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In this paper, we present the DEA
application result, extending the analysis
scope to longitudinal and international
range, to assess 3PL firm’s efficiency. Total
twenty-two 3PL firms, located in Korea,
Japan, and Taiwan, are chosen for the DEA
analysis with following selection criteria
such as, considerably large in scale to get
listed on the Industry Classification
Benchmark (ICB) (2017), and have been
listed in the Stock Market and Wall Street
Journal for more than five years. The data
are gathered from the consolidated financial
report posted annually on company web
sites from 2013 to 2017, which results in
total 110 DMUs. The distinguishing feature
of this study is that both the individual
firm level longitudinal efficiency variations,
and aggregated national level efficiency
changes are examined altogether. The DEA
computational results offer useful insight for
firm level benchmarking and national level
3PL policy regulations development. The
procedures and computational DEA results
illustrated in this research could be further
elaborated in this field.
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The Air Force has been operating the
system since 2014 to encourage proper
budgeting and timely execution, and is
giving rewards and incentives to those who

are excellent. The purpose of this study is
to analyze the problems of the selection
criteria for excellent people and to present
improvement measures. In particular, the
evaluation criteria were improved by
applying AHP analysis, one of the
quantitative decision-making techniques, to
compensate for the lack of objectivity,
equity, and discrimination, which had been
pointed out as a problem with the current
system, and the evaluation formula was
improved using probability distribution. It is
believed that objectivity and faimess of
assessment items and scores will be
guaranteed through the application of the
results of this study, and that it can be
used to standards

improve  evaluation

operated by various institutions.
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This study is aimed at small and
medium-sized enterprises related to fashion
clothing, electronics and electricity as
companies in Korea's innovative products
and responsive supply chain industries. In
the acceptance of smart factory-related
technologies, the main goal is to determine
what factors the company's management
practitioners will accept and accept. To this
end, a questionnairc was conducted for
domestic companies and the research
hypothesis was tested using the collected
questionnaire. As a result of the test of the
research hypothesis, performance expectation,
effort expectation, and social impact were
tested to have a significant effect on the
use intention (1), and the level of impact
intensity was social impact> performance

expectation> effort expectation. In addition,
it was tested that the promotion conditions
and network effect had a positive effect on
the intention to wuse, but were not
significant. In addition, innovation resistance
was tested as having a negative effect on
the intention to use. Finally, the intention to
use was tested to have a positive (+) effect
on usage behavior. In addition, in the
difference analysis according to the size of
the company, it was tested that there was a
difference in all other research items except

innovation resistance.
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Supply chains faces various uncertainties
such as demand, manufacturing and supply
uncertainties. In this study, we consider
both normal demand variation and sudden
change in demand as risk factors in a
supply chain. Capacity is adjusted by hiring
and firing workforce to mitigate the impact
of demand uncertainty in consideration of
cash  flow.

A mixed-integer  linear

programming model is developed and
are conducted to
investigate the impact of uncertain demand
in terms of inventory level, cash flow, debt
ratio, and bankruptcy. The results show that

safety stock of a focal company has less

numerical  experiments

effect on cash flow of suppliers in the case
of normal demand variation. Also, it is
observed that the sudden change in demand
worsens cash flow and causes bankruptcy
and high inventory level in a supply chain.
The ratio of production and fixed cost has
a significant impact on the performance of
a supply chain.
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In wartime situations securing  water

resources is one of the most important
factors for operational success and the
military  establishes a plan to supply
high-quality drinking water over and above
the standard requirement in a wartime
distribution system. The distribution of
water supply is made in accordance with
the water quality regulations for the
supplied drinking water and
quality test is tested periodically to ensure
consistency. Nevertheless, the possibility of
contamination of drinking water always
exists and the drinking water pollution in
wartime is a very important issue that has
a serious impact on sustaining combat
capability. In this study, an integrated
optimization model of water purification
equipment  location supply
distribution is proposed in order to
efficiently supply drinking water to combat
units. Through the numerical analysis using
examples we show the wvalidity and
applicability of the proposed models.

the water

and water
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In this paper, we report the process changes
and quantitative benefit analysis result when
mobile IoT technology is embedded into
AED(Automated External Defibrillator) for
the emergency heart attack patients. To-be
process change versus as-is stand-alone
AED is illustrated based on BPMN(Business
Process Model and Notation) standard, and
ARENA simulation tool is adopted to assess
the benefit as for the possible multiple
to-be process scenarios. We reference the
actual data collected from Centers for
Disease Control and Public Data Portal to
develop to-be scenarios and simulation
modeling. The lead time to dispatch the
emergent  patients to the  hospital,
CPR(cardiopulmonary resuscitation) treatment

percentage, and survival rate are revealed to
be radically improved, which are the benefit
accrued by the implementation of mobile
IoT based AED. The research result offers
useful insight for the recently propagating
mobile IoT based business model design
and expected benefit analysis.
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This study verifies whether supplier

development capacity of Chinese companies
affects positively on performances of them
by conducting surveys on a sample
consisting of many types of Chinese
companies. In the second stage of the
study, we tried to confirm whether human
environmental —management factor and
system environmental management factor, as
the two important factors in environmental
management practice factors, have positive
moderating effect on the relationship
between supplier development capacity and
performances respectively. To verify these
research goals, we conducted empirical
surveys on 259 companies in Chinese
market. As the results, in the first stage of
this empirical study, we found that the
independent variable of supplier
development capacity affects positively in
statistical ~significance on the dependent
variable of performances of companies.
Secondly, in environmental management
practice factors, only system environmental
management factor shows positive
moderating effect on the relationship
between quality management practices and
performances, while human environmental
management practice factor does not.
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1. Introduction

Third-party logistics (3PLs) providers are one of
initiative that has been striving to be more
productive and efficient in their core competencies
for logistics function in the last few years (Hong
et al., 2004; Lieb and Bentz, 2005; Min and Joo,
2006). Indeed, many 3PLs have been broadening
their  services to  include  manufacturing,
warehousing, distribution, and freight forwarding
(Menon et al., 1998; Lieb and Randall, 1999). The
3PL’s survival is highly dependent on its ability to
keep 3PLs operation lean due to tight profit
margins and increasing competition (Min and Joo,
2006, Min et al, 2013). This is not easy to
reduce the cost pressures appearing from increasing
customer expectations and expanded services (Min
and Joo, 2006; Min and Joo, 2009). Therefore, the
international comparison of 3PLs performance
provides more objective evaluation in assessing the
management efficiency of domestic 3PLs (Colin et
al., 2011; Marchet et al, 2017). For example,
sometimes a domestic 3PLs yielding positive profit
might not be as efficient as other country 3PLs in
a similar environment.

Our research motivation is to compare the
performance of 3PLs in Japan, South Korea, and
Taiwan countries which have similar environment
and relatively advanced in their ICT technology.
studies
the
non-parametric models such as DEA in the 3PLs
industry. Even if

successfully adopted DEA to measure efficiency,

Empirical focused on identifying and

evaluating operational  efficiency —propose

these contributions have
they only analyze small samples from 3PLs in

specific countries (Min and Joo, 2006; Zhou et al.,
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2008; Min and Joo, 2009; Min et al., 2013; Hong
and Xu, 2015; Park and Lee, 2015; Marchet et al.,
2017). Given the research gap of efficiency studies
for 3PLs, this study investigates the efficiency of
individual 3PLs companies that could improve the
efficiency of the 3PL industry in Japan, South
Korea, and Taiwan countries.

In the next section, the research methods of
DEA application including variable selection is
And

computational testing result. This is followed by

provided. next, section 3  describes
section 4 which presents the longitudinal analysis
and discussion. And lastly, section 5 provides the

conclusion.

2. Research Methods

2.1. DEA Method

Data Envelopment Analysis (DEA) is a powerful
analytical tool that is extensively used in the
non-parametric method. This method evaluates the
effect of multiple input and output on decision
making units (DMUs) efficiency. The first DEA
model has been introduced by Charnes et al.
(1978) in the application of constant return to
scale (CRS) and later expanded by Banker et al.
(1984) in the application of variable return to scale
(VRS) in order to measure the technical efficiency
of a set of comparable DMUs. The purpose of
method is measuring the ratio of total weighted
output to weighted input that represents the relative
efficiency of DMUs 2007,
Samoilenko and Bryson, 2012). The comparison

(Korpela et al,

results in a ranking of the DMU in terms of
relative efficiency, where the highest rank DMUs
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are examined relatively efficiency and assigned a
The rest of DMUs are
considered to be relatively inefficient.

perfect value of 1.

DEA measurement could examine two kinds of
orientations (Charnes et al., 1994; Cook and Bala,
2007). First, the input-oriented DEA models can be
illustrated efficiency as the optimal number of
inputs that minimizes the given output level. The
relatively efficient DMU under input-orientation
cannot decrease the input level further to achieve a
given output level. Second, the output-oriented
DEA models explained efficiency as the optimal
number of outputs that could be resulted under the
given input levels. The relatively efficient DMU
cannot increase the level of outputs any further
relying on given input levels.

The analysis focus is considering the CCR
model indicates technical efficiency, the i (the
efficiency of the DMUi) while #i in the BCC
model is based on the VRS assumption that is a
measurement of pure technical efficiency (PTE).
The BCC models estimate both technical efficiency
and scale efficiency. The scale efficiency indicates
how close the firm in optimal scale (SE= TE/PTE)
(Bogetoft and Otto, 2010). Nigam et al. (2012)
examine that technical efficiency measures the
efficiency by dividing inputs variable by output
variable while the scale efficiency is 100% where
all scales of production is only one most
productive scale size. In consequence, the DMU is
said to be efficient when technical and scale
efficiency is efficient. When SE value equals one,
it operates at CRS (Constant Return to Scale). In
case of that, the SE score is an inefficient scale
when the score is less than one for the target

DMU and distinguished as either DRS (Decreasing
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Returns to Scale) or IRS (Increasing Returns to
Scale) (Cooper et al., 2000).

2.2. Variable Selection

The selection of input and output variables is

very fundamental to have meaningful and
reasonable results in DEA analysis. In previous
literature of 3PLs DEA analysis, the input and
output variable selection is differential as illustrated
in <Table 1> The criteria for input variable
selection is to assess the competency in 3PLs
which

process efficiency, and labor productivity. Along

management, include facility utilization,
with the input variable, the criteria for choosing
output variables is to consolidate critical 3PLs
performance such as operating income and revenue.

As such, the selected input variables are capital
expenditure (CAPEX),
employee. They are already used in other 3PLs

operating expenses, and
literature,  for expenditure
(CAPEX) in Park and Lee (2015), Ja et al. (2017),
Tan et al. (2017); operating expenses in Min and
Jo (2006), Zhou et al. (2008), Wong et al. (2016),
Marchet et al. (2017); and employee in Min et al.
(2013), Hong and Xu (2015), Park and Lee
(2015), Ja et al. (2017). Capital expenditure is
selected to evaluate the relative efficiency of
infrastructure

example,  capital

and facilities utilization. Capital
expenditure might include plant and equipment
purchases, building and expansion improvements, a
vehicle to transport goods, and total properties.
Operating expenses is a key resource for the cost
of maintaining equipment operational and sustaining
uninterrupted logistics operations as management

processes. The total operating expenses represent
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the sum of expenses consisting of selling and
general administration expenses, cost of goods sold,
The of

employees is chosen to analyze labor productivity.

and maintenance expenses. number
Consequently, the input variables selected in this
study are the most often used input variables in
the previous study and will be used for the
efficiencies of facility utilization, process efficiency,
and labor productivity of 3PL providers’ operation.

As the input wvariables are chosen for the
objective of performance implication in logistics
management, the output variables are also selected
for 3PL providerss management performance
analysis. The output variables which are selected
in this part are operating income and revenue.

They are widely used in 3PLs DEA analysis, for

Table 1. Selection of Input and Output Variables

example, operating income in Min and Jo (2006),
Zhou et al. (2008), Wong et al. (2013), Wong et
al. (2016); and revenue in Min and Jo (2009),
Min et al. (2013), Lee and Lee (2011), Park and
Lee (2015), Hong and Xu (2015), Ja et al. (2017).
Operating the best the

operational efficiency of 3PLs. Operating income

income s reflects
measures the amount of profit realized from 3PL’s
operations; this excludes operating expenses and
depreciation from gross income (Zhou et al.,
2008). Revenue is selected to obtain financial
health and resilience of 3PLs and proportional to
the extent of 3PL providers’ business activities.
The details

<Table 1>.

of variable selection are organized in

Category | Variable Description Researcher
CAPEX The cost related to principal sources to develop 3PL | Park and Lee (2015), Ja et al. (2017),
providers’ services to customers. Tan et al. (2017)
Tnput Operating | A key resource for maintaining equipment and | Min and Jo (2006), Zhou et al (2008),
Expenses | keeping 3PL providers operations. Wong et al. (2013), Marchet et al. (2017)
Emplovees The efficiency of direct investment in human | Min et al. (2013), Hong and Xu (2015),
oy resources. Park and Lee (2015), Ja et al. (2017)
OIrr)lit)artrllgg The amount of profit realized from a 3PL’s operation wélnga;d 31?0(2(5122)(?6 %Vor%;w:t ait (51(1)1 6()2 008).
Output A financial indicator of financial health and resilience | Min and Jo (2009), Min et al. (2013),
Revenue | of 3PL providers and it is proportional to the 3PL | Lee and Lee (2011), Park and Lee (2015),
provider’s business activities. Hong and Xu (2015), Ja et al. (2017)

2.3. Data Collection and Descriptive Statistics

The classification 3PLs for this paper can be
found on the Industry Classification Benchmark
(ICB) (2017). All ICB of categorizing companies
are described on the New York Stock Exchange
that also related to 3PLs industry and sector
classification companies in the Wall Street Journal.

They categorize companies across six levels the

classification of industrial transportations such as

transportation ~ services, marine  transportation,

railroads, delivery services, commercial vehicle
parts, and commercial vehicle - equipment leasing.
This paper focuses on transportation services 3PLs
that provide services to manage providers of
logistic services and ports to shippers of goods for
the industrial transportation sector. Based on this

definition, 110 of 3PLs are collected from a
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consolidated financial report posted annually on
company web sites. All the selected 3PLs have
been listed in the Stock Market and Wall Street
Journal for more than five years and considerably
large in scale (annual revenue of approximately
$205 million to $ 22 billion). The selected 3PLs

are shown in <Table 2>.

Table 2. The Selection 3PLs

Country Company Code Company
Japan MH Mitsui-soko Holdings
ML Mitsubishi Logistics
TH Tonami Holdings
JT Japan Transcity
YH Yamato Holdings
uC Utoc
Country Company Code Company
Japan ucC Utoc
KR KRS
YL Yusen Logistics
KW Kintetsu World Express
MS Maruzen Showa Unyu
SK Sankyu Inc.
NC Nissin Corporation
Taiwan TG T3EX Global Holdings
KT Kerry TJ logistics
El Evergreen  International
South SB Sebang
Korea HE Han Express
HL Hansol Logistics
KC KCTC
Cl CJ Korea Express
HT Hanjin Transportation
HG Hyundai Glovis

Table 3. Descriptive Statistics of Input and Output Variables
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The five-year annual report data from 2013 to
2017 is used for this calculation. The descriptive
statistic for five-year annual input and output
variables applied for DEA analysis is shown in
<Table 3>. An average change of input and output
variables showed that all input and output variables
Furthermore, the

correlation analysis is conducted between the input

have constantly increased.
and output variables, which is described in <Table
4>, The results show all input variables are a
significant positive correlated with the output
variable. The isotonicity relationship between input
and output variables is examined for validation of
the DEA model.

Finally, we examined the number of variables
and the number of DMUs. In DEA application,
Cooper et al. (2000) have a rule of thumb for
DEA analysis which n = max (m x s, 3(m + s)),
where n is the number of DMU, m is the number
of inputs, and s is the number of outputs. In this
analysis, twenty-two of 3PLs data is analyzed and
the number is larger than triple times of the total
number of inputs (3) and output (2). That is, 110
>3 (3 +2) =15

CAPEX Op. Expense Employee Op. Income Revenue
(in million) (in million) (people) (in million) (in million)
Minimum 1 130 297 4 206
Maximum 2,114 21,516 22,921 3,113 21,697
Mean 162 3,038 5,810 222 3,259
Standard Deviation 357 4,870 6,455 447 5,125

(Monetary unit are in USD)
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Table 4. Correlation Coefficient between the Variables
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CAPEX Op. Expense Employee Op. Income Revenue
(million) (million) (people) (million) (million)
CAPEX (million) 1.000
Op. Expense (million) 0.866 1.000
Employee (people) 0.588 0.647 1.000
Op. Income (million) 0.973 0.857 0.581 1.000
Revenue (million) 0.874 0.997 0.641 0.872 1.000

(Monetary unit are in USD)

3. Computational testing results

The DEA model runs with DEAP 2.1 program
(Coelli, 1996). Input oriented CCR and BCC are
used to investigate the efficiency and inefficiency
change resulted by changing the input value with a
fixed output value (Kim et al, 2014). The

Table 5. Country-based 3PLs Efficiency Analysis

computational testing results arranged across all of
the years are presented in <Table 5> Among the
110 of 3PL providers, the total number of efficient
3PLs provider was 16 (14.54%) when the CCR
model was used (TE=1). While the total number
of efficient 3PLs providers when the BCC model
was applied, was 27 (24.55%).

Country Number of 3PL Providers Mean Score
Total CCResr BCCest CRS DRS IRS TEcrs PTEvgrs SE
Japan 60 6 14 50 4 0.652 0.829 0.781
South Korea 35 7 8 7 9 19 0.775 0.877 0.883
Taiwan 15 3 5 3 1 11 0.783 0.856 0.906
Total / Avg 110 16 27 16 60 34 0.698 0.834 0.830

As indicated in <Table 5>, South Korea showed
the highest efficiency score of TE = 0.775 and
PTE
average PTE score. While the number of efficient
3PLs in South Korea was 7 out of 35 (20.00%)
when the BCC model was applied, the number of
efficient 3PLs 3 out of 15
(20.00%). The reason why both countries run

relatively inefficient status could be explained by

0.877. The value was far above than

in Taiwan was

the IRS (Increasing Return to Scale) operating
level. Among 19 out of 35 (54.29%) inefficient
3PLs of South Korea and 11 out of 15 (73.33%)
inefficient 3PLs of Taiwan were operating at IRS.

These 3PL providers could be increased in size to

achieve better scale efficiency which means these
companies have relatively small production levels
compared to the optimal scale level. The 3PLs
providers’ capacity for both countries could be less
capacitated to run at the optimal return of scale.
In comparison, the mean PTE value of Japan
was shown to be 0.829 that the value was far
below than average PTE score of 0.834. The 50
out of 60 (83.33%) inefficient 3PLs of Japan run
at DRS. It means that these 3PLs provider’s
capacity could be decreased in size to achieve
better scale efficiency on a national basis which
high
production levels compared to the optimal scale

means these companies have relatively
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level. Japan 3PLs’ capacity could be over inefficient in Japan, South Korea, and Taiwan were
capacitated to run at the optimal return of scale. related to both the pure technical and scale
Moreover, the overall mean TE score of 0.698 and inefficiencies.
mean SE score of 0.834 indicated that the 3PLs
Table 6. Frequency Distribution 3PLs
Country Company — CRS - - DRS - - IRS -
No. of Freq each year No. of 3PL No. of Freq each year | No. of 3PL No. of Freq each year | No. of 3PL
Japan |Mitsui-soko Holdings 2014 (34) 1 2013 (0), 2015 - 2017 (0) 4
Mitsubishi Logistics 2013 (4) 1 2014 - 2017 (0) 4
Tonami Holdings 2013 - 2017 (0) 5
Japan Transcity 2017 (4) 1 2013 - 2016 (0) 4
Yamato Holdings 2013 - 2017 (0) 5
Utoc 2015 (25) 1 2013, 2014, 2016, 2017 4
K.R.S 2013 - 2017 (0) )
Yusen Logistics 2013 (14) 1 2014 - 2017 (0) 4
Kintetsu World Express 2013 (39) 1 2014 - 2017 (0) 4
Maruzen Showa Unyu 2013 - 2017 (0) 5
Sankyu Inc. 2013 - 2017 (0) 5
Nissin Corporation 2013 - 2017 (0) 5
Taiwan |T3EX Global Holdings 2014 (0). 2016 (0) 2 2013 (4), 2015 (0), 2017 (5) 3
Kerry TJ logistics 2013 - 2017 (0) 5
Evergreen International 2015 (4) 1 2017 (0) 1 2013 (0), 2014 (0), 2016 (0) 3
South |Sebang 2015 (10) 1 2014 (0) 1 2013 (0), 2016 (0), 2017 (0) 3
Korea |Han Express 2013 - 2017 (0) 5
Hansol Logistics 2013 (60), 2015 (6) 2 2014 (0), 2016 (0), 2017 (0) 3
KCTC 2013 - 2017 (0) 5
CJ Korea Express 2013 - 2017 (0) 5
Hanjin Transportation 2013 (11) 1 2014 (0), 2016 (0), 2017 (0) 3 2015 (0) 1
Hyundai Glovis 2014 (57), 2016 (0), 2017 (0) 3 2013 (0), 2015 (0) 2

Some interesting result is that Korean 3PLs for
Logistics (2013) and Hyundai
(2014) and Japan 3PLs for Kintetsu World Express
(2013) and Mitsui-soko Holdings (2014) were
indicated to be highly qualified in terms of

Hansol Glovis

frequency shown in <Table 6>. These companies
were suggested to become an important benchmark
of 3PLs. The high frequency of efficient DMU
indicates the number of counts referred to by other
inefficient DMUs (Smith and Mayston, 1987).

4. Longitudinal analysis and discussions

We classified 3PLs into four specific categories
based on PTE score for each company: constant,
increase, and

gradually gradually  decrease,

inconstant 3PLs across the years. Also, potential

improvement for input — decreasing and output
-increasing is calculated in percent terms by
dividing each slack value by the target value input
or output variable.

The constant 3PLs showed the same level of
PTE score during the evaluation period (2013 -
2017) as detailed in <Fig. 1> and <Fig. 2>. Yusen
Logistics (YL), T3EX Global Holdings (TG), and
Hyundai Glovis (HG) consistently indicate a PTE
of  1.000.
efficiency stable during period from 2013 to 2016
(PTE = 1.000) then decrease in 2017 (PTE =
0.939). The decreased efficiency due to revenue
decreased by 6.53% to USD19.186 million in 2017
(2016: USD20.527 million). In Japan’s Contract

Logistics

score However, Yusen Logistics

and Transport Business, the revenue

lacked dynamism due to the impact of a slowdown
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in economic growth in certain emerging countries
in Asia.

Hyundai Glovis showed constant efficiency (PTE
= 1.000) during the period, despite a small
decrease in 2015 (PTE = 0.988). T3EX Global

45 - A

Holdings shows declining efficiency similar to
Hyundai Glovis. The possible cause could be
attributable to China’s 2015 total import/export
trade volume down to 7.00%.

DEA Efficiency for Constant 3PLs

1.000

0.900

0.800

0.700

0.600

0.500

0.400

YL
1.000
1.000
1.000
1.000
0.939

m2013
m2014
m2015
2016
2017

HG
0.960 1.000
1.000 1.000
0.988 0.955
1.000 1.000
1.000 1.000

Fig. 1. DEA efficiency for Constant 3PLs

Potential Improvement for Constant 3PLs

50
30

10 I
(10)
(30)
(50)
(70)
(90)
(110)

2013 0
m2014 0
w2015 0

2016 0
m2017 39

(=R =R =)

0
(107)

C 0.E
HG
(84) (21)
4] 4]
(21) (54)
4] 4]
Q Q

Fig. 2. DEA efficiency and Potential Improvement for Constant 3PLs
Note: O.I = Operating Income, E = Employee, C = CAPEX, O.E = Operating Expenses
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The gradually increasing 3PLs indicated the
PTE throughout the
evaluation period as detailed in <Fig. 3> The

score gradually increases

3PLs companies are Tonami Holding (TG), Japan

Transcity (JT), Sankyu (SK),
Corporation (NC). Japan Transcity and Sankyu

achieved an efficiency score of 1.000 in 2017 and

and  Nissin

Nissin Corporation achieved an efficiency score of
1.000 in both 2016 and 2017. In fact, for the
previous year, these Japan 3PLs attempted to
improve the efficiency in the freight handling, so
that facility utilization rates enhanced 30.9% on
average to offset operating income decrease in the
the

outputs of operating income variable showed the

average amount of 21.40%. In particular,

potential improvement with an average value of
53.49 as shown in <Fig. 4>.

7 3AH B

The gradually decreasing 3PLs, such as
Mitsubishi Logistics (ML), Han Express (HE), and
Hanjin Transportation (HT) as illustrated in <Fig.
4>, showed similar patterns for declining efficiency.
During the period 2013-2017, Han Express’s
operating income decreased by 45.23% to USD
16.28 million in 2016 (2015: USD 29.72 million).
In 2016, the business environment in the logistics
industry continued to extend the global economic
demand, which

presumably led to a decrease in overall imports

recession and slow domestic
and exports. Hanjin Transportation also showed the
efficiency decline during the year 2015 - 2017.
The company’s operating income decreased by
46.42% in 2016 relative to 2015.

DEA Efficiency for
Gradually Increase and Decrease 3PLs

1.000
0.900
0.800
0.700
0.600
0.500
0.400

Gradually Increase

2013 0.644 0.622 0.778
u2014 0.685 0.560 0.777
2015 0.694 0.548 0.804

2016
2017

0.744
0.757

0.685
1.000

0.766
1.000

TH T SK NC ML HE HT

Gradually Decrease

0.919 1.000 0.910 1.000
0.947 0.846 0.895 0.727
0.946 0.790 0.888 0.965

1.000
1.000

0.651
0.685

0.800
0.817

0.781
0.694

Fig. 3. DEA efficiency for Gradually Increase and Decrease 3PLs
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Potential Improvement for
Gradually Increase and Decrease 3PLs

250
200
150
100

50

(50)
(100)
Ol Ol Ol Ol
TH JT SK NC
Gradually Increase
2013 0 0 34 5
2014 10 4 92 100
2015 2 0 225 30
2016 0 183 0
m2017 4 0 0 0

0l

0
0
0
6
0

C R C O.E R
ML HE HT
Gradually Decrease

0 2 0 o)) 0

0 2 0 (5) 0

0 81 0 0 50

0 14 (26)  (84) 0

a7n 49 (39 0 0

Fig. 4. Potential Improvement for Gradually Increase and Decrease 3PLs
Note: O.I = Operating Income, R = Revenue, C = CAPEX, O.E = Operating Expenses

The inconstant 3PLs are firms showing unstable
PTE scores from year to year as illustrated in
<Fig. 5>. This category of 3PLs
includes Mitsui-soko Holdings (MH), Yamato
Holdings (YH), Utoc (UC), KR.S (KR), Kintetsu
World Express (KW), Maruzen Showa Unyu (MS),
Kerry TJ Logistics (KT), Evergreen International
(EI), Sebang (SB), Hansol Logistics (HL), KCTC
(KC), and CJ Korea Express (CJ). Overall, the
year 2015 was the worst year for these 3PLs

companies

companies due to the global economic recession.
The global trade volume was declined due to the
industry and
reduced consumer sentiment, and sluggish exports

slowdown in the manufacturing
that had a significant impact on the logistics
industry.

For Japan 3PLs, UTOC decreased its efficiency
in three years period (2015 - 2017) due to
declining growth rate (11.02%) in the handling
cargo volume for Asian countries. The output of

revenue variable shows the potential improvement

with an average value of 1.16% as detailed in
<Fig. 6> to achieve the scale efficiency. Similar
performance  improvement  opportunities
available for Mitsui-soko Holdings and K.R.S.

Both of 3PLs need to increase their operating

WCre

income for potential improvement with the amount
of 43.70% for Mitsui-soko and the average amount
of 35.34% for K.RS as shown in <Fig. 6>.
Although Hansol Logistics showed efficiency
score of 1.000 both in 2013 and 2015, the firm’s
efficiency score declined in both 2016 and 2017.
The firm presumably needs to increase its revenue
and reduce operating expense as shown in <Fig.
6> for the potential improvement. Besides that,
KCTC has a declined efficiency during three years

(2015-2017) due to an increase in capital
expenditure by 4.10% for investing in bulk
transportation  services and integrating logistics

centers in the metropolitan area. As a result, its
operating expense increased by 3.08% and growth
revenue declined by 2.03% in 2015. For the
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improved efficiency, the company may need to
reduce CAPEX, and reduce
operating expense in achieving scale efficiency.

increase revenue,

In addition, Taiwan 3PL Evergreen International
achieved an efficiency score of 1.000 in 2015.
However, the firm lost its efficiency for the two
years of 2016 and 2017). The company may have

A thizk FA14 2

M

suffered from double pressure from market decline

and upstream industries’ demands for price
reductions due to the international situation. The
company may have to try to improve its cost
structure and enhance the performance to achieve

scale efficiency.

DEA Efficiency for Inconstant 3PLs

1.000
0.900
0.800
0.700
0.600
0.500
0.400
MH YH UC KR KW MS KT EI SB HL KC CJ
m2013 1.000 0830 0.892 0628 1.000 0.505 0.688 0785 0.649 1000 0932 0905
®2014 1000 0779 088l 0617 0946 0476 0644 0716 0604 0973 1.000 0928
m20l5 0540 0812 1000 0686 0869 0777 0801 1.000 1.000 1000 0941 00945
2016 0.726 0950 0.794 0617 0919 0749 0860 0767 0555 0919 0.833 0.773
2017 0616 0.891 0667 0.632 1.000 0652 0.689 0930 0693 0940 0892 0781
Fig. 5. DEA efficiency for Inconstant 3PLs
Potential Improvement for Inconstant 3PLs
250
200
150
100
50
0 I‘Il " ] | . l-,,-l A
0) ' l
(100)
(150)
(200)
(250)
ol 01 ¢ E R O O E R E 0Ol R C R R OE R C OE OI ¢C
MH YH UC KR KW KT EI SB HL KC I
203 0 0 0 (79 0 16 0 0 13 (46 1l 67 (3 4 0 0 36 (8 (3 0 27
#2014 0 3 @A 1 6 1 @ 17 G0 0 20 ® 0 1 (1O 0 0 0o 8 0
#2015 0 6 0 (7§ 0 11 9 0 25 (156 0 0 0 0 0 0 15 (60) 0 32 0
206 0 0 0 (173) 1 2 26 (3 2 (17) 0 § 0 3 4 (2 28 0 (7 241 0
#2017 44 49 0 (@19 1 9 0 0 29 (149 0 20 0 21 9 (1) 5T 0 ©O 0 0
Fig. 6. Potential Improvement for Inconstant 3PLs
Note: O.I = Operating Income, R = Revenue, E = Employee, C = CAPEX, O.E = Operating Expenses
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5. Conclusion

This paper presents the DEA computational
testing analysis for twenty-two 3PL providers in
Japan, South Korea, and Taiwan for the five years
from 2013 to 2017. The selection of the firms are
drawn from the list in Industry Classification
Benchmark (ICB) (2017) and variables data are
gathered from the from each firm’s annual report.

This paper underlined the longitudinal changes
in DEA efficiency scores, and classified the pattern
into the four categories, based on PTE scores,
such as conmstant 3PLs, gradually increasing 3PLs,
gradually decreasing 3PLs, and inconstant 3PLs.
Potential operational improvement insights are
discussed for the firms pertained to each category,
respectively.

We think that this research might extend DEA
methods in capturing operational improvement
insights via performance changing trend on both
the firm level and inter-national level. Based on
this research,

a more sophisticated managerial

implications pursuing research could be extendible.
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Department ) Table 5. Evaluation Result of Rate of Disuse(2018)
. 10 — 5 X (ranking—1) + (no.of department — 1)
execution
Sect. 0~5 [ 6~10 | 11~15 | 1602 | 21~ | Sum
Procurement plan U . \
accuracy 10 — 5 X (ranking—1) =+ (no.of department — 1) Personnel 109 0 0 5 60 174
Percent(%) | 62.6 - - 2.9 345 100
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Table 4. Formula Evaluation of Manager

Standard Evaluation formula
Department | Business characteristics, Qualitative evaluation
head of work activity and integrity
. Carryover/disuse minimization activity and
Committee improvement effort(Addition and deduction)
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Improvement of Target : Person in charge~
assessment manager(271people)
items Method : Interview
4
Weighting of Target : Person in charge~
assessment manager(271people)
items Method : AHP analysis
4
Target : Carryover, Disuse,
Project amount/count
F?;n;léielr\ndgiel Mehod : Estimation of probability
P distribution through
data analysis

Fig. 1. Study Flow Chart
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Table 6. Improvement Result for Evaluation Criteria

19

Field Improvement (15 items)

@ Carryover rate @ Disuse rate
® Project amount*
® Number of business cases*

Individual
evaluation

® FMS execution rate(ER)

(® BOA execution rate*

@ General execution rate*

Department PBL execution rate*

evaluation | @ Central procurement execution rate*
@ Unit procurement execution rate*
@ Procurement Plan Accuracy(No.)*
@ Procurement Plan Accuracy(amount)

Evaluation @ Section chief*
f Chief of a department*
of manager | @) Committee
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T FEo] FriEo] Ve v g tiBAY 2EA
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Fig. 2. AHP Hierarchy Diagram

AHP HE& Excels &8sty BXsi9on, Z+
AE2] CR ratio= 018 9A golr E A

Lo

o] deEAde AV jle Zlos adsiin. A
& T 7FA Art 3= Table 73 2

oo o

Table 7. Weight of Evaluation Criteria

Field Evaluation criteria weight

Carryover rate = 0.15 0.063

Individual | Disuse rate = 0.25 0.105
evaluation

=042 Project amount = 0.28 0.118

Business cases = 0.32 0.134

FMS ER = 0.07 0.021

BOA ER = 0.16 0.048

General ER = 0.13 0.039

Department | PBL ER = 0.10 0.030
evaluation

=030 Central procurement ER = 0.16 0.048

Unit procurement ER = 0.14 0.042

Accuracy(No.) = 0.12 0.036

Accuracy(amount) = 0.12 0.036

Section chief = 0.54 0.151

Evaluation

of manager | Chief of a department = 0.23 0.064

0% T commitee - 023 0.064
B4 A3 Bopazt AR} JrhHoE
a3 Aoz AEEon, HAB7 FFolAE &
o

7P Sd okl oA IR 2 A8
£ vtg3i et A3 Table 83 2t}



Table 8. Distribution of Marks of Evaluation Criteria

Field Evaluation criteria Allotment
Carryover rate 6
Individual Disuse rate 10
evaluation -
(40) Project amount 11
Business cases 13
FMS ER 3
BOA ER 4
General ER 4
Department PBL ER 3
evaluation
(30) Central procurement ER 4
Unit procurement ER 4
Accuracy(No.) 4
Accuracy(amount) 4
. Section chief 16
Evaluation
of manager Chief of a department 7
(30) .
Committee 7

7. 2429 71
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Table 9. Basic Statics(carryover, disuse)
(G91: %)

first
quartile

third

quartile Max.

medi | Avg.

Cary | 600 | 000 | 000 | 949 | 920 | 100

Disuse | 0.00 | 0.00 | 030 | 7.81 6.68 100

712 BARE 58 AA FERE B B%e ol
YE/IELE %S FA8l 3, 75%= ol¥E
9.2% oo B85S 6.68% ool X3t UL
S IE F YU =T Fg 39 =EFRERE
S o]9E, BELES ‘0 o X9A HolHYS
R F qden, AFEE Te ZvHEEe f
A FEHE RY Ao o =HIth

Carryover rate ‘ Disuse rate

Fig. 3. Histogram(carryover, disuse)
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Cullen and Frey graph

n and Frey graph

e

Disuse rate

Carryover rate ‘

Fig. 4. C&F Graph(carryover, disuse)
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Carryover rate ‘ Disuse rate

Fig. 5. Result of Maximum Likelihood Estimation
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Table 10. Result of Parameter Estimation
Sort. Carryover Disuse
Parameter estimation(\) 0.1053 0.1281
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Cumulative distribution

Probability density function function

Fig. 6. Example of PDF and CDF
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Table 11. Evaluation Grade of Carryover and Disuse

Crgd Evaluation score

Disuse rate Carryover rate Disuse rate
- Az | A | AE |
0 6 6.0 10 10.0
1 5 54 9 8.8
2 24 49 64 77
3 0 44 23 6.8
4 0 39 0 6.0
5 0 35 0 53
10 0 2.1 0 2.8
15 0 1.2 0 1.5
20 0 0.7 0 0.8

1 )

1l NN
Carryover rate ‘ Disuse rate

Fig. 7. Distribution Graph of Evaluation Grade

Table 12. Basic Statics(amount, number of cases)

First third
Sort. Min. |quarti| Medi | Avg. i Max.
Je quartile
amount
(hundred| 0.00 | 2.52 | 10.34 | 5641 | 31.76 | 2671
million)
(Cczssg 1.00 | 200 | 500 | 917 | 1075 | 139
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Project amount ‘ Project cases

Fig. 8. Histogram(money, number of cases)
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Cullen and Frey graph
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Project amount ‘ Project cases

Fig. 9. C&F Graph(money, number of cases)

Fig. 994 9=, HEE 7|Fo= = g
Assl 7 24T BE YU F4s90m, o
o, vl RUATF, AGEE o
AU EFAUMB S 283
Fig. 103} 2t}
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Fig. 10. Result of Maximum Likelihood Estimation
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Fig. 1004 2/e 7ho}, ool ZIAf, A&
PEE BF {HAG RE FHE Hel FrpHoR
P-Plote &8st Hz 22 e HESIIH
A= Fig 113} 2}

Project amount ‘ Project cases

Fig. 11. Result of P-Plot

Table 13. Result of KS-certification

Sort. Weibull Dist. Lognomial Dist.
Amount 1.293 x 1072 3.695 x 1073
Cases 3247 x 107° 1.675 x 107°

A B A 25 foghEe] 0.05 st &
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Table 14. Result of Parameter Estimation

Shape determination | scale determination
factor(k) factor(\)

Amount 0.500 23.239
Cases 0.902 8.623
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Table 15. Evaluation Grade of Money
Amount | Score | Amount | Score | Amount | Score
0 0.0 15 6.1 90 9.5
1 2.1 20 6.7 100 9.6
2 2.8 25 7.1 150 10.1
3 33 30 7.5 200 104
4 3.7 35 7.8 250 10.6
5 4.1 40 8.0 300 10.7
6 44 45 83 400 10.8
7 4.7 50 8.5 500 10.9
8 49 60 8.79 600 10.9
9 5.1 70 9.06 800 11.0
10 53 80 9.28 1000 11.0
% Amount unit : hundred million
Table 16. Evaluation Grade of Number of Cases
Cases | Score Cases Score | Cases Score
0 0.0 15 10.5 70 13.0
1 1.7 20 11.46 80 13.0
2 3.1 25 12.05 90 13.0
3 42 30 124 100 13.0
4 5.1 35 12.62 120 13.0
5 6.0 40 12.76 140 13.0
6 6.7 45 12.85 160 13.0
7 7.3 50 129 180 13.0
8 79 55 12.94 200 13.0
9 84 60 12.96 250 13.0
10 89 65 12.97 300 13.0
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A Study on the Intention to Use Technologies Related to Smart

Factories of Companies that Construct Responsive Supply: Focused on
Extended UTAUT Model

Yeong Bok Seo* - Chan Kwon Park** T

*Department of General Education, Gimcheon University
**Construction Environment Energy Convergence Technology Institute, Kyungpook National University

This study is aimed at small and medium-sized enterprises related to fashion clothing, electronics and electricity as
companies in Korea's innovative products and responsive supply chain industries. In the acceptance of smart factory-related
technologies, the main goal is to determine what factors the company's management practitioners will accept and accept. To
this end, a questionnaire was conducted for domestic companies and the research hypothesis was tested using the collected
questionnaire. As a result of the test of the research hypothesis, performance expectation, effort expectation, and social
impact were tested to have a significant effect on the use intention (+), and the level of impact intensity was social
impact> performance expectation> effort expectation. In addition, it was tested that the promotion conditions and network
effect had a positive effect on the intention to use, but were not significant. In addition, innovation resistance was tested as
having a negative effect on the intention to use. Finally, the intention to use was tested to have a positive (+) effect on
usage behavior. In addition, in the difference analysis according to the size of the company, it was tested that there was a
difference in all other research items except innovation resistance.
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Table 1. Detailed Measurement Items and Reference Precedents for Each Research Item

Item Number Detailed Measurement Reference
Performance 1 Fffectiveqess has been improved through the introduction of related Jeon & Namn(2014)
echnologies.
Expectancy 2 Efficiency has been improved by the introduction of related technologies. Kim & Jeon(2018)
3 tOverall performance has been improved through the introduction of related Kim & Lee(2020)
echnologies.
4 ;[gllgtegbtlglelct}};n Otloo gi;();;l.‘form work has been enhanced by the introduction of Lee & Ryu(2019)
5 With the introduction of related technologies, it is easy to perform business. ailé%l(()%t’ezs(l;g)
Effort 1 Related technologies are easy to use. Chung & Dong(2019)
Expectancy 2 Anyone can use the related technology. Jeon & Namn(2014)
3 The related technology is easy to control inside the enterprise. Kim(2019)
4 You can quickly acquire related skills. aifé%l(()%t’ezsgg)
5 Related technologies can be used conveniently. Zhang & Moon(2013)
Social 1 People who are important to me recommend using it. Jeon & Namn(2014)
Influence 2 The people you invite are important to your business. Kim & Jeon(2018)
3 People who invite me have a better reputation than those around me. Kim & Lee(2020)
4 There are many people who speak friendly about the related technology. Lee & Ryu(2019)
5 There is a recommendation from the trading partner. ayg(l)%?fzsgg)
Facilitating 1 Training of related technologies takes place internally. Jeon & Namn(2014)
Conditions 2 Introduction of related technologies is made from the inside. Kim & Jeon(2018)
3 Propagation of related technologies takes place inside. Kim & Lee(2020)
4 Technology-related infrastructure is being built inside. Lee & Ryu(2019)
5 An organization is being built for the introduction of technology inside. a?/(t;r(l)lz)a?’t,ezs(l)lfé)
Network 1 As the use of technology increases, the utility increases.
Effects 2 Experience the usability as the use of technology increases. Choi & Kang(2016)
3 The number of trading companies increased due to the use of related
technologies.
4 The use of related technologies is spreading throughout the supply chain. Katz & Shapiro(1994)
5 The use of related technologies is also expanding in competitors.
Innovation 1 I am reluctant to learn related skills. Yun(2013)
Resistance 2 I am afraid to learn related skills. Rogers(2002)
3 Closed to the acceptance of related technologies. Sheth(1981)
4 There is a tendency to reject (delay) related technologies. Zaltman &
5 Challenge the acceptance of related technologies. Wallendorf(1983)
Behavioral 1 It is intended to use related technologies. Chung & Dong(2019)
Intention 2 Interest in related technologies is high. Davis et al.(1989)
3 I will actively embrace related technologies. Jung & Namn(2014)
4 The use of related technologies is being considered. Venkateshet al.(2003,
5 We plan to use related technologies in the future. 2012, 2016)
Use 1 Use related technologies normally. Chung & Dong(2019)
Behavior 2 The use time of related technologies has increased. Davis et al.(1989)
3 The frequency of use of related technologies has increased. Jung & Namn(2014)
4 We will actively utilize related technologies. Venkateshet al.(2003,
5 We actively encourage other companies to use related technologies. 2012, 2016)
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Table 2. Characteristics of Surveyed Companies

Item Division Frequency %
Age 20~29 3 35
30~39 24 279
40~49 28 32.6
50 over 31 36.0
Education High School 17 19.8
University 55 64.0
Graduate 6 7.0
No Comment 8 9.3
Company Assistant Manager 24 279
Position Exaggeration 22 25.6
Director 25 29.1
Executives 9 10.5
Etc 6 7.0
Years of 3 Below 4 4.7
Service 3~5 19 22.1
6~10 20 23.3
11~20 26 30.2
21 Over 17 19.8
Sales 51~100 32 372
Unit : 101~200 15 174
Billion 201~300 15 174
301~500 9 10.5
501 ~1000 10 11.6
1001 Over 5 5.8
Employee 51~100 40 46.5
Unit : 101 ~200 14 16.3
Person 201~300 12 14.0
301~500 14 16.3
501 Over 6 7.0
Industry Fashion Clothing 9 10.5
Electronic 50 58.1
Electricity 27 314
Smart Level 1 15 17.4
Factory Level II 53 61.6
Level Level T 7 8.1
Level IV 5 5.8
No Comment 6 7.0
Smart Company itself 10 11.6
Factory National institution 5 5.8
Introduction Industrial groups 5 5.8
Path Prc‘z)f;‘r’f;;?;al 51 59.3
Trading partner 7 8.1
No Comment 8 9.3
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A QE -
Table 3. Exploratory Factor Analysis Results
Item Number 8 <l
1 2 3 4 5 6 7 8

Performance 1 335 131 .695 -.001 377 206 229 .092
Expectancy 2 268 130 798 -.066 209 265 130 .073
3 364 191 794 -.188 134 142 -.073 .103
4 301 251 .802 -115 143 .081 186 .081
5 088 246 .796 -.065 197 .098 185 214
Effort 1 024 .840 136 -.026 159 186 163 -114
Expectancy 2 .037 .891 .084 -.097 .196 .196 147 012
3 116 913 .084 -.021 159 .099 -.082 .096
4 .097 .864 209 .028 .061 .035 .196 .085
5 .047 925 186 .076 011 116 115 .089
Social 1 334 299 267 .045 288 627 216 219
Influence 2 266 334 325 -.067 247 .646 .096 336
3 241 164 113 -.054 290 837 .109 .085

4
5 171 340 414 -.052 199 .622 136 115
Facilitating 1 .163 309 220 -.145 229 491 .644 -.076
Conditions 2 409 .386 335 -214 299 216 520 139
3 413 377 279 -249 259 .189 522 244
4 269 311 262 -305 274 118 531 417
5 332 305 259 -301 217 134 .663 230

Network 1

Effects 2
3 267 074 445 -.081 340 294 .106 .629
4 207 -.002 448 -.125 357 339 .149 .566
5 .056 131 456 -.206 342 349 315 518
Innovation 1 -114 -.069 -114 810 -200 -.057 -355 .036
Resistance 2 -102 -.007 -119 .891 -.043 -.020 -.101 -119
3 -202 .006 -.061 924 -127 .004 .009 -.041
4 -172 023 -.020 928 -.102 -.045 -.032 .066
5 -227 -017 -.054 .891 -111 -.058 -.037 -.149
Behavioral 1 282 235 184 -219 .690 283 263 .161
Intention 2 323 254 291 -118 709 268 168 .084
3 322 179 287 -.195 .698 .186 218 137
4 364 .108 261 -299 709 241 079 .100
5 304 208 238 -154 752 183 062 194
Use 1 .805 .100 243 -227 292 219 .045 018
Behavior 2 847 .066 289 -217 170 191 151 024
3 837 .024 269 -241 247 147 114 .034
4 770 176 203 -282 262 121 227 114
5 .869 .037 189 -.169 218 131 109 212
ofolal gk 5.448 5.333 5.135 4.898 4.220 3.248 2.543 1.795
% 24k 14.725 14414 13.877 13.239 11.405 8.779 6.874 4.852
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0.7 ©]4, Composite Reliability(C. R)ZHE 03} 1 Afo]
o] & 7HIM, &TE w2 MIIEE griEtt
(Hair et al., 2014).
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Table 4. Result of Confirmatory Factor Analysis

Item

Number

Outer Loading

AVE

Cronbach's a

C. R

Performance

Expectancy

0.979

0.976

0.941

0.961

0.963

0.932

0.963

0.976

Effort

Expectancy

0.868

0.931

0.903

0.963

0.968

0.832

0.899

0.937

Social

Influence

0.948

0911

0.962

0.945

0.874

0.928

0.954

Facilitating

Conditions

0.949

0.947

0.957

0.968

0.963

0.904

0.947

0.966

Network
Effects

0.915

0.954

0.938

0.875

0.929

0.955

Innovation

Resistance

0.885

0.963

0.945

0.965

0.950

0.909

0.950

0.968

Behavioral

Intention

0.965

0.947

0.963

0.962

0.959

0.917

0.970

0.978

0.909

Use

Behavior

0.961

0.963

0.964

0.971

N[ PR | W I[N AR W N RAR W[ N|RDR WV NPV ORI W[ OA|WINR|—= O[N] —

0.978

0.943

0.970

0.980

0.784
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Table 5. Discriminant Validity Analysis Result
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Item 1 2 3 4 5 6 7 8

1. Performance Expectancy 0.965
2. Effort Expectancy 0.590 0.912
3. Social Influence 0.783 0.656 0.935
4. Facilitating Conditions 0.738 0.692 0.832 0.951
5. Network Effects 0.790 0.566 0.804 0.777 0.936
6. Innovation Resistance -0.224 -0.187 -0.435 -0.343 -0.191 0.954
7. Behavioral Intention 0.829 0.732 0.898 0.865 0.813 -0.429 0.958
8. Behavior Use 0.755 0.663 0.818 0.856 0.700 -0.402 0.886 0.971
- T o2 SH= AVEY] Al #

Table 6. Test Results of Hypothesis HI~H7
H P a t h g;‘f&zl SEPle | STDEV | STERR | tval | poval ﬂ ?_
H1 |Performance Expectancy — Behavioral Intention 0.217 0.218 0.070 0.070 3111 0.003| = =
H2 |Effort Expectancy — Behavioral Intention 0.140 0.141 0.062 0.062 2269 0.026| 2
H3 |Social Influence — Behavioral Intention 0.260 0.260 0.075 0.075 3472 0.001| = =
H4 |Facilitating Conditions =~ — Behavioral Intention 0.123 0.122 0.076 0.076 1.619| 0.109| 71 Z+
HS |Network Effect — Behavioral Intention 0.100 0.099 0.064 0.064 1.558| 0.123| 7] Z+
H6 |Innovation Resistance — Behavioral Intention -0.120 -0.122 0.040 0.040 3.040| 0.003| = =
H7 |Behavioral Intention — Behavior Use 0.886 0.886 0.022 0.022 | 40.738| 0.000| =
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MYE - abE
Table 7. H8 Analysis of Differences According to Company Size
H Item Group | Average | Equally distributed assumptions F p-val t pval(%=)
H8-1 Ei‘;gg;‘f}g;e 1 5360 | Assuming equal variance 10.019 | 002 | -3.122 002
2 6.255 | Does not assume equal variance -3.708 .001
H8-2 | Effort Expectancy 1 4425 | Assuming equal variance 9.368 | .003 | -1.976 .051
2 4.946 | Does not assume equal variance -2.291 026
H8-3 | Social Influence 1 5230 | Assuming equal variance 4.681 | .033 | -2.146 .035
2 5.841 | Does not assume equal variance -2.337 024
H8-4 | Facilitating Conditions 1 4.813 | Assuming equal variance 1.860 | .176 | -2.511 014
2 5.555 | Does not assume equal variance 22715 .009
H8-5 | Network Influence 1 5.265 | Assuming equal variance 10.782 | .001 | -4.070 .000
2 6.327 | Does not assume equal variance -4.831 .000
H8-6 | Innovation Resistance 1 3.602 | Assuming equal variance 085 | 772 241 .810
2 3.523 | Does not assume equal variance 234 816
H8-7 | Use of Intention 1 5.019 | Assuming equal variance 7443 | .008 | -2.809 .006
2 5.891 | Does not assume equal variance -3.149 .003
H8-8 | Behavior Use 1 4.778 | Assuming equal variance 2,601 | 111 | -3.178 .002
2 5.718 | Does not assume equal variance -3.425 .001
- Group 1 : Sales 300billion below, 2 : Sales 300billion over
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Supply chains faces various uncertainties such as demand, manufacturing and supply uncertainties. In this study, we
consider both normal demand variation and sudden change in demand as risk factors in a supply chain. Capacity is adjusted
by hiring and firing workforce to mitigate the impact of demand uncertainty in consideration of cash flow. A mixed-integer
linear programming model is developed and numerical experiments are conducted to investigate the impact of uncertain
demand in terms of inventory level, cash flow, debt ratio, and bankruptcy. The results show that safety stock of a focal
company has less effect on cash flow of suppliers in the case of normal demand variation. Also, it is observed that the
sudden change in demand worsens cash flow and causes bankruptcy and high inventory level in a supply chain. The ratio
of production and fixed cost has a significant impact on the performance of a supply chain.
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Set

C a set of nodes that can be selected
as a water supply stations

A a set of nodes including the
selected water supply station
(i =0, depot)

N a set of nodes with demand
not include water supply station

L a set of departure orders

Parameter

C},  maximum capacity of vehicle k

D;  demand of node i

t;;  travel time move i to j

Pi service time in node i

P,  penalty time when using natural
water supply

P estimated time to restore

.  probability that area ¢ will be attacked

Decision Variable

Ye

Lijki

Qijki

Wi

binary, 1 if If node c is selected
binary, 1 if vehicle type of k Ith
travels from i to j

quantity of water delivered Ith
vehicle type of k from i to j
The time when vehicle type of k

Ith starts service on node i
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Table 3. Travel time of vehicle
() AIZD

jﬁ; Ful | FR2 | FW3 | Fn4 | FH5
1 0.27 0.27 0.36 0.35 0.37
2 | 03 | oz | o3x | 0 | o
3 0.2 0.14 0.24 0.22 0.24
4 0.19 0.08 0.19 0.17 0.18
5 | 013 | 012 | 019 | 02 | 02
6 0.37 0.21 0.32 0.25 0.21
7 0.42 0.24 0.33 0.24 0.17
8 | 03 | 017 | 0z | 019 | 013
9 0.27 0.1 0.21 0.13 0.11
0 | 037 | 019 | 0% | 017 | o1
0| 016 | 002 | o1 | 009 | 013
12 0.05 0.14 0.15 0.2 0.26
3 | 013 | o1l | 004 | om | 018
M | 02z | om | 007 | 003 | o1
15 0.35 0.19 0.2 0.12 0.08
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Fig. 1. Examples of water supply and demand units
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Table 6. Total time for two demand cases
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Analyzing the Benefit of Mobile IoT Based AED Using Simulation
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In this paper, we report the process changes and quantitative benefit analysis result when mobile IoT technology is
embedded into AED(Automated External Defibrillator) for the emergency heart attack patients. To-be process change versus
as-is stand-alone AED is illustrated based on BPMN(Business Process Model and Notation) standard, and ARENA
simulation tool is adopted to assess the benefit as for the possible multiple to-be process scenarios. We reference the actual
data collected from Centers for Disease Control and Public Data Portal to develop to-be scenarios and simulation modeling.
The lead time to dispatch the emergent patients to the hospital, CPR(cardiopulmonary resuscitation) treatment percentage, and
survival rate are revealed to be radically improved, which are the benefit accrued by the implementation of mobile IoT
based AED. The research result offers useful insight for the recently propagating mobile IoT based business model design
and expected benefit analysis.
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Table 2. Differentiated Distribution of IoT AED by Population per Patient Occurrence by Region
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Table 4. Prediction of the level of penetration of AED (General AED + Mobile IoT AED) by year
Annual Total AED Level Forecast
% AED ZAyd AED Adul AED IoT AED %7} AED AED ¥7] H]- &7
Existing 32,563 32,563 32,563 0 0 0 0
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Year 7 93,380 77,801 22,740 70,640 16,775 1,197 50,326
Year 8 113,046 93,380 21,603 91,443 20,803 1,137 62,409
Year 9 137,924 113,046 20,523 117,401 25,958 1,080 71,875
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Table 5. Local Survivors by Supply Level

Total number of surviving cases (excluding undiscovered survival)

Existing  Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9
A 557 560 563 565 568 570 572 574 576 577
2 195 197 198 198 199 200 200 201 201 201
o 148 149 150 151 152 152 153 153 154 154
AA 168 169 170 171 171 172 172 172 173 173
BF 62 62 62 62 63 63 63 63 63 63
oA 67 67 68 68 68 68 68 68 69 69
<4k 51 51 52 52 52 52 52 52 52 53
A% 12 12 12 12 12 12 12 12 12 12
A7) 697 700 702 704 706 708 710 711 713 714
| 142 142 143 143 144 144 144 144 144 144
28 122 122 122 123 123 123 123 123 123 123
3 144 144 145 145 146 146 146 146 146 146
5 129 130 131 131 131 132 132 132 132 132
A 130 130 131 131 131 131 131 131 131 131
AE 187 187 187 188 188 188 188 188 188 188
A 193 193 194 194 195 195 196 196 196 196
AF 58 58 58 59 59 59 59 59 59 59
A 3,062 3,076 3,088 3,098 3,107 3,115 3,122 3,128 3,133 3,137
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Table 6. Regional CPR and AED Implementation Level
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Table 7. Changes in Survivors by Regional Distribution

e

0L 02 03 04 05 06 07 08
Ae 8 dv I BF dAd 24 AT

09 10 11 12 13 14 15 16 17
77

A9 5% £% 3% Ad 2% A Ax

5486 199.8 156.9 177.1 543 739 561 153
Ist |552.5 200.3 1584 177.5 545 742 564 153
nd [555.5 200.7 159.8 1789 545 742 565 15.2
3rd |559.1 2019 159.8 179.3 545 743 565 152
4th 5614 202.7 160.2 179.7 546 744 568 152
Sth [564.3 203.9 160.1 179.8 547 746 569 152
6th |566.5 204.5 160.6 180.7 546 744 572 152
7th |569.5 204.9 160.7 180.9 547 746 57.2 153
8th [570.6 205.2 161.3 180.9 54.8 746 57.2 153
9th [5734 2059 161.7 1811 549 748 573 153

271869 4.521 3.053 3.059 2.259 1.105 1.218 2.139 0.000

688.8 146.5 130.9 148.3 1352 130.9 188.2 195.7 64.2 26626
691.6 147.2 131.2 1489 136.2 131.3 189.6 1955 64.6 26/5
692.7 148.0 132.0 1494 137.1 1315 189.3 1956 64.6 26360
693.1 148.9 131.6 150.0 137.1 132.0 189.5 197.6 64.7 26933
696.8 149.2 131.8 150.3 137.0 132.6 189.2 197.8 64.7 27027
698.1 149.5 131.6 151.0 137.3 132.6 189.4 197.6 64.8 27096
699.7 150.2 131.7 150.9 137.9 132.3 189.5 197.8 64.8 27164
700.2 150.3 132.1 151.0 137.8 1325 189.7 197.8 649 27217
702.7 1504 132.5 151.0 137.7 1324 190.1 197.9 64.9 27%6
706.1 150.7 132.5 151.1 137.7 1323 190.3 198.2 64.9 27348
2512 2.867 1222 1.888 1849 1069 1116 1278 1.090 27116
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Moderating Effect of Environmental Management Practice Factors on
Relationship between Supplier Development Capability and Performance
in Chinese Market
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This study verifies whether supplier development capacity of Chinese companies affects positively on performances of
them by conducting surveys on a sample consisting of many types of Chinese companies. In the second stage of the study,
we tried to confirm whether human environmental management factor and system environmental management factor, as the
two important factors in environmental management practice factors, have positive moderating effect on the relationship
between supplier development capacity and performances respectively. To verify these research goals, we conducted
empirical surveys on 259 companies in Chinese market. As the results, in the first stage of this empirical study, we found
that the independent variable of supplier development capacity affects positively in statistical significance on the dependent
variable of performances of companies. Secondly, in environmental management practice factors, only system environmental
management factor shows positive moderating effect on the relationship between quality management practices and
performances, while human environmental management practice factor does not.
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Table 1. Classification of sample companies for industry
standard
Item No. Ratio
Machinery 153 59.1%
Automobile 13 5.0%
Electric/electronics 8 3.1%
soduety | Chemical “ | 17w
Food production 30 11.66%
Etc. 11 4.2%
Total 259 100%

Table 2. Classification of sample companies for the number of

employees

Item No. Ratio

30 ~ less than 50 3 1.2%

50 ~ less than 100 83 32%

N“';‘fber 100 ~ less than 150 58 22.4%
Employees | 150 ~ lss than 200 | 59 | 228%
over 200 56 21.6%

Total 259 100%

=
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Table 3. Operational definition of survey items and results of confirmatory factor analysis

Construct Survey Question Facr 1 | Fac 2 | Fac 3 | Fac 4 (z;‘l(')snl;a
SD1: Degree of utilizing SCM program actively 834 194 123 242
Supplier SD2: Degree of standardizing logistics procedures 790 277 .140 213
Development SD3: Degree of exchanging demand info. with supplier 785 278 126 217 .867
Capacity SD4: Degree of technological support and communication 779 276 201 .160
SD5: Degree of having meetings to respond to changes 772 241 183 .265
PERI: Sales increase over last 2 years 154 .834 118 .140
PER2: Operating profit increase over last 2 years .167 .829 116 206
Performance PER3: Market share increase over last 2 years 266 767 .043 151 924
PER4: Return on investment increase over last 2 years .340 .681 206 .160
PERS: Return on asset increase over last 2 years 368 .658 228 .099
HEMI: Including EM in vision and strategy of company 172 131 908 .092
I;;g?”;,;:g:; HEM2: Making and using indicator and manual for EM 155 180 .866 154 812
HEM3: Making human effort to reduce greenhouse gas 158 129 .850 094
SEM1: Using eco-friendly resource/packaging material 225 137 .042 .850
?\isgtzn;?aic:::)‘; SEM2: Redesigning into eco-friendly production process 245 220 242 739 .838
SEM3: Disposing wastes in eco-friendly ways 363 246 122 671
Kaiser-Meyer-Olkin measure .899
Measures
Bartlett's Test 2797.065
43. 434 =4 24 Uelle 249 2875 03845 715314k ©
23 A 2AF i ZIdEel o FEHA
B AT FHATEEY spDoA BAE sk T AR RS Al A FFEe AT
55 A 8 AN 2y 2HAGIA e e itk olHd Ayks S8 Y] 1
) AR 2o o3 AFH NS Hgsty  AH A7+ Klassen?t McLaughlin(1996)¢] A+ 234
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7 18 AgER o] AR HA foxE  RAR) AR mF o3 4F EHo]
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Table 4. Relationship between supplier development capacity and performance, and moderating effect of human environment

management factor

Step 1 Step 2
Variable
B Standard t value B Standand t value
deviation deviation
Constant 0.974" 0.206 4.734 0076 0.906 0.084
Supplier Development Capacity 0.685" 0.054 12722 0.750" 0.236 3.183
SDC * Human Environment
Management Factor - - 0.347 0.258 1.345
adj-R® 0.384 0414
AR 0.030
F 161.8" 13.969"
¥ p < 0.01
<Table 3>9] Step 29| A} o] BF HAS | = AR A tid A JoiA A 7

o3& vehle F $AFS 1396924 1% ol
FollA frold Aske dehnIARt 0.076S vERi
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ot olEg AAEs THSH ATV 32 AgH
Res & F Aok olHF AT AXEE A F

CRERe!

W ojere] gyt AzEld BAAY 29 Pe
Al A&k A A3 ARl st A
AYA 7] Wzl FAE FAll AASkaL A
=% wEshs ol A3E s PP A
< 7Idg & dv+= Aotk

olZgt Aol thelM= gl Aol Slo]
A AN2EAHQ] @ AE 9 2 93} I} Ex =
TEAA AT dFe) P AR GHE 7R
HA B HQ A3t el =8-S AgAR, A4
B8 Y 24SS WNF A s FEUA
e gt ARE 49 AN GHE 24 e
£ Ano] Thsdith & AH #4349 A ass

o] A3} sjel 347
o) Aol Ao} Brke AN E AFHEH, ol
& Arrlzd oA 71%e]
574 9w Azke] Asslolol 43 Aol &

3 Ave A 3

7t YEhdth=
=  Zlolgta
Brynjolfsson, 1993).

Fe TAEY o= H=

AR a0 o] =ale) HAE
a8

¢ltKSkinner,  1986;



103

T AR FEA AL g 3 3 BA) A SR 2D ajle] A

ot

Table 5. Relationship between supplier development capacity and performance, and moderating effect of system environment

management factor

Step 1 Step 3
Variable B 3:::;::[ t value B ::}Iil:;o“:l t value
Constant 0974 0.206 4.734 0.158 0211 0.748
Supplier Development Capacity 0.685" 0.054 12722 0.420” 0.058 7262
" . .
SDCManS:gsetfn‘:mE’;‘;‘g’o':me“t - - ; 0385 0.053 7246
adj-R® 0.384 0.501
AR - 0.117
F 161.8" 61.450"
¥ p < 0.01
5 A= A Aake] e TS FIAZIARL 1 BAHE Y
A3 gRlo] Aol 9t 2o APAHE 7R &
BT 22 g 7|Q5e A g gu  we xuth o9t 2 Ade Id PG AY
o sl TaALTES & Wero s Ty Sl AF TEUA T GHH AR} A F
A ko] Aabo] A Qe =3 gz ol W] fsME oL BES ARte] sF
AZs= AL 2z sk 1 oS g AT Za3s Eshed ol ArkeddE] ¥ ARU)s
24 TIAA A A Ak Apole] @A o oF A8 A7 (Skinner, 1986; Brynjolfsson, 1993)
sl A2 FANSE /199 BF PP @ygy O TS TASE AR & 5
A WAe T )z weko g BEsl 1 % 71A) B AT FHore o|BF SHAA: UA &
24 oA BAAYG A golz AxEA BAAy S48 A WS AR A A=EHA a9l
A aolel Azt IHA 2PEANE BN A3 ST TEO] HTHOE e AEw dws
S NS = WA AT Zxe AFsg. AANZE A3 FEAedRn ARAos FHAA
Faol 2% BN YASE oz sof 3 T AU WY AW a:1e dhsie 4TS
Aey mgn 244 ALY 2y @ 4zy 1= 3 TIANGS WSS T Ak A 59
AZe Age A A 22 AR sase z AT THUA Mt #7379 FA Yol o
S A dere Azl FAA dape mage A" AHE U 5 QU due AR <
e AdEh oldF Ak BAAP ma 0 SUS A AT Aside Ade A
A @791 Klassens} McLaughlin(1996)] 17 dsje} S78 T AT AAPHE Agsidnys el
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oS B9 AZA ATEA 1A SAAY 2
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