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Comparative usability evaluation for development of rehabilitation
exercise living lab: Focusing on musculoskeletal, cardiovascular,
and spinal cord injury groups
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Abstract This study analyzed the effectiveness, efficiency, satisfaction, and user experience in
participants with musculoskeletal disorders, cardiovascular diseases, and spinal cord injuries in a living
lab that simulated a sports center environment. The study subjects were recruited through cooperation
between medical institutions and public health centers in Seoul, and 15 people (5 with cardiovascular
disease, 5 with musculoskeletal disease, and 5 with spinal cord injury) were selected. The subjects availed
the services of the rehabilitation exercise living lab and provided data on its effectiveness, efficiency,
satisfaction, and user experience. Evaluation indicators based on the 1SO-0241-11 standard were used.
The researchers collected participant feedback and sought ways to improve services based on their
suggestions. The results of the study confirmed that the musculoskeletal disease group experienced high
effectiveness, and similar effectiveness, efficiency, and satisfaction levels were derived for each group.
In addition, through the usability evaluation, the overall usability score of the living lab was evaluated
as 'excellent," which was interpreted as providing a positive user experience to participants. This study
enabled a practical understanding of the strengths and limitations of the rehabilitation exercise living
lab. Based on this, we proposed a service plan to meet the needs of users with various diseases.

Keywords : Rehabilitation Exercise Living Lab, People with Disability, Musculoskeletal System,
Cardiovascular, Spinal Cord Injury
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Table 1. Status of Participants (N=15)

Subject N%)

Male 9(60.0)

Gender

Female 6(40.0)

20~29 1(6.7)

30~39 5(33.3)

Age 40~49 2(13.3)

50~59 3(20.0)

over 60 4(26.7)

scr' 533.3)

Stroke 5(33.3)

Diagnosis
OA 3(20.0)
Chronic disease 2(13.3)
ISCI: Spinal Cord Injury
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Fig. 2. Indicator for usability testing
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Table 2. Scenario for usability testing

Themes Categories Concepts
Registration of the participant
S1 S1-Task 1 in the Smart Rehabilitation
[Participant Living Lab service
Registration ;
& and Assessment of the participant's
Evaluation] S1-Task 2 current status, rehabilitation
level, and required training type
by the specialist
Initial chair setup and stability
S2-Task 1 check according to the device
Putting on Velcro gloves and
S2-Task 2 ring-attached gloves
Reviewing personalized
S2-Task 3 rehabilitation exercise
@ recommendations from the app
[Participation| sy Task 4 Connecting rehabilitation tools
in the Living using ring-attached gloves
Lab] Adjusti ise i i
~ justing the exercise intensity
S2-Task 5 level
Reviewing and refining based on
2-Task
$2-Task 6 real-time feedback
$2-Task 7 Finishing the given rehabilitation
training
S2-Task 8 Storing the data
Sharing rehabilitation progress
[ S3 S5-Task 1 and data with the expert
Interaction
with Receiving additional training
Specialist and| $3-Task 2 approaches and guidance from
Termination] the specialist and ending the
service
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Fig. 3. Research process
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Table 3. Result of S2 Time used to task

Unit = second
Task 1%S.D) 2°(S.D) 3%S.D)
1 6.6(1.3) 5.4(0.8) 7.1(1.1)
2 8.3(0.4) 4.5(1.5) 15.2(6.3)
3 7.3(1.1) 7.4(1.3) 8.1(3.5)
4 8.9(2.1) 6.3(2.5) 8.1(1.1)
5 3.4(0.5) 3.9(1.1) 3.6(1.8)
6 21.165.5) 19.13.4) 23.1(4.9)
7 11.3(2.3) 12.3(3.1) 11.8(1.5)
8 8.1(1.2) 3.4(1.1) 6.5(1.1)

*1: Cardiovacular Disease Group, 52: Musculoskeletal Disorder
Group, “3: Spinal Cord Injury Group

3.2.2 L8 9 O

3.2.2.1 L3z ¥ O2%

Table 4= AUEQ 2(S2)0lA4 1582 Uehd =¥
FZ(RPE)E B7IRE ATE AAls] AR A8
A3} 1§94 B RPE A47F 13.248 02 vept AL
A 9 F $459 ko] 3THUSE HolFn,
ol FofZt 4 29 F&EZ =4 Ao siAd
o 3HE, ZEAAEY 5 9.138E 718sIel=t,
ol diF 1EF9 oAt A 9 F dHHer g
FEA A AREY 8 ZEE ulgitt.

3 HApEAF 180] RPE ASE 14.4808 37
9] b Azt vy, o I5EET w2 =
APSS UEhdh &3] AvE] 2 6(AAITE T
Tl gl 9 Behoja= AEBAEE 50| 16.38
9,] _77_70}5 lr_ﬁ Z%EE EO]X]U]' xL,ﬁJJP 152 194
Hog mi¢ w2 =8 AL E Kt ol et 1
F9Y X7 APS ot Ae vt
o ol=et Adt= 7+ A% OF 7ol =¥ Fx} w2
TE HojEo

“—'l:
3= 4%

i)

r\I ﬂlIO



AR &85 =5 A A248 A115, 2023

Table 4. Result of S2 RPE

Unit = point

Task 1*(S.D) 2°(S.D) 3%S.D)

12.1(0.8) 9.1(1.1) 15.2(1.5)
11.2(1.1) 8.9(1.5) 10.12.1)
11.9(1.5) 7.7(2.1) 13.3(3.9)
13.2(2.2) 8.6(2.5) 13.4(3.1)
14.8(3.8) 14.6(2.1) 19.13.2)
16.3(4.5) 6.5(3.3) 19.4(4.1)
14.3(1.2) 11.3(2.5) 17.9(1.1)
8 12.1(2.3) 6.3(0.7) 7.1(1.5)

1: Cardiovacular Disease Group, °2: Musculoskeletal Disorder
Group, “3: Spinal Cord Injury Group
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Table 5. Result of S2 DRS

Unit = point
Task 1%S.D) 2%S.D) 3S.D)
1 0.5(1.2) 2.2(1.5) -1.1(0.8)
2 1.3(1.1) 2.1(1.5) 0.1(1.2)
3 1.7(0.5) 2.12.1) -1.12.1)
4 -2.1(1.6) 1.1(1.1) -0.5(1.1)
5 1.4(1.1) -1.5(1.3) -0.7(1.4)
6 -2.2(1.2) -1.7(1.5) -2.2(1.5)
7 -0.2(1.3) 2.6(2.6) -1.8(1.0)
8 1.3(1.5) 2.4(1.5) 0.4(0.8)

#1: Cardiovacular Disease Group, b2:

Group, “3: Spinal Cord Injury Group
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Table 6. Result of S2 ARS

o] 7]

3519 =]

=
an‘l‘/\l{‘%ﬁf}j—

Unit = point
Task 1%S.D) 2°S.D) 3%S.D)
1 0.8(2.1) 1.2(1.3) 0.8(1.1)
2 1.5(1.1) 2.6(1.1) 0.5(2.1)
3 1.9(1.3) 2.1(1.5) 1.2(1.3)
4 -1.1(1.8) 1.12.1) 0.1(1.9)
5 0.52.1) -0.6(1.1) 0.7(2.1)
6 0.8(1.7) 0.7(2.1) 1.1(1.8)
7 -0.8(1.5) 1.1(1.3) 0.6(0.7)
8 1.2(0.6) 2.4(0.6) 1.1(0.5)

*1: Cardiovacular Disease Group, b2: Musculoskeletal Disorder
Group, “3: Spinal Cord Injury Group
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