for SMEs to test their devices but also because of the
deficiencies in the tools used to measure the usability of medical devices. Thus, as an effort to establish
a base for developing inclusive usability evaluation tools to reflect diverse users’ voices, this study
empirically analyzed the factors influencing usability of a pre-gait rehabilitation robotic device with
three primary user groups and compared the evaluations of the factors by the groups. We identified
visual pertinence, use confidence, and safety as the critical factors influencing usability and the necessity
of adopting a posture-centric approach in developing a usability evaluation questionnaire pertaining
to rehabilitation devices for lower limbs. Moreover, we found that a wider range of user groups was
necessary owing to differences in the evaluations performed by the user groups considered in this
study. In addition, considering the challenges faced by SMEs producing medical devices, whether
they will follow this inclusive approach to integrate grass-root ideas from various users in a reciprocal,
responsible, and respectful manner [78] is still an open question. However, the persistently unmet
needs, referred to as wicked problems, and unaddressed problems of usability indicate that the existing
approach is inadequate for the purpose. Innovations are imperative [79]. Thus, to resolve limitations
of testing a rehabilitation robot, the development of a questionnaire based on the factors and posture
centric perspectives discovered in this study, and the identification of the validity and reliability of
the study as an assessment tool need to be considered through different rehabilitation equipment in
a future study.
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