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ABSTRACT

Purpose: The world faces a great turning point fundamentally rebuilding the future, and human lives, by em—
bracing the 4th industrial revolution era. This paper aims to seek new and various business models in the
4th industrial revolution era, and to examine the evolution of quality management in the changing of the
industrial ecosystem.

Methods: This paper examines the various strategies of approaching the 4th industrial revolution in Germany,
the USA, Japan, China, and Korea. This paper also draws detailed items by classifying the six major items
of Malcolm Baldridge into large, medium, and small scale classifications, researches items from the technical
perspective by applied fields, and the four major factor perspectives of quality management, as well as analyzes
the relevant items in a multidimensional method. After a questionnaire survey targeting 200 quality experts
was conducted, the important quality management factors were selected by applying the Analytic Hierarchy
Process (AHP) method.

Results: The importance of the general criteria was analyzed in the order of customers, MAKM (measurement,
analysis, and knowledge management), workforce, strategy, operations, and leadership. As for the importance
analysis results of the secondary subcriteria, the following items are highly analyzed: senior leadership,
searching business model’s innovation opportunity, customer satisfaction improvement, big data utilization,
systematic management of workforce, and, planning and design quality.

Conclusion: In the era of the Internet of everything, when complexity increases, this study presented a quality
management direction suitable for new business methods challenging existing orders by drawing on quality
management priorities.
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Table 2. Strengthening industrial competitiveness of major countries

Country Competitiveness Strategy

- Release of ‘Industry 4.0 “ to continue the initiative of manufacturing industry.
Germany ~Implementgtiop of smart factory.through convergence of ICT and manufacturing industry, and
standardization between countries

- National strategy establishment for advanced manufacturing partnership (AMP) and advanced
USA manufacturing industry ) ) ) ) ) ) )
- National competitiveness consolidation, job creation, and economic activation through advanced
manufacturing innovation

- Japan'~s restoratign strategy and Industrial Competitivene§s Consolidation Agt )
Japan - Searching comparative advantage industry, new market creation, talent fostering and securing
system reform, and regional innovation

- Announcement of “Made in China 2025” for reorganization into innovative high added value
China industry o ]
- Aiming at establishing the status of leading manufacturing country after 30 years

- Release of “Manufacturing Industry 3.0” , a new evolution strategy in line with manufacturing
industry’ s paradigm change ) ) ) o ) )

- IT convergence, smart production mode diffusion, soft power fortification of manufacturing
industry

Korea
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Table 3. Hightech strategy 2020

Five core elements 10 Forward-looking projects

1. The CO2-neutral, energy-efficient, climate-adapted city
Climate - Energy 2. Renewable resources as an alternative to oil
3. The intelligent transformation of the energy supply
4. Treating illness more effectively, with individualised medicine
Health - Nutrition 5. Better health via effective prevention and healthy diets
6. Living an independent life well into old age
Mobility 7. Sustainable mobility
Security 8. Internet-based services for business and industry
9

. Secure identities
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10. Industry 4.0
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ARk Al ARl o2 Afzetabs 7R opit ekl & = )it Ha(2015).

Table 4. A-Korea development stage and strategy

Infrastructure Formation Takeoff Stage Mature Stage
(~2017) (2018-2020) (2020~)
Designing and building Completion of intelligent Completion of intelligent
ICT intelligent commun@cation communication backbone network communigation public network of
network of everything for of everything for everything for
hyperconnectivity hyperconnectivity hyperconnectivity

Design of intelligent industry [City and national undertaking |Global unfolding and

Industry of everything for o of inte}ligent industry of §tandardization of intelligent
hyperconnectivity and building |everything for industry of everything for
stronghold ecosystem hyperconnectivity hyperconnectivity
Design of intelligent City and national undertaking |Global undertaking of

Infra infrastructure of Qverything of inte}ligent industry of intelligent infrastructure of
for hyperconnectivity and everything for everything for
building stronghold ecosystem |hyperconnectivity hyperconnectivity

Strategy design and initiative

implementat ion Solving national tasks Solving human tasks

Core Strategy
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- a. & a5
Ran =
o o8| S| B =3 | =3
S [SI=] = IS (R [
o < D ~ = 0 = D
13 80 S ) g s g =
sl gs | =|=8] ££ | £2
“lsz| §|=5| 88 | 88
| =g | £ | 55| &8 | &2
3] 2 oD R
gl s 3 == = = ==
= D = 3a g.= g .=
| §¢& = | S a £ =°
=1 S5 o o © a a
° » o _W = oz °z
= 54 <} 5 o /A o/
all @3 = q = =
3] | k=) k=)
= 2= R
& <
a
5]
—~ R
o a wo |2
= .._u 2 ywm = w»
= | @ 20 © O
= S| 2 e e 5o
- (S o
= S| g5 S @ S v
3] a = Qgp nwm
5 E| S8 | £52 4=
» = =8| .= | §EE| 23
— T o = o oo =
- > = O 5 E . L=
a L al = o 2aal o
+— Q.Hv o O i mm.l m.S
K E|EC| a2 52
e | - a Zoao = o
B S|l e | <= 2!
T o oA T38| ¢85
BN
= =l - S2% | o
S =| = S5E | =2
+~ =5 [s+] Orp 0
2 1= <« = a o Qo
3 El =2 auy= a
S £
S =0 g
o £l S
=
- =
. S S
=t = £ 9
— &8 = 0§
P | Rl c— oo R s
< [[.2 0w N=s 8=
Gl==2 g .29
—~ = E £«
— 1= o L
S £%
S
-
O =
5} ==
— =%
=) D
k! < g
= —
- D
—
o
— =
5 7
o0 —
— 9]
< kS|
= 3
s




638 J Korean Soc Qual Manag \Vol. 45, No, 4: 629-648, December 2017

AR, oA,

o7 717] @ A7) 3D ZHE
2d 3DZHE HY 0204¥]~ 5

& =E3ISILh Table 6ol AvlfEHE

HASH) §8 ok L 7% Bl B AT the ARES nelellth AnkE
Q7134 5G, Hhol 0. A4, AR Fo) AR Fof, 2nkE AlE), 2ulE F, WE ¥
8%, 23, 94 59

o AU G5, ool s Table 63} o] A% G5} o] &
Zoll g iAol YA Esel daNE FAT EAE a9t

Table 6. Results of the 4th industrial revolution according to application category

Application - Technical - L
View Details View Details Preliminary Factors
Sensor / Context aware technology
Communications / Network technology (network Connected qualit
management and control) Sof tware (Lality
Chip device technology, Lightweight embedded ) quatity
network technology Sensor_stgndardlzatlon
IoT and . Statistical process
Autonomous / Intelligent platform technology X .
Sensor . S . moni tor ing(SPC)
Intelligent IoT standardization preemption R .
Smart Robot Predictive maintenance
Industry Factor Technolo technology Quality Management
y Bi datiy Automatic error detection and remote management, Processyflexf;ilit
T g Pre-forecast quality control - ¥
echnology ST e quality
Optimization systems (fault prediction systems, Stability and security
facilities and logistics control systems), : of izformation y
Security Integrated source technology (security rotection
breach risk) p
Hacking and virus problems Security quality

npA et = FAA S, FEw, F

)

[<2a]

ARG, AN

A= Table 73 Zt}

B

w4 A 4 ¥ A7E BEUE vk oA A

Table 7. Details results obtained in accordance with the quality management perspective

Perspectives

Details

Preliminary Factors

Quality
Planning

Target quality, design quality, manufacturing
quality, user quality, quality function develoent

Identify customer needs, Design quality, Simulation
quality

Quality
Control

Statistical quality control, sampling inspection,
statistical process control

Process monitoring system(SPC), Predictive
maintenance quality management

Quality
Assurance

Outsourcing quality management, reliability
management, product liability

Zero—defect quality,Information security and
reliability

Quality
Improve

Quality Engineering, Process Capability Analysis

Discover opportunities for innovation in business
modes, New technology acquisition and utilization
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Predictive maintenance quality management

Data quality management

Operations

Workforce

?«onmmw flexibility quality

Simulation quality

Tuwmmm: and design quality

Technology and knowledge sharing system

Systematic management of workforce

Stability and security of information protection

MAKM"

Standardization of information technology
Software quality

Big data utilization

Customer satisfaction improvement

Quality Management Factors

Identify customer needs and customer acquisition

on the 4th Industrial Revolution

Customers

Creating customer value convergence
Zero-defect quality strategy

New technology acquisition and utilization

Searching business model| s innovation opportunity

Social responsibility

Develop partnerships and build partnerships

Senior leadership

)

Goal

bt

9

> N

Secondary

Figure 2. Hierarchy for prioritizing quality management factors

. Measurement, Analysis, and Knowledge Management

MAKM1)
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Table 8. Factors Affecting the 4th Industrial Revolution from Quality Management Aspect

Goal é???g?ﬁg Secondary subcriteria Description by Factor
Setting vision and value (participation,
. . realizability, directivity, simplicity, and
Senior leadership sympathy}, horizontal leadership Sharing rights and
leadership based on two-way communication
Leadershi Develop partnerships and build Development of competitive suppliers and partners
b partnerships and symbiotic quality with partners
Quality opening and sharing to ensure the
. PP ethicality and morality of science and technology
Social responsibility based on earnest exploration on human nature and
value
Searching business model’ s Major factors analysis to find innovation
nnovat ion obbor tunit opportunities of business models and strategic goal
pp ¥ presentation
Strategy .. . . .
New technology acquisition and Learning various new technologies and use method
utilization establishment to secure convergence quality
Zero-defect quality strategy Establishing strategic goal of integral quality
By identifying customer needs, expectations and
. preferences, connect them with products and
Creating customer value convergence services, and create new business opportunities
through convergence quality
Customers |Identify customer needs and Channel‘diversification and cyqlical foeqtiveness
customer acquisition evaluation for customer needs identification
) ) Customer satisfaction improvemgnt through
Customer satisfaction improvement |immediate feedback and simulation of customer
. grievances
Quality
management : i1 Analysis and use of big data created in the
factors Big data utilization hyper—-connective and hyper—intelligent society
Software quality activity enabling convergence with
) . the digital era (accuracy, reliability,
gﬁ:?%gﬁ?egileoftware quality integration, usability, maintenance, and test
Kngwleége feasibility)
Management . R R K
?éiﬁgé{gé;atlon of information Standardization quality activity of IT and data
Stability and security of Ensuring balance between availability and stability
information protection (security) of information
) Establishment of career development system to
Systematic management of workforce | fortify new job knowledge and technology suitable
Workforce for convergence era

Technology and knowledge sharing
system

Building technology and knowledge sharing system in
line with sharing economic system

Operations

Planing and design quality

Ensgring design quality for prompt response to
environmental change and customer satisfaction

Simulation quality

Ensuring simulation quality such as virtual reality
or augmented reality

Process flexibility quality

Securing process flexibility that can quickly cope
with the change of customer and market environment

Data quality management

Process monitoring system building through IoT and
SPC quality activity

Predictive maintenance quality
management

Predictive quality control activity through
advanced smart facilities
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Table 9. Characteristics of survey respondents

Classificati Gender Career years
assificatio .
Occupation Over 5 B Less than Not Total
n group Man [Female 20 years 10~20 years|5~10 years 5 years relevant
University
Groupl professors 22 3 9 4 1 2 9 25
Public agency
Group2 personnel 16 0 3 2 1 7 3 16
Manufacturing 39 3 3 19 14 1 49
enterprises
Manufacturing
SUED 13 6 2 8 3 6 19
Group3 Service 7 1 1 4 1 2 8
R&D? 13 1 5 2 4 3 1 15
Consultant 6 0 2 4 0 0 0 6
Group4 Student 6 0 2 4 0 0 0 6
Total 122 14 32 47 24 21 13 137

* SMEY : Small and Medium Enterprises, * R&D? : Research and Development
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Table 10. Comparative analysis results of general criteria

Measurement ,
General criteria |Leadership| Strategy Customers Krﬁ)riflleydsgiesmaﬁdg. Workforce Operations | Inconsistency
Total 0.129 0.139 0.225 0.196 0.173 0.138 0.004
Group 1 0.133 0.165 0.217 0.214 0.128 0.142 0.005
Group 2 0.112 0.134 0.176 0.220 0.216 0.141 0.009
Group 3 0.133 0.133 0.233 0.182 0.176 0.143 0.007
Manufacturing 0.140 0.117 0.275 0.157 0.167 0.144 0.020
Manufacturing SVE| 0,117 0.142 0.206 0.199 0.209 0.127 0.030
Service 0.094 0.166 0.251 0.214 0.119 0.156 0.020
R&D 0.120 0.150 0.203 0.216 0.160 0.150 0.020
Consul tant 0.238 0.114 0.109 0.161 0.240 0.138 0.040
Group 4 0.091 0.107 0.216 0.233 0.199 0.154 0.080
o Eok s a5, 71 2s, Mulay el s ads A A S e 07 7P Esken,
o7 HEAe A4 A9, 2ela PO HolH Z8olu £AZEY ] 4, AR Vs B H|
B 3531 AR B M) Hold 5o 4, 4 % AXAE S T3S T ES & 5 vk v
o Az T2 TEAS AJALLES] 5 G5 el 2 25243 7= st 39 7
AA, 2L A4 T ALE S A AdS TAGL s = 7 A
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Table 11. Comparative analysis results of secondary subcriteria

Universi [ Public | Manufact
t

Manufact
General : . y agency uring : : Consulta
criteria Secondary subcriteria professo | personne | enterpri ugﬁgg Service R&D nt Student
rs 1 ses
Senior leadership 0.414 | 0.503 | 0.504 | 0.482 | 0.399 | 0.360 | 0.623 [ 0.260

Leadership | Develop partnerships and | g 501 | 0.236 | 0.252 | 0.348 | 0.247 | 0.314 | 0.201 | 0.468

Social responsibility 0.265 | 0.261 | 0.244 | 0.170 | 0.355 | 0.326 | 0.176 | 0.272

Inconsistency 0.002 | 0.040 | 0.001 | 0.060 | 0.008 0.03 0.210 | 0.050

Searching business model” s | 407 | 0 403 | 0.408 | 0.322 | 0.481 | 0.373 | 0.473 | 0.402

innovation opportunity

Strategy | New technology acquisition | ( 350 | (356 | 0.228 | 0.392 | 0.291 | 0.331 | 0.356 | 0.354

and utilization

Zero-defect quality strategy| 0.244 | 0.240 | 0.364 | 0.286 | 0.228 | 0.296 | 0.172 | 0.243

Inconsistency 0.040 | 0.000 | 0.080 | 0.001 | 0.006 | 0.005 | 0.130 [ 0.020

Creating customer value | s41 | 0359 | 0.306 | 0.265 | 0.330 | 0.229 | 0.344 | 0.211

convergence

Identif tomer d d
Customers enculstyomceurs aOCH(lI[euiSnieteiOSl’l an 0.266 | 0.358 | 0.275 | 0.394 | 0.266 | 0.399 | 0.346 | 0.364
Cust tisfacti
us O?Epr)rgse&lZn?L ton 0.392 | 0.283 | 0.418 | 0.341 | 0.404 | 0.372 | 0.311 | 0.425
Inconsistency 0.002 | 0.007 | 0.001 0.01 0.009 | 0.020 | 0.120 | 0.070
Big data utilization 0.230 | 0.351 | 0.288 | 0.315 | 0.201 | 0.195 | 0.394 [ 0.332
Measurement . Software quality 0.284 | 0.215 | 0.234 | 0.208 | 0.202 | 0.182 | 0.164 | 0.210
Analysis, and Standardization of
hﬁ%oggle%je%let information technology 0.216 | 0.200 | 0.235 | 0.231 | 0.249 | 0.170 | 0.272 | 0.169
Stabilit d ity of
izilflorlm;,t iagqn psreoctuerclt iyor? 0.270 | 0.233 | 0.244 | 0.246 | 0.349 | 0.453 | 0.171 | 0.289
Inconsistency 0.010 | 0.003 | 0.004 | 0.050 | 0.040 | 0.010 | 0.040 | 0.010
Syst ti t of
yS emawlocrénfaor;acgeemen 0 0.431 | 0.611 | 0.684 0.60 0.325 | 0.592 | 0.814 | 0.653
Workforce Tochmol P
echnology and knowledge
sharing system 0.569 | 0.389 | 0.316 | 0.400 | 0.675 | 0.408 | 0.186 | 0.347
Inconsistency 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.000
Planing and design quality | 0.316 0.307 0.386 0.213 0.257 0.323 0.433 0.132
Simulation quality 0.115 | 0.146 | 0.117 | 0.166 | 0.142 | 0.101 | 0.112 | 0.162
Operations | Process flexibility quality | 0.217 | 0.148 | 0.150 | 0.226 | 0.134 | 0.164 | 0.108 | 0.181
Data quality management 0.200 | 0.249 | 0.211 | 0.211 | 0.238 | 0.204 0.20 0.320
Predicti int
rgu;?igemgﬁégeigﬁ?ce 0.153 | 0.150 | 0.135 | 0.184 | 0.229 | 0.208 | 0.146 | 0.204
Inconsistency 0.004 | 0.009 | 0.002 0.02 0.03 0.004 | 0.040 | 0.050
ol 4xF AIEHA Y Tas FAAY 94E 1A T, 77, #H 7IY T oladAAES] AgE v
olf{ & AyAgste] A A QT ANERS tetstal AlE I AH e AANA, 5T FAS SE T 5 e
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Table 12. Analysis result of general criteria by career years

Not relevant

0.104
0.141
0.185

0.270

0.143
0.157
0.020

Less than 5 years

0.134
0.166
0.251

0.214

0.119
0.156

0.020

5~10 years

0.143
0.129
0.193

0.193

0.193
0.150
0.008

10~20 years

0.143
0.151
0.255

0.176

0.151
0.124

0.010

Over 20 years

0.117
0.121
0.226

0.165

0.226
0.145

0.020

General criteria

Leadership

Strategy

Customers

and

Analysis,

Knowledge Management

Measurement ,

Workforce

Operations

Inconsistency
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Table 13. Analysis result of secondary subcriteria by career years

General — Over 20 - 5~10 |Less than 5 Not
criteria Secondary subcriteria years 10~20 years years years relevant
Senior leadership 0.379 0.550 0.500 0.449 0.345
. Develop partnerships and build -
Leadership partnerships 0.299 0.256 0.255 0.246 0.413
Social responsibility 0.323 0.194 0.245 0.304 0.242
Inconsistency 0.01 0.02 0.00521 0.01 0.00722
Searching business model’ s = -
innovat ion opportunity 0.435 0.407 0.451 0.301 0.409
Strategy New technology acquisition and
utilization 0.282 0.299 0.232 0.395 0.407
Zero—defect quality strategy 0.283 0.294 0.317 0.304 0.185
Inconsistency 0.05 0.02 0.04 0.01 0.02
Creating customer value convergence 0.394 0.296 0.236 0.324 0.287
Cust Identify customer needs and customer .
ustomers acquisition 0.286 0.350 0.298 0.310 0.292
Customer satisfaction improvement 0.319 0.354 0.466 0.367 0.422
Inconsistency 0.00948 0.00058 0.00428 0.01 0.02
Big data utilization 0.228 0.321 0.260 0.326 0.225
Measurement , Software quality 0.276 0.197 0.213 0.214 0.258
Analysis, and - - - B
Knowledge Standardization of information 0.259 0.208 0.231 0.192 0.190
Management technology
Stability and security of information
protection 0.236 0.274 0.296 0.267 0.327
Inconsistency 0.020 0.000 0.020 0.004 0.010
Systematic management of workforce 0.621 0.575 0.586 0.632 0.499
Workf
oritoree Technology and knowledge sharing 0.379 0.495 0.414 0.368 0.501
system . S2e0 : : :
Inconsistency 0.000 0.000 0.000 0.000 0.000
Planing and design quality 0.376 0.336 0.336 0.261 0.280
Simulation quality 0.130 0.141 0.091 0.124 0.162
Operations Process flexibility quality 0.125 0.196 0.146 0.181 0.207
Data quality management 0.200 0.206 0.231 0.211 0.198
Predictive maintenance quality
management 0.169 0.122 0.195 0.223 0.153
Inconsistency 0.005 0.010 0.005 0.008 0.010
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