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The Effects of Smart Factory System on Sales and Employment
: Evidence from Manufacturing SMEs in Incheon
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Abstract

The study investigates the causal effects of the introduction of smart factory on firms' employment and sales. This
study constructs firm-level panel data for small and medium-sized manufacturers (SMEs) in Incheon using Korea
Enterprise Data (KED) from 2014 to 2019. This study uses the identification strategy of a PSM-DID event study to control
reverse causality and reduce the self-selection bias. Propensity scores are calculated through the Logit model and, using
this process, counterfactual observations using nearest neighbor matching were constructed. This study finds some
evidence that there are positive causal effects on employment and sales in manufacturing SMEs by about 10%. This
study also discovers the heterogeneous effects of firms' characteristics, such as production factor intensity and age of
firms. The effects of the smart factories are more pronounced in capital-intensive and young firms. Our findings imply that
government intervention to facilitate the adoption of digital technologies in manufacturing can give firms a boost in the
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Table 1. Results of the balancing test for PSM throughout event windows

Panel A. Introduced Non-introduced Mean
Pre-matched Sample Obs. Mean S.D. Obs. Mean S.D. Difference®
Size category? 2,596 23914 0.7106 46,814 1.5263 0.6668 -0.8650™**
Establishment? 2,596 2000.797 10.6442 47,329 2005.651 9.4095 4.8542%**
Pre-research/sales? 1,732 0.0349 0.0411 13,158 0.2309 8.9468 0.1960
Pre-liability/asset?) 2,464 0.6124 0.2055 47,252 0.6733 1.2810 0.0609*
Panel B. Introduced Non-introduced Mean
Matched Sample Obs. Mean S.D. Obs. Mean S.D. Difference®
T=-5
Size category" 178 2.1405 07111 39 2.3077 0.7662 0.1672
Establishment? 178 2003.326 9.6157 39 2001.590 8.8220 -1.7361
Pre-research/sales? 121 0.0364 0.0434 39 0.0299 0.0303 -0.0065
Pre-liability/asset?) 178 0.6238 0.2185 39 0.6540 0.3429 0.0301
T=-4
Size category" 283 2.2332 0.7061 113 2.3009 0.6531 0.0677
Establishment? 283 2002.668 9.6011 113 2001.195 9.8424 -1.4732
Pre-research/sales? 195 0.0349 0.0418 113 0.0390 0.0429 0.0042
Pre-liability/asset?) 283 0.6233 0.2077 113 0.6364 0.2748 0.0131
’ SiZSe category” 358 22765 0.7054 153 2.3333 0.6070 0.0568
Establishment? 358 2001.844 10.2519 153 2002.255 10.1460 0.4113
Pre-research/sales? 242 0.0343 0.0407 153 0.0332 0.0445 -0.0011
Pre-liability/asset?) 358 0.6198 0.20562 153 0.6184 0.2181 -0.0074
! Siz?e category" 426 2.35692 0.7163 187 25134 0.6906 0.1542
Establishment? 426 2001.005 10.6351 187 1999.775 10.1760 -1.2293
Pre-research/sales? 299 0.0349 0.0416 187 0.0355 0.0478 0.0006
Pre-liability/asset?) 426 0.6137 0.2059 187 0.5851 0.2257 -0.0286
’ Siz:e category” 447 2.3758 0.7163 207 2.3527 0.6656 -0.0232
Establishment? 447 2001.009 10.6027 207 2000.778 10.3459 -0.2312
Pre-research/sales? 299 0.0349 0.0416 207 0.0714 0.6052 0.0365
Pre-liability/asset?) 427 0.6143 0.2060 207 0.6100 0.3670 -0.0042
T=0
Size category" 368 24701 0.6919 214 24673 0.6617 -0.0028
Establishment? 368 2000.027 10.8301 214 1999.290 11.6655 -0.7375
Pre-research/sales? 241 0.0348 0.0383 214 0.0327 0.0439 -0.0021
Pre-liability/asset? 340 0.6054 0.2047 214 0.6106 0.2558 0.0052
T =+1
Size category"’ 273 2.5421 0.6691 161 2.5963 0.6459 0.0542
Establishment? 273 1999.275 11.0361 161 1999.062 11.1191 -0.2126
Pre-research/sales? 176 0.0340 0.0405 161 0.0323 0.0834 -0.0017
Pre-liability/asset?) 245 0.6047 0.1958 161 0.5775 0.3259 -0.0272
T=+2
Size category? 167 2.6587 0.6284 92 2.6957 0.6065 0.0370
Establishment? 167 1997.659 11.4575 92 1997.598 9.6534 -0.0609
Pre-research/sales? 102 0.0349 0.0417 92 0.0251 0.0276 -0.0098
Pre-liability/asset?) 139 0.5924 0.2013 92 0.6957 0.3597 0.0033
T =43
Size category? 96 27708 0.6066 58 2.8276 0.56662 0.0568
Establishment? 96 1997.510 11.3332 58 1995.466 13.6526 -2.0449
Pre-research/sales? 57 0.0376 0.0455 58 0.0282 0.0441 -0.0095
Pre-liability/asset?) 68 0.56806 0.2066 58 0.5617 0.2066 -0.0190

Note 1: Size category dummy is defined by small mom and pop store(1), small-sized(2), medium-sized(3), middle market enterprise(4)
Note 2: Firm'’s establishment year

Note 3: Pre-determined ratio before the introduction of smart factory system in the introduced group

Note 4: Difference=mean(0) - mean(1), HO: Difference=0

Note 5: Significance noted as *p<0.05, *p<0.01, and **p<0.001
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o] 2717} HolAlet, o)z <Is) EELAE T AR BA7L
SRR B ATl AAPHRE S0 Frkke e
wrh goke AnlEFR £9) BNE £EeA ot et
2 A0 FFREY R-squared = 0.07~0.11 P2 2 4
F0 8 Yyt o= KED Aly A=) AR el 7HH7]
o mjE 9 118 WS AYshs T2 SHME xgekA] &
Stk Ao 71018k A& et 2 AFte] pSM-DID HHE
2 83 FAF A75(Kim and Koh, 2022; Kong and Zhou,
2021; Lawler, 2020)°l4% R-squared &= AR H9
(0.009~0.254)= UrEtsith d¥ole S8l 2 A9 4
J,]-/\lo] Aul.E.J_X]— E?:} oy O]‘ﬁ']— /\];Htﬂ ’7_9_ g_l HH% t&g]_oﬂ =

A AT, At 7F folujgt olg FAZCE SIS 4= Qli= HollA &
A2 o ds| 9u] Q= ARk Algsitt o]9] 4 (1) =4l 9l
o] 2 FAHEol thek A9 3747 (Appendix 3)
Table 2. Descriptive statistics
Variable Obs. Mean S.D. Min Max
In_sales 3,820 16.009 1.3181 47875 20.9644
A. Outcome
In_workers 2,737 3.7136 1.0309 0.6932 7.6372
Size 3,820 2.6142 0.6975 1 4
B. Firm-level
characteristics Year 3,820 2016.708 1.6696 2014 2019
Research 3,086 594,390.3 2,302.7 1 92,200.0
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Figure 1. Main findings: the effects of SF on sales and
Workers

2. 0|28 =4
& Hojx= A9 alfret S whek A A} Adolst
e o= Qe Aelste] o] £4e R o)A

Ho
[
2
N
e
£
=2
Rl
rir
NS
=
-
2t
A
- g
-
1A
[
e
-
N
N
ox
o
=

7Fe/dol EARIT, ol& aeste] AW 3ol
(intensity)el T2} o2 4 AAsgon, Hoprg Ba
S 71 Kim et al Q021)& FTBIATHGER 74 AR
(Appendix 2) 1), 425 th39 (Figure 2)9F 2}, v
29] 27} 2RolA EFAS AIRle) 49 ATtETYS =
Astelehs vzl tie fojole s} st ohe AoR
et i, 23 o2l A11e] 29
wref oo Falr} WASIAT), AWM E B 4}

Q1) % g o Aulegy £ o) ol Huvt et

>
a
m
ot
ozt
o
K
o
ot
=2

80 =EAZ, Me7H M6= (2022)

Table 3. The effects of SF on sales and workers

Outcome variable: In_sales

Interaction
term Q) ) 3)
" -0.0394 -0.0505 0.0478
(0.0709) (0.0692) (0.7000)
r=-3 -0.0487 -0.0340 0.0609
(0.0589) (0.0566) (0.0639)
T=-2 Reference year
T=- 0.1250** 0.1281%** 0.1141*
(0.0435) (0.0402) (0.0508)
-0 0.2015%** 0.1761%* 0.1332*
(0.0460) (0.0440) (0.0586)
S 0.2112%* 0.1797%* 0.1600**
(0.05171) (0.04971) (0.0600)
— 0.2534*** 0.2145%* 0.1931*
(0.0684) (0.0693) (0.0924)
— 0.1897* 0.1653* 0.2108*
(0.0847) (0.0839) (0.1053)
Obs. 3,820 3,820 1,690
R-squared 0.10 0.10 0.11
Firm FE Y Y
Lagged Y
Bteraction Outcome variable: In_workers
term Q) @ 3)
1 0.1361 0.1507 0.1865
(0.1040) (0.1117) (0.1569)
r=-3 0.0737 0.1074 0.0475
(0.0485) (0.0502) (0.0602)
T=-2 Reference year
= 0.0663 0.0764 0.0937*
B (0.0415) (0.0430) (0.0466)
-0 0.1329*** 0.1231** 0.1020*
(0.0379) (0.0388) (0.0456)
S 0.1700%** 0.1509** 0.1574*
(0.0499) (0.0512) (0.0650)
=42 0.1423** 0.1201* 0.1033
(0.0507) (0.0518) (0.0607)
=13 0.2473%** 0.2225%** 0.2146**
(0.0635) (0.0650) (0.0716)
Obs. 2,737 2,737 1,965
R-squared 0.05 0.06 0.07
Firm FE Y Y
Lagged Y

Note: For statistical inference, we calculate standard errors corrected for
heteroskedasticity and clustered at the firm level by allowing for se-
rial correction within a firm. Significance noted as *p<0.05, **p<0.01,
and ***p<0.001

o, AR oFz|Ql Aol A9 Figure 1) 9] 2t} vpxiz}
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Appendix
Appendix 1. Levels of smart factory implementation
Manufacturing Enterprise

Classification Factory automation

execution system

resource planning

CPS based on loT/IoS

Product lifecycle

management

Advanced

(level 5) loT/10S

l0T/10S (module)

Diagnosis and operation based on big data

Supply chain
management

Business CPS
network

collaboration in internet

Intermediate 2 Equipment control Real-time factory

Integration of

Simulation and

Collaboration in
multiple-product

(level 4) automation control factory operation batch process development
Intermediate 1 Automatic report of Real-time Integration of Technological information Collaboration in
(level 3) equipment data decision-making functions . and . multiple-product
automatic collaboration development
Basic Automatic report of Process logistics Individual operating Technology/delivery Dependence on a
(level 1-2) performance management (POP) functions managemseenrtvg;rough the parent company
ICT not applied Manual work Manual work Manual work Manual work Phone and e-mail
Source: Ministry of SMEs and Startup (https:/www.smart-factory.kr)
Appendix 2. Sample composition by industrial sector (2-digit)
Categories Introduced Non-introduced
Obs. Prop. Obs. Prop.
Manufacture of food products 97 3.7% 43 3.5%
Manufacture of textiles, except apparel 5 0.2% 17 1.4%
Manufacture of wearing apparel, clothing accessories and fur articles 21 0.8% 14 1.7%
Manufacture of leather, luggage and footwear 12 0.5% 1 0.1%
Manufacture of wood and cork; except furniture 40 1.5% 48 3.9%
Manufacture of pulp, paper and paper products 24 0.9% 9 0.7%
Printing and reproduction of recorded media 6 0.2% 25 2.0%
Manufacture of coke, briquettes and refined petroleum products - - 3 0.2%
Manufacture of chemicals and chemical products; except pharmaceuticals and medicinal chemicals 113 4.4% 70 57%
Manufacture of pharmaceuticals, medicinal and botanical products 18 0.7% 7 0.6%
Manufacture of rubber and plastics products 219 8.4% 81 6.6%
Manufacture of other non-metallic mineral products 40 1.5% 25 2.0%
Manufacture of basic metals 120 4.6% 57 4.7%
Manufacture of fabricated metal products, except machinery and furniture 357 13.8% 157 12.8%
Manufacture of electronic components, computer; visual, sounding and communication equipment 340 13.1% 135 11.0%
Manufacture medical, precision and optical instruments, watches and clocks 87 3.4% 19 1.6%
Manufacture of electrical equipment 178 6.9% 99 8.1%
Manufacture of other machinery and equipment 554 21.3% 267 21.8%
Manufacture of motor vehicles, trailers and semitrailers 154 5.9% 78 6.4%
Manufacture of other transport equipment 24 0.9% 8 0.7%
Manufacture of furniture 89 3.4% 23 1.9%
Other manufacturing 71 2.7% 19 1.6%
Maintenance and repair services of industrial machinery and equipment 6 0.2% 10 0.8%
Specialized construction activities 16 0.6% - -
Wholesale trade on own account or on a fee or contract basis 5 0.2% 7 0.6%
Real estate activities - - 2 0.2%
Total 2,696 100.0% 1224 100.0%

Source; Korea Enterprise Data (KED)
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Appendix 3. Estimates with additional control variables

Outcome variable: In_sales

Interaction term

M ) @)
Year_2014 _
Year_2015 -0.0665 (0.0381) 0.0190 (0.0372)
Year_2016 -0.1213** (0.0453) 0.0613 (0.0428) 0.0051 (0.0361)
Year_2017 -0.1397*(0.0554) 0.1294* (0.0509) 0.0548 (0.0519)
Year_2018 -0.2259*** (0.0629) 0.1338*(0.0578) 0.0529 (0.0667)
Year_2019 -0.2985*** (0.0742) 0.1438* (0.0684) 0.0610 (0.0824)
Lagged research - 2.04e-08 (0.1.54e-08)
Lagged worker - 0.0015** (0.0005)
Obs. 3,820 3,820 1,690
R-squared 0.10 0.10 0.11
Fixed-effect Y Y
Lagged Y

) Outcome variable: In_workers

Interaction term

M 3] (©)
Year_2014 - -
Year_2015 -0.0108 (0.0229) 0.0284 (0.0232) -
Year 2016 -0.0033 (0.0340) 0.0902* (0.0354) 0.0676* (0.0272)
Year_2017 -0.0220 (0.0427) 0.1172**(0.0450) 0.0833*(0.0387)
Year_2018 -0.0504 (0.0542) 0.1330* (0.0586) 0.0758 (0.0500)
Year_2019 -0.0738 (0.0621) 0.1531*(0.0675) 0.0811 (0.0613)
Lagged research - 2.81e-08 (1.53e-08)
Lagged sales - 1.563e-09 (7.87e-10)
Obs. 2,737 2,737 1,965
R-squared 0.05 0.06 0.07
Fixed-effect Y Y
Lagged Y

Note: For statistical inference, we calculate standard errors corrected for heteroskedasticity and clustered at the firm level by allowing for serial correction
within a firm. Significance noted as *p<0.05, **p<0.01, and ***p<0.001.
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