
1. Introduction

In 2023, 18.4% of South Koreans were aged 65 or older, classify-

ing the country as an aged society. This figure is expected to reach

20.6% by 2025, transitioning it to a super-aged society.1 Thus, in-

creasing attention is being paid to the ‘silver economy’, which pro-

motes products that support older adults’ independence and com-

munity participation.2 Aging is associated with declines physical

function, including motor skills, endurance, sensory abilities, and

balance.3 Notably, individuals in their 80s experience up to a 40% re-

duction in lower-limb strength compared to those in their 30s and a

70% reduction in ambulatory capacity compared to those in their

20s.4 Declines in strength and ambulatory capacity increase the risk

of falls and reduce independence, ultimately diminishing quality of

life.2

Walking assistive devices (WADs) mitigate mobility limitations

and promote independence, enabling older adults to lead more ac-

tive and independent lives.5 WADs also reduce caregiving burdens6,7

and support physical rehabilitation.8–10 International Organization

for Standardization (ISO) 11199-1, 2, and 3 classified WADs for older

adults into three types — walking frames, rollators, and walking ta-

bles — and specified key structural features, dimensions, handle de-

signs, weight limits, and braking systems.11 South Korea similarly

classifies WADs under its national safety standards (Safety Standard,

Annex 20),12 however, rollators are classified into Type A (with a

backrest) and Type B (without a backrest).2 Furthermore, the Sup-

port Center for Senior-Friendly Industry under the Korea Health In-

dustry provides usability testing guidelines to minimize errors and

ensure safe and effective performance of WADs.13

Despite safety standards and usability testing guidelines, WADs

market in South Korea remains insufficiently developed.14 Assistive

devices within the silver economy are dominated by inexpensive im-

ported products, with systematic research and development deterred

by perceived low profitability relative to development costs.2,15 Ad-

ditionally, products often fail to align with specific mobility environ-

ments or the body dimensions of Korean users and thus offer limited

safety and usability.2

To revitalize the WADs market, it is essential to evaluate usabil-

ity that incorporate the biomechanical characteristics of the human

body, and apply ergonomic principles to meet user needs.16 The

COVID-19 pandemic further accelerated the adoption of home-use

medical technologies, heightening the need for rigorous usability

evaluation in healthcare settings.17 Previous study proposed a rapid

methodological framework integrating wearable sensors, telemoni-

toring, and televisits for heart failure patients, demonstrating that

structured usability test can markedly improve user experience.18

Additionally, recent study noted that several usability issues still

arise in commercially available home medical devices and empha-

sized usability testing to improve device design and safety.19 Despite
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the importance of usability tests in the initial stages of development,

many WAD projects in South Korea have lacked user-centered infor-

mation and usability analysis. Often, these projects relied solely on

limited data, such as anthropometric measurements, to inform pro-

duct design.2 Thus, this study aimed to conduct usability tests for

commercialized WADs available to community-dwelling older adults

and individuals with stroke in South Korea to analyze user needs and

inform future developments of WADs.

2. Patients and methods

2.1. Participants

Thirteen participants (10 older adults and three stroke survi-

vors) enrolled in this study. Sample size was determined based on

the exploratory nature of this study and in alignment with prior stud-

ies on assistive device usability.20,21 Community-dwelling partici-

pants were recruited using posters at local senior welfare centers.

Participation was voluntary, and all individuals who met the inclu-

sion criteria and provided informed consent were included. Inclusion

criteria for older adults were: (1) A Mini-Mental State Examination–

Korean Version (MMSE-K) score of 24 or higher and (2) ability to walk

independently using a WAD. Inclusion criteria for stroke survivors

were: (1) community-dwelling individuals at least two years post-

stroke, (2) MMSE-K score of 24 or higher, and (3) the ability to walk

independently using a WAD. Exclusion criteria for older adults and

stroke survivors were: (1) inability to understand the informed con-

sent form or follow the study procedures and (2) unstable joints due

to osteoporosis or joint replacement. Table 2 summarizes partici-

pants characteristics.

2.2. Usability test

This usability test was approved by the Korea National Univer-

sity of Transportation Institutional Review Board (KNUT-2024-HR-

18-15). All patients provided informed consent in accordance with

the Declaration of Helsinki before commencing the study.

Participants walked four courses using four types of commer-

cialized WADs (Figure 1), after which they completed a satisfaction

survey and participated in an in-depth interview. The usability test

was conducted in a 205.02 m2 auditorium free of obstructions, with

overhead lighting at approximately 700 lux, background noise rang-

ing from 40–60 dB, ambient temperature maintained between 18–

23 �C, and relative humidity between 50–55%. The floor consisted of

flat, non-slip PVC vinyl with a wood grain finish, and colored cones

marked the walking courses. Participants wore comfortable athletic

shoes that they normally wear and were instructed on how to use

each device and navigate the courses. Ample time was given to fa-

miliarize themselves with the devices and courses.

Participants’ stability, efficiency, and convenience were evalu-

ated during their ambulation (Figure 2). To minimize potential order

effects, both the sequence of the four WADs and four walking courses

were randomized using a draw-lots method. Each participant tested

all devices on all courses, however, the starting device and course

order varied. Short rest periods were provided between trials to

reduce fatigue effects. The straight course was designed to move a

straight 5-meter distance; the obstacle course was designed to cross

a 10 mm doorsill; the S-curve course was designed to be ridden in an

S-shaped section; and the ramp course is designed to walk on a 7�

slope (1 m distance). Two trained research assistants roles were stan-

dardized to include walking alongside the participant at a safe dis-
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Figure 1. Four types of commercial WADs (A: Walking frame, B: Rollators (Type A), C: Rollators (Type B), and D: Walking table).

Figure 2. Four types of walking courses (A: Straight course, B: S-shaped course, C: Obstacle course, and D: Ramp course).



tance, monitoring for safety, and providing verbal instructions only

when necessary.

Although standardized usability assessment tools such as the

Quebec User Evaluation of Satisfaction with Assistive Technology

(QUEST 2.0) are widely used for evaluating assistive devices,22 this

study considered the specific characteristics of WADs and need for

clarity and accessibility for older adults and stroke survivors. Accord-

ingly, a satisfaction questionnaire was developed by modifying and

supplementing the usability test guidelines provided by the Korea

Health Industry Development Institute’s Support Center for Senior-

Friendly Industry,13 ensuring that items reflected device-specific

functions such as slope walking, storage method, and brake perfor-

mance. The satisfaction survey comprised six items covering stabil-

ity, convenience, and functionality. All items were rated on a 5-point

Likert scale (1 = not at all / no discomfort, 5 = very severe; Table 1).

One-on-one interviews explored participants’ preferred type of WAD,

the strengths and weaknesses of each device, and areas for improve-

ment to guide future product development. Qualitative data from

the interviews were analyzed using conventional content analysis.

Interviews were audio-recorded, transcribed verbatim, and inde-

pendently reviewed by two researchers. Researchers reviewed the

transcripts, coded recurring concepts, and grouped them into cate-

gories representing key themes. Disagreements in coding were re-

solved through consensus meetings. Finalized themes were orga-

nized according to the four types of devices and categorized sepa-

rately for older adults and stroke survivors to enable comparative

analysis.

2.3. Data analysis

Statistical analysis was performed using SPSS (version 27.0; IBM

Corp., Armonk, NY, USA). Participants’ general characteristics were pre-

sented using descriptive statistics and frequency analysis. The satisfac-

tion survey results were presented as mean and standard deviation.

3. Results

3.1. Satisfaction with WADs

Table 3 presents participants’ satisfaction levels when using

four types of WADs across four courses. Older adults rated their sa-

tisfaction highest with the rollator Type A (mean satisfaction score

= 2.05) and lowest with the rollator Type B (mean satisfaction score =

3.58). Similarly, stroke survivors gave the highest satisfaction rating

to the rollator Type A (mean satisfaction score = 2.22) and the lowest

rating to the walking frame and walking table (mean satisfaction

score = 3.94). Overall, both groups reported the highest satisfaction

with rollator Type A compared to the other devices.
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Table 1

Usability questionnaire.

Section Item Question Scale

Fear of falling Please indicate the degree of fear of falling � � � � �

Anxiety during walking Please indicate the level of anxiety during walking � � � � �

Safety

Discomfort on slopes Please indicate the level of discomfort when walking on a slope � � � � �

Storage inconvenience Please indicate the level of discomfort regarding storage method � � � � �Convenience

Discomfort during use Please indicate the level of discomfort during walking � � � � �

Functionality Brake function Please evaluate the functionality of the brake � � � � �

Please respond using a 5-point Likert scale: � = Not at all / No discomfort, � = Slight, � = Moderate, � = Severe, � = Very severe.

Table 3

WADs satisfaction scores (n = 13).

Subjects Items Walking frame Rollator (Type A) Rollator (Type B) Walking table

Fear of falling 2.40 � 1.43 1.60 � 1.07 4.50 � 0.71 2.10 � 1.37

Anxiety during walking 1.40 � 0.70 1.30 � 0.67 2.90 � 1.66 2.30 � 1.64

Discomfort on slopes 4.00 � 0.67 2.20 � 1.69 4.20 � 1.23 3.90 � 1.20

Storage inconvenience 2.07 � 1.57 2.10 � 1.45 2.90 � 1.73 3.70 � 1.57

Discomfort during use 3.30 � 1.25 2.90 � 1.85 4.40 � 1.26 3.60 � 1.35

Brake function 3.50 � 1.51 2.20 � 1.75 2.60 � 1.78 3.80 � 1.55

Older adults

(n = 10)

Average 2.88 � 1.46 2.05 � 1.50 3.58 � 1.60 3.23 � 1.58

Fear of falling 4.00 � 1.00 1.67 � 1.15 2.67 � 1.15 3.00 � 1.73

Anxiety during walking 3.67 � 0.58 1.67 � 1.15 2.67 � 1.15 3.33 � 1.15

Discomfort on slopes 3.67 � 1.15 2.33 � 1.15 3.00 � 1.00 4.33 � 0.58

Storage inconvenience 3.67 � 0.58 3.33 � 2.08 3.00 � 1.73 4.33 � 0.58

Discomfort during use 4.33 � 0.58 2.67 � 1.53 3.00 � 1.73 3.67 � 1.53

Brake function 4.33 � 0.58 1.67 � 1.15 2.00 � 1.73 5.00 � 0.00

Stroke survivors

(n = 3)

Average 3.94 � 0.73 2.22 � 1.35 2.72 � 1.27 3.94 � 1.16

Values are expressed as mean � SD.

1 = Not at all / No discomfort; 2 = Slight; 3 = Moderate; 4 = Severe; 5 = Very severe.

Table 2. Participants characteristics (n = 13).

Parameters
Older adults

(n = 10)

Stroke survivors

(n = 3)

Sex (male/female) 3/7 1/2

Age (years) 83.30 � 1.89 75.33 � 5.03

Height (cm) 152.24 � 2.460 166.67 � 11.55

Weight (kg) 59.80 � 9.04 061.67 � 17.56

BMI (kg/m
2
) 25.85 � 4.25 21.90 � 3.80

Duration of walking aid use (years) 03.17 � 3.53 11.00 � 8.54

Affected side (right/left) - 1/2

U/E MAS (1/1+) - 1/2

L/E MAS (1/1+) - 1/2

BBS (score) 38.45 � 5.12 30.00 � 7.94

10MWT (m/s) 00.41 � 0.14 00.35 � 0.15

Values are expressed as mean � SD.

BBS: Berg Balance Scale, BMI: body mass index, L/E: lower extremity, MAS:

Modified Ashworth Scale, U/E: upper extremity, 10MWT: 10-meter walking

test.



3.2. In-depth interview results

Table 4 presents participants’ recommended improvements for

each WAD. Both groups expressed a clear preference for the rollator

Type A. Older adults highlighted the need for a larger seat for resting,

increased weight for improved stability, larger wheels to navigate ob-

stacles more effectively, and enhanced brake functionality. Stroke

survivors emphasized the importance of structural features that en-

able single-handed weight support and mobility, as well as one-hand

folding, a wider frame to prevent tripping, a stable design to support

sufficient weight, and motorized assistance for navigating uphill in-

clines.

4. Discussion

The satisfaction survey revealed that both groups expressed the

highest satisfaction with rollator Type A. Older adults reported the

lowest satisfaction with rollator Type B, and stroke survivors reported

the lowest satisfaction with the walking frame and walking table.

These results are thought to be due to differences in mobility and

stability depending on the type of WADs. Research on WAD stability

and maneuverability indicates that smaller wheels require greater

effort to navigate doorsills or obstacles, while larger wheels improve

ease of movement on inclines.23 Devices that can support more

weight also enhance user stability and reduce the fear of falling.24

Rollator Type A is equipped with four large wheels that likely provide

greater convenience during use, and its A-shape frame design (a

wider base compared to the top) enhances stability for weight bear-

ing, minimizing fears of falling. This is evident in the survey results,

where older adults (1.60 points, No discomfort) and stroke survivors

(1.67 points, No discomfort) rated their satisfaction highest for the

“fear of falling” category.

The satisfaction survey results of stroke survivors can be in-

ferred from the disease characteristics. Hemiplegia is a neurological

symptom of stroke, and survivors primarily use their non-paralyzed

upper limbs to support their weight and use WADs.25 During the

walking courses, walking frames and tables presented difficulties in

directional control when used with only one hand (non-paralyzed

upper limbs), while rollators (Type A and Type B) were easy to oper-

ate with one hand. Specifically, the large wheels on the rollator Type

A likely contributed to a smoother and more stable walking experi-

ence. A previous study found that a rollator Type A structure was ef-

fective for subacute stroke patients who face challenges in gait train-

ing.26 Additionally, a study evaluating a design comparable to rol-

lator Type A reported improved stability during downhill walking

compared to standard WADs.27 These findings suggest that the ad-

vantages of rollator Type A, such as ease of maneuvering and stabil-

ity, should be actively incorporated in future development of WADs

for stroke survivors. Study findings align with growing emphasis on

integrating advanced technologies into WADs to improve usability,

safety, and user satisfaction. Recent studies on smart walkers and ro-

botic assistive devices demonstrated that systematic usability evalu-

ations can effectively identify design limitations and guide targeted

improvements.28,29 This underscore embedding iterative usability

testing throughout the design process to ensure that WADs meet

functional requirements and optimize overall user experience.

During in-depth interviews, older adults emphasized structural

and functional improvements for safer and more convenient use, such

as increasing seat size for resting, increasing device weight for greater

stability, enlarging wheels to overcome obstacles easily, and improv-

ing brake functionality. Stroke survivors primarily requested functional

improvements that considered disease characteristics (hemiplegia),

such as supporting weight and assisting walking with only one hand

and assistive motor power when walking (especially uphill).

These improvements highligh ergonomically designed WADs

that consider individual physical conditions rather than simply pro-

viding basic weight support. A design that balances optimal stability

and mobility remains a complex challenge,23 and integrating ad-

vanced technologies such as robotics holds promise for developing

devices that meet diverse user needs.9,30 Future designs should focus

on both aesthetics and intuitive functionality.31 A user-friendly ap-

pearance can reduce psychological resistance, while simplifying op-

eration can enhance usability for older adults and people with physi-

cal or cognitive impairments.9,32

4.1. Limitations

This study has several limitations. First, the small sample size

limits the statistical generalizability of the findings, particularly for

the stroke group (n = 3), which restricts the interpretation of results

beyond qualitative insights. Although the sample size aligns with

prior usability research norms for exploratory studies,20,21 larger and

more diverse participant groups are needed in future research for

robust statistical comparisons and broader applicability of the re-

sults. Second, the usability test focused solely on older adults and

stroke survivors; hence, there was no input from users with other
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Table 4

Key findings of in-depth interviews (n = 13).

Walking assistive devices Older adults (n = 10) Stroke survivors (n = 3)

Walking frame � Enhanced brake functionality (slippage issues observed)

� Need larger seats

� Difficult to use with one hand

� Small wheels make it challenging to overcome obstacles

Rollator (Type A) � Foldable design for easier storage

� Larger seat

� Design allowing one-handed use and storage

� Motorized assistance for uphill mobility

� Wider frame to prevent tripping

� Larger seat

Rollator (Type B) � Heavier weight needed for safety during weight support

(currently feels unstable)

� Fear of falling when bearing weight

� Feels unsafe for seated resting

Walking table � Adequate for weight support, but small wheels make obstacle

navigation difficult

� Design improvements

� Enhancements for more convenient seat use

� Brake mechanism should be improved (suggest hand-applied

brake system)

� Difficult to use with one hand

� Challenging to adjust handle height

� Need hand-operated brakes

� Difficulty navigating over obstacles



physical conditions who rely on WADs. Third, all assessments were

conducted exclusively indoors under controlled laboratory condi-

tions, without considering contextual factors such as environmental

challenges (e.g., uneven terrain), social influences (e.g., public per-

ception), and functional demands of real-world use. Thus, the gen-

eralizability of the findings to community and outdoor environments

is limited. Finally, the study’s short duration precluded analysis of

long-term usability, durability, and adaptation processes associated

with these devices. Future research should include evaluations in

diverse outdoor and community settings to inform the develop-

ment of WADs that better address the needs of a broader range of

users.

5. Conclusion

This study assessed the usability of four types of commercial-

ized WADs through satisfaction surveys and in-depth interviews to

analyze user needs for future device development. Findings re-

vealed that users’ physical characteristics influenced their structural

and functional requirements, underscoring the importance of ergo-

nomic designs tailored to individual needs. These results can serve

as foundational material for WAD development and direct future de-

sign efforts.
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