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Abstract This comparative usability test was conducted by researchers with an understanding of mobility
aids. Five physically disabled subjects were enrolled in research facilities having terrains and obstacles
that wheelchair users experience in the community. The usability of manual wheelchairs was compared,
and usability factors that affect the users' wheelchair purchase decisions were analyzed. The results were
applied to determine the factors that need to be considered in manufacturing a suitable manual and
power hybrid wheelchair. Participants maneuvered the wheelchairs under test conditions comprising 3
scenarios and 12 tasks. The effectiveness of the two products under assessment was not significantly
different. A comparison of the two products showed that the K product had a low driving efficiency
(+0.2 seconds) but the degree of effort (-2.38 points) and difficulty (+1.24 points) were more efficient.
The satisfaction was also confirmed to be more acceptable (+1.1 points) for K's product. Analysis of the
SUS (System Usability Scale) score determined that the overall usability and satisfaction of K's manual
and power wheelchair were 75.2 points, which is rated as 'B' and 'Good' usability. The academic
significance of this study is augmented by defining the usability based on international standards and
by the direct participation of a specific group of wheelchair users. We propose the necessity for
domestic companies to conduct continuous usability studies for the development process.
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Table 1. General characteristic of subject

Factor N(%)
Male 5(100)
Gender
Female 0(0)
40-49 1(20)
Age 50-59 2(40)
60-69 2(40)
Spinal cord injury| 3(60)
Diagnosis
Poliomyelitis 2(40)
Manual 5(100)
Wheelchair type
Power 0(0)
2.1.1 HOX M 2 HiH 7 |1E

Hoxte BF £EBAE ARk H ozl g/l
AL, AFQARROIM AY B o7HEEE S e
o, A7t 33(Self-propelling)°] 7Fset ARARE A%

sfgom, 3 & - AEBACLE A8 Adol gk A
879} Q72 St o AAHQ ofeigol U A

A= Aol A A=A



A Etel =R A 2449 A3E, 2023
2.2 97 =7 9 AT BEEE 245t

221 & . HESHOf RPE:= 4| 58 A 275 AA1AQ] m2wet 1)

E Z?HO S A 7z S|

B °1¥°ﬂ = Fig. 12 A Ak KA &= - A5 ool %E}]E4]E;§46doﬂ 14§0§ix]150f3 ZEoi
WA AR, ol A AsHEHand i) o a0 gogge o e
& FA5he WaFoe Yol THaH: WAle] SEHA o] o e

RPE HZ+= 0.789 B4R 2+ Al Z(Inter- rater

S @] AFY FTEINE 252 Qo] Rolag 5

o AESHES Fof FA &= 2Ho| FRsdick. B,

HA, A 5 5 Ao et 45 EE dEow
Agete] A8 4 ek, EF, F1E HEAA IS} v

sfol ) 417 wiele] 2ol shsstu, B4 s male)
F£E X-Bar Fe= AASto] Holx BBSAL A
FHE Bgom, oF Fol Hojelse] SyE ofs}
L ARl e 878 $5412 4 Ak Aol 54
Ih

o

Fig. 1. Manual & Power Hybrid Wheelchair
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Fig. 2. Indicator for usability testing
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Table 2. Scenario for usability testing T HA JHE S0 F HAR, FojRolA A

X Task
Scenario Number Task
Power on, set the speed, and
S1 S1 ss through the startin
[Set to drive] pa sh arting
point.
R Driving on
S2-Task 1 a sidewalk block
R Driving on
S2-Task 2 a 1/8 slope way
$2-Task 3 Driving on
a 2cm curb
$2-Task 4 Driving on
a bumpy road
$2-Task 5 Driving on
2 a speed hump
[Driving] ivi
$2-Task 6 Driving on
a S type curb
$2-Task 7 Driving on
a steep slope way
$2-Task 8 Driving on
a side slope way
$2-Task 9 Drlvmg' on
a drain
$2-Task 10 Driving on
a grass
S3 3 Locking the wheelchair at the
[Finish to drive] arrival point
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Fig. 3. Wheelchair driving practice course
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3.1 Result of effectiveness
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3.2 Result of efficiency

3.2.1 Time used to task

Table 32 ZF FA|o1E o]&3t AU L 2(S2)9)
Al 28 AFE YEhd Zlolth Het 5,962 6.1622
AH49] 71E BAE AMSSHEE O B HEA IAE
FYstd oyt T3/T7/T9/T10 AN KA 4= - A
A1) 3 AlZte] B AA AQEUt}. 9], Task
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Table 3. Result of S2 TUT

Unit = second

TUT

Task av:Z(ESD) avCeS.V(SD)
1 5.2(1.3) 6.6(0.9)
2 8.2(3.3) 11.6(6.9)
3 11.8(6.0) 8.0(3.5)
4 5.4(2.1) 5.8(1.5)
5 4.4(1.5) 5.0(1.2)
6 6.4(1.1) 8.4(2.8)
7 6.4(2.1) 5.2(1.8)
8 3.2(1.3) 3.6(1.5)
9 4.8(2.6) 3.8(0.8)
10 3.8(1.3) 3.6(1.7)

5.58(2.26) 5.80(2.26)

"TUT: Time used to Task, PW: Personal wheelchair, =~ CW:

Company wheelchair

3.2.2 Borg rating of perceived exertion

scale(RPE)

Table 4= 7t EA|o1E o83 AU L 2(S2)9]
Al RPE g2 HlaLste] Uehd Zloje}. 7]&o] ARgsHe
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Table 4. Result of S2 RPE

Unit = point
RPE

PW cwW
Task aver.(SD) aver.(SD)
1 11.4(1.1) 8.02.2)
2 11.6(5.9) 7.2(0.8)
3 17.2(2.4) 11.6(1.9)
4 12.03.7) 10.0(2.2)
5 11.03.7) 9.4(2.9)
6 7.4(1.5) 7.4(2.1)
7 11.4(4.7) 10.4(4.0
8 10.8(3.9) 8.2(2.9)
9 11.0(5.5) 8.2(1.6)
10 6.8(0.8) 6.4(0.5)

10.38 8.04

3.2.3 Difficulty rating scale(DRS)

Table 5& AlHUE]| 2 2(S2)9] A Holeg A5kl
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Table 5. Result of S2 DRS

Unit = point
DRS

PW CW
Task aver.(SD) aver.(SD)
1 0.2(1.8) 2.0(1.2)
2 0.6(2.4) 1.8(1.1)
3 -1.6(1.7) -0.4(1.3)
4 0.2(1.3) 1.2(1.3)
5 0.0(1.6) 1.2(1.5)
6 1.6(1.7) 2.2(0.8)
7 0.8(2.2) 1.4(1.3)
8 0.0(1.4) 2.0(0.5)
9 0.2(2.0 1.8(0.8)
10 1.4(1.8) 2.6(0.5)

0.20 1.32

3.3 Result of satisfaction
3.3.1 Acceptability rating scale(ARS)
Table 62 AU 2 2(52)9] A +=8&EE &4
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Table 6. Result of S2 ARS

Unit = point
ARS
PW CW

Task aver.(SD) aver.(SD)
1 1.2(1.3) 2.0(1.2)
2 0.6(2.4) 2.0(1.2)
3 -1.2(1.3) -0.4(1.3)
4 0(1.2) 1.2(1.3)
5 0.4(1.8) 1.4(1.5)
6 1.6(1.7) 2.2(0.8)
7 0.6(2.0) 1.6(1.7)
8 0.4(1.5) 2.0(1.2)
9 0.4(2.2) 1.8(1.3)
10 1.6(1.7) 2.8(0.5)
0.40(1.71) 1.38(1.2)

3.3.2 System usability scale(SUS)
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Grade: E D c A
Manual/Power hybrid wheelchair(75.2)

susscore: 0 10 20 30 40 50 60 70 8 90 100

Fig. 4. The result of manual/power hybrid wheelchair
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Table 7. Outcome of qualitative analysis

Themes Categories Concepts
The positive Function of Battery removable
response of product Fold-able wheelchair
p(;i)lvae?*uﬁlytiid Product Convenient portability

wheelchair experience Stability when driving

Sufficient battery capacity

Structure of

Requirements Intuitive joystick

propulsion
forfthe Strulc'i;re Size & durability of wheel
of manual
power hybrid Material & durability of frame
wheelchair Structure of Armrest safety

support

Falling prevent, Anti-tipper

Weight of | Weight control for caregiver

Requirements

for the spec of product Anxiety at fast speeds
manual & povwer A monotonous color
hybrid A
) ppearance
wheelchair A slim design
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