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Abstract: In the context of economic development and international economic integration, Vietnam’s
logistics industry is developing to meet market demands for the transportation of goods; thus,
many logistics enterprises have been formulated and expanded in recent years. This research aims
to measure the efficiency of logistics enterprises and recommend a feasible solution to improve
their future performance by integrating a super slack-based measure model (super-SBM) in data
envelopment analysis and fuzzy analytic hierarchy processes (fuzzy AHP) in multi-criteria decision-
making. The super-SBM model was utilized to conduct the efficiency scores of logistics enterprises
from 2016 to 2022 based on calculating the ratio between input and output variables; the empirical
result determined each enterprise’s effectiveness and ineffectiveness. Next, the fuzzy AHP method
evaluated and ranked criteria that directly impacted the operational process of logistics enterprises
based on experts’ opinions; the examined result suggested a feasible direction to improve future
business efficiency. The proposed hybrid models are a helpful solution for efficiency determination
and determining the development direction for logistics enterprises. An overall picture of the logistics
enterprises was also drawn to describe their operational business process.

Keywords: super-SBM model; fuzzy AHP method; logistics industry

1. Introduction

Industrialization and modernization are the foundation for enhancing development of
the logistics industry. The growth of smart technologies [1,2] has supported the processes
of multimodal cargo delivery; as such, Industry 4.0 provides the need for transparency and
integrity control in logistics [3,4]. Furthermore, the development of modern technologies in
logistics centers has helped to improve quality levels of services [5]. Software tools can also
help to optimize the whole process of city logistics [6], along with methods and techniques
for improving the performance of the logistics industry. Lean manufacturing principles are
used to develop measures for efficiency improvement via the use of sufficient warehouses,
optimizing the research and inventory processes, and mechanizing internal logistics [7].
International leasing as a financial method that is implemented to improve the transport
and logistics system [8]. These new technologies and methods help to make up practical
approaches to increase efficiency in the logistics industry. According to statistics (2023) [9],
the size of the global logistics industry in 2021 increased by EUR 2.7 trillion compared with
the year 2020. Although the COVID-19 pandemic impacted most industries and led to
economic crises, the global logistics sector has been pushed into a sharp recovery.

Vietnam’s logistics services have been developed since the 2004 Commercial Law [10]:
“Logistics was considered as commercial activities whereas traders organize the perfor-
mance of one or many jobs including reception, transportation, warehousing, yard storage
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of cargoes, completion of customs procedures and other formalities and paperwork, pro-
vision of consultancy to customers, service of packaging, marking, delivery of goods, or
other service related to goods according to agreements with customers to enjoy service
charges.” Since Vietnam became a member of the World Trade Organization in 2007, the
logistics industry has had more opportunities to expand and develop. The e-commerce
boom, growing supply of manufactured goods, and increasing consumption are significant
elements in the elevation of Vietnam’s logistics industry. As a result, the logistics sector has
seen a sharp growth rate among the fastest expanding sectors, accounting for 4.5% of the
country’s GDP in 2021 [11]. Although Vietnam’s logistics industry has experienced typical
success, it still faces several challenges, such as high logistics costs, low technical quality,
shortage of quality human resources, etc.; therefore, this study measured the business
performance of Vietnam’s logistics companies from 2016 to 2022 based on the super-SBM
model in the DEA method; then, the relative criteria to increase logistics performance were
formalized based on the fuzzy AHP method from experts’ advice.

Previous research of the logistics industry has focused on analysis through a qualitative
approach [12], calculation models of the environmental cost and environmental impact of
logistics activities [13], interactive simulation modelling methods [14], fuzzy-set qualitative
comparative analysis [15], and conditional logit models [16]. These studies, however, still
lack research that integrates DEA and fuzzy AHP to measure efficiency and determine the
value of certain factors; therefore, the purpose of this study is to integrate the super-SBM
model in the DEA and fuzzy AHP methods, which are used to fill in the research gap of
measuring the performance and analyzing the impact variables for the business efficiency
of logistics companies in Vietnam. First, we used the super-SBM model in the DEA
method to calculate the efficiency scores of each logistics company in Vietnam through
the ratio between the output and input variables. Then, each efficient and inefficient
case was identified to describe their operational business process and suggest a feasible
solution to increase the efficiency score in ineffective cases by reducing the input excess
and increasing an output shortage. The fuzzy AHP method was then implemented to
identify the weights of the criteria, which could determine the impact level of the main
and sub-criteria for improving a logistics company’s performance in Vietnam. An overall
picture of the operational process in historical times and the future development direction
of Vietnam’s logistics industry was illustrated as a valuable reference.

2. Literature Review

Previous research has used various methods to approach and analyze the logistics
sector. The statistical learning method, for example, is applied to forecast prices and
enhance a firm’s competitiveness level [17]. The analytic hierarchy process method was
used for the performance evaluation of green logistics [18]. A systematic literature re-
view methodology analyzed documented barriers and benefits of Industry 4.0 technology
adoption in warehouse management [19]. Applying the CCR model to the DEA method
allowed for the measurement and determination of the efficient and inefficient cases and
efficiency improvement of green supply chain management [20]. A qualitative research
method was utilized to present the impacted variables of digital transformation regarding
logistics enterprises in Vietnam [21]. In this study, the integration of the super-SBM model
and fuzzy AHP was implemented to measure and improve the efficiency of Vietnam’s
logistics companies.

Decision-making will offer choices by determining a decision, collecting information,
and assessing alternatives; thus, the DEA and fuzzy methods utilized in decision-making
have expanded and been applied in various studies. The DEA method with efficiency
calculation presents the performance of a decision-making unit (DMU) once the ratio of
inputs and outputs are calculated. Wang et al. (2018) [22] implemented the measurement
of efficiency scores of port logistics companies in Vietnam via the super-SBM model.
Marto et al. (2022) [23] applied DEA optimization to present the performance of GDP per
capital in EU regions. Goyal et al. (2008) [24] utilized fuzzy techniques to present decision-



Sustainability 2023, 15, 12654 3 of 18

making concerning the outcome of auctions and the agent’s bidding strategy in diverse
criteria and market conditions. Dogan et al. (2023) [25] used the fuzzy theory to evaluate
customer transactions.

The super-efficiency of a DMU presents increasing inputs and reducing outputs, in
which a DMU’s efficiency score has yet to become efficient [26]. The super-efficiency
estimates separate scores for DMUs in the same period for efficient and inefficient cases.
The super-SBM model integrates super-efficiency and has been applied in various aspects.
For example, Zhou et al. (2018) [27] measured the eco-efficiency of 21 cities in Guangdong
Province, China, based on multiple factors, such as capital, labor force, water supply,
energy resources, etc. The empirical results identified the positive influence level and
inhibiting factors. Wang et al. (2020) [28] estimated the efficiency of estate companies
in Vietnam through the calculated values from 2012 to 2017 and determined the efficient
and inefficient cases for every year. Huang and Liu (2020) [29] estimated the efficiency
of a sustainable hydrogen product scheme when analyzing indicators such as scale, cost,
energy consumption, etc. Du et al. (2021) [30] evaluated the ecological efficiency of marine
ranching in Shandong, China, by evaluating the impacted criteria to explore the marine
ranching ecological efficiency’s leading causes of loss. Ma et al. (2022) [31] conducted the
regional financial efficiency of 31 provinces in China when they calculated the efficiency
score based on the ratio of inputs and outputs under the principle of the super-SBM model.
The results indicate the different scores and positions for each province. These studies
demonstrate that the super-SBM model is a suitable model for implementing the efficiency
measurement of DMUs and can solve the drawback of scoring at the efficiency level.

The fuzzy AHP method implements an assessment of the weights of criteria and
priorities of alternatives [32] based on pairwise comparison. It is a combination of the
AHP and fuzzy sets, and sets up the comparison matrix, aggregating multiple judge-
ments, measuring the consistency, and defuzzifying the fuzzy weights [33] to evaluate
the criteria and select alternatives; thus, it has been applied in various types of research.
Rezaie et al. (2014) [34] measured the criteria weights that have an impact on the financial
ratios on the efficiency evaluation of 27 Iranian cement firms in the Tehran Stock Exchange.
Ali et al. (2014) [35] used the fuzzy AHP method to evaluate the weights of eight evidential
layers in the Taherabad area of eastern Iran. Choosakun and Yeom (2021) [36] applied
the fuzzy AHP method to assess the advanced public transport system in the Bangkok
Metropolitan Region. The main characteristics were determined, including the reduction
of traffic accidents related to public transportation, density of the smart public transport
network, and waiting time for public transportation. Wang et al. (2022) [37] evaluated the
flood risk related to 14 lines and 268 stations of the Guangzhou Metro in China via the
fuzzy AHP method; the analyzed results determined that lines 3, 6, and 5 had the utmost
overall risk level. Sahin and Kulakli (2023) [38] applied the fuzzy AHP method to define
the weights of criteria during the evaluation of websites of four renowned universities in
Türkiye that specialize in open education. The fuzzy AHP is a valuable tool to assess and
rank criteria, and can evaluate the weights of criteria to recommend a feasible solution to
improve and increase the operational performance of a particular object.

3. Methods
3.1. Research Framework

The performance and feasible solution for logistics companies in Vietnam has been
estimated based on the super-SBM model and fuzzy AHP method, as shown in Figure 1.

Stage 1: Our objective is to investigate and explore the deep knowledge of Vietnam’s
logistics sector; thus, we collected the actual data and examined the criteria for improving
the logistics companies’ performance.

Stage 2: The theoretical research of logistics, super-SBM model, and fuzzy AHP were
provided to clarify previous studies’ backgrounds.

Stage 3: Data of Vietnam’s logistics companies from 2016 to 2022 were gathered to
measure their efficiency scores. All the collected data were tested by the Pearson correlation
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and were ensured to be “isotonic.” The data must be removed and re-selected if any are
unappreciated when their Pearson correlation value is not from −1 to +1 or is equal to “0”.
The appreciated data were used to determine efficient and inefficient logistics companies
every year.

Stage 4: The efficiency scores presented their able business and exhibited the essential
improvement of efficiency; thus, the fuzzy AHP method was used for identification of
impacted criteria level. Initially, the criteria were discussed and presented; then, they were
applied to compute the weights via the fuzzy AHP method’s mathematics. Finally, the
criteria’s weights were determined, and the importance and improvement level for each
criterion were determined and ranked.

Stage 5: The main results were reviewed and discussed with regard to the logistics
industry’s development.
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3.2. Super-SBM Model

Cooper et al. (2007) [39] indicated that data envelopment analysis is a linear pro-
gramming methodology to determine the relative efficiency of multiple similar entities or
decision-making units (DMUs). The observed data for DMUs are used for calculating the
relative efficiency scores through a nonparametric procedure. Each DMU computes the
efficiency scores according to a set of technical features, such as model orientation, model
metrics, and a production possibility set. The model orientation presents three variants,
including input-oriented, output-oriented, and non-oriented. Model metrics show two vari-
ants, namely, radial and non-radial models. Every model in the DEA method will have
different access: the Charnes–Cooper–Rhodes (CCR) is a radial model with proportion
changes [40]; a slack-based measure (SBM) is a non-radial model with specific slack for
each input and output [41]; super efficiency shows the ranking efficient units and facil-
itates comparison based on parametric methods [42]; and super-SBM is a radial model
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that can measure the efficiency score and determine and identify the separate scores for
both efficiency and inefficiency [43]. The super SBM model calculates the distance under
variable return-to-scale conditions; therefore, this study used the super-SBM model to
evaluate the performance of Vietnam’ logistics companies. We set up logistics companies
as nDMUs with the input A = aij and output B = bij(A, B > 0). The production possibility
is determined as:

P = {(a, b)} (1)

Subject to
a ≥ Xλ, b ≤ Bλ, λ ≥ 0

where the non-negative vector is λ.
An expression utilized to describe a certain DMU(a0, b0), the production possibility

for a super-efficiency score, is employed as:

P(a0, b0) =
{(

a, b
)}

(2)

Subject to

a ≥
n
∑

j=1, 6=0
λjaj

b ≤
n
∑

j=1, 6=0
λjbj

b ≥ 0, λ ≥ 0

With the weighted distance l1 from (a0, b0) to (a, b) ∈ P(a0, b0), the product of two in-
dices (∂), including the distance in the input space and output space, which is defined as:

∂ =

1
m

m
∑

i=1
ai/ai0

1
s

s
∑

r=1
br/br0

(3)

The input excess and output shortfall of this expression will be vectors s− and s+,
respectively.

The super-efficiency (∂∗) of the super-SBM model is calculated as:

∂∗ = min∂ =

1
m

m
∑

i=1
ai/ai0

1
s

s
∑

r=1
br/br0

(4)

Subject to

a ≥
n
∑

j=1, 6=0
λjaj

b ≤
n
∑

j=1, 6=0
λjbj

a ≥ a0, b ≤ b0, b ≥ 0, λ ≥ 0

The super-efficiency scores present efficient scores with ∂∗ ≥ 1 and inefficient scores
with ∂∗ < 1. The inefficient case needs to find a feasible solution to improve its effi-
ciency score by increasing the value of the output factors and decreasing the value of the
input factors.
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3.3. Fuzzy Analytic Hierarchy Process

The fuzzy analytic hierarchy process integrates qualitative and quantitative methods
to define the eigenvalues and eigenvectors based on the determining the fuzzy numbers
and the triangular fuzzy judgment matrix [44]. The eigenvector presents the priorities of
the alternatives for a positive reciprocal pairwise comparison judgment matrix. The fuzzy
AHP method is used to determine the priority vectors and rank alternatives.

3.3.1. Triangular Fuzzy Number

A fuzzy number is a fuzzy set with real numbers. A triangular fuzzy number is a fuzzy
number with three points [45]. We set up x1, x2, and x3 to be real numbers; the triangular
fuzzy number X = (x1, x2, x3) is shown in Figure 2.
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The parameters including x1, x2, and x3 present the smallest possible value, most
promising value, and largest possible value, respectively [46]. The triangular fuzzy number
is determined as:

t(x1, α, x2, x3) =



1− x2 − x1

x2 − α
(α ≤ x1 ≤ x2)

1− x1 − x2

x3 − x2
(x2 < x1 ≤ x3)

0, (x1 < α, x1 > x3)

(5)

The triangular fuzzy number ranges from 1̃ to 9̃.

3.3.2. Fuzzy Linguistic Scale

A fuzzy linguistic scale indicates the quality of information retrieval and formulates a
method of choosing the optimum set of values of qualitative attributes [47]. Ryjov (1987) [48]
and Ryjov (1992) [49] measured the fuzzy linguistic scale by calculating the actual object’s
properties. The performance of candidates for each criterion is utilized to identify the
evaluation criteria weights when formulating pair-wise comparison metrics among the
criteria. The linguistics scale is used for measuring the performance of candidates [50], as
shown in Table 1.
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Table 1. Linguistic scale.

Fuzzy Number Linguistic Scale Scale of Fuzzy Number Positive Reciprocal Fuzzy Scale

1̃ Equal importance (1, 1, 1) (1, 1, 1)

2̃ Intermediate values between 1̃ and 3̃ (1, 2, 3) (1, 1/2, 1/3)

3̃ Moderate importance (2, 3, 4) (1/2, 1/3, 1/4)

4̃ Intermediate values between 3̃ and 5̃ (3, 4, 5) (1/3, 1/4, 1/5)

5̃ Essential importance (4, 5, 6) (1/4, 1/5, 1/6)

6̃ Intermediate values between 5̃ and 7̃ (5, 6, 7) (1/5, 1/6, 1/7)

7̃ Very vital importance (6, 7, 8) (1/6, 1/7, 1/8)

8̃ Intermediate values between 7̃ and 9̃ (7, 8, 9) (1/7, 1/8, 1/9)

9̃ Extremely vital importance (9, 9, 9) (1/9, 1/9, 1/9)
Source: Buckley (1985) [51].

3.3.3. Fuzzy AHP Algorithm

The fuzzy AHP method is formulated with fuzzy logic theory and sets the AHP scale
into a fuzzy triangle scale [52]; it is developed via the following steps:

Step 1: Determine the problem, then establish a hierarchical analysis framework from
the triangle number.

Step 2: Generate a comparison matrix; the matrix has a strong position for the consis-
tency framework and is used for analyzing the overall priority sensitivity for change. We
set the number of criteria as n, the weight for criterion as wi, and the ratio of the weight
and criterion as xij; therefore, the pair-wise comparison is computed by:

xij =
wi
wj

, i, j = 1, 2, 3, . . . n (6)

The fuzzy pairwise comparison matrix will be:

X̃ =


1 x12 x13 x14

x21 1 x23 x24
x31 x32 1 x34
x41 x42 x43 1

 (7)

Then, invert the fuzzy number:

X−1
= (x1, x2, x3)

−1 (8)

The inversion for the fuzzy pairwise comparison matrix will be:

X̃−1 =


1 x12 x13 x14

1/x21 1 x23 x24
1/x31 1/x32 1 x34
1/x41 1/x42 1/x43 1

 (9)

Step 3: The fuzzy geometric mean value will be calculated by:

g̃ij = X̃1 ⊗ X̃2 ⊗ X̃3 ⊗ X̃4 = (x11, x21, x31)⊗ (x12, x22, x32)⊗ (x13, x23, x33)
⊗(x14, x24, x34) = (x11 ∗ x12 ∗ x13 ∗ x14, x21 ∗ x22 ∗ x23 ∗ x24, x31 ∗ x32 ∗ x33 ∗ x34)

(10)

Step 4: The weight value of the fuzzy vector is conducted:

wi =

(
x1 + x2 + x3

3

)
(11)



Sustainability 2023, 15, 12654 8 of 18

Step 5: After the vector weight value is calculated, the alternative value is estimated
to rank the criteria and give a selection of decisions. The result provides a comparison of
the criteria and the importance of alternative comparisons to each criterion.

In decision making problems, the fuzzy AHP method indicates various selection
problems [33], distinctions between ranking factors [53], and the treatment of imprecise
and vague estimates in uncertain environments [54]. This study was utilized to analyze
and evaluate the measurement values of criteria to determine their impact level for the
logistics company’s performance.

4. Results
4.1. Efficiency Measurement

In recent years, Vietnam’s logistics industry has transformed due to economic impacts.
In this study, the super-SBM model in the DEA method was used for measuring the
business efficiency of Vietnam’ logistics companies from 2016 to 2022, which could present
an overall observation of the operational process and provide a better understanding of
how to improve it.

4.1.1. Data Analysis

Based on the research objective of evaluating the performance of logistics companies
in Vietnam and the principle of the super-SBM model, the input and output variables of
nine logistics companies in Vietnam from 2016 to 2022, i.e., Petrovietnam Transportation
Corporation (PVT); Vietnam National Shipping Lines (MVN); Pacific Petroleum Transporta-
tion Joint Stock Company (PVP); International Gas Product Shipping Joint Stock Company
(GSP); Airports Corporation Of VietNam (ACV); Port of Hai Phong Joint Stock Company
(PHP); Dinh Vu Port Investment and Development Joint Stock Company (DVP); Transimex
Corporation (TMS); and South Logistics Joint Stock Company (STG), were selected when
their data were posted on Vietstock [55]. Three input variables, including the current
assets (CA), non-current assets (NCA), and owner’s equity (OE), and two output variables,
including the net revenue (NR) and net profit after tax (NPFT), as shown in Figure 3, are the
main points in the financial statement to determine each company’s business performance;
thus, they were selected to measure business efficiency.
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Figure 3. Data flowchart.

Input variables:
Current assets: All short assets alternate in the operational process, including cash,

bank deposits, short-term receivables, and inventory. The current assets’ validity term is
often short and can return the capital within one year or a business cycle.

Non-current assets: The assets have high capital and long use, and include tangible
fixed assets, intangible fixed assets, and other long-term assets.

Owner’s equity: The investment funds are owned by the sole proprietor, partner,
or shareholders.

Output variables:
Net revenue: The business profit of an enterprise is achieved from the business activities

during managing and delivering the products.
Net profit after tax: The business result of an enterprise after deducting fees, including

core operations and the net of taxes.
The historical values of logistics companies in Vietnam from 2016 to 2022 were collected

and are summarized in Table A1. The maximum values of CA, NCA, OE, NR, and NPFT
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were 40,221, 25,185, 43,806, 18,329, and 8214, respectively; the minimum values of CA,
NCA, OE, NR, and NPFT were 320, 54, 377, 518, and 33, respectively. All the collected data
were positive and appreciated to apply in the super-SBM model.

4.1.2. Pearson Correlation Coefficient

The super-SBM model in the DEA method was used for measuring the business
efficiency of Vietnam’s logistics companies from 2016 to 2022. The data were applied
to calculate the score of efficiency needed to test the correlation coefficient to ensure the
isotonic relationship between the variables. The relationship between the variables of the
DEA method identified three types of correlation, including that between the input and
output, among the inputs only, and among the outputs only [56]. Their values range from
−1 to 1, whereaswherein those close to zero indicate a low association, and those close to
−1 and +1 indicate a robust linear association. Positive values of the correlation coefficient
showed a tendency of one variable to increase or decrease together with another variable.
Negative values of the correlation coefficient have a tendency to rise in value of one variable
and decrease in value of the other variable [57]. The values of the correlation coefficient
of the logistics companies in Table A2 ranged from 0.28232 to +1; thus, they were positive
values and had a linear relationship between the variables. This demonstrates that these
nine logistics companies’ data were suitable for use in the super-SBM model for calculating
their business efficiency scores.

4.1.3. Business Efficiency

The DEA method was utilized to measure the performance of DMUs, and the super-
SBM model was utilized for conducting separate efficiency scores for DMUs over each year.
Table 2 presents the efficiency change of logistics companies from 2016 to 2022. Their scores
had a large fluctuation; the distances between the minimum and maximum values of PVN,
MVN, PVP, GPS, ACV, PHP, DVP, TMS, and STG were, respectively, 2.36093, 2.03102, 0.8139,
6.2013, 0.87678, 0.80248, 1.22739, 0.62347, and 1.15685. Four companies, i.e., MVN, GPS,
DVP, and TMS, always achieved an efficiency score in the whole-term when their scores
were above one number in the whole-term, whereas GSP held the highest efficiency before
the COVID-19 pandemic appeared in 2020. The remaining logistics companies had both
inefficient and efficient scores. PVT and ACV attained efficiency, excluding 2021, when the
PVT score reduced sharply to 0.71634, and the ACV score decreased sharply to 0.12322.
STG revealed efficiency in 2017, 2021, and 2022; its lowest score was 0.5051 in 2016. PHP
was efficient in 2016 and 2020; its lowest score was 0.57517 in 2017. PVP was a unique
company that only attained an efficiency score in one year, i.e., a score of 1.09951 in 2020;
additionally, it had the lowest efficiency in four periods, including three continual years
from 2016 to 2018, with 0.28561, 0.30384, and 0.54837, respectively, and 0.75669 in 2022. The
operations of each company were directly impacted by the COVID-19 pandemic, which
resulted in lower efficiency scores in 2020 and further resulted in postponing manufacturing
and discontinuity in the global supply chain.

Table 2. Business efficiency scores from 2016 to 2022 of logistics companies in Vietnam.

DMUs 2016 2017 2018 2019 2020 2021 2022

PVT 1.47896 1.21982 1.55269 1.62353 3.07727 0.71634 1.10850
MVN 2.53397 2.53341 2.16434 2.14556 3.03102 1.00000 2.58562
PVP 0.28561 0.30384 0.54837 0.71986 1.09951 0.72758 0.75669
GSP 5.62939 8.09925 3.39223 2.59714 2.65493 1.89795 1.95881
ACV 1.00000 1.00000 1.00000 1.00000 1.00000 0.12322 1.00000
PHP 1.37765 0.57517 0.68637 0.63470 1.21104 0.74996 0.81636
DVP 2.32096 1.29849 1.99321 1.67440 2.09580 2.35935 2.52588
TMS 1.67996 1.16393 1.23256 1.09705 1.15367 1.72052 1.26460
STG 0.50510 1.66195 0.58248 0.66432 0.66694 1.10816 1.09653
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The results of nine logistics companies in Vietnam during the period of 2016–2022 from
the super-SBM model in the DEA method escalated their efficiency scores to determine
the ineffectiveness and effectiveness. Per the analyzed results, five logistics companies
obtained inefficient scores; they should focus on improving their business results through
an effective operating process. In this study, we investigated, analyzed, and suggested
feasible solutions to increase the business values of Vietnam’s logistics companies via the
fuzzy AHP method.

4.2. Performance Improvement Direction
4.2.1. Strategic Structure in Business

Daniel et al. (2000) [58] revealed that cost, quality, and technologies were important
factors for increasing the performance of a logistics company. David et al. (2017) [59]
presented the critical factors, including industrial policy priorities, strategic infrastructure
development, public–private logistics market growth, communication network configura-
tion, and logistics performance. Pham and Nguyen (2020) [60] pointed out that marketing
strategy quality, competitors in the logistics market innovation technology, etc., impact the
performance of a logistics business. Based on these previous studies and the principle of
the fuzzy AHP method, as well as the purpose of increasing the business efficiency of a
logistics company, this study modified and established the FAHP structure of the increase
of logistics performance, as shown in Figure 4.
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Figure 4 indicates that the strategy’s goal to improve logistics performance in the first
step. The four main criteria under the goal are the second level of the hierarchical structure.
Sixteen sub-criteria under four main criteria are the third level of the hierarchical structure.
Four main and sixteen sub-criteria were established to determine the impact factors to
increase business efficiency; the main meaning of these criteria was clarified as shown
in Table 3.
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Table 3. Criteria for strategy implementation improves logistics performance.

Main Criteria Sub-Criteria Description

M1—Cost and payment term

S11—Pointing out the special targets for assessing the price
The cost of each transportation type and the
suitable payment term should be determined with
detailed information.

S12—Implementing cost-saving measures
S13—Providing a suitable cost
S14—Implementing flexible payment methods

M2—Quality

S21—Ensuring that the product is safe
The goods are not damaged in transit are delivered
in a timely manner. Additionally, the logistics
company should follow-up closely and inform the
consumer of the status of shipments frequently.

S22—Delivering the products on time
S23—Updating the customer on the status of
products frequently
S24—Establishing a professional customer service team in
supporting customers

M3—Infrastructure

S31—Investing vehicles and equipment to improve
efficiency and reduce maintenance costs
S32—Building a diversified warehouse system that is
capable of storing goods in terms of quantity and quality
S33—Investing in GPS monitoring of trucking and a digital
dispatch system
S34—Upgrading to a modern software system

M4—Brand image

S41—Building good relationships with partners and
stakeholders
S42—Establishing the strategic of image promotion
S43—Posting useful information to share experiences and
knowledge on the company’s website
S44—Training employees in the necessary skills to improve
professional knowledge

4.2.2. Analysis Results of Criteria

The factors above were designed based on the fuzzy AHP method. This questionnaire
was delivered and evaluated by logistics and supply chain management experts with more
than ten years of related work experience and a post-undergraduate degree.

The result of the pairwise comparison matrix of the main criteria was set up based on
the triangular fuzzy number.

X =


(1, 1, 1) (1/8, 1/7, 1/6) (9, 9, 9) (9, 9, 9)
(6, 7, 8) (1, 1, 1) (6, 7, 8) (1/7, 1/6, 1/5)

(1/9, 1/9, 1/9) (1/8, 1/7, 1/6) (1, 1, 1) (1/8, 1/7, 1/6)
(1/9, 1/9, 1/9) (5, 6, 7) (6, 7, 8) (1, 1, 1)

 (12)

The fuzzy geometric value

_
G =


(1X0.125X9X9), (1X0.143X9X9), (1X0.167X9X9)
(6X1X6X0.143), (6X1X1X0.143), (8X1X8X0.2)

(0.111X0.125X1X0.125), (0.111X0.143X1X0.125), (0.111X0.167X1X0.167)
(0.111X5X6X1), (0.111X6X7X1), (0.111X7X8X1)


1/4

=


(1.7838, 1.8444, 1.9168)
(1.5059, 1.6905, 1.8915)
(0.2042, 0.2183, 0.2358)
(1.3512, 1.4698, 1.5794)

 (13)

The fuzzy weights and weights

W f =


(0.3172, 0.3531, 0.3956)
(0.2678, 0.3237, 0.3904)
(0.0363, 0.0418, 0.0487)
(0.2403, 0.2814, 0.326

 =


0.3527
0.3249
0.0419
0.2805

 (14)

The findings of the factors were conducted based on the process above, as shown in
Table 4.
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Table 4. The weights of criteria.

Main Criteria Weights Sub Criteria Weights Integrated Weight Rank

M1 0.25905

S11 0.29363 0.07022 6
S12 0.24089 0.05761 8
S13 0.41784 0.09993 4
S14 0.04764 0.01139 16

M2 0.57556

S21 0.41792 0.14414 1
S22 0.33007 0.07894 5
S23 0.09161 0.02460 12
S24 0.16040 0.04056 11

M3 0.05868

S31 0.30444 0.06789 7
S32 0.44953 0.10751 3
S33 0.07213 0.01645 15
S34 0.17390 0.04159 10

M4 0.10671

S41 0.57983 0.13867 2
S42 0.15936 0.03811 12
S43 0.07718 0.01846 14
S44 0.18363 0.04392 9

Table 4 presents the weight of each criterion to describe their importance level. For
the main criteria, M2 has the highest weight at 0.57556; the second weight belongs to M1
at 0.25905; the third weight is M4 at 0.10671; and M3 has the lowest weight at 0.05868.
As a result, the range of the main criteria for the improvement of logistic performance is
as follows: M2 > M1 > M4 > M3. The logistics company’s quality is essential to identify,
enhance, and increase development.

Each main criterion is explained particularly by the sub-criterion when an expert
reviewed and evaluated the detailed sub-criterion. The weight of the cost and payment
term is ranked S13 > S11 > S12 > S14; this result indicates that S13 has an important and
high effect. The weight of quality is organized as S21 > S22 > S24 > S23; thus, S21 has the
highest value and, most importantly, an increase in the quality processes. The weights of
the sub-criteria for infrastructure are arranged as S32 > S31 > S34 > S33; S32 has the most
important meaning in building the infrastructures. The range of weight for a brand image’s
sub-criteria is organized as S41 > S44 > S42 > S43, which means that S41 has an important
and high impact in building the brand image of a logistics company.

The integrated valuation for each sub-criterion was conducted by the integration and
calculation of the sub-criteria; the findings present the overall importance level of each
criterion in a range: S22 > S23 > S34 > S32 > S11 > S21 > S44 > S41 > S14 > S42 > S12 > S43 >
S31 > S33 > S24 > S13. Furthermore, delivering products on time with an integrated weight
of 0.14414 demonstrates the highest value, which indicates that it is the most important
and meaningful element in improving and increasing the business performance of logistics
companies in Vietnam.

The empirical results exhibit the classification and importance level of sub- and main
criteria in improving the performance of Vietnam’s logistics companies. The findings reveal
that each logistics company should improve their quality of service by ensuring product
safety, delivering the products on time, updating customers on the status of products
frequently, and having professional customer service. Consequently, quality is an essential
element that the customer uses for identifying and selecting the logistics service.

5. Discussion

The COVID-19 pandemic in 2020 had an impact on the worldwide transportation
and logistics industry as a result of travel restrictions, border closures, flight cancellations,
and lockdown restrictions; therefore, the logistics industry faced a unique challenge once
the supply chain was disturbed. Figure 5 shows that the global logistics market in 2020
was worth USD 8.6 trillion [61], then it was reduced to USD 8.4 trillion in 2021 [62]. In
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2022, once the COVID-19 pandemic had come under control, the logistics industry softly
recovered and developed, and the global logistics market increased by approximately
USD 10.41 trillion [9], thus reducing the global logistics market by USD 0.2 trillion in 2021.
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Vietnam had begun to achieve sustainable economic development when the COVID-19
pandemic directly impacted the logistics industry, resulting in the decline in the performance
of its many logistics companies. Based on the super-SBM model, Table 2 reveals the shortfall
performance levels of logistics companies as follows: PVT (2.36093); MVN (2.03102); ACV
(0.87678); GSP (0.75698); PHP (0.46108); and PVP (0.37193). Since 2022, as the COVID-19
pandemic came under control, the performance recovered and increased as follows: PVT
(0.39216); MVN (1.58562); ACV (0.87678); GSP (0.06086); PHP (0.06640); PVP (0.02911); and
DVP (0.16653). In contrast, two companies, namely, TMS and STG, reduced their efficiency
scores to 0.45992 and 0.01163, respectively, in 2022. As a result, the development of logistics
enterprises depends on economic growth; furthermore, logistics companies must develop
strategies to attract customers and increase their business performance.

This study suggests the improvement of logistics enterprises’ performance when
establishing and implementing strategies via consulting with experts when evaluating the
impacted elements through the fuzzy AHP method. The criteria weights were estimated
and analyzed to determine their importance in attracting customers to increase business
performance. The results in Section 4.2.2 denote that a logistics company must have
reasonable cost and payment term, high quality, modern and sufficient infrastructure and
must build up a reputable brand image. Additionally, the final detailed result shows that
companies must ensure their products are in the delivery process without damage or loss
and will be delivered on time, and companies should update the milestones frequently.
Each logistics company has a private business strategy; however, they establish strategies
and plans based on customers’ demand, applying Industry 4.0 technologies, such as the
Internet of Things, automated guided vehicles, autonomous vehicles, artificial intelligence,
big data, data mining, blockchain, cloud computing, electronic and mobile marketplaces,
and realistic applications [63]. Companies must also construct modern warehouse systems
with enough space to handle shipments. Consequently, logistics companies require suitable
policies to persuade customers and ensure customer reliability.

The proposed approach, the super-SBM model, examined the collected data through
the Pearson correlation, and then calculated the efficiency score to determine the effective-
ness and ineffectiveness. The empirical result indicates that MVN, GSP, ACV, DVP, TMS,
and STG always attained efficiency in the whole-term, although the COVID-19 pandemic
from 2020 to 2022 impacted and postponed the global supply chain; moreover, PVT, PVP,
and PHP were significantly influenced by the COVID-19 pandemic, which is reflected in
their efficiency score, which was sharply reduced, and their inefficiency score. Next, the
fuzzy AHP method analyzed the main and sub-criteria based on the experts’ opinion. The
finding reveals that logistics companies should have a suitable strategy for establishing and
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managing their delivery processes to improve service quality, increase customer service,
innovate technology, and set up a diversified warehouse.

6. Conclusions

The logistics industry is the backbone of economic development, i.e., it is a bridge to
connect and deliver products from the manufacturer to customers through different trans-
portation modes, such as air, ocean, truck, and train; hence, researchers have studied and
presented different approaches to logistics to evaluate operational processes, estimate future
performance, and suggest recommendations to improve efficiency. It should be noted, how-
ever, that previous research on logistics has exhibited performance and impact criteria that
have not been combined to measure the efficiency and evaluate the requirements to draw an
overall picture of the operational process and its influencing elements. This study integrated
the super-SBM model in the DEA method to estimate the efficiency scores, and the fuzzy AHP
method to determine the weights and identify the importance of each criterion in establishing
a strategy for improving efficiency for logistics companies in Vietnam.

Significant results were discovered as follows: the business performance of nine
logistics companies was evaluated to identify efficient and inefficient periods based on the
super-SBM model. These detailed efficiency scores revealed the operational status so that
the estimated calculation was implemented by the fuzzy AHP method to determine the
impact level of the criteria.

The empirical results help logistics companies to identify their abilities, positions, and
challenges in supply chain management and find a feasible solution to improve future
performance. Furthermore, customers can learn about logistics companies’ professional
competence to select a suitable service. Readers typically process deep knowledge of
Vietnam’s logistics industry and understand their operational processes.

Although this study presents the performance and recommends a solution to improve
logistics companies’ efficiency scores in Vietnam, it still has drawbacks. First, all of the
logistics companies’ data were not collected; future research could gather more decision-
making units to offer a broader picture. Second, the input and output variable factors
were not diverged; future research could consider more factors, such as labor force, net
interest after tax, etc., to obtain a large and deep measurement. Third, excluding the
experts’ opinions, further study could implement an investigation for logistics companies
to understand their status and difficulties in specific scenarios. This study only analyzed
and indicated the current situations; further research could use more models, such as grey
forecasting, tableau, and ARIMA models, to estimate the future value.
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Appendix A

Table A1. Description data (Million Dong).

Indication Years (I)CA (I)NCA (I)OE (O)NR (O)NPFT

Max

2016

22,151 25,185 25,054 14,633 2718
Min 320 73 377 616 33

Average 4403 6814 4921 4354 501
SD 6766 9040 7374 4864 806

Max

2017

26,343 22,820 27,384 13,830 4122
Min 458 54 388 627 53

Average 4966 6313 5491 4675 781
SD 7896 8238 8072 5057 1201

Max

2018

31,264 22,260 30,749 16,090 6148
Min 410 280 404 639 64

Average 5618 6135 6122 5088 963
SD 9379 7702 9085 5304 1844

Max

2019

37,291 20,885 36,757 18,329 8214
Min 367 421 452 560 52

Average 6368 5967 7056 5222 1195
SD 11252 7099 10883 5690 2492

Max

2020

37,974 18,928 37,565 9972 1642
Min 395 359 462 518 60

Average 6702 5432 7235 4031 468
SD 11421 6347 11066 3218 472

Max

2021

37,568 17,412 37,653 13,267 3189
Min 542 329 658 609 56

Average 7138 5456 7778 4502 767
SD 11286 5917 11046 3811 897

Max

2022

40,221 19,817 43,806 14,350 7127
Min 507 280 737 585 82

Average 7630 5911 9047 5531 1459
SD 12,040 6568 12,919 5115 2129

Note: SD—standard deviation.

Table A2. Pearson correlation.

Variables Years (I)CA (I)NCA (I)OE (O)NR (O)NPAT

(I)CA

2016

1.00000 0.92139 0.98540 0.75533 0.89535

(I)NCA 0.92139 1.00000 0.85088 0.92967 0.66602

(I)OE 0.98540 0.85088 1.00000 0.65281 0.95649

(O)NR 0.75533 0.92967 0.65281 1.00000 0.42586

(O)NPAT 0.89535 0.66602 0.95649 0.42586 1.00000

(I)CA

2017

1.00000 0.87790 0.99728 0.83220 0.98353

(I)NCA 0.87790 1.00000 0.86397 0.98383 0.78969

(I)OE 0.99728 0.86397 1.00000 0.81680 0.98705

(O)NR 0.83220 0.98383 0.81680 1.00000 0.73336

(O)NPAT 0.98353 0.78969 0.98705 0.73336 1.00000
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Table A2. Cont.

Variables Years (I)CA (I)NCA (I)OE (O)NR (O)NPAT

(I)CA

2018

1.00000 0.88469 0.99832 0.87881 0.97220

(I)NCA 0.88469 1.00000 0.89262 0.98206 0.75441

(I)OE 0.99832 0.89262 1.00000 0.88583 0.96822

(O)NR 0.87881 0.98206 0.88583 1.00000 0.75862

(O)NPAT 0.97220 0.75441 0.96822 0.75862 1.00000

(I)CA

2019

1.00000 0.87773 0.99863 0.91968 0.97899

(I)NCA 0.87773 1.00000 0.88684 0.98120 0.77050

(I)OE 0.99863 0.88684 1.00000 0.92947 0.97642

(O)NR 0.91968 0.98120 0.92947 1.00000 0.84384

(O)NPAT 0.97899 0.77050 0.97642 0.84384 1.00000

(I)CA

2020

1.00000 0.89029 0.99843 0.60807 0.88362

(I)NCA 0.89029 1.00000 0.88254 0.88381 0.72344

(I)OE 0.99843 0.88254 1.00000 0.60578 0.90665

(O)NR 0.60807 0.88381 0.60578 1.00000 0.51587

(O)NPAT 0.88362 0.72344 0.90665 0.51587 1.00000

(I)CA

2021

1.00000 0.88665 0.99773 0.29993 0.30724

(I)NCA 0.88665 1.00000 0.88160 0.69276 0.67083

(I)OE 0.99773 0.88160 1.00000 0.29169 0.28232

(O)NR 0.29993 0.69276 0.29169 1.00000 0.90929

(O)NPAT 0.30724 0.67083 0.28232 0.90929 1.00000

(I)CA

2022

1.00000 0.90249 0.99870 0.77528 0.99705

(I)NCA 0.90249 1.00000 0.91209 0.96945 0.92440

(I)OE 0.99870 0.91209 1.00000 0.78834 0.99842

(O)NR 0.77528 0.96945 0.78834 1.00000 0.80503

(O)NPAT 0.99705 0.92440 0.99842 0.80503 1.00000
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