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Abstract The digital transformation of the 4th industrial revolution is leading to changes and innovations
in the global economy. Various countries are focusing on reviving their manufacturing industries and
economic recovery through smart factories. The purpose of this study is to empirically identify
technological determinants for the successful implementation of the smart factory and to verify teose
effects on manufacturing operations and the firms' operational/environmental performances. Five
factors, including sensor network, platform technology, information system, intelligent automation, and
safety, were defined as core technologies. The SEM analysis results of 157 small and medium-sized
manufacturing firms that have implemented smart factories are as follows. First, sensor network,
platform technology, and information system had significant effects on smart manufacturing operations.
Second, smart manufacturing operations have improved firm performance. This study is valuable in that
it has confirmed the effectiveness of government-funded projects and systemized key technologies for
implementing smart factories. Meanwhile, it is helpful for practitioners to support an efficient and
effective decision-making for the new adoption.
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Fig. 1. Smart Factory Framework and Technological
Determinants
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Table 1. Definition and Measurement Items
Factors Definition Scale | N Ref.
Sensor Network Network systems to identify, gather axfliiljeliver data in the production process 4 (37.42.47)
Platform Technology Channel for connecting between sensor/devices and application 5 [35,42,371
Information System Systems to support decision making applied to manufacturing operations 5 [35,47]
Intelligent Automation Joint implementation between automated machine and intelligent software 7Lpl:’im5 4 [42,47]
ikert
Safety Safety in terms of environment, human, and cyber-security scale | 4 | 37,42,47)
Smart Mfg. Operations Activities to intelligently operate manufacturing process with 4M+1E 7 [35,47,49]
Operational Performance | Firm's performances based on cost, quality, flexibility, dependability, and speed 5 [47,56]
Environmental Firm's performances based on eco-friendly activities 4 [57.58]
Performance
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Table 3°] E%sto] A6 oH ol FAHCRE A
HEH that 2ot WA B33 A5 Yol AR &
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Table 2. Sample demographics

Category Freq. %

<50 78 | 49.7
50-99 28 | 17.8

Firm size
100-299 36 23.0
300-999 15 9.5
Machinery/metal 81 51.5
Electronics/electricity 31 | 19.8
Industry Textiles/chemical 11 7.0
Automobile components 24 15.3
Others 10 6.4
< 100 64 | 40.7
Annual sales 100-500 57 | 364
(hundred million) 500-1,000 17 | 108
< 1,000 19 12.1
Funded 146 | 93.0

Government funding

Non-funded 11 7.0
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Table 3. Results of Reliability and Validity Test

Factors Items and relative terms Std. fE?C'EOI‘ S.E. t-value p-val AVE CR Cronbach’s
loading alpha
SN1 Sensor-actuator .833 - - -
Sensor SN2 Communication infrastructure .827 .078 12.620 ek
Network 646 .879 .909
€ SN3  Self-awareness 845 .076 13.063 ook
SN4  Interoperability .885 071 14.092 ek
PT1  Big data analysis .862 - - -
Platform PT3  Modeling/simulation 853 .071 14.102 ool
Technol .609 .861 919
echnology PT4  Process control/management 874 .067 14.778 e
PT5 Cloud computing 849 .069 13.995 ek
IS1  Utilization of MES 873 - - -
ST IS2  Utilization of SCM 879 .059 15.329 e
Infé)rn:atlon 633 873 921
ystem IS3  Utilization of ERP 861 | .069 | 14723
IS4  Utilization of PLM 842 066 14.103 ok
IA1  Automation .879 - - -
Intelliggnt IA2  Autonomous decision-making 919 .059 17.039 ek .667 .858 924
Automation
IA3  Decentralized intelligence .885 .059 15.730 ok
SF1  Cyber security 911 - - -
SF2  Functional safety .870 054 16.521 ok
Safety .683 .896 .942
SF3  Workforce safety 910 .052 18.520 ook
SF4  Environmental safety .896 .049 17.797 o
SO1  Optim. process/product design .850 - - -
SO2  Real-time monitoring/response .798 .071 12.531 e
SO3  Big data based quality control 762 .082 11.636 ek
Smart
Manufacturing | SO4  Preventive maintenance mgmt 812 .077 12.896 sk 571 903 933
Operations
SO5  Real-time safety management .827 073 13.313 e
SO6  Optim. logistics management 851 .071 13.991 e
SO7  Environmental management .825 .067 13.240 ek
OP1  Cost .862 - - -
OP2  Quality 810 076 12.708 ok
Operational | 53 e ipliy 784 | 079 | 12056 | ™ | 567 | 867 907
Performance
OP4  Dependability 795 .075 12.325 e
OP5  Speed 815 | 082 | 12847
EP1  Reduction of input resources 935 - - -
Eivi wal EP2  Energy efficiency .855 054 16.765 e
nvironmental .696 901 946
Performance EP3  Reduction of waste 905 .049 19.648 ook
EP4  Reduction of environmental pollutanty .911 .051 20.017 et
*p(1, **p05, **p(01
Model fit: CMIN=685.024, CMIN/df=1.288, CFI=.972, TLI=.969, IFI=.973, NFI=.888, GFI=.817, AGFI=.783, RMR=.051, RMSEA=.043,

SRMR=.031
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Table 4. Results of Correlation and Discriminant Validity Test
SN PT 1S 1A SF SO or EP
Sensor Network SN 804
Platform Technology PT 777" .780
Information System IS 793" 763" 796
Intelligent Automation 1A 760 763" 769" 817
Safety SF 7537 | 7167 | 7437 | 780 826
Smart Manufacturing Operations SO 727" 754" 744" 735" 756" 756
Operational Performance OP 7427 750" 748" 743" 736" 6817 753
Environmental Performance EP 627" 543" 637" 587" 636" 6127 512" 834
*p(1, *p05, **p(01
Notes: Diagonal elements are the square root of AVE(Average Variance Extracted)
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p=3130 Manufacturing
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w
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Fig. 4. Path Analysis of SEM and Hypothesis Test
Results
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