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Abstract

Due to the increase of the aged population and population of the disabled today, there is a growing demand for
rehabilitation medical instruments. Furthermore, there is a growing demand for evaluation indices for services that
should be provided for uses of the rehabilitation medical instruments. In order to evaluate rehabilitation medical
instrument designs in this study, the basic index for design evaluations shall be identified to search for assessment
plans. Through this, new evaluation indices will be deduced through discussions and analysis of rehabilitation medical
experts, biomedical engineers, and designers. The results of this study are summarized as follows. First, the existing
design evaluation indices were collected and analyzed to construct 10 rehabilitation medical instrument design
evaluation indices and 44 sub-evaluation items. These will be important evaluation standards for designing
rehabilitation medical instruments in the future. Second, the design evaluation indices that must be taken into
consideration when developing health care rehabilitation medical instruments are the 10 design evaluation indices of
usability, cognition, safety, learning, motility, durability, economic feasibility, space, aesthetics and environmental
aspects. Third, design evaluation indices of environment, space, cognition, usability, economic feasibility and aesthetics
are indices that must be taken into consideration for product design, while learning, safety, motility and durability
are factors that must be given special consideration for rehabilitation medical instrument design evaluation indices.
Fourth, if existing product design evaluation indices placed importance on environment, space, cognition, usability,
economic feasibility and aesthetics of products for design evaluation indices, rehabilitation medical instrument design

evaluation indices placed importance on learning, safety, motility and durability on top of usability and economic

* This work was supported by Ministry of Trade, Industry and Energy Republic of Korea (No. 10048880)
This work was supported by Ministry of Knowledge Economy (QoLT Technology Development, No. 10036494)
T RN ERE (ARUSE AT A3
E-mail: hongjpl@hanmail.net
TEL: 063-270-3758
FAX: 063-270-2237



130 A4 - AT - BHE

feasibility, which are the differences between the design evaluation indices of rehabilitation medical instrument and

other product designs. The 10 rehabilitation medical device design evaluation indices and 44 sub-evaluation items

were carried out in this study. This research is only on the overall rehabilitation medical device design evaluation

indices. In future research, the evaluation indices will be applied in the actual rehabilitation medical design device

through production of prototypes, while making revisions and supplementations where necessary.

Key words: Healthcare Design, Medical Instrument Design, Rehabilitation Device Design, Design Evaluation,
Rehabilitation Device Design Evaluation Index

O Ok
=

7o Skt e}l ] FhE s AEEE e

o5 319 o7t 27 9%, ABEDT A
FARYe] A guolol @ Au|2o] @ B7h 249 277 AAL Yk ¥ ATNAE ATERY] YA B
7ol glotA Bk gere A s Bl BE % e 2 271,

4E shefalal o) Fate] AT B
T

B, UACIUE ol W 24, A8S Batel AZE Bl LAES EEAGT A7 AR B
o] SokRTh A, /1 T Wk LAES FH, BAse] 10714 ABERY) DA HrhR L&) 447l
o A% BAEES FHAGE ol GOE ABEA/E YA dodA FLE B7} /1F0] @ Roluk
SA), A2A0) ABEA] VA AL A Telsior T UA BIEL2EE AGA, AN, FAA, FHA,
SEA, WA, AR, T4, AN, 3449 10700 DA Bk aot ek A, 8744, B0, 944,
AHEA, AR, AP B BrleaE AFUANNN FEHOE Telsiol & LaFolu, &4, o
4, e84, W40 2ot AREAY] 04 HEL A S FLaA Telalcl @ 2aolth A, 4D
7] ORI B AR ABCAAL 2NN FL3 TelHE 844, T4, A4, A, A, )
Aol A, A, 54, AL o 24 Oal 2501 42T Rel 1E AFUAY e zsh AY
FU7] T4 B2kl golgolth ¥ ATNAE 10749] ABEAS] VAl B7rL 20t 44749 AR B
B 7o) U ATE AAsATh o= ANH ABEDY] UAQ B2V AT AOE, FFAT
N A AF ALS Btel BALAES U4 ABEAY] U] Ags B, 1A HES £ B
g a4l

Fr0f: Aol TR, 87 T, ABEAT] T, Tl B ABEDY] T B

1. M E A, DEEF, AEE, PYAIE 59 okl vzt

A B7F 247F sl ol FoAL oy AdE

11. (7 HiE 2 =H d7] Aol A el st grkearh flo] B

A FA oL AA AR YAl F7t7t o] Fo) A A Xt

SEY v A9 F7hel Aol Qe Frkg L Ak EFL AGEFET] AF N A AgAE A

3l ALFA7|e w27t Frbstal A, ALFH =7k dAYe], dately 5o @Yol FoA HIY

719} AFEARZRO] Al gtotol & Aju| o] tigh Bt DA, TE7Ee] B ApoldllA oo FEo] dof

Qe 277 AT Yk AR YukHo R ELE dtt ol d FAME AT de AEEI Y
A e TAR Bk aE AlFel W AR A Al B7rRaxe] Jide] ottt

<3 &4 Tl g dubHl 2kelth F, AE mebr. 2 AFolME AZEE7] TRl Bt

58 AF hd HAQd F7F 245 7S AF helA H7E ks EAEhr] gla) vAl Hrke 9

e aez HIshrlde Ferh Aok A 7H g 718 24E Fopstal olE kel ABRAE



o] AHEERT] DAt Wit 2

2. C|Xjol WoteA

geael ABFA/NE AUty FLES o 2.1. MZC|xI0l Wil A
g 54 vk
211, MAAFAS| HEZF CIAI Bitea
1.2, 41 He 3 dhgY AWtz o g Hrte= AbEe] 7Y £ w3
AT W/l W Hrles wol7h Fi ojme
BoaE 920 AREA G4 WA g pusse, $540 A0y @ 4 Ao 48
Ae] BRATE o A e g A =2 ﬁé(zooo)% AF AFUAANA ok AF o
A=g At A HA dAZ AgdFA7] gzt sl = mo A7 I EAHI FHL o))
9 82 NES S5t AA ATE UAQ BALE s Bald] AF] AT Y= NS AES AF
5S¢ AF U Brhea £3571F U HAL o) s BekS yYE Aoley B oY Bt
&, 71T YA Frkea, e UARl F7k A = dolo] 54 wEe] B AFAEe] AFE 84
2 PR £PSIL olF Bl ABEAN B o B AFo] 22N GE=I 4% A TR
H2AE L Sk B BAE ol ME Y gz PRWL Bae] Yoo ANt Aok F
AE PHES EFIFL ol 2ol AEFHIE 22 o} (Bruce Archer, 1974), $-E=<5(Woodson,
= wAskATh B AGX 5l A 7MY Wel AHES 1981), ©E - (Dobulin, 1985), #$-41(1997), THF
= HEZAQ 30 AETAVE AEE Hol A (1998), #°1€(1998), -8 (1999), A7 L(1999), =
o Z AT}, A&gAL, oFeta), txtelye] A W S4(2000), W 5(2001), H-2>4(2002), A-&41(2012)
4B ARE B AW A ABERY O 53 pe arAEel Bt 278 ¥ Ua
W78 AE AR, 7HAAFE +F, 57171 &, Al ol 7t N1FE LAE AA S Tt
FEA7) 29 UAe Hrheas AUS Bafel v
oL B 7heATh Table 2. Product Design Evaluation Index
o | WB. | HJ | IH |Y.C[GW|EJL[MS|EK[Y.S
gy |t Ui Hwang |Hwang| Choi | Kim |Chung | Hong | Kim | Kim | Kim
Table 1. Research Process —
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. - Exercise Equipment Design Evaluation Index
Literature ) e . . . Formativeness @) @)
investicafi Rehabilitation Equipment Design Evaluation
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- Other Design Evaluation Indexes Symbolism O O ololo
Marketabilty O o)
Development of , 5
Rehabilitation * Collection and Analysis of Design Indexes P
Medical Instrument | - Rehabilitation Medical Instrument Design Friendliness O
Design Evaluation Evaluation Index Development Economic o0
Index Creative | O O
—— - - Reliable @)
Rehabilitation - Rehabilitation Treatment Analysis according
Medical Instrument | to Disabilities Sy | O
Design Evaluation | - Rehabilitation Medical Instrument Design Durability O
Index Analysis Evaluation Index Analysis Results Satisfaction 0
Production O
- Household ~ Appli G T tati
Comparative Test Ous.e 0 ppiatice mu.p o anspo .On Suitability O
. Equipment Group, Rehabilitation Medical
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Evaluation Index Instrument Group Sensitivity O
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Table 3. Evaluation Standards of Global Good Design Selection

Programs
Good Design .
Selection Program i nIices
Product concept's design innovation, advantages of

manufacturing, effective use of materials and resources,

British excellent exterior, human engineering characteristics,
Desien Award inclusion of user manual, ease of use and maintenance,
gn excellent performance and sufficient reliability proven
through user reports, excellent commercial performance,

price
Us Innovation of design concept, appropriate materials and
o - economic production process, usefulness, benefits to
Industrial Design li - h i ial
Excellence clients, exterior that appeals to consumers, social
influence  (responsibilities ~ for  universal  design

Awards ;

environments)

Ttaly Appeal of exterior, aesthetics, creativity, innovation, new

Compasso d'Oro

materials, use of appropriate materials, suitability to
production, benefits of manufacturing, social suggestion

Sweden
Utmarkt
Svensk Form

Design, technology, function, quality

Finland . . . . . .
- . High quality and innovative thinking in product
Pro leggn?emgn development, manufacturing and design
Norway New ideas, economic feasibility by selecting superior
Good Design materials, functionality for users, quality reflected in
Award product and aesthetic harmony
Japan

Selection of Good
Design Products

Exterior, functions, quality, safety, others (manufacturing
method and price), mass production, feasible price

Taiwan
Good Design
Products Selection

Creativity, functionality, practicality, economic feasibility,
quality, exterior, marketability

Korea
Good Design
Products Selection

Exterior, function, safety, quality, economic feasibility,
interaction, material, form, integrated design, quality,
innovation, realistic p0551b111ty, environment-friendliness,
aesthetics,  universal  design, new technology,
marketability, practicality, expression, creativity

PIN Iégrig esign Product .innovation, humap—fn‘end}in@ss, aesthetic
Awards harmony, improvement of quality, sociability of values
Usefulness in life, environmental protection, usefulness,

safety, durability, human engineering consideration,

Germany creativity, harmony with surrounding environment,

IF Designpreis

resource conservation and recycling, use, visualization of
functions, high quality design, sensual and intellectual
stimulation, etc

Germany
Design Plus

Creativity of design concept, functionality, manipulation,
safety,  durability,  continuity,  consideration  of
environment, harmony of design and functions
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D Germany Innovation of design, functionality, human engineering
esign Innovation - : . = .
consideration, ecological consideration
(Red Dot)
Singapore
Singapore design | Innovation, productivity, marketability
Award
Netherlands Consideration of environmental aspect, functionality,
Good Industrial | safety, durability, human engineering consideration,
Design Award | exterior, uniqueness
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Table 4. Design Index of Exercise Equipment

Design
Evaluation
Index

Definition

- Increased functions
seats
- Two-sided accessibility

of exercise equipment
Accessibility

- Prevent injuries due to loss of upper-body

Safety balance
- Safety of center of gravity of product
- Consideration of physical characteristics of
Manipulability users
- Direct and easy to understand interface
e - Increased exercise efficiency
Motility - Motivate to enhance motility
Economic - Self-based method not requiring outside power
Feasibility - Usability by various users
Aesthetics - Flexible and refined design
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Table 5. Considerations Proposed in KS C 6532

The control part of the product should be easy to see in
the actual usage environment and should be easily
identifiable.

Convenience of
Indication

Terms used for control indication marked for detailed
Convenience of | instructions such as each part of the product control part,

Terms movements, etc should be easy for the user to
understand.
Location of The spatial arrangement of the control part should be

Control Part easy to manipulate by the user.

Amangement of | Arrangement of manipulation factors should be in a way

Manipulation | that it is easy to find the necessary parts in the control
Factors part for the user

Mani 9 Direction of rotation of handle or operation direction of
Dhg:llizt:non switches should in a way that the user can naturally

know and be suitable to the movement

In order to enhance manipulability of design of
household appliances, the following must be taken into
consideration.

(D Easy to install and connect.

(@ Easy to store

(3 Easy to open and close doors and caps

@) Easy to carry

(® Easy to handle

Other Precautions
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Table 6. Jakob Nielson of usability evaluation

*How quickly and easily can a user who did not experience the

UI learn it?
Leamab | -Rather than simply measuring the time it takes to become
ility completely familiarized with the system UI, the time it takes

to become familiar with the system to complete the task
desired by the user is measured.

*How quickly does a trained person who experienced the
Efficien system complete the task?

cy -Is it an efficient system where experienced users can carry out
more advanced work than beginners?

-How easy is it for a user who has experience using the system
Memor but is not completely familiar with it, or a user who has not
ability used the system for a long period of time to remember how to
use the system?

-How often do errors occur while using the system and are the

or errors easily resolved?
Sa&l(flflac +What is the subjective level of satisfaction felt by the user?

Buttons and handles that the user manipulates shall be
easy for the user to understand how to use and it should
be appropriate to the physical characters during
operation, and the targeted manipulation shall be easy.

Convenience for
Use of Buttons
and Handles

(1) When the user approaches the product, the functions
. of the product should be easily understood.
Conv&n;;ce ot @ Complex function manipulation orders shall be
simplified as much as possible and it should be set so
that the user can easily identify the overall control.

Appropriate
Feedback

The user should be able to clearly check the results of
manipulation to go on to the next manipulation.

Convenience of | Method for conveying information to notify feedback of
Manipulation control and product status, and the visual tools and
Noise sound features should be used for easy recognition.

Enoneous Control
Response and
Prevention

The user does not always control accurately so it should
be designed to prevent erroneous control.
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Table 7. Investigation Method using KJ Method Table 9. Design evaluation index grouping via KJ rule
Target of | 10 design majors, 10 rehabilitation treatment experts, 10 Mark etability Price, Reasonable price
Survey medical engineers —[
e . . . . . . . Mark etabiliy, Commercialness
Survey Rehabilitation medical instrument design index analysis using
Method the KJ method
Productivity —[ Productivity, Economic production process, Mass productiory
- = - _ - Production feasibility ,Advantages in manufacturing,
FZ3 71Y9EES vlgo® KIHE &3 I8 Manufacturabiliy, Practicality, Manifestability
o) =) (P
j’]'xé'ﬁ' %o]'oq 377H 9] @%_Q_E 14'? T 9)\9}\1 377H -— Usability —— Convenience of use, Convenience of use, Convenience
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;S I1;_1'_ = T:"}\] 1‘15’% O]'oq 7g Zﬂ Aé s /\}_g_/\é s 1:|~| D] /%] ) O lahili Control direction, Fle xibility of control elements,
N [~ Manip ulabilit Arrangement of control elements, Position of control element
AAA, 54, A, 34, &84, 5L, I
-1 = = e < Functionality —— Functionality, Function
A, A&, A, A, A, 2eA, g
o) = = 5 -
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Plasticity Plasticity, E x pression
sol ARERY] UAAL Hriae 1FEo2 BE
- X Learning, Ease of memory, Understanding of procedures,
o) -
?:E']: '}l: 9)\11:;_ %‘E’ ?_%9}\]:]' l Learning Convenience of order
. | | Cognition, Clarity of indication, Convenience of indications,
Cognition Convenience of control soundsAp p rop riate feedback
Table 8. Design Index Keywords
g yW g || Response/ prevention of mis-contrd, Superior materials,
afety : i
Use of ap p rop riate materials
Selection of Design Keywords
- Space [— Space Accessibility
Functionality Reliability Environment-fri Use of
Convenience Safety endly . i
e B . appropriate Motility
Plasticity Durability Ergonomics .
. . . . materials
Aesthetics Satisfaction Sturdiness . N
e o . Production Physical
Marketability Manufacturabilit | Commercialness s suitability
. ) . feasibility
Goal-orientation y Innovation R
. . S . Function
Friendliness Suitability Economic Quality - Uniformity F—— Uniformity, Consistency
Economic Emotion production
s . Purposefulness
feasibility Design process . Goal
. . Innovative et
Uniqueness Innovation Usefulness thinkin -orientation
Manifestability Advantages in Beneficial Art J
Harmony with manufacturing Responsibility Price Clarity
environment Environmental-f | to environment ..
o . . Creativity
Accessibility riendliness Appeal Universal o
Manipulability Recycling Identity . Suitability
o . . design
Motility Physical Position of .
o o Convenience of
Flexibility suitability control part order Innovation — Innovation, Innovative thin king, Design Innovation
Cognit'io'n Satisfacfion Arrangement of Appropriate
Productivity Symbolism control elements feedback o N ]
Conservation of Usability Control Convenience of burability == Durabilit, Sturdiness
resources Convenience of direction
. A . control sounds )
Clarity of indications Convenience of Usefulness — Usefulness, Beneficial
s . Response/preve
indication Superior use ntion of
Usefulness of materials Mass production . . . .
. . . mis-control Uniqueness —— Uniqueness, ldentity
touch Functionality Reasonable price Space
Learning Aesthetic Practicality Cl p £
Clarity harmony Interaction . apty' N - Creativity —— Creativity, Creativity
. . . indication
Consistency Expression Convenience of
. Usefulness of r Y 5 R o
Ease of Creativity use Environment | |  Environment-friendy, Environment-friendliness,
memory Efficiency Understanding COHZOI t‘;le:.nems -friendly Harmony w ith environment, Res ponsibility to environment
. ! . esthetic
Uniformity composition of procedures Conciriation & : -
of Resources nservation of resources, \ecyciing
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Symbolism

Efficiency

Friendliness

Table 10. Rehabilitation Device Design Evaluation Index
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Table 11. Experience Test of Rehabilitation Products

Investigatio | Chonbuk National University health care center, Seongnam
n Location | Senior Experience Complex

Investigatio | 10 design majors, 10 rehabilitation treatment experts, 10
n Subject medical engineers

Investigatio | After experiencing product, association rule exploration
n Method methodS)

Table 12. Experience Test Results of Rehabilitation Products

Index Definition

Rehabilitation System Evaluation Results

Design that can be used by any rehabilitation patient regardless

Usability of gender, age, stature and physical conditions
Cognition Design in which the rehabilitation patient can easily identify
en information needed for the rehabilitation medical instrument
Safe Design that minimizes potential risk when rehabilitation patient
24 uses the rehabilitation medical instrument
Design where rehabilitation patient can intuitively use the
Learning | rehabilitation medical instrument and easily learn how to carry
out the rehabilitation treatment
Motilit Efficient design with exercise effects when the rehabilitation
y patient uses the rehabilitation medical instrument
Design that is easy to maintain and manage when the
Durability | rehabilitation patient uses the rehabilitation medical instrument
in various conditions
Economic | Design with economic feasibility and marketability for the

Feasibility | rehabilitation medical instrument

*Product form is inappropriate for

use by elderly or disabled.

- Size too small when using product.
+The form and structure of most

products for the elderly are
complex.

- Difficult to control the material of

the products being used.

- Height and length adjustment of

products for the elderly and
disabled are difficult.

- Unfriendly and repulsive in terms

of form and structure.

Product form, color and materials

lack user friendliness.

- Inconvenient to use wheelchair and

some products.

- Difficult to adjust control box and

posture is unstable.

+Control and LCD is difficult and

complicated to control.

-Joints on products are exposed,

thus being a risk.

‘Icons on control box are

unfamiliar.

- Difficult to adjust angle and move

product.

- Instructions in manual are difficult

and complex.

-LCD is to small or is hard to

understand on most products.

+When using or getting on or off

the product, posture is unstable
and is difficult to use.

- When controlling, the handle is

slippery and there is risk of fall.

-Some products are boring and

difficult to use.

+Some products are unstable as

they are used while lying down.

-Difficult to adjust and control

when using without an assistant.

- Exhausting and difficult when

moving.

+Many products are repulsive in its

formative aspect.

-When using products, space is

limited and boring.

-Difficult to use for those with

more physical disabilities.

- Some parts protrude out making it

inconvenient to use.

Design with easy installation and connection of rehabilitation

Space medical instruments
Design that does not have any resistance against the color or
Aesthetics | form of the rehabilitation medical instrument and that is
friendly and comfortable to rehabilitation patients
Design that considers the natural environment during use and
Environm | disposal by using materials that are not harmful to the body
ental when the rehabilitation patient uses the rehabilitation

instruments
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Table 13. 10 Evaluation Indices and 44 Sub-evaluation
Items of Rehabilitation Device Designs

Usability: Design that can be used by any rehabilitation patient for
rehabilitation treatment instruments regardless of gender, age, stature or
physical abilities

1 Can be used by anybody regardless of the stature or physical ability
of the rehabilitation patient.

5) The association rule exploration method measures the
association level between products and users to find elements
with high association, which are then grouped as a data

mining method.
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Has various ways to use (how to grab, hold and control) that the
user can choose from.

3 | No motion or control requiring precision so there is no burden in use.

4 Anyone can use at their appropriate pace (speed or performance).

5 Does not cause problems to the living environment (temperature,
humidity, leaks, bright or darkness, noise, etc) during use.

6 Usage, appearance, structure, etc does not confuse user and is not
complex that might confuse the user.

7 How to use can be intuitively known by various users so mistakes
are not made.

8 Does not cause excessive physical load and can be used with little
force.

g | Unnecessary movements or repeated movements are not required
during use.

10 When the user uses a supplementary device or assistant, there is
enough space to use the product.

Cognition: Design in which the rehabilitation patient can perceive necessary
information of the rehabilitation medical instrument easily

1n Illustrations, tables, images, lights, signals, sound or vibration are
used to convey information.

It is set so that information needed by the rehabilitation patient can
be conveyed clearly to the user.

13 | Information needed by user is arranged well and is easy to know.

It is possible to distinguish important parts such as the control
14 | indicator and operation parts and it can be easily explained to third
persons as well.

15 It is easy to use in environments with visual or hearing disabilities
such as glasses, hearing aids or sign language.

Safety: Design that minimizes possibilities of risk when the rehabilitation
patient uses the rehabilitation medical instrument

16 Parts or switches needed for production structure or composition
shall be considerate of safety accidents.

17 | Control parts are be separated from risk factors for use.

1g | Itis set so that dangers or control mistakes are not made to prevent
accidents.

19 Has two or more ways to convey messages such as noise and lights
in preparation of unexpected situations.

20 Set so that in the event of mistakes or accidents, there is no
damage to the user or surrounding environment.

2 Consideration given so that even if there is mistakes during control,
the problem can be resolved.

2 Pursues safety in order to predict situations that may occur during
use.

23 | Does not use materials harmful to the body.

Leaming: Design for rehabilitation patients to easily leam how to carry out
rehabilitation treatment by knowing how to use the rehabilitation medical
instrument

Easy to learn to carry out rehabilitation treatment by understanding
24 | how to use or its functions regardless of the user's language,
knowledge or comprehension abilities.

Easy to understand to learn to carry out rehabilitation treatment as
25 | the order or feedback in the course of operating does not cause
confusion.

It is easy to learn and remember for users when having to enter
26 | many numbers by the rehabilitation patient such as timer reservation
and course settings.

Motility: Design with efficient exercise effects when the rehabilitation
patient uses the rehabilitation medical instrument

27 | Effects of exercise of rehabilitation treatment are effective.

28 | System that motivates to enhance motility of rehabilitation

‘ treatment.

Durability: Design that is easy to maintain and manage when the
rehabilitation patient uses it in various conditions

29 Prolonged use in various conditions does not cause malfunctions or
problems and can be used safely.

30 Security, inspection and repair is easy during use, including repairs,
parts exchange and purchasing consumable parts.

31 | When spoiled, it is easy to remove the spoils.

Economic Feasibility: Designs in which rehabilitation medical instruments
are economically feasible and have marketability

32 Product price and expenses are appropriate for its performance and
quality.

33 Pursues optimization and reduction of manufacturing expenses and
strives to lower product price as much as possible.

34 | Considerations are made so that there are no running costs such as
power consumption or purchasing consumable parts during use.

Space: Design of size that is easy to install and connect the rehabilitation
medical instrument

35 Reflects appropriate size for use, portability and storage, and has
convenience of storage.

Aesthetics: Designs in which the rehabilitation medical instrument has no
repulsiveness for color form and has a friendly and pleasant beauty for
rehabilitation patients

36 No repulsiveness against the color, form or impression of the
product and has a friendly and pleasant beauty to many users.

37 | Has both practicality and functionality, as well as beautility.

38 | Texture and appeal of materials are maximized in the product.

39 Product is applied to all five senses of the user to give a pleasant
feeling to the user.

Environmental: Design that uses materials not harmful to the body and
considers the natural environment when using or discarding the
rehabilitation equipment by the rehabilitation patient

40 Consideration taken so that there is no hygienic issues during use
and discarding of product and can be used cleanly.

41 Uses recycled and reused materials as much as possible in the main
unit and parts of the product.

42 | Product does not waste resources or energy during use.

43 | No possibility of environmental destruction during use.

44 | Does not use materials harmful to the natural environment.
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Table 14. Rehabilitation Treatment and Rehabilitation
Medical Instrument Survey Method

q Rehabilitation -
_Clajsnf‘Catego Sub-category Treatment Rehabllllguon "ll“]rteatment
v Method (s
Upp N Pain control
er Finger treatment X
Lim IPain treatment,|
b rehabilitation
Amp Wiist or with prosthetic )
utati| oo hand, daily life Prosthetic hand
on g activity
Disa movement
bility exercise
IPain treatment,|
Amputation|  walking
Amp of ankle or| training
tation| Low| lower wearing
er prosthetic leg
Lim IPain treatment,|
Amputation|  walking
Amp| of knee or| training Prosthetic leg
utati|  lower wearing
on prosthetic leg
Di§a Pain treatment,
fility Amputation g:llﬁ::;g
above knee weariné
prosthetic leg
Upp|Finger joint }‘]fga)?rs‘ltvz,x;(‘::tilsvee )
er —TPassive, active Arm Skate, Rotary Wrist
Lim| Wrist joint foint exercise Machine, Figure-8 Board
b —[Passive, active System, Graded ROM Arc,
Joint Elbow joint ioint exercise Shoulder Wheel, Shoulder
_|Disa Shoulder |Passive, active Abduction Ladder
Joint pilit joint joint exercise
Disab : :
n . . |Passive, active
ility {Low|Ankle joint[.">> "™ <~
. joint exercise
th}lllsw Lfi::n Knee joint Passive, active
IDisabil b J0INE_ExeTeise Knee CPM
N L L Passwe, active
ity Joint| Hip joint ¢
Disa 1;om exerctlse
. o ... [Passive, active
Physic bility|Spinal joint foint exercise
a iy Finger grip, upper bod
Functi Fi training, daily ger grip, upp y
on inger life activity bicycle, velcro hand
Disabil function motion resistance equipment, cant
ity Upp exercise board, Power-Web
er Muscular Exercisers, Over He:{d
L{’m Elbow or |training, daily Pullegfﬁffl?un_rl‘t;}:il]l_siérgelght
Fung ﬁ}ﬁzie(gn hf?nﬁgt(l)‘rl‘lty Horizontal Bolt Board,
tion exercise Graded Pinch Exerciser,
Disa Muscular 25-Hole Pegboard with
pility Shoulder or|training, daily Cocnzlsoridaspegé Sg:]la?g i
. lower life activity g Yy Lrp 24
Physi fun Built-Up Handles,
ction motion : .
cal exercise Manipulation Board
Funct
h Muscular
ion Ankle or o
- training,
Disab) lower il
e : walking
ility function exercise
Low Muscular
er Klnee or training, L . hi
Lim| lower walking eg extension machine,
b function exercise Leg press machine, NK
Fund - Muscular _table, Q-Board, seated
& Hip or ) bicycle, parallel bars, stair
ion training,
. lower . walker, Bobath table
Disa function walking
bility| exercise
Muscular
Spinal training,
function walking
exercise
. Pattern Blocks & Boards,
Cognitive Disability tcrggtrll Tlltg]‘: Bead Sequencing Set,
Beads and Pattern Cards
- S, Swallowing Electric stimulation
ﬁgram Swallowing Disability treatment treatment
esion
Disabil Prism glasses
ity treatment,
Time/Space Cognitive | audio/video X
Disability stimulation
treatment,
visual

Limb paralysis

Passive and
active joint
exercise,
muscular
strength
exercise, daily
life activity
exercise,
walking
treatment

Left-side
hemiplegia

Passive and
active joint
exercise,
muscular
strength
exercise, daily
life activity
exercise,
walking
treatment

Arm Skate, Rotary Wrist
Machine, Figure-8 Board
System, Graded ROM Arc,
Shoulder Wheel ,Shoulder
Abduction Ladder, Leg
extension machine, Leg

Right-side

[Paralysis hemiplegia

Passive and
active joint
exercise,
muscular
strength
exercise, daily
life activity
exercise,
walking
treatment

press machine, NK table,
Q-Board, Power-Web
Exercisers, Over Head

Pulley, Dumbbells, Weight|

cuffs, Two-Tiered

Horizontal Bolt Board,
Graded Pinch Exerciser,
25-Hole Pegboard with
Colored Pegs, Stacking

(Cones, Easy Grip Cutlery -

Paralysis

Passive and
active joint
exercise,
muscular
strength
exercise, daily
life activity
exercise,
walking
treatment

Built-Up Handles,
Manipulation Board, Finger|
grip, Velcro hand
resistance equipment, can
board, seated bicycle,
treadmill, parallel bars,
stair walker, Bobath table

Lower limb
paralysis

Passive and
active joint
exercise,
muscular
strength
exercise, daily
life activity
exercise,
walking
treatment

Sensory function
disability

Sensory
stimulation
treatment

Feel ball, Fine Motor
Exercise Kit

Balance disability

Balancet
treatment

Exercise ball, balance
board

Urination/feces
disability

IDrug treatment

X

Facial

(Central nerve disability|

[Facial exercise,
electric
stimulation
treatment

X

Disabil
ity

Peripheral nerve
disability

[Facial exercise,|
electric
stimulation
treatment, drug|
treatment

Internal

Heart
Disabil
ity

Heart
rehabilitation
treatment (only|
at few large

hospitals)

Organ
Disabil
ity

Respir
atory
IDisabil
ity

Respiratory
rehabilitation
treatment (only|
at few large
hospitals)
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Table 15. Rehabilitation Medical Instrument Design
Evaluation Index Survey Method

33 rehabilitation treatment experts such as rehabilitation
Survey medicine doctors, specialists and work therapists, 20
Target designers and 20 medical engineers, 00 rehabilitation
treatment patients (See Table 27)

Rehabilitation medical instrument design evaluation index (7
point scale) survey and design preference through interviews
and questionnaires

Survey
Method

Table 16. Number of persons who took questionnaire
according to the 11 product groups
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Table 17. (Top) Product groups with high design preference
(Bottom) Product groups with low design preference

Economlc Space AexstheticsFﬂv.l.mmne
feasibility nt-friendly
20| 612 | S04 | 620 | 672 | 628 | 628 | 529 | 525 | 616 | 54
6 | 619 | 529 | 602 | 621 | 631 | 627 | 537 | 581 | 621 | 527
§ | 617 | 607 | 623 | 672 | 639 | 602 | 497 | 556 | 623 | 587
121603 | 502 | 601 | 653 | 607 | 689 | 548 | 391 | 619 | 527
14619 | 509 | 623 | 661 | 631 | 604 | 519 | 559 | 628 | 578
191619 [ 509 | 629 | 637 | 661 | 627 | 573 | 576 | 612 | 54
20 | 611 | 632 | 616 | 621 | 649 | 601 | 505 | 548 | 617 | 512

26 | 608 | 521 | 672 | 627 | 625 | 609 | 521 | 569 | 627 | 503

No. [UsabilityCognition] Safety [Learing| Motility [Durability

N oroduct Goo S Medical | poe 71617 | 550|651 | 643 | 628 | 605 | 504 | 529 | 614 | 527
0. uc! U esigners . enl
P r BT | Engineers B 1620 | 5T | 628 | 629 | 641 | 625 | 528 | 57 | 620 | sl
1 | Upper limb active-passive | 33 20 20 15 29 | 619 | 518 | 615 | 631 | 638 | 639 | 519 | 587 | 613 | 527
_]omt exercise
oo T oo ) 30 | 611 | 58 | 651 | 638 | 661 | 646 | 515 | 539 | 611 | 530
OWer I1mb active-passive
2 joint exercise 33 20 20 18 30627 |50 | 639 | 640 | 630 | 625 | 531 | 80 | 615 | 507
Upper limb muscle 30620 | 53| 627 | 669 | 633 | 625 | 541 | 529 | 618 | 59
3 X > 33 20 20 15
steengthening training %610 | 571 | 619 | 648 | 647 | 630 | 528 | 536 | 611 | 570
L limb 1
A e 33 20 20 18 371610 | 547 | 640 | 630 | 670 | 651 | 531 | 57 | 610 | 580
: Total | 615 | 547 | 629 | 645 | 639 | 627 | 527 | 547 | 617 | 539
5 Walking treatment 33 20 20 12
| 440 | 289 633 | 524 | 571 | 630 | 338 | 350 | 471 | 302
C 1
6| I et |33 20 20 9 3140 [ 2o |57 | s [ sas | s |39 | 4w |4 | 3
7 |Sensory stimulation treatment 33 20 20 16 4 398 | 308 | 590 | 541 | 546 508 341 291 479 3N
— : S| 498 | 300 | 648 | 537 | 539 | S0 | 337 | 326 | 451 | 3
3 Upper limb daily exercise 33 20 20 1
motion exercise 71490 | 309 | 591 | 526 | 598 | 497 | 370 | 348 | 407 | 37
9 Balance exercise 33 20 20 13 9 | 374 | 300 | 581 | SIS |52 ST 383 38 | 47 | 312
10| Cognitive treatment 33 20 20 7 10| 408 | 318 [ 637 562 | 510 | 481 | 360 | 397 | 458 | 351
11 |Swallowing disorder treatment| 33 20 20 2 L 421 298 | 569 64T 547 4% 3 3% 41 319
ik

409 | 298 | SO0 | 5A8 | 545 | 527 | 359 | 341 | 491 | 342
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15| 478 | 352 | 536 | 527 | 583 | 538 | 327 | 294 | 494 | 37
16| 454 | 319 | 574 | 521 | 549 | 631 | 39% | 281 | 407 | 38
17| 470 | 361 | 547 | 561 | 575 | 631 | 38 | 219 | 49 | 331
18 | 440 | 338 | 545 | 569 | 539 | 561 | 369 | 28 | 417 | 325
2| 4S8 | 387 | 597 | 58T [6A2 | 556 | 397 | 298 | 471 | 36
2| 414 | 257 | 591 | 570 | 574 | 576 | 359 | 271 | 489 | 33l
3| 487 | 291 | S6L | 527 | 549 | 549 | 319 | 241 | 464 | 326
40| 494 | 309 | 58 | 588 | 640 | 541 | 388 | 270 | 498 | 319
25 | 481 | 327 | 523 | 569 | 570 | 569 | 371 | 285 | 427 | 35
32| 459 | 377 | 527 | 64T | 538 | S31 | 327 | 302 | 472 | 309
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Figure 2. 20 Dehumidifier Samples
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33 420 | 304 | S| S2T | ST ST | 3T | 358 | 427 | 34l
34| 427 | 317 | 58T | 551 | 540 | 589 | 329 | 349 | 430 | 363
38 | AM | 303 | SST | STU | S9T | ST0 | 38 | 391 | 481 | 34
Total | 445 | 3.17 | 578 | 554 | 563 | 554 | 362 | 323 | 457 | 3%

Table 172] TIx}¢l A S w7} e A F o] 1H A
F9 - 633, 5 AF P 6.48, 100 AF
o] bHAd 637, 11W AF stF74 647, 16¥ AF
o] W4 631, 179 AFS W4 637, 219 AF
&5 642, 2491 AF] 54 640, 329 AF
54 6479 S HARIS MEE7F =& Al
B8 A FEG o =4 Ut AEE
L%*é, =54, WA 847 T8

2 HAel Tt @2 AF T

HE
a7t B A9 e ACE AgE

o fo
o

éré&fili

ro P o

o N

! l~>‘ rir j&
lo, F-rz

kO ﬂ{t{ 9_1.,

>
o
N
~
O

423 MEE27| IRl Wites 24 H
387 AFEAYNE YA ATE7} 4395 7]
AEZH FE AFTS BRI 1079
Al H7b 845 B4 A3 Asert

+ Z0] 10719 tiAFel Hr} 2 4oA] TR
At wEba] AR, AN, ekAA,

A, WA, AR, B0, AEA
7L

N
o
il

Hir

Mo =
2] om rulo o N rlo
2
e

FE
o o e

M
e HE

)y
o

-

2
rlot

o

oX,

(e}

—

(e}

Y

-

97 U4 57

5 C|AICl WIleA Hlm AS

51. ME MA
THAAEZCZE 20133 IS 19 &P EA
A&7 =9 2097HA] AFS AEE AASFA

etecman

il

:m-

Figure 3. 20 Sedan Samples
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Figure 4. 20 Rehabilitation Medical Instrument Samples
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Table 18. Design Evaluation Index Test according to
Product Group

Survey 15 design majors, 15 rehabilitation therapy experts, 15
Target biomedical engineers
&T&’S& Individual interviews and questionnaires

Design evaluation index survey using 7 point scale on
Survey household  appliances  (dehumidifiers),  transportation
Contents equipment (sedans), rehabilitation medical instruments
(cycle-type lower body muscular exercise equipment)

ARl Ak 159, AEAE A&7t 159, 958
2 159 0] 7FAAE] 20708 AF7] AZ, 57
71ie] 200h €] SE&AF AE, ALEFA7I2e] 20TH 9
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R, AR, B, SEA, B4, BEA4, 284,
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[e]



140 Z=x{A+- HHT - EXME

L Table 199 7t}

Table 19. Average Value of Design Evaluation Indices
according to Product Groups

Design Evaluation X;;fiil:;:g TIEnsPortaﬁon Rehablll':mluor:exedwal
Index (Dehumidif quipment (Lower Body Mu.scular
jers) (Sedan) Stm];gt!l EXE:’CISQ
quipment)

Economic feasibility 6.37 6.51 6.41
Usability 6.28 6.37 6.17
Aesthetics 6.53 6.57 6.48
Cognition 6.06 6.17 6.12
Learning 221 2.10 6.73
Safety 3.15 4.18 6.92
Space 6.38 6.43 6.27
Motility 1.39 1.46 6.73
Uniformity 4.23 4.63 4.76
Purposefulness 4.58 428 445
Practicality 6.28 6.42 427
Symbolism 3.17 3.31 3.19
Friendliness 3.14 4.10 3.38
Satisfaction 6.18 6.21 4.27
Efficiency 6.22 6.48 4.19
Innovation 6.20 5.15 349
Durability 425 451 6.78
Usefulness 6.07 6.25 327
Uniqueness 6.14 4.63 4.05
Creativity 433 4.58 4.11
Environment-friendly 6.04 6.18 6.10

5.3. C|Xjel WA AlE

Table 20. Design Evaluation Index Test

Survey 15 design majors, 15 rehabilitation therapy experts, 15
Target biomedical engineers

Survey

Method Individual interviews

Homogeneity analysis according to free grouping of the 21
design evaluation indices (Economic feasibility, Usability,
Survey Aesthetics, Cognition, Learning, Safety, Space, Motility,
Contents Uniformity, Purposefulness, Practicality, Symbolism,
Friendliness, Satisfaction, Efficiency, Innovation, Durability,
Usefulness, Uniqueness, Creativity, Environment-friendly)

gxziel A 159, A5 AE 159

A 1590] N8 Qe HE Fotel YA BrhRAk 21
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shA, A, &84, 844, A, f84, 5384,
x4, 37429)8 /AL 28] FEES 53 dolH
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Figure 5. 21 Design Evaluation Indices Homogeneity
Analysis Results
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Figure 6. Test Results

Table 21. Design Evaluation Indices Comparisons for
Household Appliance, Transportation
Equipment and Rehabilitation Medical
Instrument Groups

Common Design Individual Design
EIOHICHGIDIDS Evaluation Indices Evaluation Indices
Efficiency, Usefulness,
Kouffa};l%g Practicality,
ppliances Satisfaction, Innovation,
(Dehumidifiers) Uniqueness

Transportation
Equipment (Sedans)

Environment-friendly,
Space, Cognition,

Usability, Economic
feasibility, Aesthetics

Efficiency, Usefulness,
Practicality, Satisfaction

Rehabilitation
Medical Instrument
Groups (Cycle-type
lower body muscular
strength exercise
equipment)

Learning, Safety,
Motility, Durability
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