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Abstract: The purpose of this study is to analyze the efficiency and productivity of the Korean ship
parts manufacturing industry. To this end, the manufacturing process was divided into two stages
(operating activities, financial activities), and the Dynamic Network SBM model and Malmquist Pro-
ductivity Index were used. We collected analysis data from KIS-VALUE, and analyzed 40 companies
from 2014 to 2020. As a result of the analysis, from 2014 to 2017, the average operating efficiency
was 0.7825, the average financial efficiency was 0.5208, and the average total efficiency was 0.4537.
It was found that improving efficiency requires improving both activities simultaneously, rather
than focusing on a specific activity. Operating activities DMI was 1.0025, financial activities DMI
was 0.9236, and OMI was 0.9464. In order to improve OMI, it is necessary to improve the financial
activities DMI, which is the cause of the decrease in productivity. In order to improve financial
activities DMI, government policy or technology change to improve DFS was found to be necessary.
Finally, the effect of environmental factors on efficiency was analyzed by tobit regression. It was
found that Firm Size had a negative (−) effect on efficiency, and Firm Age had a positive (+) effect
on efficiency. The analysis results of this study will help to understand the relationship between
input and output, which has been treated as a black box in the manufacturing industry, in two stages;
and this will serve as a guideline for those working in Korea’s ship parts manufacturing industry to
establish policies.

Keywords: ship parts manufacturing industry; efficiency; data envelopment analysis; productivity;
malmquist productivity index; operational performance

1. Introduction

Korea’s shipbuilding industry has grown continuously since the 1970s. It has estab-
lished itself as an important industry, and Korea once recorded the world’s largest share of
orders in this industry [1]. However, due to the 2008 financial crisis, the growth in China,
and the decline in ship orders, companies in the shipbuilding industry accumulated losses
and had to restructure [2–4]. Recently, in Korea, the performance of large corporations in
the shipping industry has been improving, and the government is actively supporting it [5].
However, the small- and medium-sized enterprises (SMEs) are experiencing a cost burden
due to the rise in the price of major raw materials (e.g., steel) [6]. Despite the increase
in supply, the actual profit is declining. Additionally, a company has difficulty offering
a higher price than its competitors because of the low-bid contract. In Korea, the 52-h
workweek system has been implemented not only in large enterprises but also in SMEs
with fewer than 50 employees, thus increasing the difficulties in SME management [7].
Compared to other industries, the shipbuilding industry has a high proportion of skilled
workers, and most of the salaries of skilled workers come from overtime [8,9]. However,
due to the 52-h work system, companies are experiencing difficulties recruiting workforce
and feeling the burden of overtime pay for skilled workers, which can lead to the exit of
skilled workers. Amid these concerns, R&D for developing eco-friendly ship technology
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has recently been conducted [10]. Additionally, technology development for smart ships,
such as autonomous ships, is in progress [11]. Shipping powerhouses, such as Europe,
Japan, and China, are also developing autonomous vessels [12,13]. Moreover, several coun-
tries (e.g., Finland, China, and Japan) have already succeeded in testing self-driving ships.
As such, the international competition in the shipbuilding industry is becoming fiercer, and
the company’s operating activities and financial soundness are of utmost importance [14].
The global shipbuilding market was $162.52 billion in 2019, and decreased to $150.42 billion
in 2020 due to COVID-19; however, it is expected to grow annually and recover to 161.83
in 2023, similar to the 2019 level [15]. According to the 2019 OECD Global value chains and
the shipbuilding industry report, the shipbuilding industry relies heavily on intermediate
inputs and parts, as global shipbuilding orders are 42.74 million GT. Moreover, about
70–80% of the final output value of ship production is generated through the supplier
sector [16]. Regarding parts sourcing activities, of the four countries surveyed (i.e., Korea,
China, Japan, and EU28), China was the most self-sufficient, followed by Japan and the
EU28. Looking at the major trading countries for securing parts by country, we found
that China mainly transacted with EU28 and Japan traded mainly with China out of the
4% total imports. Meanwhile, Korea mainly transacted with China out of the 19% total
imports, and EU28 mainly traded with Korea out of the 9% of total imports. In 2021, the
OECD reported that the Chinese led the global shipbuilding industry for the past 20 years
in shipbuilding policy and market developments in selected economies; they accounted
for 43.7% of the global shipbuilding industry in 2020 [17]. Moreover, from March 2020 to
March 2021, a total of 21 country-specific support policies were investigated, and domestic
market protection was supported the most. The frequency of support was highest in China,
followed by the United States. Figure 1 shows the annual order volume and market share
of countries (Korea, China, and Japan) with a high share of ship orders [18].
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Figure 1. Ship orders and market share by country.

The shipbuilding industry is a multi-item, small-volume production system in which
few large companies receive parts from SMEs and assemble ships to complete them.
Additionally, because the shipbuilding industry is a make-to-order system, the quality
of ships is determined by the performance and quality of parts. In Korea’s KIS-VALUE
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Database, as of 2021, more than 80% of these ship parts manufacturing companies were
small and medium-sized enterprises [19–21]. Due to the aforementioned 52-h workweek,
rising costs, and technological pursuits from competing countries, Korean ship parts
manufacturers are experiencing management difficulties [22,23]. Despite the increase
in sales, ship parts manufacturer is suffering from production and financial problems
due to increasing prices of raw materials and the turnover of skilled workers. Therefore,
efficiency and productivity can be important indicators of the performance of ship parts
manufacturers. Here, efficiency means the corresponding input/output compared to
the optimal input/output, and productivity means the ratio of output to input [24]. To
understand the efficiency and productivity of ship parts manufacturing companies, we
must look at the operating activities related to manufacturing, sales, and financial aspects
concerning financing and redemption as a whole. Data envelopment analysis (DEA) is
appropriate for analyzing efficiency and productivity because it can analyze multiple inputs
and outputs simultaneously when analyzing efficiency. Several studies have analyzed the
efficiency and productivity of various industries [25–27]. However, these studies treated
the company’s process as a single stage. In other words, prior studies have limitations: they
either assume the relationship between inputs and outputs existing within the process as
“black box” or fail to consider the linkage of periods (t, t + 1). To overcome the limitations
of prior studies, this study applied a dynamic network slack-based measure (DN-SBM)
model that can consider the relationship between two-stage constructed inputs and outputs
and the linkage between periods (t, t + 1). The DN-SBM model can look at the tradeoff
between processes through the link. Additionally, this model enables dynamic analysis
that considers situations that affect efficiency and productivity over multiple periods (t,
t + 1) through carry-over. In the case of the ship parts manufacturing industry, we must
examine both production-related and financial aspects. Our model can analyze efficiency
and productivity by separating these aspects and is, therefore, suitable.

This study aims to analyze the efficiency and productivity of the ship parts manu-
facturing industry. In this study, a DN-SBM model that considers the linkage (t, t + 1)
between each process (Stage 1: operating activity; Stage 2: financial activity) and periods
was used. Using this model, we analyzed the efficiency and productivity of each process
by period and the overall efficiency and productivity. Finally, the effects of environmental
factors on efficiency and productivity were analyzed. The analysis results of this study
will provide insights for shipbuilding practitioners or policy managers to understand the
industry’s business and improve efficiency and productivity. It also provides an improve-
ment direction, that is, which of the processes should be improved first. This may help
practitioners allocate an entity’s limited resources efficiently and effectively. Finally, by an-
alyzing the effect of environmental factors on efficiency, this study identifies the efficiency
determinants of the ship parts manufacturing industry. These analysis results will help
policy practitioners establish policies that consider the environmental characteristics of the
enterprise when establishing policies.

2. Literature Review
2.1. Data Envelopment Analysis

The DEA model introduced by Charnes et al. [28] is a nonparametric linear program-
ming method for analyzing the relative efficiency of a decision-making unit (DMU) with
multiple inputs and outputs [29,30]. The DEA model has several advantages in efficiency
analysis. First, the weights of input and output are calculated to maximize the efficiency of
the DMU, so pre-assumption is not necessary. Second, analysis is possible even if multiple
inputs and outputs with different units exist. Third, inefficient DMUs are relatively evalu-
ated based on efficient DMUs, and the degree of change in input and output for efficient
improvement of inefficient DMUs is shown. The efficiency values are between 1 and 0.
Moreover, it can be assumed to be constant returns to scale with the same input and output
changes, and variable returns to scale (VRS) with different input and output changes. A
VRS is called increasing returns to scale if the change in output is greater than the change in
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inputs, or decreasing returns to scale (DRS) if the change in inputs is less than the change
in output. The most representative models in the DEA model are the CCR model presented
by Charnes et al. [28] and the BCC model presented by Banker et al. [31]. However, these
models have a limitation in that they measure the efficiency improvement direction radially
and do not consider slacks. The SBM model, which belongs to Non-Radial, considers Slacks,
which means room for improvement in the input–output, when analyzing efficiency [32].
In the SBM model, the efficient DMU has zero input/output slacks and an efficiency of 1.

2.2. Dynamic Network SBM Model

The DN-SBM model, presented by Tone and Tsutsui [33], combines the dynamic SBM
model’s carry-over and network SBM model’s link. The dynamic SBM model reflects
the carry-over activities of consecutive term, which were ignored in existing time series
efficiency analysis models (e.g., Window and Malmquist index) [34]. The advantage of
the dynamic SBM model is that it reflects long-term quasi-fixed inputs through carry-over,
which has the characteristics of preventing biased inefficiency measurements due to static
optimization [35]. The following are the four types of carry-over: good, bad, free, and
fixed carry-over. Good carry-over means a more desirable variable for the DMU as it
carries forward, whereas bad carry-over is the opposite. Meanwhile, free carry-over means
a variable connected at discretion, whereas fixed carry-over means a non-discretionary
connection that the DMU cannot control. The network SBM model is characterized by
considering the black box present in the input/output relationship that was ignored in the
existing DEA model via link. This model separates the input/output process into stages
and connects each stage through link. Here, link serves as an output in the first stage and as
an input in the next stage. If the link that acts as output appears high on the first stage, the
efficiency of that stage can be high, but it can be a burden on the next stage. This link acts as
an input in stage 2; therefore, it needs that much output to be similar to stage 1’s efficiency.
That is, link represents a tradeoff between two stages. Like carry-over, links can be divided
into four categories (i.e., good, bad, free, and fixed). These DN-SBM models are non-radial
models that consider slacks and are appropriate for the ship parts manufacturing industry
consisting of operating and financial activities because they consider carry-over activities
and tradeoff.

(a) The objective function of overall efficiency is

θ∗o = min
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st
o(kh)out ∈ RL(kh)out is slacks and non-negative, and linkoutk is the number of “as out-

put” link from Stage k. Wt(t = 1, · · · , T) is the weight to period t and wk(t = 1, · · · , K)
is the weight to Stage k. n: Number of DMUs. T: Number of periods. K: Number of
Stages. m: Number of input. r: Number of output. xt

ijk: In period t, Stage k, the i-th
input variable of DMUj. yt

ijk: In period t, Stage k, the i-th output variable of DMUj.

zt
j(kh)l

: In period t, the l-th link variable of DMUj from Stage k to Stage h. z(t,t +1)
jkl

: The
l-th carry-over variable of Stage k, DMUj from period t to period t + 1.

(b) Period efficiency (efficiency during period t):
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(c) The efficiency of Stage k
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(d) During period t, the efficiency of Stage k can be expressed as:
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2.3. Malmquist Productivity Index

The Malmquist productivity index (MPI) is a common method for measuring changes
in productivity over time and was introduced by Malmquist [36,37]. It was developed as
a DEA model by Fare et al. [38,39]. MPI can be divided into technical efficiency change
index (TECI) and technical change index (TCI) using a distance function without assuming
a specific production function. TECI is calculated by dividing the technical efficiency value
of t + 1 by the technical efficiency value of t, indicating the degree to which a particular
DMU approaches the efficiency frontier between the two periods (t, t + 1). In other words,
TECI refers to the extent to which efficiency changes have contributed to productivity
changes. Meanwhile, TCI is the geometric average value after evaluating the technological
changes of two periods (t, t + 1). TCI refers to the extent to which technological changes
in both periods (t, t + 1) contributed to changes in productivity. If the MPI, TECI, and
TCI are greater than 1, it means better productivity, better technological efficiency, and
advances in technology, respectively. The distinction between TECI and TCI can provide
policy implications for productivity improvement. If the TECI is less than 1, policies on
introducing and using new technologies that drive catch-up are needed. However, if the
TCI is less than 1, a policy is needed to induce technological advancement to move up
the efficiency frontier. Accordingly, each stage-specific catch-up and frontier-shift can be
represented by expressions (a) and (b). Additionally, MPI by individual and all stages can
be represented by expressions (c) and (d), respectively.
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(a) Divisional catch-up index (DCU)

DCU = γt→t+1
ok =

ρt+1∗
ok
ρt∗

ok
(t = 1, · · · , T − 1; k = 1, · · · , K; o = 1, · · · , n) (6)

(b) Divisional frontier-shift effect

DFS = σt→t+1
ok =

√
σt

okσt+1
ok (t = 1, · · · , T − 1; k = 1, · · · , K; o = 1, · · · , n) (7)

(c) Divisional Malmquist index

DMI = DCU × DFS = µt→t+1
ok = γt→t+1

ok σt→t+1
ok (t = 1, · · · , T − 1; k = 1, · · · , K; o = 1, · · · , n) (8)

(d) Overall Malmquist index

OMI = µo = ∏K
k=1 (µok)

wk (o = 1, · · · , n)
ρt∗

ok: efficiency of DMUo at Stage k in period t
σt

ok: frontier-shift effect of DMUo at Stage k in period t
µok: weighted geometric mean of µt→t+1

ok
wk: weight to Stage k with ∑K

k=1 wk = 1

(9)

3. Research Methodology
3.1. Data and Variables

Ship parts manufacturers, the subject of analysis in this study, selected companies
belonging to “ship components manufacturing, C31114” based on the Korea Standard
Industrial Classification Code (KSIC). Financial data for 10 years from 2011 to 2020 were
collected from the KIS-value database. KIS-VALUE, representing Korea’s financial data, is
the largest corporate information database in Korea; it provides financial information on
about 20,000 companies since 1980 [21,40]. Therefore, all companies (corporations subject
to external audit) that exceed a certain size are included and can represent companies
belonging to ship component manufacturing (C31114). To analyze consistent relative
efficiency and productivity, companies that went out of business or had missing values in
seven years were excluded, leading to 40 companies used in the analysis.

Input and output were selected by referring to the preceding study (Table 1). The
process is divided into operational and financial activities because operational activities
and financial activities have important interactions [41] and are the main component of
tactical management independent of each other [42]. In particular, in the case of Korean
manufacturing companies of ship parts, the proportion of small and medium-sized en-
terprises is high, and they are experiencing difficulties in operation and finance. Thus,
the efficiency and productivity of operational and financial activities must be analyzed.
Separating operational and finance activities this way has the advantage of analyzing the
input–output relationship, which has been treated as a single process, into each activity
to determine which activities cause inefficiency and lower productivity. The operational
activity is set as Stage 1 to improve management programs, technology, and manufacturing
resources, which are key factors for a manufacturing company’s success [43]. Moreover,
this is because operational activities, such as manpower, cost of sales, and product sales,
affect financial performance [44,45]. Ship parts manufacturers, like general manufacturers,
decided that purchasing materials and using human resources and technology to produce
and sell products to achieve results took precedence over other activities, so the operation
activity was set as the first stage. In other words, we set operating activities, which is
the company’s main revenue-generating activity, as Stage 1. Stage 2 was set up as finan-
cial activities because the profits from operating activities in ship parts manufacturing
companies would lead to financial activities necessary for business operation, such as
cash borrowing, repayment, and payment of dividends. Meanwhile, financial activities, a
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representative indicator of cash liquidity, relate to the performance of an entity [46] and
the risk of corporate bankruptcy. This study analyzes the efficiency and productivity of an
enterprise through these operating (Stage 1) and financial activities (Stage 2).

Table 1. References to efficiency and productivity.

Researchers Analysis Target Input Output Link Carry-Over

[29] Indian retailers 1. Cost of labor
2. Capital employed

1. Profit
2. Sales - -

[47] Indian life insurance
companies

1. Operating expenses
and commissions

1. Premium collected
2. Sum assured - 1. Investments

[48] Retail store chains in
Canada

1. Capital
2. Number of stores
3. Number of employees
4. Total sales area

1. Sales
2. Profits - -

[49] Iranian airlines 1. Number of employees
1. Passenger-km performed
2. Passenger Ton/km
performed

1. Available seat/km
2. Available ton/km
3. Number of
scheduled flights

1. The number of
fleet’s seat

[50] Insurance company
in Malaysia

1. The operating
expenses used in labor
and business services

1. Investment Income 1. Incurred claims plus
additions to reserves

1. Fixed assets
2. Investment assets

[51] MENA banking

1. Net loans
2. Total earning assets
3. Non-earning Assets
4. Loan loss prov.
5. Costs

1. Income
1. Net interest Margin
2. Equity
3. Total assets

1. Gross loans
2. Total assets
3. Income

In Stage 1, the “number of employees” (NE), “cost of sales” (CS), and “selling and
administrative expenses” (S&A) were used as input for operating activities. The number of
employees (NE) was selected because skilled and unskilled workers conduct the processes
of operating activities (e.g., technology development, product production, and sales).
Meanwhile, CS belongs to variable cost and refers to the cost included in manufacturing
a product (Beginning inventory of merchandise + Ending inventory of merchandise—
Purchase during the year). Lastly, S&A is a fixed cost and includes all operating costs (e.g.,
salary, training expenses, and rent) that are not included in the cost of sales. For output,
sales (S), the result of producing and selling products through CS, and S&A was selected.

Moreover, carry-over, which acts as a quasi-fixed input for consecutive periods, was
set as a non-current asset (NCA). This setting is due to NCA’s quasi-fixed characteristic
that is difficult to change in a short time as it is an asset that stays with the company for a
long period of more than one year. Furthermore, NCA, which includes concepts, such as
factories, machines, and patents, can be accumulated for the next period [50]. Meanwhile,
operating profit (OP) was used to link Stages 1 and 2. OP is the difference between gross
profit (sales-CS) and S&A; it represents the profitability of a business. OP is a representative
indicator of profit in terms of operating activities, but it excludes financial activities and
does not represent a company’s financial structure. Therefore, in step 2, OP, which is the
performance of operating activities, and cash flow from financial activities (CFFA), which
represents financing and repayment, are set as inputs. The output was set as net income
(NI) after deducting all expenses and losses from income. We also considered Tobin’s Q, but
it was excluded from the analysis because of the limitations in calculating the market value
due to the nature of the ship parts manufacturing company with a high proportion of SMEs.
Finally, carry-over has a quasi-fixed feature and selected capital (C), which means funds
raised from shareholders. Stage 1 (operating activities) and Stage 2 (financial activities) are
expressed as input, output, link, and carry-over (Figure 2).
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3.2. Descriptive Statistics

The descriptive statistics for this study data are shown in Table 2. Looking at 2020
(vs. 2014), NE, the input of Stage 1, decreased by 23.7%. Moreover, CS and S&A decreased
by 21.2% and 20.6%, respectively. That is, the input of operating activities decreased by
about 20%. Moreover, S (i.e., output) and OP (i.e., the link) decreased by 25.5% and 93.0%,
respectively, whereas NCA (i.e., carry-over) increased by 4.3%. Meanwhile, CFFA, the
input of Stage 2, decreased by 69.9%, and NI, the output, decreased by 42.9%. Lastly, the
carry-over C increased by 15.9%.

Table 2. Descriptive statistics.

Year NE CS S&A S OP NCA CFFA NI C

2014
AVE 101.9 416.1 43.6 489.5 29.8 432.2 14.3 16.1 250.2

STDEV 90.7 703.8 33.1 777.4 53.5 633.6 73.2 32.2 338.2

2015
AVE 101.4 420.8 44.7 498.8 33.3 437.1 −6.8 14.0 268.8

STDEV 86.6 700.3 36.7 782.7 61.4 594.2 59.3 57.7 363.5

2016
AVE 89.4 393.7 46.6 455.7 15.4 444.1 20.3 11.3 283.6

STDEV 76.3 651.9 43.3 711.0 54.0 590.2 82.8 61.1 403.1

2017
AVE 79.8 284.4 39.1 323.6 0.1 437.2 0.2 −14.2 270.0

STDEV 71.6 425.5 38.2 463.6 55.6 594.7 40.1 61.4 430.4

2018
AVE 80.6 268.5 31.8 305.9 5.7 442.9 −5.5 −15.9 262.0

STDEV 70.9 347.5 23.1 380.2 34.5 597.8 58.3 60.3 456.2

2019
AVE 80.3 339.1 34.7 385.2 11.4 441.4 −9.0 −2.5 285.1

STDEV 74.4 488.7 27.7 526.1 31.6 584.7 74.3 42.3 453.8

2020
AVE 77.8 328.0 34.6 364.7 2.1 450.6 −4.3 −9.2 289.8

STDEV 69.0 464.2 29.3 496.8 53.4 590.6 39.3 57.6 481.7
NE: Number of employees; CS: Cost of sales; S&A: Selling and administrative expenses; S: Sales; OP: Operating
profit; NCA: Non-current assets; CFFA: Cash flow for financial activities; NI: Net income; C: Capital.

An isotonicity test was performed to confirm the validity of the model, input, output,
link, and carry-over used in this study. The isotonicity test identifies whether an increase
in the output occurs with an increase in input [52]. Moreover, if the correlation between
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variables is positive, using the variable is appropriate [53,54]. Table 3 presents the results of
correlation analysis on the variables, and positive correlations between all variables were
confirmed. The correlation sign of all variables is positive, and most of the correlations are
significant; hence, the use of the variables in this study is considered valid [55].

Table 3. Correlation matrix of variables.

NE CS S&A S OP NCA CFFA NI C

NE 1

CS 0.733 ** 1

S&A 0.734 ** 0.642 ** 1

S 0.751 ** 0.998 ** 0.658 ** 1

OP 0.510 ** 0.615 ** 0.221 ** 0.656 ** 1

NCA 0.595 ** 0.805 ** 0.402 ** 0.796 ** 0.488 ** 1

CFFA 0.144 * 0.253 ** 0.108 0.253 ** 0.206 ** 0.191 ** 1

NI 0.300 ** 0.216 ** 0.107 0.260 ** 0.679 ** 0.140 * 0.207 ** 1

C 0.722 ** 0.576 ** 0.492 ** 0.593 ** 0.489 ** 0.711 ** 0.071 0.454 ** 1

*: p < 0.05, **: p < 0.01. NE: Number of employees; CS: Cost of sales; S&A: Selling and administrative expenses; S: Sales; OP: Operating
profit; NCA: Non-current assets; CFFA: Cash flow for financial activities; NI: Net income; C: Capital.

4. Analysis Results
4.1. Empirical Results of the Dynamic Network DEA
4.1.1. Operating Activity (Stage 1) Efficiency

This study analyzes the efficiency of the management processes of Korean ship parts
manufacturing companies by dividing them into operating activities (Stage 1) and financial
activities (Stage 2). Table 4 presents the analysis result of operating activities (Stage 1) by
period. From 2014 to 2020, the number of companies that operate efficiently during the
entire period in Stage 1 was 11. In 2016, the highest number of companies that operated
efficiently by period was recorded at 23, whereas in 2018 and 2019, the lowest number of 16
was recorded. The average efficiency over seven years is 0.7825, and the standard deviation
is 0.1844. Moreover, the average efficiency in 2020 (vs. 2014) deteriorated by 5.6%, and
the average standard deviation increased by 17.7%. Looking at the operating activities
in 2020 (Stage 1) compared to 2014, we determined that the efficiency deteriorated, and
the standard deviation increased. This result means that the gap between efficient and
inefficient firms is becoming wider.

Table 4. The efficiency of operating activities (Stage 1) by period.

DMU
No.

Overall
Efficiency Rank

OA Efficiency
Rank

Overall
Efficiency

OA Efficiency

2014 2015 2016 2017 2018 2019 2020

1 1 1 1 1 1 1 1 1 1 1

2 1 1 1 1 1 1 1 1 1 1

3 3 1 0.9999 1 1 1 1 1 1 1

4 4 1 0.9992 1 1 1 1 1 1 1

5 5 12 0.9866 0.8171 1 1 1 1 1 1

6 6 1 0.8978 1 1 1 1 1 1 1

7 7 15 0.8274 0.9996 1 0.9996 0.9999 0.9999 0.9980 0.3254

8 8 14 0.6923 1 1 1 1 0.7306 0.7084 1

9 9 17 0.6731 1 0.7500 0.7500 0.7500 0.7500 1 0.7500

10 10 18 0.6508 1 1 1 1 0.6274 0.5403 0.5610
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Table 4. Cont.

DMU
No.

Overall
Efficiency Rank

OA Efficiency
Rank

Overall
Efficiency

OA Efficiency

2014 2015 2016 2017 2018 2019 2020

11 11 20 0.6414 1 1 1 0.8477 0.7056 0.6751 0.4386

12 12 16 0.6329 1 1 1 1 1 0.3737 0.4609

13 13 1 0.5913 1 1 1 1 1 1 1

14 14 1 0.5836 1 1 1 1 1 1 1

15 15 29 0.5086 0.5720 0.7540 0.8282 1 0.5562 0.3986 0.4133

16 16 24 0.4741 0.4750 0.5724 0.6642 0.6370 1 1 0.6614

17 17 33 0.4566 0.3795 0.1427 0.7101 0.7700 0.7717 0.8000 0.6375

18 18 1 0.4441 1 1 1 1 1 1 1

19 19 27 0.4117 0.6173 0.7010 0.5364 0.8179 0.4758 0.6772 1

20 20 34 0.3731 0.5925 0.6711 0.5274 0.8928 0.9859 0.1865 0.2507

21 21 26 0.3597 0.4933 0.5648 0.8676 0.9546 0.9999 0.5329 0.5069

22 22 1 0.3380 1 1 1 1 1 1 1

23 23 22 0.3348 0.9584 1 1 0.7887 0.7104 0.2018 0.6804

24 24 19 0.3264 0.7700 1 1 1 0.8396 0.0693 1

25 25 32 0.3216 0.5080 0.9535 1 0.3497 0.3994 0.4431 0.5738

26 26 40 0.3076 0.3537 0.3945 0.5650 0.4209 0.3503 0.4751 0.5451

27 27 1 0.2955 1 1 1 1 1 1 1

28 28 13 0.2623 0.7232 0.8372 1 0.9987 0.9350 1 1

29 29 30 0.2472 0.7444 1 1 0.9997 0.1575 0.2542 0.2490

30 30 36 0.2347 0.8298 0.3550 0.5795 1 0.4090 0.3554 0.2092

31 31 21 0.2245 1 1 1 1 1 0.4876 0.1736

32 32 31 0.2112 0.3882 0.6400 0.8230 0.7175 0.6102 0.4474 0.7296

33 33 1 0.1769 1 1 1 1 1 1 1

34 34 35 0.1760 0.7144 0.7279 0.7317 0.6147 0.0650 0.1568 0.7757

35 35 37 0.1394 0.3528 0.0989 0.5810 0.5950 0.6026 0.5947 0.6323

36 36 25 0.1226 0.6680 0.6053 0.9694 0.8025 1 0.1646 0.7211

37 37 39 0.0745 0.4640 0.6405 0.5665 0.2124 0.0193 0.4515 0.9743

38 38 28 0.0652 0.3825 0.2964 0.7672 0.9301 0.3440 1 1

39 39 23 0.0611 0.5465 1 1 0.9997 0.2203 0.8337 0.6867

40 40 38 0.0248 0.4907 0.5560 0.6974 0.6110 0.5212 0.4063 0.1559

AVE 0.4537 0.7710 0.8065 0.8791 0.8678 0.7447 0.6808 0.7278

MAX 1 1 1 1 1 1 1 1

MIN 0.0248 0.3528 0.0989 0.5274 0.2124 0.0193 0.0693 0.1559

STDEV 0.2962 0.2456 0.2648 0.1709 0.2043 0.3058 0.3198 0.2890

4.1.2. Financial Activities Stage (Stage 2) Efficiency

The analysis results of the efficiency of financial activities (Stage 2) by period are
shown in Table 5. From 2014 to 2020, three companies operated efficiently, with an average
efficiency of 0.5208 and a standard deviation of 0.2703. The number of companies that
operate efficiently by period was highest in 2016 and 2018 with 3, and the lowest in 2017,
2019, and 2020 with 7. Compared to 2014, the efficiency in 2020 decreased by 7.6%, and the
standard deviation decreased by 9.2%. Moreover, financial activities by period (Stage 2) had
lower efficiency than operating activities (Stage 1), and the standard deviation was large.
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Table 5. The efficiency of financial activities (Stage 2) by period.

DMU
No.

Overall
Efficiency Rank

FA Efficiency
Rank

Overall
Efficiency

FA Efficiency

2014 2015 2016 2017 2018 2019 2020

1 1 1 1 1 1 1 1 1 1 1

2 1 1 1 1 1 1 1 1 1 1

3 3 4 0.9999 1 1 0.9998 0.9987 1 1 1

4 4 5 0.9992 1 1 1 1 0.9908 0.9986 1

5 5 1 0.9866 1 1 1 1 1 1 1

6 6 6 0.8978 0.9524 1 0.7850 0.3889 1 1 1

7 7 7 0.8274 0.9998 0.9464 0.4939 0.9957 0.9996 0.9997 0.6697

8 8 22 0.6923 0.9999 1 0.6027 0.3011 0.1095 0.1931 0.0353

9 9 19 0.6731 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000

10 10 12 0.6508 0.2865 0.4727 0.9432 0.5001 1 0.5241 0.6472

11 11 17 0.6414 0.4430 1 0.3007 0.7712 0.0998 0.5529 0.5267

12 12 14 0.6329 1 0.7801 0.7234 0.5257 0.3875 0.1965 0.6021

13 13 8 0.5913 0.0598 1 1 1 0.9963 1 0.9998

14 14 27 0.5836 0.3014 0.3098 0.3230 0.3236 0.6291 0.4465 0.2774

15 15 20 0.5086 0.2331 0.3023 0.8933 0.8743 0.5701 0.2196 0.3290

16 16 16 0.4741 0.0719 0.5403 0.8366 0.5007 1 0.5285 0.5181

17 17 9 0.4566 0.1207 1 1 1 1 0.9995 0.5855

18 18 28 0.4441 1 0.2921 0.2099 0.2317 0.1640 0.3332 0.1763

19 19 30 0.4117 0.4639 0.1631 0.2206 0.3500 0.1795 0.0552 0.7611

20 20 10 0.3731 0.8579 0.9001 0.1156 0.9945 0.9789 0.6293 0.1772

21 21 26 0.3597 0.0861 0.1781 0.6377 0.2892 1 0.1384 0.3680

22 22 25 0.3380 0.2165 0.1443 0.0592 0.8745 0.8540 0.3905 0.3490

23 23 23 0.3348 0.4872 0.4866 1 0.3242 0.0688 0.2850 0.4518

24 24 18 0.3264 1 1 1 0.1176 0.1174 0.1911 0.0963

25 25 15 0.3216 0.2827 0.7956 1 0.8535 0.1019 0.0680 0.9302

26 26 32 0.3076 0.1699 0.1990 0.6948 0.0627 0.5045 0.1943 0.3059

27 27 38 0.2955 0.0993 0.2845 0.0922 0.1149 0.1951 0.1574 0.2353

28 28 11 0.2623 0.0828 0.4806 0.0315 1 1 1 1

29 29 33 0.2472 0.2833 0.4199 0.0782 0.3570 0.1273 0.2512 0.1412

30 30 40 0.2347 0.2147 0.0844 0.1844 0.1765 0.0776 0.0635 0.0292

31 31 13 0.2245 1 0.9636 0.1792 0.9686 0.9809 0.1078 0.0301

32 32 35 0.2112 0.2861 0.3028 0.3996 0.1130 0.1431 0.0801 0.0794

33 33 36 0.1769 0.1548 0.0938 0.0325 0.0705 0.1293 0.6147 0.2451

34 34 21 0.1760 0.6912 1 1 0.4602 0.0890 0.1073 0.0334

35 35 39 0.1394 0.0667 0.0950 0.1373 0.4392 0.2202 0.0087 0.1949

36 36 31 0.1226 0.9351 0.3537 0.6373 0.1504 0.0516 0.0214 0.0251

37 37 37 0.0745 0.0610 0.0857 0.1450 0.1014 0.3566 0.0125 0.5329

38 38 34 0.0652 0.0373 0.0982 0.0224 0.0130 0.0310 0.8155 0.5003

39 39 24 0.0611 0.2541 0.2962 0.4755 0.9999 0.5283 0.0038 0.4536

40 40 29 0.0248 0.6535 0.1288 0.1900 0.2613 0.6562 0.4749 0.0031

AVE 0.4537 0.5088 0.5674 0.5486 0.5501 0.5459 0.4541 0.4703

MAX 1 1 1 1 1 1 1 1

MIN 0.0248 0.0373 0.0844 0.0224 0.0130 0.0310 0.0038 0.0031

STDEV 0.2962 0.3823 0.3666 0.3752 0.3622 0.3981 0.3726 0.3473
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4.1.3. Periodic and Overall Efficiency

Figure 3 presents operating activity (Stage 1), financial activity (Stage 2), and period
efficiency. As shown in the figure, the efficiency of financial activity is always lower than
that of operating activity. Moreover, in 2015 and 2016, despite the improved efficiency
of operating activities, the efficiency of the financial activities and periodic efficiency
deteriorated. Conversely, despite the deterioration in the efficiency of operating activities
in 2016 and 2017, the efficiency of financial activities was improved, thereby enhancing
the period efficiency. These results reveal that, to improve the period efficiency of ship
parts manufacturing companies, business activities that produce and sell products must be
operated efficiently, capital must be raised, and financial activities must be repaid. Although
the period efficiency was strengthened due to an improvement in financial activities
efficiency in 2017, the efficiency of both operating and financial activities decreased in 2018
and 2019, thereby decreasing period efficiency. However, in 2020, the efficiency of both
sales and financial activities improved, thus improving period efficiency. This result shows
that to improve the period efficiency of ship parts manufacturers, they must improve the
two stages equally without a bias between stages.
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Figure 3. Efficiency of each stage and the period.

Table 6 presents the results of period and overall efficiency, in which operating activi-
ties (Stage 1) and financial activities (Stage 2) are combined. Two companies were found
to have operated efficiently for the entire period from 2014 to 2020. The overall efficiency,
which combines all stages and periods, is 0.4537, and the standard deviation is 0.2962. The
number of efficient companies by period was the largest in 2015 with 10, and the lowest
was in 2017 with 5. Based on 2014, period efficiency in 2020 decreased by 4.0%, and the
standard deviation decreased by 6.2%.

Through the analysis of external factors affecting the efficiency, additional implications
for efficiency improvement of ship parts manufacturers were presented. To this end, we
performed Tobit regression [56,57], the dependent variable was set as the overall efficiency,
and the independent variable was set as firm size (large companies, SMEs), firm age,
regional location, and regional GDP. The analysis results are shown in Table 7. Findings
reveal that the company size has a negative effect on the overall efficiency, whereas the
company age has a positive effect on the overall efficiency.
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Table 6. Period efficiency and overall efficiency.

DMU
No.

Overall Efficiency
Rank

Overall
Efficiency 2014 2015 2016 2017 2018 2019 2020

1 1 1 1 1 1 1 1 1 1

2 1 1 1 1 1 1 1 1 1

3 3 0.9999 1 1 0.9999 0.9994 1 1 1

4 4 0.9992 1 1 1 1 0.9954 0.9993 1

5 5 0.9866 0.9072 1 1 1 1 1 1

6 6 0.8978 0.9756 1 0.8925 0.5861 1 1 1

7 7 0.8274 0.9997 0.9727 0.7383 0.9978 0.9998 0.9988 0.4544

8 8 0.6923 0.9999 1 0.8014 0.6505 0.4510 0.4755 0.5177

9 9 0.6731 0.8333 0.6250 0.6250 0.6250 0.6250 0.8333 0.6250

10 10 0.6508 0.4564 0.6450 0.9716 0.7500 0.8137 0.5322 0.6041

11 11 0.6414 0.6150 1 0.5913 0.8094 0.4087 0.6140 0.4827

12 12 0.6329 1 0.8765 0.8617 0.7629 0.6580 0.2796 0.5272

13 13 0.5913 0.1454 1 1 1 0.9981 1 0.9999

14 14 0.5836 0.6121 0.5889 0.4883 0.4979 0.7961 0.6639 0.5709

15 15 0.5086 0.4172 0.5323 0.8608 0.9356 0.5635 0.3083 0.3633

16 16 0.4741 0.1476 0.5548 0.7504 0.5689 1 0.7642 0.5898

17 17 0.4566 0.1649 0.3056 0.8551 0.8850 0.8858 0.8997 0.6115

18 18 0.4441 1 0.5515 0.3541 0.4046 0.2817 0.5191 0.5023

19 19 0.4117 0.5503 0.3438 0.3878 0.4914 0.3648 0.2030 0.8806

20 20 0.3731 0.6991 0.7720 0.1898 0.9435 0.9825 0.2562 0.2106

21 21 0.3597 0.1716 0.3086 0.7569 0.5348 1 0.2053 0.4193

22 22 0.3380 0.3659 0.3537 0.1118 0.9368 0.9270 0.5827 0.6549

23 23 0.3348 0.7240 0.7395 1 0.4418 0.1184 0.2262 0.5716

24 24 0.3264 0.8850 1 1 0.2119 0.4785 0.0779 0.5482

25 25 0.3216 0.3874 0.8663 1 0.4971 0.1881 0.1152 0.7520

26 26 0.3076 0.2216 0.2479 0.6299 0.2418 0.4274 0.3347 0.4255

27 27 0.2955 0.2446 0.4429 0.1706 0.2745 0.3524 0.4085 0.4424

28 28 0.2623 0.2388 0.6704 0.0611 0.9994 0.9675 1 1

29 29 0.2472 0.4748 0.7081 0.1457 0.6784 0.1489 0.2527 0.1904

30 30 0.2347 0.5409 0.2033 0.4036 0.5457 0.3112 0.2306 0.0916

31 31 0.2245 1 0.9815 0.3935 0.9843 0.9904 0.2185 0.0507

32 32 0.2112 0.3287 0.4610 0.5941 0.1890 0.2210 0.1304 0.1429

33 33 0.1769 0.2680 0.2368 0.0629 0.1449 0.3668 0.8074 0.4522

34 34 0.1760 0.7028 0.8640 0.8658 0.5374 0.0743 0.1419 0.0669

35 35 0.1394 0.1132 0.0985 0.3592 0.5028 0.3163 0.0453 0.4311

36 36 0.1226 0.8016 0.4830 0.8040 0.3153 0.0982 0.0363 0.1172

37 37 0.0745 0.2749 0.3702 0.3495 0.1834 0.0279 0.0349 0.7557

38 38 0.0652 0.0853 0.1412 0.0424 0.0260 0.0532 0.9077 0.7502

39 39 0.0611 0.4001 0.5807 0.7309 0.9998 0.2905 0.0101 0.5869

40 40 0.0248 0.5721 0.3014 0.3394 0.4361 0.5887 0.4335 0.0053

AVE 0.4537 0.5831 0.6457 0.6297 0.6397 0.5943 0.5137 0.5599

MAX 1 1 1 1 1 1 1 1

MIN 0.0248 0.0853 0.0985 0.0424 0.0260 0.0279 0.0101 0.0053

STDEV 0.2962 0.3230 0.2982 0.3259 0.3012 0.3524 0.3583 0.3031
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Table 7. Tobit regression analysis results.

Estimate Std. Error T-Value Pr(>t)

Intercept 0.368 0.200 1.843 0.065

Firm Size −0.308 0.139 −2.220 0.026 *

Firm Age 0.012 0.006 2.102 0.036 *

Region 0.052 0.105 0.493 0.622

GDP 0.000 0.000 0.757 0.449

logSigma −1.296 0.116 −11.149 0.000 ***
*: p < 0.05, ***: p < 0.001.

4.2. Empirical Results of the Malmquist Productivity Index

Efficiency measures whether an input produces as much as it can technically produce,
whereas productivity refers to the ratio of output to input. The two words are similar
but different concepts. Even if a company operates efficiently, productivity may be lower
than that of a company that operates inefficiently. Conversely, even a highly productive
company can operate inefficiently, and even an efficient company can further increase
productivity. Therefore, productivity and efficiency must be examined simultaneously.
MPI is an index indicating the change in productivity. MPI can be divided into TECI, which
means the degree to which changes in technological efficiency contributed to productivity
changes, and TCI, indicating the degree to which changes in technology contributed to
changes in productivity. TECI, TCI, and MPI for each stage were expressed as DCU, DFS,
and DMI. Moreover, the MPI for all stages was expressed as OMI. The MPI analysis results
are shown in Table 8. First, the average DMI, DCU, and DFS of operating activities (Stage 1)
is 1.0025, 0.9862, and 1.0170, respectively. This can be seen as an increase in productivity
due to DFS despite the decrease in productivity due to DCU. The average DMI of financial
activities (Stage 2) is 0.9236, DCU is 1.0112, and DFS is 0.9041. Although DCU of financial
activities (vs. operating activities) contributed to productivity increase, DFS decreased
productivity, and, thus, productivity of financial activities decreased. The combined OMI
of the productivity of operating activities and that of financial activities is 0.9464. This can
be seen because of the decrease in productivity of financial activities despite the increase in
productivity of operating activities.

Table 8. MPI analysis result.

DMU No. OMI Rank OMI
OA (Stage 1) FA (Stage 2)

DCU DFS DMI DCU DFS DMI

1 25 0.8621 1 1.0299 1.0299 1 0.7217 0.7217

2 3 1.2536 1 1.7592 1.7591 1 0.8933 0.8933

3 11 1.0819 1 1.2076 1.2076 1 0.9693 0.9692

4 31 0.7919 1 0.9200 0.9200 1 0.6816 0.6816

5 38 0.6786 1.0342 1 1.0342 1 0.4450 0.4453

6 28 0.8500 1 1.0216 1.0216 1.0082 0.7016 0.7073

7 23 0.8898 0.8294 0.9911 0.8220 0.9354 1.0298 0.9633

8 34 0.7182 1 0.9361 0.9361 0.5728 0.9618 0.5510

9 16 0.9763 0.9532 1 0.9532 1 1 1

10 13 1.0241 0.9082 0.9638 0.8753 1.1455 1.0462 1.1983

11 21 0.9089 0.8717 0.9522 0.8300 1.0293 0.9669 0.9952

12 30 0.7941 0.8789 0.9536 0.8381 0.9189 0.8188 0.7525

13 4 1.2400 1 0.9615 0.9616 1.5991 1 1.5989
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Table 8. Cont.

DMU No. OMI Rank OMI
OA (Stage 1) FA (Stage 2)

DCU DFS DMI DCU DFS DMI

14 29 0.8127 1 0.8790 0.8790 0.9863 0.7619 0.7514

15 24 0.8843 0.9473 0.9127 0.8645 1.0591 0.8541 0.9046

16 6 1.2168 1.0567 1.0039 1.0608 1.3898 1.0044 1.3958

17 1 1.5242 1.0903 1.0443 1.1385 1.3011 1.5684 2.0407

18 20 0.9272 1 1.3286 1.3286 0.7488 0.8642 0.6471

19 14 1.0195 1.0837 1.0375 1.1244 1.0860 0.8511 0.9244

20 33 0.7487 0.8665 1.0246 0.8877 0.7688 0.8214 0.6315

21 19 0.9293 1.0045 1.0015 1.0060 1.2739 0.6738 0.8584

22 18 0.9470 1 1.0789 1.0789 1.0828 0.7676 0.8312

23 17 0.9642 0.9445 1.0553 0.9968 0.9875 0.9444 0.9326

24 36 0.7011 1.0445 0.8549 0.8929 0.6770 0.8131 0.5505

25 12 1.0406 1.0205 0.9978 1.0183 1.2196 0.8719 1.0634

26 9 1.1049 1.0747 1.0023 1.0772 1.1030 1.0275 1.1333

27 10 1.0876 1 0.9068 0.9068 1.1546 1.1296 1.3044

28 5 1.2176 1.0555 1.0898 1.1503 1.5147 0.8509 1.2889

29 26 0.8584 0.8332 1.0346 0.8620 0.8904 0.9600 0.8548

30 35 0.7101 0.7948 0.9879 0.7852 0.7171 0.8956 0.6422

31 39 0.6255 0.7469 1.0752 0.8031 0.5577 0.8735 0.4872

32 27 0.8546 1.1109 0.9623 1.0691 0.8076 0.8458 0.6831

33 15 1.0176 1 0.9590 0.9591 1.0796 1 1.0797

34 32 0.7821 1.0138 1 1.0138 0.6035 1 0.6034

35 8 1.1548 1.1021 1.0215 1.1258 1.1957 0.9905 1.1845

36 37 0.6942 1.0128 0.9492 0.9614 0.5472 0.9159 0.5012

37 7 1.1964 1.1316 0.8814 0.9973 1.4351 1 1.4352

38 2 1.3231 1.1737 0.9677 1.1358 1.5414 1 1.5414

39 22 0.8942 1.0388 0.9233 0.9591 1.1014 0.7568 0.8336

40 40 0.5494 0.8260 1.0041 0.8295 0.4099 0.8861 0.3639

AVE 0.9464 0.9862 1.0170 1.0025 1.0112 0.9041 0.9236

MAX 1.5242 1.1737 1.7592 1.7591 1.5991 1.5684 2.0407

MIN 0.5494 0.7469 0.8549 0.7852 0.4099 0.4450 0.3639

STDEV 0.2111 0.0953 0.1470 0.1726 0.2795 0.1694 0.3551

5. Discussion

This study analyzed the efficiency and productivity of Korean ship parts manufac-
turing companies by dividing them into operating and financial activities. The academic
implications of this study are as follows. First, management processes that were previously
treated as black boxes in ship parts manufacturing companies were divided into operating
and financial activities, and the linkage of the period was considered. In studies using the
existing DEA model, the relationship between input and output was treated as only one
stage [29,47,48]. This method does not reflect the tradeoff in the input–output relationship.
Moreover, although the existing Window and Malmquist studies analyzed the efficiency
and productivity by period, a limitation exists because the linkage between periods is not
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reflected [58]. These limitations focus on maximizing efficiency in each period; therefore, a
distortion exists in the efficiency analysis [34]. However, this study analyzed the efficiency
by dividing the management process that was treated as a black box into operating and
financial activities through the DN-SBM model, reflecting the linkage between tradeoff
characteristics and periods. Second, the TECI and TCI for operating and financial activities
were analyzed with the MPI based on the DN-SBM model. The existing MPI analysis did
not consider the link between the black box and period [59]. However, in this study, MPI
analysis was performed based on the DN-SBM model. Through this, we can determine the
cause of the decrease in productivity of ship parts manufacturers and suggest activities
that urgently need improvement. Third, the external variables affecting efficiency are
analyzed through Tobit regression. Efficiency can be improved at the firm level, but it can
also be affected by external environmental factors [26]. By analyzing the effect of external
variables on efficiency, this study suggests a direction to reflect external environmental
characteristics when developing policies to improve efficiency.

The practical implications are as follows. First, by analyzing the efficiency of business
and financial activities, this study suggested the most necessary activities to improve the
total efficiency. According to the Financial Stability Report of the Bank of Korea, the interest
coverage rate of Korean shipbuilders, which represents the ability of a company to meet
interest expenses, as of 2019 was less than 100%, indicating that the debt cannot be repaid
with profits [25]. In this study, the average operating activities efficiency and the average
financial activity efficiency were 0.7825 and 0.5208, respectively, indicating that financial ac-
tivity efficiency improvement needs to be implemented first. As a method of improving the
efficiency of financing activities, a lean production method exists, which has the advantage
of improving quality and financial savings [60]. Moreover, balanced improvement of oper-
ating and financial activities by period is necessary through the change in period efficiency.
If attention is focused only on improving the efficiency of certain activities during sales
and financial activities, the balance may be disturbed. To improve business and financial
activities in a balanced way, firms must find and improve the cause of inefficiency in detail
using the Balanced Scorecard [61]. Second, MPI analysis was performed on operating
and financial activities. From these analysis results, we can determine which activities
should be improved first to improve OMI. Korea’s Gross Tonnage was 14.6 in 2018, 21.7 in
2019, and 18.1 in 2020, showing decreased productivity [62]. Results of this study reveal
that OMI was less than 1, indicating a decrease in productivity. To improve this, we must
improve the productivity of financial activities. Moreover, to improve the productivity of
financial activities, we must improve the technical change for financial activities. To this
end, the loan method of policy financial institutions (e.g., the export–import method of
Bank of Korea) and external institutions related to the finance of ship parts manufacturers,
such as government-supported projects, must be changed. In particular, the relationship
between banks and SMEs positively affects corporate performance [63], and banks need
to understand ship parts manufacturers. For example, if a policy financial institution
provides funds to shipping companies in the form of direct loans, Korean shipbuilders
can maintain financial soundness by increasing ship exports while not increasing debt.
For government-related policy, the government should induce technical changes related
to financial activities through ship funds or financial consulting to easily issue a refund
guarantee. Third, by analyzing external variables that affect efficiency, the policy direction
for improving efficiency according to the characteristics of the external environment was
presented. The Tobit regression analysis results reveal that company size harmed the
overall efficiency, whereas company age positively affected the overall efficiency. Moreover,
studies exploring the efficiency of manufacturing companies in East Africa found that
company size and efficiency had a negative (−) effect, and in R&D commercialization effi-
ciency, SMEs showed higher efficiency than large companies, showing similarities [64,65].
This means that to improve efficiency in a rapidly changing business environment, compa-
nies should continue developing technology, preventing the departure of skilled workers,
managing inventory, and securing financial soundness, rather than increasing the external
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size of the company. If these activities are continued, the technology will accumulate, and
financial soundness will improve, thereby improving the company’s efficiency.

6. Conclusions
6.1. Summary of Results

This study analyzed the efficiency and productivity of Korean ship parts manufac-
turing companies for seven years from 2014 to 2020. For this purpose, the management
process of ship parts manufacturing companies was divided into operating activities (Stage
1) and financial activities (Stage 2). As an analysis tool, the DN-SBM model among the
DEA models and the MPI based on this model were used. The number of companies
used in the analysis was 40, and the average operating activities efficiency of ship parts
manufacturing companies was 0.7825. Moreover, the average financial activity efficiency is
0.5208, and the average overall efficiency is 0.4537. Two companies were found to have
operated efficiently for seven years from 2014 to 2020. The MPI analysis results reveal that
the DMI, that is, the MPI of operating activities, is 1.0025, and the DMI, that is, the MPI
of financial activities, is 0.9236. Moreover, the OMI, which stands for MPI that combines
these DMIs, showed a decrease in productivity at 0.9464. To identify problems related
to efficiency and productivity improvement, firms must identify which stage efficiency
and productivity are low. For example, if the efficiencies of Stages 1 and 2 are 0.9 and 0.8,
respectively, Stage 2 must be improved first. Methods to improve efficiency reduce input
and increase output. Moreover, to improve productivity, firms must preferentially improve
the lowest value among DCU and DFS. If the DCU is low, the efficiency aspect should be
improved, and if the DFS is low, the external aspects (technology development, machine
adoption, policy) should be improved. In this study’s efficiency, improvement of both
the efficiency and DFS of financial activities was found to be urgent. In other words, to
improve efficiency and productivity, financial activities must be improved. To this end,
rather than expanding the scale of ship parts manufacturing companies, they must secure
financial soundness through debt repayment and improve operating activities, such as cost
of sales management, in a balanced way. Moreover, to improve productivity, changes in
the external environment and companies are required, and government policies, such as
direct loans from financial institutions and the provision of financial consulting, must be
provided by the government. As of 2020, when comparing gross tonnage, which indicates
productivity, with China and Japan, Korea ranked second with 18.1, China with 23.2, and
Japan with 12.8 [64]. We compared the capacity of the Korean shipbuilding industry with
China, Japan, and Europe. In 2021, the capacity of the Korean shipbuilding industry was
11.5, the second-highest after China (14), and the expected capacity in 2022 would still be
lower than that of China (13) [66].

6.2. Limitations and Future Study

The limitations of this study are as follows. First, efficiency and productivity were
analyzed only with financial data. Future research needs to design a model that more
reflects the characteristics of ship parts manufacturers by using non-financial data (e.g.,
number of patents, technology level). In particular, technology is important in the ship
parts industry, and not reflecting this aspect is the study’s limitation.

Second, only Korean ship parts manufacturing companies were analyzed. In the
shipbuilding industry, Korea has a high market share and excellent technological prowess,
but competing countries (e.g., Japan and China) are also significant. This study analyzed
only Korean companies; therefore, the relative effectiveness of Korean companies in the
shipbuilding parts industry in global countries is unknown. Therefore, in future research,
the efficiency and productivity must be analyzed by collecting data of globally excellent
companies.

Third, when analyzing the external environment that affects the efficiency, stakehold-
ers must analyze legal aspects, such as environmental regulations. Currently, advanced
countries are developing technologies to manufacture ships made of eco-friendly materials
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or to minimize pollution. This situation may be an active challenge for companies to con-
sider the environment voluntarily, or it may result from government policies or pressure
from the international community. Therefore, in the future, the efficiency and productivity
of the shipbuilding industry must be studied considering the government’s policy or global
interest.

Fourth, in this study, the efficiency and productivity reflecting the characteristics of
manufacturing companies were analyzed by dividing corporate activities into operating
activities and financial activities. However, the analysis of investment activities, which
is the activity of acquiring or disposing of facility assets to be used for a long time based
on the funds secured by a company, is insufficient. Therefore, efficiency and productivity
must be measured in future research by adding variables for investment activities and
developing activities that integrate three stages or financial and investment activities.

Fifth, in terms of operational activities, the characteristics of the manufacturing net-
work structure have important implications for network operations, such as production
decision-making, product recall, and consensus formation. Therefore, future studies need
to provide a foundation for efficient operation decision-making of manufacturing com-
panies by analyzing interaction and attribute metrics (i.e., relational functions and node
functions) within the network, which are important for evaluating the industry’s opera-
tional performance.

Finally, for a more detailed analysis of future efficiency and productivity, a ques-
tionnaire (e.g., AHP) asking practitioners the importance of each input/output must be
designed. AHP analysis results can be used as input/output weights [67], and efficiency
and productivity analysis can be performed, reflecting the characteristics of reality.
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