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Abstract—With the increasing popularity of online shopping, 
customer’s purchasing habits are gradually changing in that they 
often prefer to buy goods online instead of visiting a physical retail 
store. Hence, the business-to-customer (B2C) e-commerce concept 
has emerged to bring convenience and flexibility to customers. By 
shifting the traditional business model to e-commerce, the seller, 
e.g. supplier or retailer, not only concentrates on directly selling 
goods to customers online, but also needs to manage the whole 
business process, including product delivery to customers within a 
short period of time. To focus on the core business, the logistics 
function in the B2C market is usually outsourced to a logistics 
service provider (LSP). However, sellers who are new to the e-
commerce market may find it difficult to select an appropriate 
LSP to fulfill their needs. In this paper, an enhanced logistics 
service provider selection (ELSPS) model is proposed for selecting 
an appropriate partner for providing delivery services under the 
e-commerce environment. A double fuzzy analytical hierarchy 
processing (FAHP) approach is applied for multi-criteria decision 
analysis in LSP selection and follow-up action prioritization. A 
pilot study is conducted, and the results provide a systematic 
approach and guidelines for new comers to enter into the e-
commerce market. 

I. INTRODUCTION  
E-commerce is an online trading method through the 

Internet, in which consumers can purchase goods such as clothes 
and services from retailers over the Internet using desktop 
computers, laptops, tablet computers or smartphones [1]. It 
makes changes in the habits of consumers and operation of 
logistics processes. People often prefer online shopping because 
of the recommendation of a friend, convenience, cheaper price 
than shopping stores and the acceptable quality of the products 
[2]. Using a shopping search engine, consumers can find their 
target products in regard to availability and price at different e-
sellers. After placing orders, they would pay for the goods or 
services and wait for product delivery. It may require a longer 
time than shopping in a physical store but online shopping is 
available anytime and anywhere. Such buying process becomes 
simple and convenient so many people now prefer to use e-
commerce platforms instead of buying goods in person. 

The growing trend of e-commerce has put more pressure on 
the parties involved in the supply chain. By shifting the 
traditional business model to e-commerce, e-retailers have to 
manage the whole business process upon receipt of an order 
from the Internet. Then, they need to arrange product delivery to 
the customer within a short period of time. However, in the e-
commerce business environment, customer satisfaction not only 
depends on the product quality and customer service from the 
retailer, but also concerns the delivery performance [3]. 

Customers always expect to receive their products as soon as 
possible and, hence, the efficiency of the logistics operations 
becomes important [4]. To focus on the core business, the 
logistics operations are usually outsourced to a third-party 
logistics service provider (LSP). Therefore, selecting a reliable 
LSP is necessary to move to e-commerce business model.  

Although research has been conducted to achieve the goal of 
LSP selection, most studies solely focused on the selection 
process without considering the follow-up action plan. Since 
different LSPs have their own operating procedures, it takes time 
and further action for the e-retailer to co-operate with the 
selected LSP. Delays in delivery and low operation efficiency 
will result if they cannot work well together. Therefore, this 
paper aims at designing an enhanced logistics service provider 
selection (ELSPS) model for facilitating the decision making 
process in LSP selection. A double fuzzy analytical hierarchy 
processing (FAHP) approach is applied for LSP selection and 
follow-up action prioritization. 

This paper is organized as follows. Section 2 covers the past 
literature related to e-commerce, LSP selection, and multi-
criteria decision making using FAHP. Section 3 presents the 
design of the enhanced logistics service provider selection 
(ELSPS) model. Section 4 presents a case study to illustrate how 
the proposed model works, followed by the results and 
discussion in Section 5. Finally, the conclusions are drawn in the 
Section 6. 

II. LITERATURE REVIEW 

A. Overview of B2C E-Commerce  
E-commerce is defined as a business process that includes 

buying, selling, exchanging products, services and information 
conducted through the Internet [5] It breaks through a 
geographical borders and time constraints and can increase 
business opportunities globally. Fast expanding social media 
and the increasing use of tablet devices, smartphones and 
personal computers create opportunities for entrepreneurs to 
move from Business-to-Business (B2B) to Business-to-
Customers (B2C) business model, which has enabled e-
commerce to grow exponentially [6]. 

Since the rapid development of e-commerce worldwide, a 
trend for online purchasing has spread widely among different 
groups of people. More consumers are changing their original 
lifestyle from shopping in retail stores to shopping at home. An 
increasing number of retail store are opening B2C e-commerce 
platforms to attract and maintain customers. It is clear that B2C 
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e-commerce has a great impact in the retail industry and the 
influence is going to grow in future [7]. 

According to Zhu and Kraemer [8], process of a B2C e-
commerce trading process can be divided into two major 
dimensions, i.e. “front-end” and “back-end”. “Front-end” 
represents all the customers-related activities, with order 
receiving, sales and marketing; “Back-end” refers to activities to 
fulfil customer satisfaction, such as shipments of ordered goods, 
management and movement of ordered goods [9]. Concerning 
the requirement of fast and accurate delivery to meet tight 
delivery schedules in B2C e-commerce, there are major 
challenges posed on logistics processes in e-commerce 
shipments. They include increased daily order volumes, the 
change of order size from large to small, and a small parcel 
shipments to consumers in a limited time frame [10]. Compared 
to traditional logistics in the retail industry, e-commerce 
logistics consists of logistics process automation, information 
integration and management services to the different parties in 
the supply chain [11].  

B. LSP Selection 
Under the e-commerce environment, third-party logistics 

service providers (LSPs) play an increasingly important role in 
handling e-commerce logistics. Defined as an outsource 
logistics service provider with a role of integrating different 
supply chain elements to a customer, LSPs provide supporting 
activities to e-commerce, including management of goods and 
last-mile delivery to end-customers [12]. In general, LSPs assist 
e-commerce businesses in achieving flexibility and reducing 
investment by monitoring the distribution process of goods, 
monetary and manpower consumption in inventory management 
and transportation. Hence, to meet the customer requirements 
and ensure that goods can be delivered on time, selecting a 
reliable LSPs is crucial in the “back-end” processing of an e-
commerce transaction.  

According to Aguezzoul [13], cost, relationship, services, 
and quality are four major criteria that are commonly considered 
in LSP selection. Rodrigue [14] suggested that speed of delivery, 
accuracy, real-time tracking, and the distribution network 
become customers’ needs on e-commerce logistics nowadays, 
rather than only the delivery status, as in the past. Jharkharia and 
Shankar [15] identified four criteria, long-term relationships, 
operational performance, financial performance, and risk 
management when outsourcing logistics functions to LSPs. On 
the other hand, product damage occurs frequently during the 
delivery process in e-commerce orders. Hence, LSPs who can 
minimize product quality risks during delivery would be an 
advantage in handling e-commerce orders [16]. Furthermore, 
LSPs are not only required to deliver products, but also need to 
manage the delivery process in a transparent and low cost 
manner, with a high quality of value-added services. To increase 
compatibility, LSPs are expected to adopt different technologies 
to handle e-commerce orders, such as radio frequency 
identification (RFID), Internet of things (IoT) and mobile 
applications so as to achieve real-time tracking and increase 
visibility [17][18]. Without a systematic approach in decision 
making, the increasing demands of customers make it 
challenging to select a reliable LSP in fulfilling e-commerce 
orders.   

C. Multi-Criteria Decision Making using FAHP 
Multi-criteria decision making (MCDM) provides a 

systematic decision making approach to identify the best 
alternative by evaluating multiple attributes. It is commonly 
used in supplier evaluation and selection [19][20] and the 
selection of outsourcing alternatives [21]. The analytic hierarchy 
process (AHP) is commonly used for tackling multi-attribute 
decision problems in real situations, as it is a useful, practical 
and simple method in decision making. Although AHP is easy 
to use, it cannot effectively take into account vague values and 
uncertainties in assessing the performance of an LSP. 
Sometimes the criteria are subjective and qualitative in nature, 
and it is very difficult for the decision maker to directly compare 
two attributes with distinct and exact numerical values. 
According to Balezentis and Zeng [22], MCDM often involves 
uncertainty which can be tackled by employing fuzzy set theory. 
In order to deal with the fuzziness of data in decision making, 
the fuzzy analytic hierarchy process (FAHP) approach is 
commonly used. It is a fuzzy extension of AHP which allows 
linguistic inputs to be used in the pair-wise comparison of AHP 
[23]. Fuzzy AHP inherits the advantages in making efficient and 
valuable decisions when multi-criteria exist, especially when the 
criteria are qualitative and difficult to quantify. Ho et al. [24] 
integrated quality function deployment and fuzzy AHP for 
outsourcing logistics operations to LSPs. Govindan and 
Murugesan [25] proposed a fuzzy AHP based model to select a 
third-party LSP for reverse logistics based on organizational 
performance criteria, user satisfaction and IT applications. It was 
found that the use of FAHP in multi-criteria decision making is 
promising in LSP selection. However, although numerous 
research studies have been done on selecting LSPs using the 
AHP/FAHP approach, the formulation of a follow-up action 
plan after LSP selection is always neglected. Formulation of 
follow-up action plan is important because companies have to 
ensure that the selected LSP can work well and effectively 
following the current process [26].  

To fulfill this research gap, an enhanced logistics service 
provider selection (ELSPS) model integrating two stages of the 
FAHP process is designed. Firstly, it facilitates the multi-criteria 
decision making process in LSP selection under the B2C e-
commerce environment. Secondly, it allows the formulation of 
a corresponding follow-up action plan which provides further 
guidelines to enable the e-retailer to work smoothly with the 
selected LSP. 

III. DESIGN OF THE ENHANCED LOGISTICS SERVICE PROVIDER 
SELECTION (ELSPS) MODEL 

In this section, the design of the enhanced logistics service 
provider selection (ELSPS) model is presented. It is divided into 
two modules: data collection and decision support. Fig. 1 shows 
the design of the ELSPS model. 

A. Data Collection Module 
Diffing from traditional retail practice, a customers can now 

place orders online and the retailer then arranges to deliver the 
goods to customers through an LSP. Therefore, a reliable LSP is 
important in maintaining good service quality. In this module, 
data or information that are useful in LSP selection are collected.  
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They include the logistics service requirements and selection 
criteria specified by the retailer, as well as the background of 
shortlisted LSPs for reference. This information is collected 
through interviews and LSP websites. 

B. Decision Support Module 
This module is divided into two tiers: LSP selection and 

follow-up action prioritization. An extent analysis method on 
FAHP is applied to determine the weight values of the criteria 
and alternatives in multi-criteria analysis [27]. Firstly, the best 
LSP alternative is determined based on the criteria of LSP 
performance and the service requirement, such as price, time and 
quality. After the best LSP is selected, the FAHP steps are 
repeated to prioritize the corresponding follow-up action so as to 
achieve the business goal. In summary, FAHP has the following 
six steps: 

Step 1: Construct the hierarchy structure of the fuzzy AHP  

Decision makers should first identify the alternatives to be 
classified and determine the key criteria which should be 
considered so as to evaluate the alternatives. A hierarchy 
structure consisting of criteria, sub-criteria and alternatives is 
then constructed to achieve the defined goal. 

Step 2: Construct fuzzy AHP comparison matrix 

Decision makers are required to compare a particular level to 
evaluate the relative importance of one element with another on 
a pair-wise basis. Comparison results are expressed in linguistics 
terms, which can be transferred into fuzzy numbers. Table I 
shows the fuzzy linguistic variable set and fuzzy scale. There are 

five linguistic variables Vi: Equally important (V1), Moderately 
important (V2), More important (V3), Strongly important (V4), 
and Extremely important (V5). Each linguistic variable Vi is 
denoted with triangular fuzzy numbers (li, mi, ui), where li is the 
lower bound, mi is the most promising value and ui is the upper 
bound. By collecting the opinions of decision makers, a (݊ × ݊) 
fuzzy comparison matrix ܣ = (ܽపఫ෦ )×  is constructed to 
summarize the results of the pair-wise comparison, where ܽపఫ෦ =൫݈, ݉,  ൯ represents the relative importance of ith elementݑ 
over jth element. Table II shows the generic form of a pair-wise 
comparison matrix with n criteria. 

Step 3: Calculate the value of fuzzy synthesis extent 

Then, the value of fuzzy synthesis extent with respect to the 
ith element in the kth level of hierarchy, ܵ, is calculated using  (1). 

ܵ = ∑ ܽపఫ෪ୀଵ × ቀ∑ ∑ ܽపఫ෪ୀଵୀଵ ቁିଵ , ݅ = 1,2, … , ݊  (1) 

Step 4: Calculate the degree of possibility 

The degree of possibility of ܵ = (݈݅, ݉݅, (݅ݑ  ≥ ܵ = ൫݈݆,݆݉,  ൯ is calculated using (2). By selecting the minimum value݆ݑ 
of the degree of possibility of each element, Ci, the weighting of 
the element, Ci, can be calculated using (3).  

ܲ൫ ܵ ≥ ܵ൯ = ൞ 1                                         ݉ ≥ ݉ೕି௨(ି௨)ି(ೕିೕమ)    ݉ ≤ ݉, ݑ ≥ ݈   0                                     ܱݐℎ݁݁ݏ݅ݓݎ , ݅ ≠ ݆  (2) 

(ܥ)݀ = ݉݅݊ܲ൫ ܵ ≥ ܵ൯     ∀݆, ݅ ≠ ݆   (3) 

Step 5: Calculate the sets of the normalized weight values 

By using (4), the weight values of each element in the kth 
level of the hierarchy can be obtained. Steps 3 and 5 are repeated 
until the weight values of all kth levels of the hierarchy are 
determined. ݇݅ܥ)ݓ ) = ݇݅ܥ)݀ ) × ቀ∑ ݇݅ܥ)݀ )݊݅=1 −1ቁ   (4) 

TABLE I.  FUZZY LINGUISTIC VARIABLE SET AND FUZZY SCALE 

Linguistic Variable Symbol Triangular Fuzzy Number 
Equally important V1 1,1,1 

Moderately important V2 1,2,3 
More important V3 2,3,4 

Strongly important V4 3,4,5 
Extremely important V5 4,5,6 

TABLE II.  PAIR-WISE COMPARISON MATRIX WITH N CRITERIA 

 C1 C2 … Cn

C1 (1,1,1) (l12, m12, u12) … (l1n, m1n, u1n)
C2 (l12

-1, m12
-1, u12

-1) (1,1,1) … (l2n, m2n, u2n)⋮ ⋮ ⋮ ⋱ ⋮ 
Cn (l1n

-1, m1n
-1, u1n

-1) (l2n
-1, m2n

-1, u2n
-1) … (1,1,1)

 

Fig. 1. Design of the ELSPS model 
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Step 6: Calculate the overall weight values of each LSP 

The weight values of each element are ranked in descending 
order and the alternative with the highest weight is chosen as the 
best solution. 

IV. CASE STUDY 
This section covers the case company background and the 

implementation steps of ELSPS model in the company. 

A. Company Background 
ABC Company Ltd. is a company which mainly designs, 

produces and sells consumer electronics to their customers. 
Their products include audio players, headphones and high 
quality speakers. They set up their own retail shops to sell their 
products, however, with the rapid growth of Internet users, it was 
found that some target customers tend to buy consumer 
electronics product online instead of visiting a retail shop. In 
2017, the sales volume of the company dropped by 8% 
compared to 2016. Therefore, the company tried to expend its 
business in the e-commerce market. The sales channel was 
diversified so that customers can just visit their website or other 
e-commerce platforms to place an order. However, the company 
is new to the e-commerce market, and they do not have their own 
transportation team to deliver the goods to customers. Hence, a 
pilot study was conducted in this case company to select an 
appropriate LSP for their business. There were two decision 
makers involved in the process of logistics service provider 
selection, both senior managers in the operations department of 
the company. With the need to deliver e-commerce orders to 
customers, they were responsible for undertaking this project in 
identifying a suitable logistics service provider. 

B. Implementation of the ELSPS Model 
 The implementation of the ELSPS model is divided into two 

parts, which are LSP selection and follow-up action 
prioritization. Each part consists of six steps, as discussed in 
Section III.  

1) LSP selection 
LSP selection is to identify the most appropriate LSP to 

perform the delivery function in handling E-commerce orders. 
Fig. 2 shows the 3-level hierarchy for LSP selection. Firstly, four 
potential LSPs, which have different characteristics and service 
standards, are identified. With the goal of selecting an 
appropriate LSP, five criteria are identified. They are price (C1), 
time (C2), IT capability (C3), flexibility (C4), and, reliability 
(C5). Each criteria is further divided into various sub-criteria for 
evaluation.  

Price (C1) refers to the fee for an LSP to perform door-to-
door delivery tasks. It consists of two sub-criteria: the service fee 
(SC11) and extra charge for urgent orders (SC12). The service 
fee is standard delivery service. If there is any urgent orders that 
need to be done within a short period of time, e.g. 2-4 hours, an 
extra service fee is charged. It may affect the choice of an LSP, 
with a high service fee and extra charge for urgent orders.  

Time (C2) refers to the time interval between placing the 
order and delivery to the destination. It includes transportation 

time (SC21) and order processing time (SC22). Transportation 
time is the time required for delivering the item to the 
destination, and order processing time is the time required for 
processing after an order is placed. 

IT capability (C3) refers to the availability of using 
information technology in managing the delivery operations. 
This criteria becomes increasingly important due to the rapid 
development of IT in recent years. The use of a logistics 
information system (SC31) is crucial to manage the transaction 
order efficiently, while traceability (SC32) provides a value-
added service to allow tracking of the real-time delivery status.   

Flexibility (C4) refers to the ability of an LSP to respond to 
change effectively. Responsive customer service (SC41) and 
capability of handling special requirements (SC42) are the sub-
criteria of flexibility. If there is any unexpected incident that may 
cause a delay in delivery, responsive customer service can 
provide timely action and a flexible solution to complete the 
service. On the other hand, the capability to handle special 
requirements is also important for flexibility in service. 

Reliability (C5) refers to the ability to deliver the item to the 
right destination, with good quality. It can be further divided into 
on-time delivery (SC51), accuracy (SC52) and security (SC53). 
On-time delivery makes sure that the order can be delivered on 
or before the target schedule. Accuracy ensures that the right 
item is delivered to the right location. Security ensures that the 
item is delivered safely and in its original form, without being 
stolen or damaged during transportation. 

Pairwise comparisons are then conducted based on the fuzzy 
linguistic variables defined in Table I. Since a 3-level hierarchy 
is constructed, pairwise comparisons are conducted for (i) 
criteria with respect to the goal, i.e. LSP Selection, (ii) sub-
criteria with respect to the corresponding criteria, and, (iii) 
alternatives with respect to the sub-criteria. Since there are two 

Fig. 2. 3-level hierarchy for LSP selection 
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decision makers involved in the selection process, each of them 
is required to conduct their own sets of pairwise comparisons. 
Then, the average value of their feedback is taken as the input to 
construct the fuzzy comparison matrix. Table III shows the fuzzy 
comparison matrix for criteria with respect to LSP selection. The 
fuzzy values in the table show the importance of each criteria 
compared to the other criteria. Through applying the extent 
analysis method on FAHP, the normalized weight values of the 
3-level comparison are obtained, as shown in Table IV. In 
addition, the weights of each criteria and sub-criteria are 
calculated to determine the most important criteria in this case. 
By aggregating the calculation results, the overall weight values 
of each LSP are shown in Table V. It is found that LSP2 was the 
highest value among the four alternatives. Therefore, it is 
suggested that the case company should work with LSP2 in 
offering the delivery service to customers.  

2) Follow-up action prioritization 
In the previous part, LSP2 is selected as most appropriate in 

providing the delivery service. Since different LSPs have their 
own practice and service details, the retailer should also 

determine the corresponding follow-up action in order to work 
with the selected LSP effectively and maintain the service 
quality. Hence, as shown in Fig. 3, a 2-level hierarchy is 
constructed after interviews with the managers of the case 
company for follow-up action prioritization. Four criteria are 
defined according to the business goal of the company. These 
are customer satisfaction (C1), operations efficiency (C2), data 
accuracy (C3), and, profit (C4). Customer satisfaction (C1) 
refers to the degree of satisfaction to be achieved, measured by 
the number of complaints received regarding delays in delivery. 
Operations efficiency (C2) refers to the capability of delivering 
the goods to its customers in a cost-effective and timely manner. 
It measures whether the services can be completed within a 
specified period of time. Data accuracy (C3) refers to the 
correctness of the order data between the LSP and retailer. If 
good communication through the logistics information system is 
established, the data accuracy should be high, also providing 
accurate information to the customer. Profit (C4) refers to the 
amount earned by the retailer when an order is completed. If the 
price of the LSP in delivering an urgent order is high, then the 
profit that can be earned by the retailer become smaller.  

In addition, three follow-up actions are defined. They are 
process review & improvement (A1), training (A2), and, system 
upgrade (A3). Process review & improvement (A1) is needed to 
evaluate whether there is any problem in the existing processes 
and whether improvement is needed. Training (A2) is required 
as it is a new practice for the staff to place delivery orders with 
the selected LSP. They may not be familiar with the operation 
procedure, leading to mistakes and low working efficiency. 
System upgrade (A3) refers to an upgrade of the computer 
software to cope with the selected LSP. If a logistics information 
system is available that can allow real time tracking of goods, 
the case company should ensure that the computer is equipped 
with compatible software. 

Based on the defined criteria and alternatives, pairwise 
comparisons are conducted to evaluate their importance. Table 
VI shows the fuzzy comparison matrix for criteria with respect 
to the goal, i.e. follow-up action prioritization. Taking customer 
satisfaction (C1) and operations efficiency (C2) for example, it 
is suggested that customer satisfaction (C1) is more important 
than operations efficiency (C2) when determining the follow-up 
action for LSP2. By aggregating the calculation results, the 
overall weight values of each follow-up action is shown in Table 
VII. It is found that process review & improvement (A1) has the 
highest value among the three alternatives. Therefore, it is 
suggested that the case company should review its existing 

TABLE III.  FUZZY COMPARISON MATRIX FOR CRITERIA WITH RESPECT TO 
LSP SELECTION 

 C1 C2 C3 C4 C5 
C1 (1,1,1) (0.3,0.5,1) (0.3,0.5,1) (1,2,3) (0.25,0.3,0.5)
C2 (1,2,3) (1,1,1) (0.3,0.5,1) (3,4,5) (0.25,0.3,0.5)
C3 (1,2,3) (1,2,3) (1,1,1) (1,2,3) (1,2,3)
C4 (0.3,0.5,1) (0.2,0.25,0.3) (0.3,0.5,1) (1,1,1) (1,2,3)
C5 (2,3,4) (2,3,4) (0.3,0.5,1) (0.3,0.5,1) (1,1,1)

TABLE IV.  NORMALIZED WEIGHT VALUES OF 3 LEVELS COMPARISON 

Criteria with 
respect to Goal 

Sub-criteria with 
respect to Criteria 

Criteria 
Weighting 

Alternatives with 
respect to Sub-criteria

C1: 0.145 
SC11: 0.308 0.044 (0.05,0.54,0.14,0.27) 
SC12: 0.692 0.100 (0.25,0.22,0.26,0.27) 

C2: 0.230 
SC21: 0.692 0.159 (0.25,0.27,0.26,0.22) 
SC22: 0.308 0.071 (0.21,0.30,0.27,0.22) 

C3: 0.251 
SC31: 0.308 0.077 (0.19,0.29,0.27,0.25) 
SC32: 0.692 0.174 (0.05,0.38,0.41,0.27) 

C4: 0.141 
SC41: 0.692 0.098 (0.10,0.43,0.25,0.22) 
SC42: 0.308 0.043 (0.26,0.26,0.28,0.20) 

C5: 0.233 
SC51: 0.298 0.070 (0.15,0.31,0.33,0.21) 
SC52: 0.317 0.074 (0.30,0.33,0.27,0.10) 
SC53: 0.385 0.090 (0.17,0.35,0.35,0.13) 

TABLE V.  OVERALL WEIGHT VALUES OF EACH LSP 

Sub-criteria LSP1 LSP2 LSP3 LSP4 
SC11 0.002 0.024 0.006 0.012
CS12 0.025 0.022 0.026 0.027
CS21 0.040 0.043 0.041 0.035
CS22 0.015 0.021 0.019 0.015
CS31 0.014 0.022 0.021 0.019
CS32 0.008 0.066 0.071 0.029
CS41 0.010 0.042 0.024 0.021
CS42 0.011 0.011 0.012 0.009
CS51 0.010 0.021 0.023 0.015
CS52 0.022 0.024 0.020 0.007
CS53 0.016 0.031 0.031 0.012
Sum 0.174 0.329 0.294 0.203

 

 
Fig. 3. 2-level hierarchy for follow-up action prioritization 

Authorized licensed use limited to: Hong Kong Polytechnic University. Downloaded on April 25,2024 at 02:40:05 UTC from IEEE Xplore.  Restrictions apply. 



processes and make necessary improvements in order to work 
smoothly with LSP2 so as to maintain its service quality.  

V. RESULTS AND DISCUSSION 
After conducting FAHP analysis, it is found that LSP2 

should be selected from the four potential LSPs, while process 
review & improvement should be performed as the follow-up 
action so as to work smoothly with the selected LSP. Since the 
operations of traditional retail activities and e-commerce 
business are different, the existing process has to be reviewed to 
identify the areas for improvement. Apart from the selection 
result, the result of criteria weights is also presented in order to 
discuss which criteria are important in LSP selection and follow-
up action prioritization.  

Fig. 4 shows the weights of the 11 sub-criteria in LSP 
selection.  It is found that traceability (SC32) is the most 
important criteria when selecting an LSP, and accounts for 
17.4% of the total weight. The second important criteria is 
transportation time (SC21), which also accounts for 15.9% of the 
total weight. These two criteria contribute to more 33% of the 
total weight, which implies that the case company should focus 
on traceability and transportation time in e-commerce 
applications. Compared to the traditional retail industry that sells 
products in a retail shop, traceability becomes increasingly 
important. It is because, unlike previous practice where customer 
can directly buy and take away the goods from the retail shop, 
customers have to wait for the retailer to process the order online 
and arrange delivery to customers. The lead time becomes longer 
and therefore good traceability allows customers to know the 
real-time status of their goods up to delivery. On the other hand, 
short transportation time is also an important concern when 
selecting an LSP. Customers always want to receive their goods 
within a short period of time, therefore, an LSP who can deliver 
the goods to a destination quickly has an advantage over other 
LSPs.  

Comparison of the criteria weighting in follow-up action 
prioritization is shown in Fig. 5. It shows that four criteria have 
similar weights, accounting for 20% to 30% of the total weights. 
It implies that four criteria have similar importance in selection. 
Among the four criteria, operations efficiency (C2) contributes 
to the highest weight, which is 27.5%. It is because, in the e-

commerce business environment, the retailer who can handle the 
order and deliver the goods to customers within a short period of 
time would be the order winner.  

VI. CONCLUSIONS   
Due to the change in buying behavior of consumers, e-

commerce business has emerged to provide another channel for 
shopping online. In an e-commerce business, orders are first 
received through the online platform, then the goods are 
delivered to customers. Instead of visiting physical retail shops, 
the emergence of e-commerce provides convenience to 
customers. In this case, good logistics arrangements are crucial 
to ensure that the right goods can be delivered to customers in 
the right place and with good quality. Therefore, selecting a 
suitable LSP to provide logistics service is important. Although 
numerous research have been done to select LSP using the 
AHP/FAHP approach, the selection of follow-up action after 
LSP selection is always neglected. This paper presents the 
enhanced logistics service provider selection (ELSPS) model to 
fill the research gap. A double FAHP based on an extended 
analysis method is used to determine the weights of the criteria. 
A case study is conducted to illustrate the procedure of using the 
proposed FAHP approach. The results provide a systematic 
approach and guidelines for new comers to enter into the e-
commerce market. The ELSPS model not only provides a 
practical solution for LSP selection, but also allows formulating 
corresponding follow-up action so as to work smoothly with the 
selected LSP.  

Fig. 4. Weights of Sub-Criteria in LSP Selection 
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TABLE VI.  FUZZY COMPARISON MATRIX FOR CRITERIA WITH RESPECT TO 
FOLLOW-UP ACTION PRIORITIZATION 

 C1 C2 C3 C4 
C1 (1.1.1) (2,3,4) (0.33,0.5,1) (0.2,0.25,0.33)
C2 (0.25,0.33,0.5) (1,1,1) (2,3,4) (1,2,3)
C3 (1,2,3) (0.25,0.33,0.5) (1,1,1) (1,2,3)
C4 (3,4,5) (0.33,0.5,1) (0.33,0.5,1) (1,1,1)

TABLE VII.  OVERALL WEIGHT VALUES OF EACH FOLLOW-UP ACTION 

 Criteria 
Weighting 

Alternatives with 
respect to Criteria A1 A2 A3 

C1 0.217 (0.55,0.31,0.14) 0.119 0.068 0.030
C2 0.275 (0.33,0.43,0.24) 0.090 0.120 0.066
C3 0.243 (0.74,0.26,0) 0.179 0.064 0.000
C4 0.265 (0.16,0.51,0.34) 0.041 0.134 0.089

Sum 0.429 0.385 0.186

Authorized licensed use limited to: Hong Kong Polytechnic University. Downloaded on April 25,2024 at 02:40:05 UTC from IEEE Xplore.  Restrictions apply. 



REFERENCES  
[1] M. Falk, and E. Hagsten, “E-commerce trends and impacts across Europe”, 

International Journal of Production Economics, 170, pp. 357-369, 2015. 
[2] J. Mosteller, N. Donthu, and S. Eroglu, “The fluent online shopping 

experience”, Journal of Business Research, 67(11), pp. 2486-2493, 2014. 
[3] Y. Fang, I. Qureshi, H. Sun, P. McCole, E. Ramsey, and K.H. Lim, “Trust, 

Satisfaction, and Online Repurchase Intention: The Moderating Role of 
Perceived Effectiveness of E-Commerce Institutional Mechanisms”. 
Management Information Systems Quarterly, 38(2), pp. 407-427, 2014. 

[4] J. Lehtonen, J. M.Småros, P. Appelqvist, and J. Holmström, “The impact 
of increasing demand visibility on production and inventory control 
efficiency”, International Journal of Physical Distribution & Logistics 
Management, 33(4), pp. 336-354, 2003. 

[5] R. Ramanathan, U. Ramanathan, and H. Hsiao, “The impact of e-
commerce on Taiwanese SMEs: Marketing and operations effects”, 
International Journal of Production Economics, 140(2), pp. 934-943, 2012. 

[6] S. Hoejmose, S. Brammer, and A. Millington, ““Green” supply chain 
management: The role of trust and top management in B2B and B2C 
markets”. Industrial Marketing Management, 41(4), pp. 609-620, 2012. 

[7] K.L. Kraemer, “Post-Adoption Variations in Usage and Value of E-
Business by Organizations: Cross-Country Evidence from the Retail 
Industry”, Center for Research on Information Technology and 
Organizations, University of California, March 2005. 

[8] K. Zhu, and K.L. Kraemer, “Post-adoption variations in usage and value of 
e-business by organizations: cross-country evidence from the retail 
industry”, Information Systems Research, 16(1), pp. 61-84, 2005. 

[9] T. Trong, and P. Khanh, “The Influence of E-commerce for Third-party 
Logistics: Typical demands for 3PL providers services and the adaptation 
by 3PL providers”, Doctoral dissertation, Jönköping International Business 
School Jönköping University, 2012. 

[10] J. K. Cho, J., Ozment, J., and H. Sink, “Logistics capability, logistics 
outsourcing and firm performance in an e-commerce market”, International 
Journal of Physical Distribution & Logistics Management, 38(5), 336-359, 
2008. 

[11] B. La Londe, and R. Mason, “Some Thoughts on Logistics Policy and 
Strategies: Management Challenges for the 1980s”,  International Journal 
of Physical Distribution & Logistics Management, 23(5), pp. 39-45, 1993. 

[12] R. Mangiaracina, G. Marchet, S. Perotti, and A. Tumino, “A review of the 
environmental implications of B2C e-commerce: a logistics perspective”, 
International Journal of Physical Distribution & Logistics Management, 
45(6), pp. 565-591, 2015. 

[13] A. Aguezzoul, “Third-party logistics selection problem: A literature review 
on criteria and methods”, Omega, 49, pp. 69-78, 2014. 

[14] J. P. Rodrigue, C. Comtois, and B. Slack, The geography of transport 
systems. Taylor & Francis, 2016. 

[15] S. Jharkharia, and R. Shankar, “Selection of logistics service provider: An 
analytic network process (ANP) approach”, Omega, 35(3), 274-289, 2007. 

[16] Y. K. Tse, and K.H. Tan, “Managing product quality risk and visibility in 
multi-layer supply chain”, International journal of production economics, 
139(1), 49-57, 2012. 

[17] G. Ghiani, G. Laporte, and R. Musmanno, Introduction to logistics systems 
planning and control. Chichester, West Sussex: J. Wiley, 2004. 

[18] J. Yu, N. Subramanian, K. Ning, and D. Edwards, “Product delivery service 
provider selection and customer satisfaction in the era of internet of things: 
a Chinese e-retailers’ perspective”, International Journal of Production 
Economics, 159, pp. 104-116, 2015. 

[19] W. Ho, X. Xu, and P. K. Dey, “Multi-criteria decision making approaches 
for supplier evaluation and selection: A literature review”, European 
Journal of operational research, 202(1), pp. 16-24, 2010. 

[20] K. Govindan, S. Rajendran, J. Sarkis, and P. Murugesan, “Multi criteria 
decision making approaches for green supplier evaluation and selection: a 
literature review”, Journal of Cleaner Production, 98, pp. 66-83, 2015. 

[21] C. Kahraman, A. Beskese, and I. Kaya, “Selection among ERP outsourcing 
alternatives using a fuzzy multi-criteria decision making methodology”, 
International Journal of Production Research, 48(2), pp. 547-566, 2010. 

[22] T. Balezentis, and S. Zeng, “Group multi-criteria decision making based 
upon interval-valued fuzzy numbers: an extension of the MULTIMOORA 
method”, Expert Systems with Applications, 40(2), pp. 543-550, 2013. 

[23] S. Tyagi, “An improved fuzzy-AHP (IFAHP) approach to compare SECI 
modes”, International Journal of Production Research, 54(15), pp. 4520-
4536, 2016. 

[24] W. Ho, T. He, C. K. M. Lee, and A. Emrouznejad, “Strategic logistics 
outsourcing: An integrated QFD and fuzzy AHP approach”, Expert 
Systems with Applications, 39(12), pp. 10841-10850, 2012. 

[25] K. Govindan, and P. Murugesan, “Selection of third-party reverse logistics 
provider using fuzzy extent analysis”, Benchmarking: An International 
Journal, 18(1), pp. 149-167, 2011. 

[26] J. Juga, J. Juntunen, and D. B. Grant, “Service quality and its relation to 
satisfaction and loyalty in logistics outsourcing relationships”, Managing 
Service Quality: An International Journal, 20(6), pp. 496-510, 2010. 

[27] D. Y. Chang, “Applications of the extent analysis method on fuzzy AHP”, 
European journal of operational research, 95(3), pp. 649-655, 1996. 

 
 
 
 
 

Authorized licensed use limited to: Hong Kong Polytechnic University. Downloaded on April 25,2024 at 02:40:05 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


