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Abstract

This study investigates a new manufacturing paradigm called “smart factory” from an
economics perspective. We first define two core characteristics of smart factory and quan-
titatively measure the degree to which a factory is smart. We then examine the effect of
factory smartization on three types of performance indicators (i.e., productivity, cost effi-
ciency, and new variety). Finally, the drivers of change in the smartization are identified.
Using a detailed survey data that we designed and a first-difference model estimation, we
find that the smartization induces better factory performances but at different magnitudes
depending on the type of production process. This performance-enhancing smartization
is attainable when factories invest in relevant technologies, but the investment should be
coupled with good management practices.
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1 Introduction

A new manufacturing paradigm called the “smart factory” has been gaining hot attention
from industries all around the world. Competitive global firms have already adopted relevant
technologies by investing a massive amount of time and money, but those investments are
still only at an early stage. Some manufacturing based countries, like Germany and Korea, set
the smart factory as the top priority among their industrial policies. Despite this significant
change in the manufacturing environment, the smart factory as a research topic has been only
studied in the engineering literature from a technology perspective.

This paper investigates the smart factory from an economics perspective. We provide a
conceptual framework based on which the degree of smartness of a factory or what we call
“smartization” (just as we call automation or robotization) is quantitatively measured. Our
economic interpretation of the smartization is not just an adoption of enabling technologies,
but rather a process of accumulating certain types of intangible, organizational capitals. In
particular, we argue that two types of organizational capitals constitute the smartization of a
factory. One is the horizontal as well as vertical integration of factory manufacturing system
(system integration or SI in short) and the other is data sharing and decision making based on
the data (data share and use or DSU).

The quantitative measure of smartization requires detailed data at the plant level. We sur-
veyed about 1,000 manufacturing establishments (hereafter, factories or plants) in South Korea
to obtain relevant information. Our survey questionnaire is designed to construct indices rep-
resenting the degree of SI and DSU in year 2015 and 2017, respectively, so that a panel data can
be constructed. We also ask in the survey other important questions related to the smartiza-
tion. They include new technologies adopted by type, the degree of production automation,
and basic management practices for which questions are drawn from the Management and
Organizational Practices Survey (MOPS) (Buffington et al., 2016; Bloom et al., 2019).

Once the factory smartization is measured by averaging the level of SI and DSU, we use
the measure to answer two questions that follows naturally: (1) what are the consequences
of the factory smartization? and (2) what are the causes of it? Regarding the first question,
we evaluate the effect of the smartization on three aspects of factory performances, i.e, pro-
ductivity, cost efficiency, and new variety. Using a first-difference estimation model, we find
that the factory smartization induces improvements of productivity and cost efficiency. Also,
the smartization turns out to be conducive to develop a new product variety and attract a
new customer. These effects are, however, heterogeneous depending on the type of produc-
tion processes. For example, factories with small batch process experienced a more increase
in product varieties, while factories with complex assembly lines benefitted from a greater
reduction in the defect rate of their products.

Turning to the second question, we not only investigate which factors drive the change
in the factory smartization, but also whether those factors have complimentarities with each
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other in smatizing a factory. We find that the adoption of relevant technologies, a good man-
agement practice, and CEO’s willingness to upgrade manufacturing system are all important
drivers for a smarter factory. Moreover, some of these factors are shown complementary to
one another: only the factories that practice a good incentive managment tend to succeed in
upgrading the level of smartization.

This paper contributes to the academic literature at least in two ways. First, we are the first
to conceptualize factory smartization as a set of organizational capitals, quantitatively mea-
sure the degree, and evaluate its effect on the factory perfermance. Second, we also provide
a part of the answer to the question of what determines the difference in accumulating the
smartization. Our study contributes to policy and public dialogues related to so called the
fourth industrial revolution or industry 4.0 as well.

[More literature to come...]
The rest of the paper is proceeded as follows. The next section provides a conceptual frame-

work for defining, interpreting, and measuring the smartization. Section 3 introduces the sur-
vey questionnaire and its outcome data along with the way we construct the smartization.
Section 4 explains our empirical strategies to deal with the questions of this paper. Our find-
ings are documented and discussed in section 5. Section 6 concludes.

2 Conceptual Framework

2.1 Technical Concept of Smart Factory

Smart factory can be defined in a simplest form as a factory that digitizes and networks
all processes, products, and resources (Kagermann et al., 2013; Bitkom e.V. et al., 2016).1 The
rapidly evolving information and communication technologies (ICTs) and operating technolo-
gies (OTs) makes it much easier to digitize and network all of the information about inputs
and outputs as well as their production processes. Networking of digitized information not
only enables integrated management but also helps to create new values such as productivity
improvement, cost reduction, and the development of new products or business models.

An exemplary case can be found in Nobilia, a German kitchen furniture maker. Nobilia ap-
plies cutting-edge technologies to its factories to automatically order and assemble all pieces to
build customized kitchen furniture. During this process, it digitizes all information that is gen-
erated and reflects it in the decision-making for value creation. As an illustration, the location
of holes required to assemble each piece is recorded and managed by a Data Warehouse and
information generated during drilling (motor power, vibration, etc.) is transferred to a Man-
ufacturing Execution System (MES) to optimize the process. In addition, Radio-Frequency

1In fact, extension of this definition to all industries gave birth to Industrie 4.0, the national strategy initiative
in Germany. The specific wording used in the definition follows the presentation of Detlef Zühlke at a conference
in 2018 Hannover Messe. Dr. Zühlke is known as the one who first came up with the idea of smart factory. See also
Radziwon et al. (2014) and Burke et al. (2017), among others, for more technical definitions.

3



Identifications (RFIDs) or bar codes are attached to all the pieces to identify any defect real-
ized even after product delivery. The number of data transfers from a Nobilia plant is more
than one million per day, but the data is handled at 100 milli-seconds per case (PC Control,
2014).

Two key characteristics are notable in the example above. First, the factory of Nobilia has
constructed an integrated manufacturing system in which all parts, equipments, and outputs
can be monitored and controlled in all processes at any time. Second, real-time digital data
generated from each process flow through the whole system as the lifeblood to deliver in-
formation to all production entities so that they can implement their tasks properly or even
improve efficiency. Although some additional features can be mentioned when describing a
smart factory, these two are arguably the core, necessary conditions that any factory should
possess if it wants to claim itself as smart.2 Indeed, the two features are just enough to describe
the definition we introduced above.

More generally, smart factory maximizes the scope of the network through vertical inte-
gration of different hierarchical levels within the production phase, as well as horizontal in-
tegration among all the entities involved in the value chain of the product (Kagermann et al.,
2013).3 To aid understanding, Figure 1 visually shows the comprehensive manufacturing sys-
tem. Within the production phase, the system can be integrated vertically from devices and
raw materials in the shopfloor (level 1) to the enterprise-wide management (level 4).4 The
scope of integration need not be limited to the production phase alone. All the entities within
the factory (e.g., each department) and outside (e.g., sellers and buyers) on the value chain
can also be integrated horizontally. Smart factory also maximizes the volume of the network
through sharing and utilizing data in the integrated manufacturing system. Note that even if a
factory constructed a physical system where data are generated in real time from all processes,
it is another story whether and how the factory actually shares and uses the data.

2.2 Economic Interpretation

To be added...
2One feature of smart factory often emphasized is the flexible and adaptive manufacturing system through

modularizing production units. A reference architecture of such factories has been developing at SmartFactory-
KL, a technology initiative founded by Dr. Zühlke (See Kolberg et al., 2018, for more explanation). This plug-
and-produce approach is clearly new, but to our knowledge, it has never been implemented in the real business
world yet. Moreover, it is not very clear that all factories should have such a production system. Hence, we do not
consider the modularization as a key characteristic of a smart factory.

3In addition to vertical and horizontal integration, the literature also emphasizes the integration of end-to-
end engineering into which all phases of the Product Life-Cycle (such as planning and launching, maintenance,
recycling and disposal) can be consistently connected and managed (Bitkom e.V. et al., 2016; Stock and Seliger,
2016).

4Many argue that the current pyramid-type manufacturing structure will gradually be transformed into a non-
hierarchical networked architecture in smart factory (Monostori, 2014).
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3 Data and Measuring Method for Smartization

3.1 Survey Design and Sample

The population for the sample survey is confined to all manufacturing establishments
(hereafter, factories or plants) that meet the following three conditions. First, factory employed
at least 10 or more employees in 2017. Second, its business must have started in or before 2015.
Third, the main activity must be one of six 3-digit or two 5-digit industries based on the 10th
revision of Korea Standard Industrial Classification (KSIC): dyeing and finishing of textiles
and wearing apparel (C134), manufacture of plastics products (C222), manufacture of other
fabricated metal products (C259), manufacture of electronic components (C262), manufacture
of general purpose machinery (C291), manufacture of parts and accessories for motor vehi-
cles (C303), manufacture of perfumes and cosmetics (C20423) and manufacture of mould and
metallic patterns (C29294).

The size criterion of more than 10 employees considers that small factories are less likely
to promote smartization yet, and the age criterion comes as the survey needs factory infor-
mation for both 2015 and 2017. The selection of the eight specific industries reflects not only
their importance in Korean manufacturing, but also their accelerated adoption of enabling
technologies with assistance of government subsidies.5 The eight industries account for about
35% of the aggregate manufacturing employment and 27% of the total value-added as of 2016.
In addition, more than half of the 3,200 factories that benefited from the government subsi-
dies between 2014 and 2017 are included in those eight industries.6 Such targeting to a few
narrowly defined industries clearly helps reducing heterogeneous, unobserved characteris-
tics across factories and providing a better identification setup (Ichniowski and Shaw, 2013).
One should note, however, that the benefit comes only at the expense of sacrificing external
validity.

There are more than 22,000 population factories that meet the three criteria based on the
FactoryOn, the database of all registered manufacturing factories in Korea provided by the
Industrial Complex Corporation (KICOX). We surveyed 1,000 of these factories. The sampling
method is as follows. The distribution of eight industries in the sample is designed to conform
to the population distribution. Within each industry, the size of the factory (based on employ-
ment in 2017) was divided into four groups: (i) 10 to 19, (ii) 20 to 49, (iii) 50 to 99 and (iv) 100
or more persons. Moreover, the recipient factories of government subsidy are set to constitute
about 30% of observations in each industry-size cell. Factories were extracted in random order
within the groups by industry, size and subsidy status. Table 1 shows the distribution of 952
factories obtained from this process.

5The government subsidy typically covers half of the total cost of installing a certain type of technology for
smartization. The overall program started from 2014 and is run by the Korea Smart Factory Foundation (KOSF), a
public-private partnership agency.

6The list of factories that received the government subsidies is generously provided by the Ministry of SMEs
and Startups.
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3.2 Measure of Smartization and Other Variables

A main goal in this paper is to quantitatively measure the level of factory smartization re-
flecting its engineering concept described in Section 2.1. To do so, our measure of smartization
has two dimensions, (i) the integration of plant operating systems (hereafter, system integra-
tion or SI) and (ii) the data share and utilization (hereafter, DSU). The level of SI is calculated
by adjusting the selected choices in C5 and C6 into a 0–1 scale and averaging them.7 The level
of DSU is calculated by adjusting all 12 (=2+6+4) detailed questions evenly from 0 to 1, in-
cluding C9-2 and C9-3 and C10 and 4 detailed questions from C11.8 Finally, the overall level
of smartization is calculated as the average of the measured SI and DSU level.

Figure 2 shows the distribution of smartization of 952 sample factories calculated by the
above method for 2015 and 2017, respectively. The distribution has moved to the right for two
years and the overall level of smartization has improved. The average level increased by 0.68
from 0.305 in 2015 to 0.373 in 2017. However, changes in the level of smartization are not the
same for all factories. To confirm this, Figure 3 shows the changes in the level of smartization
by each factory. The circles above the 45-degree line mean a factory with an improved level
in the figure. Also, the farther away from the 45 degree line, the greater the level change. It
is well observed that the level of smartization has been improved at 580 sample factories, but
their level changes are very different. In addition, about one-third of the factories have never
changed in level, and 34 of the factories have been less smart. We will analyze the effects
of factory smartization on various performance indicators by utilizing these different level
changes for different factories.

In addition to the level of smartization, the key variables to be used in our analysis are the
degree of smartizing technology adoption, the level of automation, and the level of manage-
ment practices. The measurement of each variable is as follows. First, the degree of smartizing
technology adoption is measured at the cumulative sum of the number of related technologies
adopted each year (regardless of its type). Refer to [Figure 4-4] for the introduction of individ-
ual technologies. For example, if a factory adopts only two and three types of technologies in
2015 and 2017, respectively, the degree of technology adoption is 0 in 2014, 2 in 2015 and 2016,
and 5 in 2017 . The level of automation was the same as the B1 in the survey. Therefore, the
level is determined between 1 and 5. Finally, the level of management practices was measured
in the same way as Bloom et al. (2019).

7That is, we rescale 1 to 0, 2 to 0.25 to 3, 4 to 0.75 and 5 to 1.
8The first, fourth, and fifth subquestions in C9 are excluded, since they overlaps the details of C10. However,

including them did not affect the results of the analysis.
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4 Empirical Strategy

4.1 Consequences of Factory Smartization

To assess the effect of factory smartization, we employ the following econometric model.

ln(KPIijt) = α + βSmartijt + Xijtγ + (Gg × t)δ + λij + µt + εijt (1)

where KPIijt is a key performance index (KPI) in factory i in industry j at year t. We use
six different measures of KPI to identify various effects of factory smartization. They include
(i) daily production: quantity of the main output produced per day, (ii) lead time: the total
time spent from the initial ordering to the shipment of the main product, (iii) defect rate: the
percentage of outputs that fail to satisfy a quality target, (iv) operating rate: the percentage of
capacity being utilized, (v) product variety: number of customized or differentiated products,
and (vi) number of customers.

The right hand side of Eq. (1) includes the measure of smartization, Smartijt, and other
plant- and industry-level observables in Xijt. This model also allows that the effect of smar-
tization on KPIs may vary over time from one group to another: the group dummies (Gg)
interacted with the linear time trend capture the effects (Heckman and Hotz, 1989). The spe-
cific groups include each industry group based on 5-digit KSIC, start-ups group with less
than five years old, and the subsidized group with government support to adopt smart fac-
tory solutions. λij and µt absorb time-invariant unobserved heterogeneity across industries
and factories and year-specific effect, respectively.

We then consider the first-difference model of Eq. (1) as following:

∆ln(KPIijt) = β∆Smartijt + ∆Xijtγ + Ggδ + ηt + uijt (2)

where ∆ = t− (t− 2) as we have data for 2015 and 2017. ηt = ∆µt and uijt = ∆εijt. Note that
∆Smartijt is a level change, but the difference in dependent variable implies the percentage
change. Thus, the coefficient β in Eq. (2) exhibits the semi-elasticity.

Eq. (2) can estimate the average effect of smartization, regardless of the type of production
processes. However, as noted above, the effect on KPIs is likely to be different depending on
the process type of factory. In Bartel et al. (2007), for example, the performance improvement
of the CNC machine in the batch process was linked to a reduction in setup time and an
increase in product variety. Although not directly analyzed in the study, more production
of customized valves could imply more number of customers which can be important for a
long-run growth of the business. We can expect a similar effect for the job shop process, since
it is a form of batch process with a batch size of 1. On the other hand, it is difficult to expect
the product variety to increase in the case of a continuous process. The smartization of the
continuous process, instead, may reduce the lead time and daily production. Also, in the line

7



process that assembles a large number of parts to produce a complex product, the defect rate
due to the mis-assembly can be minimized if those parts are more systematically managed
and monitored.

We account for the role of different production processes in our estimation by adding in-
teraction terms as follows:

∆ln(KPIijt) = β0∆Smartijt +
2

∑
k=1

βk∆SmartijtProcessk + ∆Xijtγ + Ggδ + ηt + uijt (3)

where processk∈{1,2}indicates assembly line and continuous processes. Hence, β0 is the effect
on KPIs for job shop or small batch process, while β0 + β1 and β0 + β2 are the effects for line
and continuous processes, respectively.

4.2 Causes of Factory Smartization

The next question is what drives the difference in the level of factory smartization. One ob-
vious source of smartization is the adoption of relevant technologies. Hence, we first estimate
a model similar to Eq. (2):

∆Smartijt = β0∆Techijt + ∆Xijtγ + Ggδ + ηt + uijt (4)

where Techijt measures the cumulative number of adopted technologies up to year t. As ar-
gued earlier, however, the technololgy adoption itself does not guarantee a smarter factory
and other complementary factors may have to be accompanied. Potential candidates for the
complements suggested in the literature include the structured management practices and
existence of ICT division in factory. Hence, we will also test whether Techijt has some comple-
mentary effects with these characteristics.

5 Estimation Results

5.1 Main Findings

Turning to the estimation results, Table 2 shows the effect of smartization on daily produc-
tion and lead time of the main product. The two KPIs are often regarded as the best measures
of the plant-level productivity. In fact, they tend to be negatively correlated with one another
because the reduction in lead time means an increase in production over a given period of
time. However, rapid production does not always induce more production, unless there is
sufficient demand. All specifications in the table include industry-specific linear time trend
and year dummy. Robust standard errors for coefficients are clustered at KSIC 5-digit indus-
try level in parentheses.
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The first column only includes the change in smartization and estimate its effect on daily
production. The increase in smartization has a significantly positive effect on the growth of
daily production. In the second column, we include the number of adopted technologies for
smartization between 2015 and 2017 (∆Tech) as the only explanatory variable. According to
Brynjolfsson and Hitt (2003), the estimated coefficient in the second column should not be
interpreted as the pure effect of technology adoption, but rather as the mixed effect of the
technology adoption and its complementary investment in intangible organizational and hu-
man capital. However, since they were not able to observe the investment, their argument
remains as a conjecture. In this study, we do observe at least a part of such intangible organi-
zation capital, the level of factory smartization. The third column shows a result supporting
the argument of Brynjolfsson and Hitt (2003). The estimation result indicates that the signif-
icant growth of daily production did not automatically come from the technology adoption
but it came with the upgrading of smartization. The technology adoption indirectly influences
the daily production by improving the level of smartization. We will show how the adoption
of relevant technologies enhances the level of factory smartization in a more detail.

Columns (4) through (6) in Table 2 reports the estimation results in the same manner as
in columns (1) through (3), but the KPI of our interest is lead time. The findings are broadly
consistent with the results for daily production: upgrading the level of smartization tends to
reduce the lead time of the main product, but the adoption of technologies in itself do not
have a significant impact.

Table 3 estimates Eq. (3). All specifications now include two interaction terms multiplied
by the dummies for the line process and continuous process. However, the coefficients for
the interaction terms in column (1) through (3) are not shown statistically significant. This
means that the effect of smartization in all types of production processes is similar, at least,
for daily production. In addition to the change in smartization, the second column controls
for additional factory-level characteristics (∆Xijt), such as the level change in automation, the
percentage changes in employment and raw material costs, as well as two group dummies
for start-ups and government-subsidized factories (Gg), respectively. However, the inclusion
of these controls does not qualitatively change the effect of smartization on daily production.

The third column shows the result of estimating the same specification as the second col-
umn, but it changes the sample used for estimation. This study relies entirely on the survey
data and its reliability is a central, unavoidable concern. In particular, one may raise doubts as
to whether the survey respondents knew the true values of daily production in both 2015 and
2017 if they did not keep record on them. Our survey indeed asks in question D2 about how
many KPIs are monitored, but about 6% of sample factories said that they have no KPI, and
about one-third answered that they have one or two KPIs to be monitored. The survey answers
on various KPIs in these factories may be particularly less reliable. Therefore, we present the
estimation result using only subsample of factories with at least three or more KPIs that are
actually monitored in column (3). Nonetheless, the result does not differ significantly from
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that in column (2).
The same estimation results for lead time are reported in column (4) to (6) in Table 3. In col-

umn (4) and (5), the coefficients for smartization and its interaction terms are not individually
significant. In the second row from the bottom of the table, however, indicates that the three
coefficients are jointly significant at the 5% and 10%, respectively. Moreover, we find a dispro-
portionately large, negative effect on the lead time for the continuous production process in
column (6). This result is consistent with our expectation that the benefit of smartization in
factories with the continuous process would mostly come from the reduction of lead time.

[More results to come...]

5.2 Robustness Checks

To be added.

6 Concluding Remarks

To be added.
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Figure 1: Horizontal & Vertical Integration of Manufacturing ecosystem
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Figure 2: Distribution of Factory Smartization: 2015 vs. 2017
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Figure 3: Change in Smartization
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Figure 4: Relationship between Smartization and Other Variables

15



Figure 5: Trends in Enabling Technology Adoption
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Table 1: Sample Distribution by Industry and Size

Industry
(3 or 5-digit)

Size (Employment in 2017)
Total

10~19 20~49 50~99 100 or more

C134 12 40 18 9 79

C222 25 48 25 25 123

C259 24 64 30 24 142

C262 24 45 30 27 126

C291 32 55 26 29 142

C303 30 77 50 46 203

C20423 12 12 11 5 40

C29294 20 43 28 6 97

Total 179 384 218 171 952

Notes: C134=dyeing and finishing of textiles and wearing apparel, C222=manufacture of plastics prod-
ucts, C259=manufacture of other fabricated metal products, C262=manufacture of electronic compo-
nents, C291=manufacture of general purpose machinery, C303=manufacture of parts and accessories
for motor vehicles, C20423=manufacture of perfumes and cosmetics, C29294=manufacture of mould
and metallic patterns.
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Table 2: Overall Effects of Smartization on Daily Production and Lead Time

Daily Production Lead Time

(1) (2) (3) (4) (5) (6)

∆Smart 0.660*** 0.516** -0.225* -0.298**
(0.231) (0.233) (0.121) (0.149)

∆Tech 0.575** 0.376 0.075 -0.193
(0.252) (0.256) (0.082) (0.117)

Observations 807 807 807 890 890 890
R2 0.124 0.119 0.129 0.104 0.097 0.110

N_Clusters 81 81 81 82 82 82

Notes: All specifications include industry-specific linear time trend and year dummy. Robust standard errors
for coefficients are clustered at KSIC 5-digit industry level in parentheses. ***, **, and * denote significance
at the 1%, 5%, and 10% levels, respectively.
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Table 3: Differential Effects of Smartization on Daily Production and Lead Time

Daily Production Lead Time

(1) (2) (3) (4) (5) (6)

∆Smart 0.660*** 0.588*** 0.650*** -0.141 -0.135 -0.100
(0.223) (0.193) (0.215) (0.088) (0.096) (0.095)

∆Smart× Line -0.022 -0.042 -0.112 -0.057 -0.050 0.021
(0.253) (0.237) (0.251) (0.190) (0.207) (0.262)

∆Smart× Cont. 0.214 0.389 1.001 -0.316 -0.339 -0.458**
(0.463) (0.467) (0.887) (0.239) (0.259) (0.222)

∆Automation -0.232** -0.313** -0.038 -0.118
(0.114) (0.130) (0.082) (0.110)

∆ln(Employment) -0.204* 0.184* 0.025 0.006
(0.107) (0.103) (0.034) (0.044)

∆ln(Material Cost) 0.189*** 0.184*** 0.010 -0.000
(0.052) (0.052) (0.019) (0.017)

Start-ups 0.091 0.105 0.003 -0.003
(0.057) (0.079) (0.023) (0.023)

Gov’t Subsidy 0.051 0.049 0.016 -0.016
(0.037) (0.065) (0.029) (0.029)

Observations 807 763 458 890 831 498
F-stat 3.10** 3.36** 3.44** 2.87** 2.27* 2.86**

R2 0.124 0.228 0.256 0.108 0.115 0.199
N_Clusters 81 81 71 82 82 73

Notes: All specifications include industry-specific linear time trend and year dummy. Robust standard errors
for coefficients are clustered at KSIC 5-digit industry level in parentheses. F-stat is the test statistics for the joint
significance of the three coefficients for ∆Smart, ∆Smart× line and ∆Smart× cont. ***, **, and * denote significance
at the 1%, 5%, and 10% levels, respectively.
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Table 4: Effects of Smartization on Defect Rate and Operating Rate

Defect Rate Operating Rate

(1) (2) (3) (4) (5) (6)

∆Smart -0.147 -0.163 -0.505 0.065 0.042 0.036
(0.224) (0.273) (0.357) (0.055) (0.051) (0.077)

∆Smart× Line -0.833* -0.844* -0.976** 0.019 0.002 -0.031
(0.469) (0.449) (0.488) (0.085) (0.087) (0.122)

∆Smart× Cont. 0.087 0.114 0.046 -0.064 -0.047 -0.049
(0.305) (0.335) (0.509) (0.058) (0.064) (0.121)

∆Automation -0.074 -0.015 0.013 -0.008
(0.194) (0.323) (0.034) (0.045)

∆ln(Employment) -0.096 -0.039 0.067*** 0.102**
(0.096) (0.136) (0.025) (0.044)

∆ln(Material Cost) -0.000 -0.003 0.062*** 0.099***
(0.036) (0.047) (0.017) (0.022)

Start-ups 0.036 -0.038 -0.003 -0.007
(0.038) (0.052) (0.010) (0.016)

Gov’t Subsidy 0.011 -0.008 -0.013 -0.004
(0.040) (0.057) (0.011) (0.021)

Observations 840 790 479 887 832 500
R2 0.104 0.114 0.157 0.067 0.155 0.259

N_Clusters 82 82 72 82 82 73

Notes: All specifications include industry-specific linear time trend and year dummy. Robust standard errors for
coefficients are clustered at KSIC 5-digit industry level in parentheses. ***, **, and * denote significance at the 1%,
5%, and 10% levels, respectively.
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Table 5: Effects of Smartization on Product Variety and Number of Customers

Product Variety Number of Customers

(1) (2) (3) (4) (5) (6)

∆Smart 0.258* 0.257* 0.399** 0.526*** 0.555*** 0.572**
(0.153) (0.154) (0.193) (0.141) (0.184) (0.221)

∆Smart× Line 0.147 0.057 -0.002 -0.244 -0.326* -0.446***
(0.131) (0.131) (0.160) (0.164) (0.182) (0.166)

∆Smart× Cont. -0.300** -0.321** -0.356** -0.326* -0.344 -0.209
(0.131) (0.132) (0.167) (0.179) (0.217) (0.263)

∆Automation 0.022 0.034 0.048 0.171*
(0.047) (0.070) (0.070) (0.091)

∆ln(Employment) 0.055 0.084 0.179*** 0.207*
(0.048) (0.075) (0.057) (0.106)

∆ln(Material Cost) 0.032** 0.036 0.078*** 0.107**
(0.015) (0.026) (0.028) (0.053)

Start-ups 0.039* 0.047 0.015 0.014
(0.021) (0.041) (0.022) (0.034)

Gov’t Subsidy -0.003 -0.005 -0.023 -0.030
(0.019) (0.032) (0.029) (0.042)

Observations 899 834 502 889 828 501
R2 0.091 0.117 0.207 0.081 0.131 0.171

N_Clusters 82 82 72 81 81 73

Notes: All specifications include industry-specific linear time trend and year dummy. Robust standard errors for
coefficients are clustered at KSIC 5-digit industry level in parentheses. ***, **, and * denote significance at the 1%,
5%, and 10% levels, respectively.
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Table 6: Additional Results

(1) (2) (3) (4) (5) (6)

Dependent Variable
Daily

Production
Lead Time Defect Rate

Operating
Rate

Product
Variety

Number of
Customers

∆Smart 0.522*** -0.179 -0.390* 0.031 0.234** 0.334***
(0.191) (0.181) (0.216) (0.065) (0.111) (0.126)

∆Smart× Top20% 0.106 -0.194 -0.571 -0.021 0.024 0.092
(0.274) (0.157) (0.408) (0.055) (0.101) (0.135)

∆Tech 0.205 0.189* 0.456* 0.050 -0.057 -0.110
(0.287) (0.100) (0.245) (0.045) (0.059) (0.089)

∆Automation -0.221* -0.051 -0.126 0.012 0.018 0.035
(0.112) (0.080) (0.210) (0.034) (0.044) (0.068)

∆ln(Employment) 0.200* 0.019 -0.125 0.066*** 0.058 0.182***
(0.104) (0.032) (0.102) (0.025) (0.048) (0.059)

∆ln(Material Cost) 0.186*** 0.010 -0.009 0.062*** 0.034** 0.078***
(0.052) (0.019) (0.036) (0.017) (0.015) (0.029)

Start-ups 0.090 0.003 0.047 -0.005 0.037* 0.011
(0.058) (0.024) (0.039) (0.011) (0.020) (0.021)

Gov’t Subsidy 0.035 0.004 -0.015 -0.016 0.001 -0.014
(0.045) (0.027) (0.039) (0.011) (0.020) (0.033)

Observations 762 830 789 831 833 827
R2 0.228 0.117 0.114 0.157 0.111 0.128

N_Clusters 81 82 82 82 82 81

Notes: All specifications include industry-specific linear time trend and year dummy. Robust standard errors for
coefficients are clustered at KSIC 5-digit industry level in parentheses. ***, **, and * denote significance at the 1%,
5%, and 10% levels, respectively.
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Appendix. Survey Structure

The survey consists largely of six sections. Since the full survey is attached to the appendix,
we breifly explain questions introduced in each section.

A. Production Environment

This section asks about the main products of the plant(No. A1), their location in the supply
chain(No. A2), and the production process type(No. A3). The production process types are
categorized into four processes: one-off or job shop process, batch process, flow process, and
continuous process. Process type can play an important role in this study because the effects
of smartization of plant can vary depending on the process type. For example, one-off and
batch processes are known to be the most suitable processes for producing a large variety of
products in small quantities, whereas flow and continuous processes are suitable for mass
production of products with low variety. Therefore, while smartization of plant can increase
the number of products produced in one-off and batch processes, it may not be the case for
flow and continuous processes.

B. Automation Level

This section measures plant automation levels as of 2015 and 2017. The question B1 asks
plant’s automation levels ranging from 1(mainly manual work) to 5 (entire process automa-
tion). This section also asks about the number of industrial robots (B2) and plant’s demand for
robots.

C. Smartization Level

This section consists of questions about the plant’s smartization level and its introduction
status of related technologies, and the reasons of its introduction and plans to introduce in
two years. First, the questions about the plant’s smartization level were largely intended to
identify the following two dimensions, according to our definition of smart factory. The first
dimension is the degree in which all the production activities of the plant are integrated sys-
temically. It measures how close the plant is to the state that all processes, products, and com-
ponents are networking with each other. The integration of production activities is important
goal of a smart factory (see Figure 2-1). The second dimension captures the degree in which
data is collected, shared and utilized in each production activity. It measures the plant’s per-
formance of data utilization. Even if each production activities are integrated into the system,
plants can show different performance in sharing, analyzing and utilizing data. In particular,
sharing information with other departments and factories or analyzing data and reflecting it
in decision-making are possible when the ability of individual workers and business manage-
ment practices are ready. For each of the two dimensions, this survey asks the level of vertical
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integration (No. C5) in the production process as of 2015 and 2017 and the level of horizontal
integration (No. C6) from sales forecasting to production, inventory management and logis-
tics. Both vertical and horizontal integration levels are measured with five stages. In addition,
we asked how frequently various types of data collected from production activities are used
in decision making (No. C9), how often the data analysis results are utilized (No. C10) and
how much the data is shared among the participants in the value-generating process of the
product (No. C11). They were asked to be answered in five or six separate steps. Some of the
questions in No. C9 are from Buffinfton et al. (2016). We discuss the literature in more detail
in Section D.

Another important information surveyed in this section is the plant’s current introduction
state of a dozen types of technology related to smart factory (No. C7). Specifically, No. C7 asks
about the introduction year and future plans for introducing five types of ICT(Information and
Communication Technology), three types of OT(Operational Technology), and four recently
developed technologies related to smart factory. The five types of ICT correspond to Product
Lifecycle Management system (PLM), Manufacturing Execution System (MES), Enterprise Re-
source Planning system (ERP), Supply Chain Management system (SCM), and Factory Energy
Management system (FEMS), while the three types of OT correspond to digital control unit
(Programmable Logit Controller, PLC), smart sensor (RFID), and central control system (Su-
pervisory Control and Data Acquisition, SCADA). The four types of technologies related to
smart factories include factory big data analytics, cloud computing services, artificial intelli-
gence and machine learning, and Cyber Physical System(CPS). Survey No. C7 contains berief
explanations on each individual technologies. As depicted in [Figure 2-1], these technologies
can be introduced at various stages of production, directly and indirectly affecting the level
of vertical integration of the plant operating system and the level of horizontal integration in
sharing and utilization of data.

In addition, this section asks the degree of prior knowledge on smart factories (No. C1), the
number of nearby factories that introduced smart factory technologies (No. C2), whether the
plant conducted preliminary investigation for introducing smart factory-related technologies
(No. C3), whether the plant offered training for the adoption of smart factory-related tech-
nologies (No. C4), plant’s satisfaction and expected effects after technology introduction (No.
C7-3 and C7-4), major reasons for the (non)introduction smart factories (No. C7-6 and C8),
and whether the plant has recieved government support (No. C12).

D. Management Status

This section surveys on plant’s management practices. This study utilize the quantitative
measurement of management practices by ?. The authors collaborated with the U.S. Census
Bureau to devise a method for measuring a business’s level of management practices with
16 multiple choice questions. They showed that the measured level of management prac-
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tices is positively related to the productivity of the business. The survey, called MOPS (The
Management and Organizational Practice Survey), is detailed in Buffington et al. (2016). The
MOPS has been conducted in several countries including Britain, Australia and Japan.Chung
(2018) has performed the MOPS in Korea. He found the level of management practices for
manufacturing plants in Korea has a significant positive correlation not only with the plant’s
productivity but also with the level of introduction of new technologies. This section D of our
survey includes all questions related to management practices covered in MOPS (No. D1~D8).
The management practices include practices on monitoring the production process and set-
ting goals, as well as personnel management and incentive management for employees. We
sorted the questions into two categories: Production Management (No. D1~D6) and People
Management (No. D6-1~D8).

This section also includes questions such as the degree of participation of production work-
ers in decision-making and problem-solving in production process (No. D9 and D10), the
degree of the CEO’s interest in process innovation (No. D11), the presence of personnel or
departments dedicated to integrating and optimizing production process (No. D12), and the
CEO’s risk preference (No. D14).

E. Employment and Work Characteristics

This section aims to understand the impact of smartization on employment and demand
for workers’ job competency (No. E2). Worker types are categorized into 3 types which are
office workers, process control engineers and production workers. The question No. E3 asks
expected change in demand for each type of workers.

F. Establishment Characteristics

This section asks about basic characteristics of the plant (total number of establishments,
number of overseas subsidiaries, labor union status, foreign investment, etc. in No. F1) and
the various performance indicators of the plant (No. F2). Key performance indicators include
(i) the daily production of the main product; (ii) the lead time of the main product (from
order to factory delivery); (ii) the defect rate of the main product; (iv) the number of products
produced; and (vi) the number of customers. The question No. F2 also includes accounting
information such as sales and costs of raw materials which enables us to calculate value-
added.
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Aug. 2018.
Responsible for survey: KDI Public Opinion Analysis Unit 
(Economic Information and Education Center)  
Phone: 044-550-4655, 4639, 4626  Fax: 044-550-4941

▶ Matters to be attended to when responding. ◀

1. This survey is for factory managers who have a good understanding of the overall situation of the 
factory, so please do not respond if you are not applicable.

2. Answer every questionnaire in order from the first page. 

3. Please check (V) one box on the list when there is no other specific request.   

4. Even if the information is related to management, please write down the details as much as possible.  
Name of 

establishment

Industrial 

classification

(5 digit)
□□□□□ (Direct entry:                         ) 

Year of 

establishment
(                         )Year

Location of head 

office

① Seoul

⑨ Gyeonggi 

② Busan

⑩ Gangwon 

③ Daegu

⑪ Chungbuk

④Incheon

⑫ Chungnam

⑤ Gwangju

⑬ Jeonbuk

⑥ Daejeon

⑭ Jeonnam

⑦ Ulsan

⑮ Gyeongbuk

⑧ Sejong

⑯ Gyeongnam ⑰ Jeju

Location of this 

establishment

① Seoul

⑨ Gyeonggi 

② Busan

⑩ Gangwon 

③ Daegu

⑪ Chungbuk

④Incheon

⑫ Chungnam

⑤ Gwangju

⑬ Jeonbuk

⑥ Daejeon

⑭ Jeonnam

⑦ Ulsan

⑮ Gyeongbuk

⑧ Sejong

⑯ Gyeongnam ⑰ Jeju

    e.g.) Manufacture of new electric devices for automobiles: 3 0 3 3 2

A Survey on the Adoption and Effect of A Survey on the Adoption and Effect of 
Smart FactoriesSmart Factories

How are you?

The Korea Development Institute (KDI) is conducting a survey on the adoption and effect of smart 

factories. The purpose of this survey is to identify the management practices and problems of smart 

factories comprehensively and systematically.

I'm sure you're busy, but I'd appreciate it if you could understand the importance of this survey and 

answer the questions. The results of the survey are strictly confidential by the Statistics Act.

Please give us a sincere answer so that your opinion can be reflected in the policy making.

Thank you.

                     <Survey>  ID

Economic Information and 
Education CenterEIEC 
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A. Manufacturing Environment

A1. Please respond to the following information 

regarding your establishment's products:

   

A2. Which type of company does this establishment 

belong, based on, the major products?

① Entrusting enterprise 

② Primary vendor enterprise

③ Secondary vendor enterprise

④ Above tertiary vendor enterprise  

※ Note: Corporate types according to production type

Entrusting enterprise

(parent company=large or small company)

Primary vendor Primary vendor②1st

③2nd

④3rd

Secondary 

vendor

Secondary 

vendor

Secondary 

vendor

Secondary 

vendor

Above 

tertiary

Above 

tertiary

Above 

tertiary

Above 

tertiary

Above 

tertiary

Above 

tertiary

Above 

tertiary

Above 

tertiary

①Entrusting

A3. Which of the following is the production method at 

this establishment?

① One-off, Job Process: Individual product 

production  (e.g. Prototype, machine tool 

manufacturing, shipbuilding, etc) 

② Batch Process: Similar items are grouped 

together and rotated to produce with the same 

equipment.(e.g. shoals, ceramics, etc.)

③ Line Process : Step-by-step production along 

the production line (e.g. refrigerator, car, etc.)

④ Continuous Process: Processes with automated 

facilities running non-stop (e.g. steel, beer, 

paper, etc.)

B. Automation Level

B1. During the entire production process, what best 

describes the automation level at this 

establishment? Also, what is the goal for the 

next year? Check one box for each year. 

 

※ The following questions survey the degree of 

adoption and utilization of robots* in the production 

process.

Robots: An automatically controlled, reprogrammable1), 

multipurpose manipulator programmable in three or 

more axes2), which is used in industrial applications  

from product production to shipment. 

*NOTE 1) Reprogrammable: Designed to allow programmed 

motion or auxiliary functions to be 

changed without physical alteration 

        2) Axis: Direction used to specify robot motion in 

                linear or rotary mode

B2. As of the end of 2017, does this establishment 

have industrial robots? If so, how many?

① Have  (             robots) ☞ B2-1

② Don't have one.    ☞ B3

  B2-1. What was the amount paid for the  

maintenance of industrial robots throughout the 

year 2017?

                        
million won

  B2-2. What was the total number of new robots 

purchased and their costs between 2016 

and 2017?

1) Major products 

(names)

2) Type of major 

products 

(optional1)

① Intermediate goods (including parts, 

   components and semi-finished 

   products)

② Capital goods (tools, machinery, 

   equipment used for production)

③ Final consumer goods

④ Outsourced goods

①

Mainly

manual

work

②

Parts of

process

③

Major

process

④

Most 

processes

⑤

Entire 

process

1) 2015 ① ② ③ ④ ⑤

2) 2017 ① ② ③ ④ ⑤

3) 2019 ① ② ③ ④ ⑤
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Number of 

robots purchased
robots

Cost of 

purchasing 
million won

B3. Did this company buy or plan to buy robots this 

year and next year (2019)? If it did, how many?

① Have  (             robots)  ☞ B3-1

② Don't have one               ☞ B 4 

  B3-1. How much will this company spend on robots 

this year and next year (2019)?

million won

B4. What choice would your company make under the 

following circumstances?

The volume of orders has increased, giving us at least five 

years of orders for the following years. To meet these 

orders, we need to hire at least 10 more production 

workers with this year’s productivity level. One robot can 

replace five production workers. The total costs of 

purchasing and maintaining one robot add up to 200 million 

won at its present value, and its lifespan is 10 years.

① Don’t buy robots, don’t hire more workers.

② Buy robots, don’t hire more workers    

③ Don’t buy robots, hire more workers.

④ Buy robots, hire more workers.

B5. In the context of question B4, if a robot could 

replace 10 people instead of five production 

workers, what would your company choose?

① Don’t buy robots, don’t hire more workers.

② Buy robots, don’t hire more workers    

③ Don’t buy robots, hire more workers.

④ Buy robots, hire more workers.

  

C. Smartization Level

※ The following questions survey the level of 

smartization or smart factory* at this establishment.

<Smart Factory> 

Factories that integrate and optimize the entire 

process from Planning and design → Production → 

Distribution → to Sales, etc., by using ICT 

(Information and Communication Technologies that 

include Internet of Things, Software, etc.) to digitize 

the data produced in the process and utilize the 

data. 

C1. In 2015 and 2017, did your establishment have 

some prior knowledge of the smart factory 

concepts and related technologies presented above?

                             

2015 2017

   

   

① Had no idea.

② Knew the basic concept and purpose.

③ Was aware of the concept and the related 

technology and applications in general.

④ Had expertise in concepts and related 

technologies and applications.

C2. Were there any establishments around your site 

that introduced or promoted the introduction of 

technology for smart factories over the past two 

years (2016-2017)? Mark all that apply. 

① There wasn't.

② There were one or two businesses seeking to 

introduce the technology.

③ There were three or more businesses seeking to 

introduce technology.

④ There were already one or two businesses that 

introduced the technology.

⑤ There were already three or more businesses 

that introduced the technology.

⑥ I was not aware of the situation in other 

establishments near this site. 
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C3. Has this establishment conducted preliminary 

investigation for the introduction of smart 

factory-related technologies?

① No

② Conducted an in-house investigation

③ Conducted outside consultation

④ Others(                   )

C4. Has this establishment offered training for the 

adoption of smart factory-related technologies? 

Mark all that apply. 

① No

② Managers participate in relevant seminars or 

training programs

③ Provide training (within establishment or  

commissioned) for production line workers

④ Provide training (within establishment or  

commissioned) to all employees

⑤ Others(                      )

C5. What best describes the production process level 

at this establishment? Also, what level is this 

establishment aiming for the year 2019? Enter a 

number for each year.  

2015 2017 2019

① (Check) Managing production logs or 

checklistsmanually or making a simple plan using 

EXCEL

② (Monitoring) Production capacity is systematically 

managed so that production information can be 

checked and tracked at any point in time.

③ (Control) Data automatically enables real-time 

identification of abnormalities, and resolves 

problems by remote control.

④ (Optimization) Optimize the entire process, control 

the overall process, and anticipate problems in 

advance by leveraging factory big data and 

optimization solutions.

⑤ (Autonomous operation) Optimized factory can 

control and solve problems in case of 

abnormalities with little human intervention

C6. From sales forecasting to production, inventory 

management and logistics, what best describes the 

utilization level of ICT(Information Communication 

Technology)? Mark for each year.  

   List 

 Year

①
Information 

generated 

at each 

step is 

not linked 

to ICT

②
Linked to 

management

 system 

on 

specific 

operation 

(design, 

operation, 

inventory, 

accounting,

 etc.)

③
Some 

real-time 

links 

between 

management 

systems 

on each 

operation  

(order 

information=>

production 

plan)

④
Real-time 

link 

between 

management 

systems 

on each 

operation 

(sales⇔ 

design⇔ 

production 

⇔

resource 

management)

⑤
Information

 enerated 

at all 

levels is 

linked by 

ICT*

2015 ① ② ③ ④ ⑤

2017 ① ② ③ ④ ⑤

2019 ① ② ③ ④ ⑤

 * Sales forecasts are automatically reflected in production and 

logistics in real time

C7. When did this establishment introduce the ICT 

solutions and systems below? If it did not introduced 

them yet, do this establishment have plans for 

introduction until 2019?

※ Marked as 2010 if year of introduction is before 
2010

    
Technology Introduction status

1)

Digital Control Unit

(PLC,CNC,HMI,etc)a devi

ce that monitors and co

ntrols mechanical inform

ation  

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

2)

Central Control System (DCS, 

SCADA) A system that monitor

s and controls data collected 

by visualizing it with uptime, o

perating rate, etc.

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

3)

Product Design/Developme

nt System(PLM)

(e.g. PDM, CAD, CAM, CAE, 

etc.)

A system that consistently ma

nages the whole process fro

m design to production to inc

rease value-added and reduc

e costs

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 
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(Continuously) Introduction status

4)

Manufacturing Execution S

ystem(MES)

Collects/analyzes real-ti

me information from pro

duct orders to shipment

s and optimizes producti

on activities

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

5)

Enterprise Resource Mana

gement System(ERP)

Integrated, real-time mana

gement of key information 

from corporate activities

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

6)

Supply Chain Management 

System(SCM)

Optimize the Level of Sup

ply Chain through informat

ion sharing among compa

nies involved in transactio

ns such as parts supply a

nd distribution

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

7)

Energy Saving System(FE

MS)

Optimize energy use in re

al time through monitorin

g, analysis, and remote c

ontrol

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

8)

Collection and utilization o

f device or product data u

sing smart sensors, radio 

recognition tags (RFIDs, N

FCs, Bluetooth)

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

9)

Factory big data analysis, 

actual time, device inform

ation, production informati

on, etc. processed and us

ed for production process

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

10)

Cloud Computing Services

Store and utilize data on 

Internet servers rather th

an on individual PCs

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

11)

AI (Artificial Intelligence) a

nd Machine Learning

Computer recognizes facili

ty information, product im

ages, etc., learns them on 

its own and utilizes them f

or decision making.

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

12)

Virtual Factory System (CPS)

A virtual process system i

dentical to the actual proc

ess is established and utili

zed for various simulations

① Yes(Year of introduction :    )

② No

(Introduction plan: ① Yes  ②No) 

 ※  Regarding the ICT solutions listed in the table above,: 

     - If any of these are introduced,  ☞ C7-1   

     - If not one is introduced         ☞ C 8 

  C7-1. Approximately what was the amount paid for 

the  maintenance of ICT solutions and systems  

throughout the year 2017?  

                           
          million won

  C7-2. Approximately what was the total costs of 

purchasing new ICT solutions and systems 

introduced between 2016 and 2017? 

          million won

  C7-3. How satisfied are you with the ICT solutions 

and systems introduced in this establishment?

① Very dissatisfied respect to what I expected.

② Somewhat dissatisfied respect to what I 

expected.

③ Satisfied as much as I expected.

④ A little more satisfied than I expected.

⑤ Much more satisfied than I expected.

  C7-4. How much do you expect to see the effects 

of the ICT solutions and systems introduced in 

this establishment in the next two years?

  ① It will be much lower than it is now.

  ② It will be a little lower than it is now.

  ③ It will be similar to the present.

  ④ It will be slightly higher than it is now.

  ⑤ It will be much higher than it is now.

  C7-5. How did your business choose suppliers for 

ICT solutions and systems?

① Promotion and advice from suppliers or 

consulting companies 

② Use the list of suppliers provided by Korea 

Smart Factory Foundation

③ Use cases from other establishments

④ Self investigation

⑤ Selected or designated by a participating 

consortium

⑥ Others(                      )   
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   C7-6. Why did your business adopt ICT solutions 

and systems? Please tell two priorities.

1st 2nd

① Improve productivity (production per hour)

② Reduce lead time (from order to factory 

delivery)  

③ Reduce defect rate of products

④ Efficient Inventory Management

⑤ Improve operating rate 

⑥ Improve efficiency in energy and raw material 

usage

⑦ Improve of working environment at production 

site for workers

⑧ Forcasting demand and establishing marketing 

strategies

⑨ Developing new products or business models

⑩ Strengthening the connection with buyers and 

suppliers

⑪ Others(                      )   
 

☞ C 9

C8. Why are ICT solutions and systems not introduced 

at this establishment? Please tell two priorities.

1st 2nd

① Lack of information on smart factories

② Too high investment costs

③ Hard to keep maintenance/repair and upgrade  

after introduction  

④ Difficulty in securing professionals

⑤ Concerns about information or technology leaks

⑥ Lack of confidence in the effects 

⑦ A sense of disapproval from employee

⑧ Concerns about becoming more dependent for 

the buyer (contracting) company 

⑨ Not recommended from a consultant (technical 

commissioner or coordinator) or a supplier 

⑩ Others(                      ) 

C9. How frequently were the following data used to 

make decisions at this establishment? Mark for 

each year. 

C10. How often did your business apply data analysis 

results into the following activities at this 

establishment? Mark for each year.   

Types of data

① 
Real
-time

②
Every 
day

③
Every 
week

④
Every 
month

⑤
Every 
year

⑥
Not
 used

1)
Indicators from
machines or instruments

2015 ① ② ③ ④ ⑤ ⑥

2017 ① ② ③ ④ ⑤ ⑥

2)
Manager's formal 
or informal feedback

2015 ① ② ③ ④ ⑤ ⑥

2017 ① ② ③ ④ ⑤ ⑥

3)
Production workers’
formal or informal
feedback 

2015 ① ② ③ ④ ⑤ ⑥

2017 ① ② ③ ④ ⑤ ⑥

4)

Data collected from 
outside the estab-
lishment (suppliers, 
buyers, external data 
providers, etc.)

2015 ① ② ③ ④ ⑤ ⑥

2017 ① ② ③ ④ ⑤ ⑥

Establishment activities

① 
Real
-time

②
Every 
day

③
Every 
week

④
Every 
month

⑤
Every 
year

⑥
Not
 used

1)

Optimization of

production process 

lines 

2015 ① ② ③ ④ ⑤ ⑥

2017 ① ② ③ ④ ⑤ ⑥

2)

Product quality 

improvement and 

reduction of 

defect rate

2015 ① ② ③ ④ ⑤ ⑥

2017 ① ② ③ ④ ⑤ ⑥

3)

Anticipating failures 

of Production 

Facilities in advance

2015 ① ② ③ ④ ⑤ ⑥

2017 ① ② ③ ④ ⑤ ⑥

4)
Development of new

products or services

2015 ① ② ③ ④ ⑤ ⑥

2017 ① ② ③ ④ ⑤ ⑥

5)

Supply chain 

(supplier or customer 

related information) 

management

2015 ① ② ③ ④ ⑤ ⑥

2017 ① ② ③ ④ ⑤ ⑥

6)

Forecasting 

product demand 

and establishing

marketing strategies

2015 ① ② ③ ④ ⑤ ⑥

2017 ① ② ③ ④ ⑤ ⑥
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C11. At what level and scope were the data that are 

collected and analysed from activities such as 

production, logistics, and sales at this 

establishment shared? Mark for each year. 

C12. Has your establishment received the following 

government support for smart factories over the 

past 4 years (2014-2017)? If so, how much did 

each program help to build smart factory at this 

establishment?

2)

Implementation 
Support: ICT 
convergence 
smart factory 
support and 
spread program 
(Korea Smart 
Factory Foundation: 
support 50% 
total costs up to 
50 million won)

① ② ① ② ③ ④ ⑤

3)

Imp lementa t ion 
Support: Support 
for Regional 
Specialized 
Industry Process 
Innovation and 
Spread of Smart 
Factories 
(Techno Park)

① ② ① ② ③ ④ ⑤

4)

Imp lementa t ion 
Support: Cloud 
type Smart factory 
support program

① ② ① ② ③ ④ ⑤

5)

Financial support
(Warranty and 
loans for businesses 
that have confirmation 
from Korea Smart 
Factory Foundation)

① ② ① ② ③ ④ ⑤

6)

R&D Support 
(Smart Factory   
Technology 
Development, etc.)

① ② ① ② ③ ④ ⑤

7)

Education support
(Smart Factory 
Academy, 
Implementation 
Practices, etc.)

① ② ① ② ③ ④ ⑤

8)

Training support
(training personnel 
specialized in 
process design 
of smart factories, 
etc.)

① ② ① ② ③ ④ ⑤

C13. In addition to smart factory support programs in 

the past 4 years (2014-2017), has your 

establishment received government or public 

support programs in the following areas? Mark all 

that apply. 

① Financial support

② Human resource, personnel management,  

education and training support

③ R&D support

④ Marketing and export Support

⑤ Others(                      )   

Level and scope of 

sharing data

① 
Not 

sharing 
at all

②
Partially 
share 
as 

needed

③
Always 
share 
within 
pre-

agreed 
scope 
and 
use

④
In addition 
to pre-
agreed 
scope, 
share 

as 
often 
as 

needed

⑤
Always 
share 

all 
informa

tion

1)

Between staffs

in the business 

division

2015 ① ② ③ ④ ⑤

2017 ① ② ③ ④ ⑤

2)

Between 

business divisions

in the establish-

ment  

2015 ① ② ③ ④ ⑤

2017 ① ② ③ ④ ⑤

3)

Between the 

establishments 

within the 

affiliated 

company

2015 ① ② ③ ④ ⑤

2017 ① ② ③ ④ ⑤

4)

Between 

suppliers or 

buyers within 

supply chain

2015 ① ② ③ ④ ⑤

2017 ① ② ③ ④ ⑤

Government support 

program

Received

Degree of 
contribution(Answer 
when you replied  

1'Yes' to receiving 
government support)

①
Yes

②

No
①

Not 

helpful 

at all

②

Not 

very 

helpful

③

Normal
④

A 

little 

help

⑤

Very 

helpful

1)

Implementation 

Support: Industrial

Innovation Movement

(supporting 2nd and 3rd 

partner companies, 

etc. from a mutual 

growth fund contributed 

by large enterprises)

① ② ① ② ③ ④ ⑤
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D. Management Practices

※ The following questions survey management practices 

at this establishment such as performance 

management, personnel management, and 

organizational practices. For each question, please 

select that best describes the general situation at 

this establishment in 2017.

D1. What happened at this establishment when a 

problem in the production process arose (e.g. 

finding a quality defect in a product or a piece of 

machinery breaking down, etc.)?

① No action was taken 

② We fixed the problem but did not take further 

action.

③ We fixed the problem and took measures to 

prevent it from happening again.

④ We fixed the problem and took measures to 

prevent it from happening again, and had a  

continuous improvement process to anticipate 

problems like these in advance

D2. How many Key Performance Indicators (KPI)* were 

monitored at this establishment?

① None.

② 1 to 2 indicators

③ 3 to 5 indicators

④ 6 to 9 indicators

⑤ More than ten

 * Key Performance Indicators: Quantitative indicators of 

factors that should be managed in production activities 

(e.g. production per hour, defect rate, inventory cost, lead 

time, etc.).

D3. Where were the production display boards (bulletins 

presenting information) showing key performance 

indicators(KPI) at this establishment?

① Display boards are not installed

② The display boards were located in multiple 

places. (e.g. at multiple stages of the 

production line)

③ All display boards were located in one place 

(e.g. the end of the production line)

D4. How frequently did the managers and 

non-managers at this establishment typically review 

the Key Performance Indicators (KPI)?

※ Note: Manager and Non-manager

Manager: A person who has an employee who reports 

directly, meets employees regularly and is involved in 

their wages and promotions. Generally applicable to 

mid-level management positions above the chief level 

and senior management positions at the executive level

Non-manager : All employees who are not manager

D5. Who was aware of the production targets at this 

establishment?

① Only senior managers

② Most managers and some production workers

③ Most managers and most production workers

④ All Managers and most production workers

D6. What best describes the time frame of production 

targets* at this establishment?

    * Examples of production targets: increased production, 

improved quality, cost reduction, on-time 

delivery, etc.

① Main focus was on short-term (less than 1 

year) production targets     ☞D6-1        

② Main focus was on long-term (more than one 

year) production targets     ☞D6-1

③ Combination of short term and long term 

production targets          ☞ D6-1 

④ No production targets    ☞ D7   

 

①

Every 
hour 
or 

more 
often 

②

Once 
a 

day

③

Once 
a 

week

④

Once 
a 

month

⑤

Once 
a 

quarter

⑥

Once 
a 

year

⑦

Do 
not 

confirm

1)  Managers ① ② ③ ④ ⑤ ⑥ ⑦

2) 
Non-ma

nagers
① ② ③ ④ ⑤ ⑥ ⑦ 
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  D6-1. How much effort did it take to achieve  

production targets at this establishment?

① Failed to achieve 

② Achieved without much effort.

③ Achieved with some effort.

④ Achieved with normal amount of effort.

⑤ Achieved with more than normal effort

⑥ Achieved with extraordinary effort.

  D6-2. What were managers and non- 

managers’performance bonuses based on at 

this establishment? 

  D6-3. When production target were met at this 

establishment, what percent of managers and 

non-managers received performance 

bonuses?

D7. What was the primary way managers and 

non-managers were promoted at this establishment?

 * Examples of other factors: tenure, connections, etc.

D8. When was an under-performing manager or 

non-manager reassigned or dismissed at this 

establishment once manager or non-manager 

under-performance was identified?

D9. Did the workers at production site participate in 

decision-making on reorganizing process and 

work organization?

① Participated

② Not participated 

D10. To what extent did the workers at production site 

participate in problem solving if there was a 

problem with the production process?

① No participation at all

② Assisted a separate troubleshooting team

③ Participated considerable part of the matter

④ Took full responsibility

①

Each 

worker’s 

performance

 against 

the 

targets

②

Their team

or shift 

performance  

against 

the 

targets 

③

Their 

establish-

ment’s

performance 

against 

the 

targets 

④

Their 

comapny’s

 performance

 against 

the 

targets

⑤

No 

performance 

bonuses. 

1)  Managers ① ② ③ ④ ⑤

2) 
Non-ma

nagers
① ② ③ ④ ⑤

①

0%
②

1~33%
③

34~66%
④

67~99%
⑤

100%
⑥

Produc-

tion 

targets

 not met

1)  Managers ① ② ③ ④ ⑤ ⑥

2) 
Non-ma

nagers
① ② ③ ④ ⑤ ⑥

①

Within 

six months

②

After 

six months

③

No 

reassignment 

or dismissal

1)  Manager ① ② ③

2) 
Non-mana

ger
① ② ③

①

Only 

performance 

and 

ability

②

Performance, 

ability 

and other 

factors*

③

Mainly 

on factors 

other than 

performance 

and ability.

④

Normally 

no 

promotions

1)  Managers ① ② ③ ④

2) 
Non-ma

nagers
① ② ③ ④
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D11. How interested was this company’s CEO in 

process innovation such as introducing robots for 

automation or ICT solutions for smart factory?

① Was not interested

② Had little interest

③ Had some interest 

④ Was very interested 

D12. Does this establishment have staffs or  

department exclusively in charge of optimizing the 

ICT solution-based production process?

① No staffs

② There are staffs, but not a separate  

department   

③ There is a sesparate department                

                                   

  D12-1. How did this establishment employ key people 

in charge of optimizing production process? 

Mark all that apply. 

① Continued to leverage existing staff

② Recruited experienced personnel in related 

industries

③ Hired new employees and trained them

④ Others(                      )   

D13. What are the most important challenges that this 

establishment needs to improve over the next two 

years(2018-2019)? Please tell two priorities.

1st 2nd

① Improve productivity (production per hour)

② Reduce lead time (from order to factory 

delivery)

③ Reduction of defect rate of products

④ Efficient Inventory Management

⑤ Improve operating rate

⑥ Improve efficiency in energy and raw material 

usage

⑦ Improve of working environment at production 

site for workers

⑧ Forcasting demand and establishing marketing 

strategies

⑨ Developing new products or business models

⑩ Strengthening the connection with buyers and 

suppliers

⑪ Others(                      )    

D14. What best describes the management philosophy 

of you and this company’s CEO? Choose the 

nearest score. 

(You:         score/ CEO:       score)

E. Employment and work characteristics

※ The following questions survey on the employment 

and job characteristics at this establishment.

E1. Please choose the nearest number that best describes 

overall personnel management objectives and key 

principles at this establishment.

1) Objectives of Personnel Management

2) Major Principles of Personnel Management

E2. How important was your employees’ job 

Primary goal is to reduce 

fixed labor costs as much 

as possible. 
↔

Primary goal is to 

increase the loyalty and 

attachment of workers to 

this company.

① ② ③ ④ ⑤

It is operated on the 

basis of individual 

performance/outputs
↔

 It is operated based on 

teamwork.

① ② ③ ④ ⑤

Avoid risk as much as 

possible and seek the most 

stable direction
↔

Take the risk and 

take the adventure

0 1 2 3 4 5 6 7 8 9 10
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competency for each skill at the end of 2017 

compared to 2015? Also, how much more important 

do you expect to be in the next two years 

(2018-2019)?

※ We will categorize the workers into three types at 

this establishment: 1) Office worker, 2) Process 

control engineer, and 3) Production worker.

 Office worker: Workers who carry out general office and 

management tasks

 Process control engineer: Workers who operate and 

manage facilities and production processes using technical 

knowledge

 Production worker: Workers performing simple tasks on the 

production line

E3. Given this establishment’s plan to introduce ICT 

solutions and systems, how much change do you 

expect in demand of workforce over the next two 

years? Please respond for each type of workers.

  E3-1. Demand in office workers for the next two 

years

  ① Decrease by more than 10% ☞ E3-1-1

  ② Decrease below 10%    ☞ E3-1-1

  ③ No big change          ☞ E 3 - 2

  ④ An increase of less than 10% ☞ E 3 - 2

  ⑤ An increase of more than 10% ☞ E 3 - 2

     E3-1-1. To whom do you expect to see a major 

decline in demand of office workers?　

① Less than 5 years of experience

② 5–9 years of experience

③ More than 10 years of experience

  E3-2. Demand in process control engineers for the 

next two years

  ① Decrease by more than 10% ☞ E3-2-1

  ② Decrease below 10%    ☞ E3-2-1

  ③ No big change ☞ E3-3

  ④ An increase of less than 10% ☞ E3-3

  ⑤ An increase of more than 10% ☞ E3-3

Skills Classification

① 

Signif

icantly 

reduc

ed in 

impor

tance

②

↔
③

Similar 

impor

tance

④

↔
⑤

Signifi

cantly 

increa

sing 

in 

import

ance

1)
Perform tasks 
without 
making mistakes

‘17  
compared 

to ’15
① ② ③ ④ ⑤

The next 
two years

(‘18~’19) 
① ② ③ ④ ⑤

2)

Ability to solve 
problems in response 
to unexpected 
situations

‘17  
compared 

to ’15
① ② ③ ④ ⑤

The next 
two years

(‘18~’19) 
① ② ③ ④ ⑤

3)

Ability to quickly 
learn and skillfully 
handle the latest 
technology

‘17  
compared 

to ’15
① ② ③ ④ ⑤

The next 
two years

(‘18~’19) 
① ② ③ ④ ⑤

4)
Versatile ability to 
perform various 
tasks as needed

‘17  
compared 

to ’15
① ② ③ ④ ⑤

The next 
two years

(‘18~’19) 
① ② ③ ④ ⑤

5)
Communication 
skills within team

‘17  
compared 

to ’15
① ② ③ ④ ⑤

The next 
two years

(‘18~’19) 
① ② ③ ④ ⑤

6)
Ability to analyze 
and utilize data

‘17  
compared 

to ’15
① ② ③ ④ ⑤

The next 
two years

(‘18~’19) 
① ② ③ ④ ⑤
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     E3-2-1. To whom do you expect to see a major 

decline in demand of process control 

engineers?　

① Less than 5 years of experience

② 5–9 years of experience

③ More than 10 years of experience

  E3-3. Demand in production workers for the next 2 

years

  ① Decrease by more than 10% ☞ E3-3-1

  ② Decrease below 10%    ☞ E3-3-1

  ③ No big change          ☞ E  4 

  ④ An increase of less than 10% ☞ E  4

  ⑤ An increase of more than 10% ☞ E  4

     E3-3-1. To whom do you expect to see a major 

decline in demand of production workers?　

         ① Less than 5 years of experience

② 5–9 years of experience

③ More than 10 years of experience

     E3-3-2. If the demand for production workers 

decreases, do you have plans to reassign? 

If you have plans to reassign, where are 

these workers reassigned? 

① Reassign to process control engineer

② Reassign to office worker

③ No plan for reassignment

E4. Over the next two years, to whom do you expect 

to see to learn and lead the technology needed to 

improve production process among process control 

engineers?

         ① Less than 5 years of experience

② 5–9 years of experience

③ More than 10 years of experience

E5. What is the plan to conduct training and training 

on process innovation, including smart factories?

① In-house education program

② Education program of partner large companies

③ Training program by specialized provider

④ Educational programs by government agencies

⑤ Others(                        )   

F. Establishment Characteristics

F1. The following are the business activities of this 

establishment and the firm that this establishment 

belongs to. Please fill in the blanks.

Classification Current status

1)

Total number of establishments of 

the firm 

(Including this site)

unit

2)

Percentage share of this 

establishment’s shipments to total 

firm sales

%

2)-1.  If the answer 2) is not 

      known, percentage share 

of the production capacity 

of this establishment to 

the total capacity of the 

firm. 

%

3) 

Foreigners or foreign companies’ 

share in investment  

(percentage of shares)

%

4) Number of overseas subsidiaries unit

5) Labor union status ① Yes      ② No

6)

Founder(s) or member(s) of a 

founder’s family  is a representative 

of the firm 

① Yes      ② No

7) Affiliate status

① Affiliate   

② An independent  

   company
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F2. Please fill in the following production information at 

this establishment:

F3. The following questions survey the employment 

status and employment information for production 

workers and technical worker at this establishment. 

Please fill in the blanks. 

F3-1. Number of workers

 * Exclude workers from service company and dispatched workers that 
your business does not pay wages directly. 

F3-2. Occupation characteristics (as of the end of 

2017)

*  If a production worker cannot become a technical worker, respond 
   with 9999.

Year Number of workers

1)
Total number of employees at the 

end of 2015*
person

2) At the end of 2017,

Total number 

of workers
person

Office workers person

Process Control 

Engineers
person

Production

workers
person

Category Current status

1) Women's ratio %

2) Ratio of foreign workers %

3) Ratio of workers under 35 years of age %

4) Ratio of workers over 55 years of age %

5)
Ratio of workers with less than 5 years 

of experience at this establishment
%

6)

Ratio of workers with more than 20 

years of experience at this 

establishment

%

7) Ratio of full-time employees %

8)
Ratio of production workers who can 
manage the machines and systems that 
control the production process

%

9)

Number years of experience that a 

production worker can take a technical 

position*

years

Classification 2015 2017

1) Sales  million won  million won

2) Export amount  million won  million won

3) Operating profit  million won  million won

4)
Number of products 

produced

5)
Number of export 

products

6)

Number of

customers

 (Including foreign 

companies)

7)
Daily output of 

main product
(unit:  ) (unit:  )

8)

Lead time of main 

product (time taken 

from order to 

factory delivery)

days days

9)
Defect rate of 

main product
% %

10) Operating rate % %

11)

Raw materials cost 

(including subsidiary,  

auxiliary, and packaging 

material cost)

 million won  million won

12)

Percentage share 

of import out of 

raw materials 

cost

% %

13)

Outsourcing cost 

(consignment

manufacturing

cost)

 million won  million won

14)

Percentage share 

of costs paid to 

foreign companies 

out of outsourcing 

cost

% %
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F3-3. Production and technical workers' wages 

and working hours (as of the end of 2017)

Thank you for taking the survey.

Record after an interview

Respondent's 

name

Respondent 

position

① Executive    ② Manager's level

③ Deputy director/section head level

④ Asst. Manager/employee level  

⑤ Others(     )

Respondent 

telephone 

number

Respondent 

E-mail

Establishment 

address city gu/si/gun eup/myeon/dong

Date of survey year month day

Degree of 

cooperation
  ① High   ② Medium   ③ Low

Response 

reliability
  ① High   ② Medium   ③ Low

Investigator's 

name

Cateory
Production 

workers

Process control 

engineers

1) Wage system

① A seniority  

system

② Performance-

based pay system

③ An hourly 

wage system

① A seniority 

system

② Performance-

based pay system

③ An hourly 

wage system

2)
Monthly 
average 
wage

First-time 

employment

ten thousand 

won

ten thousand 

won

Fifth year
ten thousand 

won

ten thousand 

won

10th year
ten thousand 

won

ten thousand 

won

3)
Average working hours 

per week
hours hours

4)

A change 

In working 

hours per 

week

‘17  
compared 

to ’15

① Reduction 

② Increase

③ Same

① Reduction

② Increase

③ Same

‘19 
compared 
to ’17 in 
expectatio

n 

① Reduction

② Increase

③ Same

① Reduction

② Increase

③ Same

5) Shift system

6) Shift system change 
plan ① Yes ② No ① Yes ② No


