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Reverse (R)

Quiality Attributes (Berger et al,, 1993)

F o] a3t AR AF 7HsAS ATk

KANO 292 A& Z AH| 2o thgk &n#}
a7z AAHR FF5 A=) FHHRA W=
E9] 45 Aol FEFE ol 6714 FHLAE
A7} YeERdtH(Ko, 2014). KANO =& T
I ERkSolgte oA SHA AF a7
T 5otk ARE SAS A g
A md=, g72dd g 55 Az net

1A BEEe 9P MAE 1A 8TEHS

N

Eﬂ%ﬂ
7 AA4L 53 iﬂlx} LFEAS 4 F4
2 BFstoen g AEY £48 gots

, AIF 718 @A A Fske] tFofof

He

o P

131

4 fo
%



AsE oClZ 77| LS f/st KANO-QFD 22! FMoh Al 7|gt ERa2| 77| ZACE

(Table 1) Six Quality Attributes of KANO model,

Quality Attributes

Description

Attractive Quality
great satisfaction.

When the consumer requirements are not met, the customer does not feel dissatisfied for
this reason, but when they are met, it means a consumer requirement that results in very

Indifferent Quality

Consumers feel irrelevant to quality factors. This means that there is no difference in
quality between satisfaction and dissatisfaction with consumer requirements.

Must-Be Quality

Even if the consumer requirements are completely met, they cannot satisfy customers due
to this, but if they become insufficient, it means a consumer requirement that must exist
as a condition that causes great dissatisfaction.

It is a structure in which satisfaction of consumer requirements linearly increases customer
One-Dimensional Quality | satisfaction. In other words, it refers to a consumer requirement that is satisfied when
satisfied and dissatisfied when not satisfied.

Reverse Quality

When satisfied, it means feeling dissatisfied and when not satisfied, feeling satisfied.

Questionable Result

It is a case where the understanding of quality attributes is low and is a quality factor
that deviates from the focus of the study.

& &S F F 7] W A gk Aol
S0 Fth Aol gld wgs Fdaav) B
2 A ue] vES o]l 4 L AF
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g FHa o BTt 49y FHaAh
O F93 FAHAQAME AT 237
A A E o]l oA & ke He Tl oF
g}

2.3. QFD (Quality Function Deployment)

QFD(Quality Function Deployment: QFD =2)
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1. Extract Consumer Requirements.

Classification of
Consumer Requirements
categories

Focus Group | _
Interview

l

l

3. Classify KANO quality characteristics of
consumer requirements.

i{

Classification of KANO quality
characteristics of consumer requirements
using two-dimensional evaluation table

2. Collect KANO survey data on consumer
requirements.
[ KANQO Survey ]

4. Customer Satisfaction/Dissatisfaction
Coefficient and Relative importance.

Satisfaction/Dissatisfadion Coefficient

Calculate Customer ]
Derive Relative Importance ]

—

!

[
[
[
[

Consumer Requirements

Planning Matrix

Engineering Characteristics

Relationship Matrix

Technical Correlation

\u_ah_u_dh_uh_ah_a/

\[ Technical Matrix

(Figure 2) KANO-QFD Integrated Model
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(Table 2) Example of KANO questionnaire on consumer requirements

1-1. What if the device has a sophisticated design?

@ T like it that way.
Positive question @ It must be that way.
@ 1 am neutral.

@ T can live with it way.
® 1 dislike it that way

1-2. What if the device is not a sophisticated design?

@ T like it that way.
Negative question @ It must be that way.
@ 1 am neutral.

@ T can live with it way.
® 1 dislike it that way

(Table 3) KANO Quality Attribute Two-dimensional Evaluation Table,

Answers to negative questions.
@® @ ©) @ ®
@ Q A A A 0
@ R I I I M
Answers t(.) positive @ R I I I M
questions.
@ R I I I M
® R R R R Q
of ER3ch g AZo|t} <Table 2>3 o] o] FoiX gk 29
oj¥F] & Tl AMA eT7Ede FH8AL
2EAl: £H1A @727 tig KANO A& H 287 T Aok
olgl 3]
A B S ) o $ A KANO REd B vl a7ed
A E7]
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(Figure 3) House of Quality Matrix
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(Table 4) List of consumer requirements for

intelligent hair loss management devices

No Category Consumer Requirements
1 Design Sophisticated design
2 Design Diversity of design(color, material, etc.)
3 Convenience Simple operation methods such as controlling through voice assistant
4 Convenience Portability(size, weight, duration, etc.)
5 Convenience Side effects such as skin trouble
6 Economic Affordable(reasonable) price
7 Treatment Treatment using laser and LED combined light energy
g Diagnosis and Accurate diagnosis of the current hair loss situation
prediction (density, thickness, loss, etc.)
9 Diagnosis and Accurate prediction of future hair loss progress
prediction (short-term within 1 year and mid- to long-term within 5 years)
10 Report The future hair loss and improved future after treatment are realized and viewed on
P a smartphone
11 Report Proposal to prevent and manage hair loss based on the analysis
L Customized care according to the current scalp condition and hair loss progress
12 Customization . . . .
(Adjust the intensity of treatment for each part after scanning)
13 Customization Individual treatment mode options customized based on personal data
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(Table 5) Respondents' personal information, scalp health awareness, and preferred device types

Category Frequency |Percentage(%)
Male 75 57.7
Sex
Female 55 423
Teenage 22 16.9
20s 29 223
Age 30s 22 16.9
40s 25 19.2
50s and older 32 24.6
Very healthy 8 6.2
Healthy 31 23.8
Recognition of Normal 50 185
scalp health
Bad 36 27.7
Very bad 5 38
Helmet-type device 67 51.5
Pref
r.e erred Inspection kit (device) for precise inspection 30 23.1
device type
Smartphone camera for convenient use 33 25.4
Helmet-type device that only treats hair loss 12 9.2
Helmet-type device with hair loss treatment and shooting functions 42 323
Preferre.dde.vice A separate smartphone application for shooting/analyzing interworking 75 577
combination with a helmet-type device for treatment ’
Smartphone application specialized for shooting/analyzing without treatment | 038
function ’

717] 2FORE HE AR
g Hukel 27t 1278(9.2%), &

R AR 75 E9 7ol A dAE 29y
ool 27k 421(323%), “BE| FF/EHE
ZUFEE o5 A58 Uy tulolx9]
B0] 759(57.7%), ‘A= 715 flo] FY/EA o
E3ld AnLEE o] E°0] 15(0.8%)% ALE &=
Ehotes

[3EAl: KANO AE-& 53
KANO £3 84 B

AHIZE 87F 9

1307 )02 <Table 4>l A G 137§
o] An|A} @ 2= g KANO A&9] &
o A3E <Table 3>9] Hrlol gl ols) mjg
A FAA), €94 FH4(0), 394 FEAM), F
A FAO0, 9FER), 394 FEQ 67W
F4 84 F 3R RS, HNES 7=
2 7} 2vA @24 HF 2 2 AKANO
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(Table 6) Classification of the KANO category of consumer requirements according to the

KANO survey
. Kano
Category Consumer Requirements AllT|IM|IO|R|Q
Category
Sophisticated design 541261313410 3 A
Design
Diversity of design(color, material, etc.) 611451 6 |16 1 | 1 A
Simple operation methods su?h as controlling through voice 13110l161711 01 0 o
assistant

Convenience Portability(size, weight, duration, etc.) s4|18[11|47]0 |0 A
Side effects such as skin trouble 113 (32|18|0]2 (o)
Economic Affordable(reasonable) price 48110 4 |67 0 | 1 (0]
Treatment Treatment using laser and LED combined light energy 65274 (32|11 A
Accurate diagnosis of the current hair loss situation as| sl s|71lo0l1 o

Diagnosis and

(density, thickness, loss, etc.)

prediction | Accurate prediction of future hair loss progress(short-term within 1 671912 1s0l 111 A
year and mid- to long-term within 5 years)
The future halr. loss and 1.mproved future after treatment are 20020021361 1|1 A
Report realized and viewed on a smartphone

Proposal to prevent and manage hair loss based on the analysis | 66| 9 | 4 |50 | 0 | 1 A

Customized care according to the current scalp condition and hair
loss progress (Adjust the intensity of treatment for each part after| 58 | 8 | 7 [ 55| 0 | 2 A

Customization scanning)

data

Individual treatment mode options customized based on personal

67

(o]
w

5001 |1 A

A(Attractive), I(Indifferent), M(Must-Be), O(One-Dimensional), R(Reverse), Q (Questionable)

Category) & RIS TH £7FE W& ofg9
<Table 6>} 2t}
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<Table 7> Customer satisfaction coefficient, dissatisfaction coefficient, and relative importance

Rank Consumer Requirements Kano CSC | CDC Relative
Category Importance
1 Side effects such as skin trouble (6] 0.726 | -0.890 1.617
) Accurate dlagnoslls of .the current hair loss situation o 0.899 | -0.589 1 488
(density, thickness, loss, etc.)
3 Simple operation methods such as controlling through voice assistant (6] 0.8 |-0.669 1.469
4 Affordable(reasonable) price (0] 0.891 |-0.550 1.441
5 Customized ‘care ach)rdlng. to the current scalp condition and hair .loss A 0.882 | -0.484 1367
progress(Adjust the intensity of treatment for each part after scanning)
6 Proposal to prevent and manage hair loss based on the analysis A 0.899 | -0.41 1.317
7 Individual treatment mode options customized based on personal data A 0.899 | -0.40 1.302
3 Accurate prediction of ‘future hair loss pro.gr‘ess(short-term within 1 year and A 0.899 | -0.395 1294
mid- to long-term within 5 years)
9 Portability(size, weight, duration, etc.) A 0.776 | -0.446 1.223
10 The future halr. loss and 1-mproved future after treatment A 0813 | -0286 1.100
are realized and viewed on a smartphone

11 Sophisticated design A 0.692 |-0.370 1.062
12 Treatment using laser and LED combined light energy A 0.744 | -0.271 1.01
13 Diversity of design(color, material, etc.) A 0.589 |-0.162 0.751

AHY5E 1A BESE FOET %A %S [SEA: QFD A

42 Erlo] 2ZHT),

[49A:: 24

() 2012 @72 713 Za= Bk 2 &

=9 A4 (Consumer Requirements)

WEA ot 1A BRESAs At

KANO 2d&

53 549
SIS ERUE RO 3

*‘—_i‘-{% tlelE & 7]

& 137119] AH|A}

8 7-27(Consumer Requirements)-‘l] AUAH FQ
%8 5 (Weighted Importance) = 2+4F3}

o) WA FRwE

2 A F8E A Ho 2 JhE 3
B ATolA s 24 2R agxzdo] 1A Bt
& 5SS AR A= Y A =EE
5 dels] fl8l <4 1> <4 2>ell M} FE o 24 LElx sz
H 1 A SHCSO)SE 1A BUESAISH(CDC)  Hlaldka A E AAs AT
& St 7 A AUgs v Ay F

=1

8 Z(Relative Importance)E AH=3F T A&
TAE7L =L SAUR L8R 8RS B2
veb A Ehj— <Table 7>3} %t}

(2) BAAL 24
Matrix)

£ Ao A= ‘LG FAPraL WHsoly &
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(Table 8) Engineering Characteristics

Category Engineering Characteristics
Micro camera resolution for scalp scanning
Wearing sensor
Sensor Temperature management sensor
Infrared sensor
Accelerometer/Vibration Motor
Individual account management for customization
Learning data for diagnosis and prediction of hair loss
Hair loss type classification model
Modeling
A diagnostic model for hair loss progress
A prediction model for future hair loss
Diagnosis and prediction image generation
Laser light source
LED combined light energy light source
Treatment
Peltier semiconductor (cooling element)
Main part care mode (total, top, forehead)
Voice secretary
Control the intensity of treatment
Control
Automatic customized care
Bluetooth
Inside material
Exterior material
etc.
Battery capacity
Size adjustment dial
@y, olA] slojE & FAAEE A A8t JAEAs 718k #5q grde] 7171 gk
Zh 2mat g2 AL AlFI A AlF 137§9] &R} e720E s A% 71
o] AA ANFE 53 YAHE FEE Ao 1 8 7 AFeH(Engineering  Characteristics)-< -
2 JAA=S Hlﬂﬁ}ﬁiﬁ}. <Table 8>3} 2t} AlA, R, A7, AEE, 7]
B} S ddste] F 23709 Tled aTARY
() 71€3 27 T Z(Engineering = AAEA
Characteristics)

232



AsE oClZ 77| LS f/st KANO-QFD 22! FMoh Al 7|gt ERa2| 77| ZACE

—+
i
+ +
r =)
° + +
A +X XX+
— Vi v
% +
s HX+ + X+
b4 % o+ + k5
v I ¥
i X + &
x % + - + +
+ D +
I &
+ + +
G+ +X+ +X+ <+ =
+ + H + +
+ <X+ +X¥ X
u s | H
£ g g
p 4 2 g
=z |z ® »lz |t
2|2 H g | e o AERE
§l5(% H sl e |8z]0]s
e |w H wlw|[s[2]a]|E ]2
I £ R w |z |5 |5 ]2
3| o8 |162/xr sz Amreeizsrazse | O O| O o o
s | o0 (<] -] o|e|e o o
9 | 89 o A| A o]0 =l o O |3
3| a8 ojofojoj|o]|oO ojofo o o|jofo
o | 83 (] oO|e|o|afO0|O0|0O O|O|a|O|Aa|OfO 3
o | 80 | 132|247y w2 ol +R|ok o o ©@|@|O0|0]| O o o 2
o [29[13[as0s A nananem ases o olefo]o olofafolaJo]e s
o [ 19 1290w sy oy zasas | 0 o olefofe]o o o
3 | 74 | 122 [REA8E), FAH, FSAREE) o|jo[o|o|o]|oO o o|o 3
9| 67 o o o|e|Oo|o|oO A o o
B A Ala ofo 4
o | 62 oO(fo|o|O|(©|Aa|O]|O ©o|0|0|6|Aa|[O0|O 5
B 2
B
W[ I
75 [ 5z [ 62 [ 4z | 17 [ 70 [ 20| &5 [ a7 [ 5 [ 57 | &1 | 19 [ 27 [ %5 [ 25 [ 48 [ ie |25 [ 2i [ 15 [us

4 &R a724% 713 aFAR A FAE FAT A AE(+H, + -, )F AR
TTA 3 7HRelationship Matrix) o] 73 £ FAHA ABAAE 1A AL 4+

Zy anA; @24 7| QAR 299 g, B% 75 3R AR S 7 B +E,
A A=l wet 7hEAE vUEhd 5 2 B 739 134 A8 71 A - E, v

t 4% 4RO, 0, AF BATL ABIATL 5 4 22 $44 ABYL

¥2 49 00WE, HEY A 03, we  Holskw, 1 9 dnaol gAY ke 49 7
A5 AQH)E Bolshm, ABUAZL QAL 8 FAE Rolshd %3 FACE YIS
UG A AFNE FeldtA % FUOE )

=390, © 7143 8T A% FAE D A% A

=9 4AFZ(Technical Matrix)

(5) 7148 87ARE 1+ A#d =7(Technical ()] &HA @729 71E Fa%9) (4)9]
Correlation) 282 8 7213 7 QTAR 7] A

Ned 2 TAE R ABAe) Awd wel 7k A Agee ERe 42T olF 2t )

233



oy
2t

B
]
rlo

0
1o

(Table 9) Final importance and priority of Engineering Characteristics

Category Engineering Characteristics Final Importance Priority
Modeling Learning data for diagnosis and prediction of hair loss 458.0 1
Sensor Micro camera resolution for scalp scanning 401.0 2
Modeling Hair loss type classification model 314.8 3
Modeling Individual account management for customization 266.5 4
Modeling A diagnostic model for hair loss progress 247.7 5
Control Voice secretary 210.5 6
Treatment Laser light source 193.3 7
Treatment LED combined light energy light source 1933 7
Control Automatic customized care 188.6 8
Modeling A prediction model for future hair loss 178.8 9
Sensor Infrared sensor 158.6 10
Modeling Diagnosis and prediction image generation 135.0 11
Sensor Temperature management sensor 121.5 12
Treatment Main part care mode (total, top, forehead) 104.2 13
Control Control the intensity of treatment 96.7 14
Sensor Wearing sensor 96.6 15
etc. Inside material 88.9 16
etc. Exterior material 81.7 17
Treatment Peltier semiconductor(cooling element) 70.9 18
Control Bluetooth 69.2 19
Sensor Accelerometer/Vibration Motor 63.1 20
etc. Battery capacity 48.6 21
etc Size adjustment dial 314 22
=2 aTAREe] A 9 T do| =8 AF <Table 9>< &l & F A%, ASAS 7I%HE]
FouA 71 ATAYEY 4% FAS ¥ A% 2uA /)] Ao o] gw A9
$498 E2aAT N2g 1% S HolEl 1Y Fa3 S
A& BAR Sl w2 e 91 13 S ek ATAY I AT 2152 o
Aol zpld 87z R 7k AUH Fass  olE Sl M muYe T FENt
<Table 8>9] 237|9] 7]|&%4 Q7AMES 7|REo2 (Bughin et al., 2018). R Wiy & &L
QFD9] F4 9] H(House of Quality)S 753+ 4 F= 7IMo g Holy ¥ Tl ST 7
Y= <Figure 4>3 2t} TS THIES o= A9 AAS rlehH,
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Abstract

A Study on the Development Methodology of
Intelligent Medical Devices Utilizing
KANO-QFD Model

Yechan Kim* - Kwangeun Choi** + Doohee Chung***

With the launch of Artificial Intelligence(Al)-based intelligent products on the market, innovative
changes are taking place not only in business but also in consumers' daily lives. Intelligent products have
the potential to realize technology differentiation and increase market competitiveness through advanced
functions of artificial intelligence. However, there is no new product development methodology that can
sufficiently reflect the characteristics of artificial intelligence for the purpose of developing intelligent
products with high market acceptance. This study proposes a KANO-QFD integrated model as a
methodology for intelligent product development. As a specific example of the empirical analysis, the types
of consumer requirements for hair loss prediction and treatment device were classified, and the relative
importance and priority of engineering characteristics were derived to suggest the direction of intelligent
medical product development. As a result of a survey of 130 consumers, accurate prediction of future hair
loss progress, future hair loss and improved future after treatment realized and viewed on a smartphone,
sophisticated design, and treatment using laser and LED combined light energy were realized as attractive
quality factors among the KANO categories. As a result of the analysis based on House of Quality of QFD,
learning data for hair loss diagnosis and prediction, micro camera resolution for scalp scan, hair loss type
classification model, customized personal account management, and hair loss progress diagnosis model were
derived. This study is significant in that it presented directions for the development of artificial

intelligence-based intelligent medical product that were not previously preceded.
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