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Abstract with spinal cord injury, there was a large variation

Background: Exercise equipments and assistive de-
vices for the disabled are being developed, but im-
provements for usability are still needed. The purpose
of this study was to improve and utilize the devel-
oped exercise equipment and assistance devices by
conducting usability test for people with spinal cord
injury.

Design: Cross-sectional Study.

Methods: Scenarios and usability indicators were de-
rived by conducting a preliminary usability test, 5
non-disabled men and women aged 19 or older. In
the scenario, a total of 9 tasks were sequentially per-
formed, including 2 tasks of entry and exit, 5 tasks of
assistance devices and weight stack adjustment, and 2
tasks of pre exercise and exercise. The usability in-
dicators were task success (success or fail), execution
time (sec), safety, and convenience. For safety, 7
questions (Likert scale, 1~5 point) related to safety,
stability and hazard were derived, and for con-
venience, the system usability scale (SUS score) was
used (range: 0~100, 50 percentile rank is 68 point).

Results: As a result of the usability test of people
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among subjects in the task of adjusting the position of
the pulley and support in the execution time
(11.64~25.44 seconds), and one person failed to adjust
the pulley. The safety level showed a lower score
(score = 3 points) than other items in the item of en-
trapment or skin pressure, and in the case of SUS,
the average score was 64.5 points, which was close to
the acceptable level.

Conclusion: Through the usability test, it was con-
firmed that exercise equipment for the disabled needs
improvement in operability, pinching, and pressure,
and that it is necessary to develop an assistive device
that provides unrestrained posture information
(biofeedback) to maintain correct posture during
exercise.

Key words: Usability test, Assistance device, Spinal
cord injury, Exercise equipment
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HpEAL] BANIEE A AAASRE Q1T 1008 B oF 12~541 0.2 vwipd w|=2] 739 17,8107, H U=
°F 2,000~2,500"g ¢] WAs= Ao R FAEM, wid 1 47} S71skal UTHChen 5, 1997; Fitzharris 5, 2014;
Shingu &, 1992; White ‘&, 2020; Shin, 2020). Z7&4F el 1E2> ADL &7 9 22} 3185 o, 21207, A3
5 Fof, el A s flal 2E/2ATY o] Ao, AE S A8l HA A5l Al A 308
ot S5 Rl AEE FAakh 5o] H 3ttt AQFeth(Hicks 5, 2011; Haisma, 2006; Hicks -, 2003; Ginis
S, 2012; Pebdani 5, 2022; Anneken 5, 2010; Ditor 5, 2003; Noreau & Shephard, 1995; Martin %, 2018). & |
AREARS] R A AAF S ol gl A Qlthar skeler, oyt o Q= Es Hole AFETY

AAS FXeta gFH 7S FFEoh ANHAQl A A A7) wtell HgrEat AelilelAl B4
Aoz} 3} thHammill 5, 2017).

ojf g F2] o] oE Estal HFEAY ol URtA o AA|dgo] A Ao Aol vk Ao
Qo ALS|EHE Frojgo] wta, vupelRlEg o & Feo 1EH o ds A sth(Jorgensen 5, 2017;

Roberton ‘5, 2011; Ginis ‘5, 2010; Labbé 5, 2019; Stumbo 5, 2011; Barclay -, 2015; Szeliga &, 2022; Post &
van Leeuwen, 2012). 317] o8 A3} 57|, Ashe AEQle] x| H Ak ool o] -5 Fhofo
7P 2 Aoz A A QtMartin 5, 2018; Dolbow & Figoni, 2015; Kehn & Kroll, 2009; Learmonth 5, 2015;
Scelza &, 2005).

Ay Aofjolo] &% Al Aol & F3 24t o/ B5E Tl o) oF3kA171X] Y= Z10] UhBallinger
5, 2000; Wilbanks -, 2016). 2|54k o 5 Jo] sgs 3} 2t O]E(transfer)% ﬂf&
7hE W A o7l E5oll AA SEstE R, Sh-F 2 e B E R QIF ok (i

Al Hr ol oA T A3 ARl UR10R AAXITKYang 5, 2009; H7RE, 2022; 11273, 2023). U'Hfoﬂ, A
+52 o7 T 5, scapular retraction, shoulder external rotation, shoulder adduction muscle)ol] %7382 2+
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we ] v AAG 2l Ews T, 53 52| s £01aL Y #EE xolv, 259 A=
3

FS F= AoR Iy A AtCaneiro 5, 2010; Schiildt 5, 1986; Triolo 5, 2009; Sinderby 5, 1992).
HT N5 L9 25 Al SN BEO] vE AAE Fe BEREH| ko] Eiks] o] FoA] 1 Qi)
=915 A& =9, HFEA 8452 Rowing &5 Al =RE 5 X] A& ¢35 REAA7F HAEE aROW

(adaptive rowing machine), ~7] 57 F& 3} FAFSE 2 AS ol o2 AAlolA gpF o7 Tuk 18 50
7}s3t aSKI (adaptive ski machine)”} 7]%] ) © W(Sawatzky 5, 2022; Wong 5, 2022; SPINAL CORD INJURY
BC 2021), srjell s Alo]E 25 7] 0 Aoljlse] Fity B5s ety or xxshy] g8 el 7153
] A A7 £3E %779 RX-Anterior”F 71EHE ATH I H <=, 2019).

Age 57 Swd et veld AFS B84, HEA 9 T od AR 914 2o 4o
w, A 2e 714 &84S X8t Fosltha -9 thSauro & Lewis, 2016; Wong, 2022). & A7k4] =1)- 2]
ANLE SF71T0h BEAAE 7)) Gelsh 2AR, TR B4 ol thakahAl tAle] 2] the A1
& M3 glox, 7A7e) J1Tel g Ao, AR B, G4 % MEE 5O XS F8E AH8Y
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ESust S0, $F DR PRel FUARE FEH0) ArEY FHAEC] £EV)T B0l 2L
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A7AEA A9 F3 11 o]3F W ASIA Impairment Scale (AIS) 55 A B+ BO]W(ISNCSCI, 2019; Reft
& Hasan, 2002), o171 W B3%], &5, E7Fe; 330 80| Fair )1 0= Alojg %577 W HEXE A
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Figure 1. Weight pulley exercise machine with assistance device

3. AER}

AT A= AR B7E F, en] AR %7}(31 ol i) 9 AuE] e/ HE/A, AHEA B
THAFERS el tid), 87 A3 #4 o7 A3 tHFigure 2]. & A7 Al dell BE AT AbE
< Helsinki Al §izste] A7EAE olgsigion, 7| Ee9ds] 49 (NRC-2021-06-048,
NRC-2022-04-032)5 Wil Z1egakoict.

AR bel oA AuE e 9 B7F A TS FlE 20415 E 59A17HA] BFgelRl Al Ed 57
3o 2 of|H] AFEAd 3 7K(Preliminary usability test)E 53 3FSITHTable 1]. <lv] AH8-d H71E Fal AFHEA =
7Hsummative usability test) AlU2] 2 2 F7F RS 55 HHFigure 2].
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Preliminary
usability
test
(person without disabilities)

Preparation

- IRB approval and recruitment
- Designing usability test scenarios
- Selection of usability test tasks
- Selection of usability test indicator

l

Preliminary usability test
(person without disabilities, n=5)

- Verification of scenarios and indicator

l

Complementary scenarios

- Add pulley height adjustment task -
- Add upper extremity pre-exercise task
- Add exercise load adjustment task

l l
Usability test
(spinal cord injury disabled, n=5)
- Time to learn how to use, task success or failure
Usability - Execution time for each task
test - Safety and system usability measures

(spinal cord injury disabled)

l

Analysis

- Descriptive statistics
- Interview

Figure 2. Study procedure
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Table 1. Achievement of task performance and time

Step Description
. . -Usability evaluation purpose and contents explained, agreement obtained
Orientation . . .
(10 min) ‘Record gender, date of birth, height and weight
min
-Explanation on how to board and operate the wheelchair
!
Information ) ) o ) ) ) )
(5 min) ‘Provide a brief description of exercise equipment for the disabled along with a manual
min
!
-Allows the user to freely observe the product by looking at the product user manual
Browse before testing
(10 min) ‘Maximum muscle strength measurement (IRM*, using weight pulley exercise
equipment)
!
@ Enter the exercise equipment with wheelchair
@ Pulley handle adjustment
(® Pelvic support adjustment
@ Chest support adjustment
Task ® Preliminary exercise
(25 min) ® Weight change
@ Fix the trunk with elastic band
Perform main exercises*
(© Release the elastic band and exit
* Preliminary/Main exercise (40% of 1rm, 20 reps, upper extremity pulling motion)
!
Interview S .
. -Safety and system usability evaluation
(10 min)

IRM: One-repetition maximum
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o] AHgd B Abe) o= AEY BoE BA U FolA HES 918 oejuloldu AF A, wA 5,
QB wAZ AAh FA FH A F o7k AR AAQ G B, Sl L AR, AR =

AMLE L B SHT FHHUOH, oF ALHE T Y W AXT ALGY W ARS IR

T35 tHTable 1].

Acceptaiile; Mot Acceptable Marginal Acceptable
Adjective: it i gt 170 1
Grade: F D C B A

N N N N S NN Y Y N O VN L
5US Score: O 10 20 30 40 50 60 70 80 90 100

Figure 3. Usability test scenarios

3.1.1. AFEY] =X AZE

—

o158 5717 W HEgR] ARA F7E B Al AR Ay e A o) st
ATE 1718k HLee 5, 2017)[Table 2].

Table 2. Achievement of task performance (success or failure)

Success Mark  Score Assessment

Succeed easily without difficulty or hesitation

Complet S 100
omplete in performing the task

If the task is successfully completed after the
Pl 75 facilitator informs the relevant menu or crucial
hints about the task

Partial
In the case of performing a task, but
P2 50 encountering a major error factor in the
course of performing the task

. Failing to complete a task or abandoning a

Failure F
task due to a fatal error
If the task is performed regardless of the

Except E -

intention of the task
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b dE Frbs 'LHASARE AR 7 AR Y A9 ok ARE Fasilt(AAdE S,

2019). QIFE] Q77HA & 7709 & OoR Holglom, 57 YFAE HEE A 3H3ITHTable 3].

Table 3. Safety evaluation

Category Details N~P
(Q1) Is it well fixed without departing from the initial fixed D~ 6
position during exercise?
(Q2) Is it strong enough to maintain a correct posture during
, O~0
Safety of use exercise?
(Q3) Are the user's hands, arms, fingers, etc. safe from being
caught or pressed by the assistive device when wearing the O~®
assistive device?
Safety (Q4) Does it help maintain correct posture during upper D~ 06
- extremity exercise?
Stability
(Q5) Does it help to stably support the torso during exercise? O~®
(Q6) Is it safe without risk of damage to the skin upon contact
and long-term use?(Scratches, tears, friction, etc. due to product O~®
Hazard finishing, Velcro, etc.)
(Q7) In the case of a belt, is it safe without body pressure or D~ 06

pinching in the belt area?

3.1.5. A|AED ALS2A A E(System Usability Scale, SUS)
SUSTE TRFSh Al = AU A8 ARSAS B7kshs w2 G2l S Alwshd, 88 7 e 52
BRIl RIS 7 AL 9loH, WA AR 0.90]7 0] th(Brooke, 2013). &

[e]
o] ek = A8 BT = 9L, 57 = WS B, B S A
o

(n}

= = =T <] é
d AEow & 232 A7 2o AT B2 AU Y25 ARl 2 Al et
(Brooke, 2013)[ 3 3]. A¥ghk 7} F=mbrt 2.5 w38to] HF 0 (% i AR elA 1008 (Z5 8 AHADAL
olo] M9 AFE il e FH(grade)?t 3-8 (acceptable), A FAF (adjective)ell et EF3HSITH

(Sauro, 2011; Kim ‘5, 2022)[Figure 4][Table 4].
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System usability scale score
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Figure 4. System usability scale scores and standards

Table 4 System usability scale score classification

Grade L . Acceptance .
Range Adjective Rating Recommendation
Scale Level
Best
A+ 84.1-100 . .
imaginable
A 80.8-84.0 Recommendable
A- 78.9-80.7
B+ 77.278.8 Excellent Acceptable
B 74.1-77.1
B- 72.6-74.0
Neutral
C+ 71.1-72.5
C 65.0-71.0 Good
C- 62.7-64.9 Nearly acceptable
D 51.7-62.6 Fair Unrecommendable
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2. ON| Al R d5/4AT ofF Et

o
A AN A9 Ee) = Vet QA Y] 24, FAZAN BT} 71 200 (11.64 ~25.44
%), Fg] olzd, FWAAY Ao 172 A7k AGITHTable 5]

Table 5. Achievement of task performance and time

. e
Mean = SD
Understand (how to use) 5/0 33.20 + 16.80
Enter the exercise equipment with wheelchair 5/0 8.00 + 3.54
Pulley handle adjustment 4/1 40.00 = 12.62
Pelvic support adjustment 4/1 38.50 + 25.44
Chest support adjustment 5/0 31.60 + 15.95
Weight change 5/0 38.00 + 17.15
Fix the trunk with elastic band 5/0 19.60 + 5.86
Perform main exercises 5/0 38.00 + 11.64
Release the elastic band and exit 5/0 14.80 + 4.15

S: success, F: failure, SD: standard deviation, SCI: spinal cord injury, N: number

3. ety Hot At
SHA B7} A} Q1Y “F A 7] 91l "ol X sk & wAEe] YA e ol AAF fA8)
o 83| ALBIN, Qa0 A $ES Sh B ER £XF BAFEA, Q59 9F F BES

o

=
Ao AAeR=71r G| A B SAsH Gt 440 £ 05585 UERH oM, Q79 “RES A9 ot
Shatell QPR P2 vt 3.80 = 110 A& HERTE & 770 E5 TolM Q39 VIS HEE w AFEARe
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Eolut &, E7e go] Zol A b A Ry @S Bt 3.00 £ .00 010, Q6] AR AR
Al S Al Eo) A TS whtelu AR Sl A 59, AolH, vHE 5y EE At

3.00 £ 07102 UmA] 570 =] Hax(H o 3.80% ~ 4407%) Brp w2 A5-E e T Table 6].

Table 6. Safety evaluation and SUS results

SCI (n=5)
Usability scale Questionnaire Time (s)
Mean = SD
Q1 4.40 + 0.55
Safety of use Q2 4.40 + 0.55
Q3 3.00 = 1.00°
Safety Q4 440 + 0.55
Stability
Q5 4.40 + 0.55
Q6 3.00 + 0.71°
Hazard
Q7 3.80 £ 1.10
SUS (conversioin score, 0 ~ 100) 64.50 + 21.61
4 AlABL ALRA HE By} Zo)

=
A28 AR 7Y Ak T1E 49k Aok A el Ui A W 458 0% 38 ol A

&8 7hs'el # = SIeH Table 7).

Table 7 System usability scale score classification

Grade L . Acceptance .
Range Adjective Rating Recommendation
Scale Level
Best
A+ 84.1-100 . .es
imaginable
A 80.8-84.0 Recommendable
A- 78.9-80.7
Acceptabl
B+ 77.2-78.8 Excellent ceepianie
B 74.1-77.1
B- 72.6-74.0
Neutral
C+ 71.1-72.5
C 65.0-71.0 Good
C- 62.7-64.9 Nearly acceptable

D 51.7-62.6 Fair Unrecommendable
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AUe TEAR] A Jide] desitt

A FIA S AFE v Q3 MF Q6 W B AlA 719) W hehat pE @ AR 2] AA 9}
we g REH] F Al 5Ee A =R o, bt 71l thgt flsl e aE 9 SV Alew
Bl &% &8 HegAs Aoz AAE AXsAY stels FE7F obd AAl JRE AT s

Hlo] @ 3] =W (biofeedback) 5O % HE3F= Aoz B9 B3 Agto] Yed How WAl

AAE AR 7 A AdeE 645802 A9 38 7Ha(nearly acceptable) -0l TS C SO E AF
|0l W& Z1 o7 Uekutth o]= Usability.govell A o] AREA B7F Aare] Bk Aedl 683ls 712 % 357
219 (percentile) 409 3l ¥ Th(https://measuringu.com/interpret-sus-score/). 7]<= Wong 5-(2022)2] <1<
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AgATtel vl A sulf B 22 AAEE Hollo] Bk Bxtetal W Eig BRI o] WS A
7F U Ao® BRIth o= w7t Ego] FQsithE Q4 o] whe Al #Hgls AoR Bt
A|2EL ARSA AT F7F A Gl g 9 AClE 57T E 7IEAHHEThY B8] s (Q4H
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