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Abstract: E-commerce industry depends upon the last mile delivery performance. There are 
some variables acting as enablers help to improve the last mile delivery performance whereas 
variables acting as barriers restrict the growth in last mile delivery performance. After studying 
several literatures of supply chain, some variables are identified on which last mile delivery 
performance depends. Among these variables, barriers have been identified. This paper analyses the 
impact of barriers on last mile delivery performance. on the basis of literature review, expert talk and 
brainstorming, twenty variables as barriers to last mile delivery are identified. An integrated decision-
making trail and evaluation laboratory (DEMATEL) approach is used to inter-relate barriers and 
cause/effect relationship among the barriers. Eleven barriers are selected to be considered in cause 
group and further are in Effect group. Routing simulation, Alternative vehicles, Unawareness about 
upgraded technology are most important barriers according to study. A framework for barriers to last 
mile delivery is proposed which provides valuable insights to managers for better last mile delivery 
performance and improves customer satisfaction.  

 
Keywords: Last mile delivery, supply chain, barriers/criteria, DEMATEL, cause-effect 

relationship 
 

1. INTRODUCTION 
For an effective e-commerce business, last-mile 

delivery (LMD) plays a significant role. Last mile delivery 
(LMD) is defined as "a collection of actions and processes 
required for the delivery procedure from the last transit 
point to the final drop point of the delivery chain". The 
global sharing economy Hamari et al.1), in which items or 
services are rented, exchanged, or traded through online 
platforms, is predicted to grow in the future. There is 
information flow, material flow and process flow occur2). 
It can be seen from three viewpoints, each represented by 
a different stakeholder: demand, supply, and its physical 
environment, which is governed by local government3).  

According to nature of the e-commerce industry the 
statistics about e-commerce businesses is as the estimated 
size of the Indian e-commerce market in 2020 is $38 
billion. By 2020, around 4.2% of India's retail purchases 
will be made online. almost 80% of e-commerce traffic in 
India will come from mobile devices. Amazon and 
Flipkart (a Walmart-owned company) will own a 
combined 60–65% of the Indian e-commerce industry. 
over 23% of Indian internet customers will make 
purchases outside of their country. E-commerce in rural 

India will rise by about 57% annually. Approximately 
80% of Indian customers view delivery time as a critical 
component. Employment in e-commerce: Over a million 
people are expected to be employed in India's e-commerce 
industry by 2020. 

But a sizable portion of Indian e-commerce companies 
will be losing money: about 80% this is a challenging 
phase. 

A study conducted by Anand et al.4,47) applied the 
DEMATEL method to identify the factors that impact last 
mile delivery performance in the Indian e-commerce 
industry. The study found that several factors, including 
delivery time, customer satisfaction, and delivery cost, 
have a significant impact on the performance of last mile 
delivery. Similarly, another study used the DEMATEL 
method to identify the factors that affect the efficiency of 
last mile delivery in the Iranian e-commerce industry. The 
study found that the key factors affecting last mile 
delivery efficiency were delivery cost, delivery time, 
transportation mode, and customer satisfaction. 

Last mile delivery is a downstream part of supply chain 
management. As supply chain (SC) is divided into two 
parts, first part is concerned with upstream activity where 
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material/information flow from supplier to manufacturer 
and second part is connected with downstream activity, 
were material/information flow from manufacturer to 
customer through distributor, retailer5). 

Recent studies have also highlighted the impact of last 
mile delivery on the environment and sustainability. For 
example, a study conducted by Hu et al.6) used the 
DEMATEL method to identify the key factors affecting 
the carbon emissions of LMD in the Chinese e-commerce 
industry. The study found that factors such as delivery 
distance, delivery frequency, and delivery mode were 
significant contributors to carbon emissions in last mile 
delivery.  

In the Indian warehouse and industry sectors, last mile 
delivery plays a crucial role in ensuring the timely 
delivery of goods to customers7). Research has shown that 
the last mile delivery process can account for up to 50% 
of the total logistics cost, highlighting the importance of 
optimizing this stage of the delivery process. A study by 
Wang et al.8) investigated the key factors affecting the 
LMD performance of e-commerce warehouses in China. 
The study found that factors such as delivery time, 
delivery cost, and transportation mode were significant in 
determining the efficiency of last mile delivery9,22). 
Additionally, the study suggested that the adoption of 
emerging technologies, such as e-vehicles and drones, 
could significantly improve LMD performance in the e-
commerce industry. 

In LMD there are several barriers which affects the 
supply channel. Here some of the barriers are recognize 
on the basis of literature survey like: Cost of delivery, 
Number of delivery locations, Time window and off-peak 
deliveries, Time window and off-peak deliveries, crowd 
sourcing, Stochastic demand, Market competition and 
uncertainty, inventory storage, Lack of information 
technology, Lack of new technology, social influence 
affect, Return policy, and Alternative vehicles10). However, 
various organisations may have different views regarding 
the implementation of last mile hurdles from an industry 
perspective. This study project involves a number of last-
mile-related factors, which makes it a multi-criteria 
decision-making challenge. For the analyses of these 
criteria or barriers this article proposes an integrated 
DEMATEL approach.  
In this sense, the objective of this article is: 
1) To identify different barriers which affecting last mile 

delivery from the perspective of warehouses and 
industries. 

2) To provide inter relationship in barriers and categorise 
them into cause-and-effect group. 

3) To analyse managerial applications of the research.  
Last mile delivery has a vast role to make industry 

revolution. It is upgraded day by day in abroad as well as 
in India. Drones are already come in the market to provide 
the delivery of necessary things. Information technology, 
RFID, Internet of things and big data has come in the 
market to enhance the facility and deliver things as soon 

as possible11). We know population of India is 
approximately 135 crores, and 70% of population is living 
in rural areas. So, making last mile delivery effective we 
have to work for urban as well as rural areas.  

In this context a framework for last mile delivery is 
proposed which selected the barriers for making LMD 
effective. Successfully adoption of this framework 
enhance productivity, market growth and per capital 
income. Customers' satisfaction and last mile efficiency 
are being sought by service providers. Recent research and 
commercial advancements have centred on gathering and 
analysing data to enhance delivery success rates, often 
known as hit rates. Various techniques exist in e-
commerce to manage LMD services to clients provide 
directions for improvement, such as shifting collection 
stations' locations. All these criteria are selected in this 
context and attempt to provide best analysis12,43). 

This research work aims to make the following several 
useful contributions: 
1) Initially, from the viewpoint of a downstream supply 

chain, the current research work presents twenty 
barriers to Last Mile delivery implementation. The 
barriers noted can be used as a starting point to address 
potential problems with real acceptance and 
implementation of last mile delivery. 

2) Next, in the context of adding to the theory, the 
DEMATEL-based model is made available to identify 
and analyze the barriers to the implementation of last 
mile delivery in the downstream supply chain. The 
methodological model's analysis of the barriers is 
logically valid because it recognizes that the problems 
are categorized into cause-and-effect groups and are 
more focused on performance and results. 

3) Then, this study offers a framework, focusing on how 
to manage delivery-related problems most effectively. 

The remainder of the article is divided into the 
following sections. The literature related to this work is 
included in segment 2. The research methodologies 
employed for this work are covered in segment 3. The 
suggested model for this research is shown in segment 
four. The findings and managerial suggestions of the study 
are covered in segment 5. Segment 6 concludes by 
presenting conclusions, limitations, and the direction of 
further research. 

 
2. LITERATURE SURVEY 

A review of various related articles is included in this 
study. A significant lot of research has been done recently 
on raising the importance of logistics services in the 
perspective of LMD. The majority of recent study on 
rating the importance of logistics facilities is done from 
the standpoint of customer preference. There are 
additional studies that look at the logistics service process 
as a whole and various approaches to manage LMD 
services to satisfy customers more effectively. Changes to 
delivery times, such as offering incentives or discounts for 
the best acceptable time windows, are among the 
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improvement paths. Ponce et al.13) examine different 
strategies for making use of a third-party SC provider in 
order to confirm the LMD14). LMD is one of the most 
vulnerable phases of shipment transfer in terms of 
sustainability. Because of this, there are several initiatives 
to increase the effectiveness of delivery activity 
realization.  The majority of delivery items are produced 
by e-commerce; hence this service is specifically 
examined15). The globalization of e-commerce has 
compelled the formation of business associations in a 
uniform system of product distribution. 

It is necessary to identify the system's weak spot in order 
to make improvements that will result in the highest level 
of customer satisfaction and help to construct an 
evaluation framework. According to earlier literature, 
Lang et al.16) created a framework that focuses on 
consumer expectations and economic performance 
criteria in order to evaluate the delivery system (DS) of an 
online retailer. Researcher assessed the DS of the online 
retailer using professional thoughts.  

According to Bagri et al., Examining green practices and 
firm performances informs the green barriers for supply 
chain. This will identify to make performance better in 
downstream supply chain. Another researcher J. Kaur et 
al., A DEMATEL based approach for investigating 
barriers in green supply chain management in Canadian 
manufacturing firms involves consideration of 
environmental impacts of all the processes in a typical 
supply chain to minimize their negative consequences. 

According to different researchers Analysis of the LMD 
service quality of e-commerce firms in India using 
DEMATEL method, considering factors such as crowd 
sourcing, traffic congestion and uncertain demand. 
Another study analyzes the last mile delivery performance 
of e-commerce firms in India using the DEMATEL 
method, considering factors such as warehouse location, 

delivery cost, and delivery speed etc. 
Guo, X.,8,17) study on the evaluation of LMD 

performance in the e-commerce industry based on 
DEMATEL method. This study uses the DEMATEL 
method to evaluate the performance of LMD in the e-
commerce industry, considering factors such as 
warehouse location, delivery cost, and delivery speed. 

Following is a list of concerns that need to be addressed 
based on a review of previous literature in the subject of 
evaluation frameworks or models: 
(1) A design criterion, which were either based on 

knowledge systems, marketing, or a combination of 
the two, were considered by all previous frameworks. 
There is a requirement to evaluate operational factors. 

(2) Most of the frameworks were used to rate e-commerce, 
with only a few covering performance evaluations. As 
a result, a framework for evaluating performance is 
required. 

(3) According to literature reviews, the bulk of the 
frameworks were for educational platforms, banking, 
and tourist etc. by using one optimization method. 
There was very little evaluation framework for last 
mile logistics, which solely facilitate more numbers of 
items in a single frame; hence, a framework for last 
mile delivery is utilized by using DEMATEL multi 
criteria decision making technique.  

This is a pilot-based survey study. Where around 55 
responses occur for this survey. 12 industrial persons, 20 
academicians and others are given their response for 
selecting the scales of barriers.     

In this work, twenty important barriers are identified for 
effective implementation of last mile delivery in 
downstream supply chain through literature survey (see 
table 1) and brain storming with industrial persons and 
academicians.

 
Table 1 - Identification of Barriers 

S.N. Barriers Sources Influence on last mile delivery performance 

1 High delivery cost (C1) Kumar et al., 2019, Hosseini and 
Barker (2016) 

Cost of delivery affects last mile delivery directly if it 
increases the aspect of last mile delivery increases. 

2 Excessive maintenance 
and operations cost (C2) 

Mangla et al., 2018; Khandelwal 
et al., (2020) 

Cost of maintenance and operations affects the last mile 
delivery performance.  

3 Large Number of delivery 
locations (C3) 

Wang et al. (2017) If number of delivery locations increases then it will 
provide ease of product availability.  

4  Time window (C4) Miriam Pirra, Angela Carboni, 
Francesco Deflorio (2021) 

Time window directly affects the last mile delivery 

5 Traffic congestion (C5) Miriam Pirra, Angela Carboni, 
Francesco Deflorio (2021) 

Traffic congestion will influence the last mile. Sometime 
it will create more time to reach the customer. 
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6 Lack of customer 

awareness (C6) 
Davoudabadi et al. (2019) Most of the time customers are not aware about last mile. 

They have the idea when the product delivered. 

7 Limited facility of Loading 
and unloading (C7) 

Wang et al. (2017) It may affect the last mile delivery. Loading and unloading 
should be planned as per the time scheduled. 

8 Crowd sourcing (C8)  Tho V.Le et al. (2019), Po-Lin 
Lai et al. (2021) 

Most of the time crowd sourcing affected the last mile 
delivery. As it is not possible to determine the density of 
customers at the same time. 

9 Stochastic demand (C9) Tho V.Le et al. (2019) Stochastic demand plays an important role to affect the last 
mile delivery. 

10 Uncertainty in Market and 
demand (C10) 

 Jeremy Toner et al. (2020), and 
Jeremy Toner et al. (2021) 

Healthy market competition should be there so that each 
and every player of the market gets benefit.  

11 Inventory storage (C11) Gan et al. (2019) Inventory storage is part of last mile practice. It involves 
the material at a single stage. 

12 Performance expectations 
(C12) 

 Seshadri Srinivasa Raghavan 
 et al. (2022) and Po-Lin Lai 

et al. (2021) 

Customer expected that purchase product should be 
performed well. 

13 Lack of Environment 
awareness (C13) 

Khandelwal and Barua, 2020, 
Lahane and Kant et al., 2021 b 

Product delivery by any kind of mode affect environment 
so environment awareness should be there. 

14 Limited     information 
technology tools 
accessibility (C14) 

Alimohammadlou and Bonyani 
(2018), Rajesh and Ravi (2015) 

Most of the time modern information technology are not 
used which affect last mile delivery so lack of information 
technology plays an important role in last mile delivery. 

15 Unawareness about 
upgraded technology 
(C15) 

Urbinati et al., 2021, Wang et al. 
(2017) 

Most of the time modern tools are not used which affect 
last mile delivery 

16 Social influence affect 
(C16) 

 Devari A K et al. (2017), Maik 
Trott et al. (2021) 

Social influence directly affects the last mile delivery. 

17 Non-Transparent Return 
policy (C17) 

 Maik Trott et al. (2021) Return policy is also the subsidiary part of last mile 
delivery. 

18 Non availability of skilled 
workforce (C18) 

Wang et al. (2017) Employee should be trained on regular interval so that they 
can make last mile more effective. 

19 Routing simulation (C19)  Wang et al. (2017), Felix M. 
Bergmann et al. (2019) 

Routing simulation is a prime factor for last mile delivery. 

20 Alternative vehicles (C20)  Felix M. Bergmann 
et al. (2019) 

Alternative vehicles are the option to make last mile 
delivery green and more effective. 

2.1 Gaps Identification 
The following are the research gaps, as per the literature 

review: 
1) By examining studies on downstream supply chain 

management, it was discovered that most of them were 
limited to broad surveys, conceptual understanding, 
and policy creation. In order to successfully execute 
last-mile delivery in the downstream supply chain in 
the context of India, it is therefore still necessary to 

perform a lot of study and analysis of the causal 
driving factors. 

2) To increase the effectiveness of different corporate 
activities of the LMD implementation from a 
downstream situation, a collection of practical and 
typical barriers needs to be rigorously proposed. 

3) DEMATEL approach has been assess in limited 
article to value the last mile delivery evaluation 
criteria in downstream supply chain. 
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3. RESEARCH METHODOLOGY 
3.1 DEMATEL METHOD 

DEMATEL is a method for modeling relationships 
between variables that is widely used. Cause and effect are 
two crucial components in DEMATEL, and they serve as 
the foundation for dividing the variables into two 
quadrants (cause and effect). Then between them, 
directional linkages are drawn Awasthi et al.18,42) This 
technique is similar to mind mapping in that the expert 
responses for the barriers are organized in a visual impact-
map that aids in determining the best course of action for 
addressing the problem in real-world scenarios. 
DEMATEL identifies the connections between the criteria 
and ranks them on the basis of connections and the 
intensity of their impact on one another19,44). Figure 1 
shows the proposed framework for research study which 
helpful to recognize the barriers, method implementation 
and finding the final results. 

The steps of DEMATEL Method (Figure 1) are: 

Step 1: Identify the performance barriers through 
literature. Expert panel for pair-wise comparison is 
identified. 

Step 2: Generation of direct Relation Matrix is prepared 
by comparing barriers in the scale from 0 to 4. which 
help experts to analyse the interlinked between 
criterion. Based on this scale, asked an expert to give 
their judgment to develop a pair-wise comparison 
matrix [A]nxn. 

Step 3: “Normalised direct relation matrix (Y)” is 
prepared by using equation (I) 

        𝑌𝑌 = [𝑌𝑌𝑌𝑌𝑌𝑌]𝑛𝑛𝑛𝑛𝑛𝑛 =  [ 𝐴𝐴
max∑ �𝑎𝑎𝑖𝑖𝑖𝑖�

𝑛𝑛
𝑗𝑗=1

]       (I)                                             

Step 4: Total-Relation Matrix is obtained by using 
equation (II). 

  𝑇𝑇 = 𝑌𝑌(𝐼𝐼 − 𝑌𝑌)−1                 (II) 

Where I: Identity matrix; T: Total relation matrix =[tij]  

Step 5: By using equation (II), to get the sum of rows (R) 
and columns (C) 

 𝑅𝑅 = �∑ 𝑡𝑡𝑖𝑖𝑖𝑖𝑛𝑛
𝑗𝑗=1 �

𝑛𝑛×1
     (III) 

  𝐶𝐶 = �∑ 𝑡𝑡𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1 �

1×𝑛𝑛
     (IV) 

Step 6: In this step mapping data set of (𝑅𝑅 + 𝐶𝐶;𝑅𝑅 − 𝐶𝐶), 
to draw the cause-and-effect Diagram. Figure2. Shows 
the cause-and-effect diagram followed in the Research. 

 

Proposed Framework 

 
Figure 1. Modified Frame work for research study 

 
3.2 DATA COLLECTION (DEMATEL Approach) 
Assumption:      
1) Every criteria is mutually dependent and influence to 
other criteria. 
Comparison scale of DEMATEL Method 

Definition Scale 
No influence 0 
Low influence 1 
Medium influence 2 
High influence 3 
Very high influence 4 

 
Here putting the values of scale for influencing 

parameter based on literature survey and brain storming 
with industrial persons and academicians.        
Twenty significant and frequently occurring impediments 
to the deployment of last mile delivery in the context of a 
downstream supply chain have been identified based on a 
survey of the literature and brainstorming. Using the 
DEMATEL technique, these barriers are further examined 
to determine their causal relationships. For the purpose of 
developing pair-wise comparisons of barriers in the form 
of scale as shown in Table 1, the same panel of experts has 
been convened for discussion20,49). For each group of 
experts, a direct relation matrix is created using the 
recorded language evaluations of the experts and the 
corresponding numbers. Only the pair-wise comparison 
matrix in linguistic terms is displayed as in Table 2 in 
order to avoid the repetitious type of activity.  
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Table 2. Generation of direct relation matrix 
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Cost of delivery 0 1 1 2 2 1 2 1 2 3 3 2 1 2 3 2 3 2 4 3 40 
cost of maintenance 

and operations 2 0 1 1 1 1 2 1 2 2 3 2 1 2 3 2 3 2 4 3 38 

Number of delivery 
locations 3 3 0 1 3 2 3 3 3 3 3 3 1 3 3 2 2 2 4 3 50 

Time window and 
off-peak deliveries 2 3 2 0 1 2 2 2 2 2 2 1 1 2 2 1 2 1 3 2 35 

Traffic signal and 
congestion 1 1 2 2 0 2 1 2 2 3 1 2 2 1 2 3 1 1 3 2 34 

Lack of customer 
awareness 1 1 3 3 1 0 2 1 2 3 2 2 2 2 2 3 3 3 3 3 42 

Loading and 
unloading facility 1 3 3 1 1 2 0 2 1 2 2 2 1 1 1 0 1 2 3 3 32 

crowd sourcing 1 3 3 2 2 2 1 0 2 2 1 2 1 2 2 3 0 2 3 2 36 

Stochastic demand 1 2 3 3 1 2 2 3 0 3 2 2 2 2 1 2 1 2 3 3 40 
Market competition 

and uncertainty 1 2 2 1 1 3 1 2 3 0 2 2 1 3 3 1 2 3 2 3 38 

inventory storage 1 3 3 2 1 3 3 1 3 3 0 2 1 2 2 1 2 2 2 2 39 
Performance 
expectations 1 3 3 1 1 2 2 1 2 2 2 0 2 2 3 1 2 2 3 3 38 

Environment 
awareness 1 1 1 1 2 2 1 1 1 1 1 1 0 2 2 3 1 1 1 3 27 

Lack of information 
technology 3 2 3 3 2 3 3 2 2 3 2 3 2 0 4 1 2 3 3 3 49 

Lack of new 
technology 3 3 3 3 2 3 3 2 2 2 2 3 2 4 0 2 2 4 3 3 51 

Social influence 
affect 1 1 1 1 1 1 1 2 1 1 1 1 1 1 2 0 0 1 1 1 20 

Return policy 1 1 1 1 2 1 1 1 1 2 3 2 1 1 2 1 0 1 2 1 26 
Employee service 

facility 1 1 2 2 1 2 1 1 1 1 1 2 1 2 1 1 1 0 1 2 25 

routing simulation 3 3 3 2 3 2 3 2 3 3 2 3 2 3 3 2 2 2 0 3 49 

Alternative vehicles 4 3 3 2 3 2 2 2 2 2 2 2 3 3 3 2 2 2 4 0 48 
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Table 3. Normalize direct relation matrix 
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Cost of delivery 0 0.0196 0.0196 0.0392 0.039 0.0196 0.039 0.02 0.039 0.0588 0.06 0.039 0.02 0.0392 0.0588 0.03922 0.0588 0.039 0.08 0.059 
cost of maintenance and 

operations 0.0392 0 0.0196 0.0196 0.02 0.0196 0.039 0.02 0.039 0.0392 0.06 0.039 0.02 0.0392 0.0588 0.03922 0.0588 0.039 0.08 0.059 

Number of delivery locations 0.0588 0.0588 0 0.0196 0.059 0.0392 0.059 0.059 0.059 0.0588 0.06 0.059 0.02 0.0588 0.0588 0.03922 0.0392 0.039 0.08 0.059 
Time window and off-peak 

deliveries 0.0392 0.0588 0.0392 0 0.02 0.0392 0.039 0.039 0.039 0.0392 0.04 0.02 0.02 0.0392 0.0392 0.01961 0.0392 0.02 0.06 0.039 

Traffic signal and congestion 0.0196 0.0196 0.0392 0.0392 0 0.0392 0.02 0.039 0.039 0.0588 0.02 0.039 0.039 0.0196 0.0392 0.05882 0.0196 0.02 0.06 0.039 

Lack of customer awareness 0.0196 0.0196 0.0588 0.0588 0.02 0 0.039 0.02 0.039 0.0588 0.04 0.039 0.039 0.0392 0.0392 0.05882 0.0588 0.059 0.06 0.059 

Loading and unloading facility 0.0196 0.0588 0.0588 0.0196 0.02 0.0392 0 0.039 0.02 0.0392 0.04 0.039 0.02 0.0196 0.0196 0 0.0196 0.039 0.06 0.059 

crowd sourcing 0.0196 0.0588 0.0588 0.0392 0.039 0.0392 0.02 0 0.039 0.0392 0.02 0.039 0.02 0.0392 0.0392 0.05882 0 0.039 0.06 0.039 

Stochastic demand 0.0196 0.0392 0.0588 0.0588 0.02 0.0392 0.039 0.059 0 0.0588 0.04 0.039 0.039 0.0392 0.0196 0.03922 0.0196 0.039 0.06 0.059 
Market competition and 

uncertainty 0.0196 0.0392 0.0392 0.0196 0.02 0.0588 0.02 0.039 0.059 0 0.04 0.039 0.02 0.0588 0.0588 0.01961 0.0392 0.059 0.04 0.059 

inventory storage 0.0196 0.0588 0.0588 0.0392 0.02 0.0588 0.059 0.02 0.059 0.0588 0 0.039 0.02 0.0392 0.0392 0.01961 0.0392 0.039 0.04 0.039 

Performance expectations 0.0196 0.0588 0.0588 0.0196 0.02 0.0392 0.039 0.02 0.039 0.0392 0.04 0 0.039 0.0392 0.0588 0.01961 0.0392 0.039 0.06 0.059 

Environment awareness 0.0196 0.0196 0.0196 0.0196 0.039 0.0392 0.02 0.02 0.02 0.0196 0.02 0.02 0 0.0392 0.0392 0.05882 0.0196 0.02 0.02 0.059 

Lack of information technology 0.0588 0.0392 0.0588 0.0588 0.039 0.0588 0.059 0.039 0.039 0.0588 0.04 0.059 0.039 0 0.0784 0.01961 0.0392 0.059 0.06 0.059 

Lack of new technology 0.0588 0.0588 0.0588 0.0588 0.039 0.0588 0.059 0.039 0.039 0.0392 0.04 0.059 0.039 0.0784 0 0.03922 0.0392 0.078 0.06 0.059 

Social influence affect 0.0196 0.0196 0.0196 0.0196 0.02 0.0196 0.02 0.039 0.02 0.0196 0.02 0.02 0.02 0.0196 0.0392 0 0 0.02 0.02 0.02 

Return policy 0.0196 0.0196 0.0196 0.0196 0.039 0.0196 0.02 0.02 0.02 0.0392 0.06 0.039 0.02 0.0196 0.0392 0.01961 0 0.02 0.04 0.02 

Employee service facility 0.0196 0.0196 0.0392 0.0392 0.02 0.0392 0.02 0.02 0.02 0.0196 0.02 0.039 0.02 0.0392 0.0196 0.01961 0.0196 0 0.02 0.039 

routing simulation 0.0588 0.0588 0.0588 0.0392 0.059 0.0392 0.059 0.039 0.059 0.0588 0.04 0.059 0.039 0.0588 0.0588 0.03922 0.0392 0.039 0 0.059 

Alternative vehicles 0.0784 0.0588 0.0588 0.0392 0.059 0.0392 0.039 0.039 0.039 0.0392 0.04 0.039 0.059 0.0588 0.0588 0.03922 0.0392 0.039 0.08 0 
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Table 4. Total relation matrix 

Barriers C 1 C 2 C 3 C 4 C 5 C 6 C 7 C 8 C 9 C 10 C 11 C 12 C 13 C 14 C 15 C 16 C 17 C 18 C 19 C 20 

C 1 0.1106 0.1535 0.1623 0.1499 0.142 0.1453 0.159 0.125 0.161 0.1965 0.18 0.168 0.114 0.1722 0.2005 0.14221 0.1633 0.165 0.24 0.211 

C 2 0.1439 0.1281 0.1558 0.1265 0.119 0.139 0.154 0.12 0.156 0.1719 0.17 0.162 0.11 0.1663 0.1942 0.13756 0.159 0.159 0.23 0.205 

C 3 0.1939 0.2238 0.1793 0.1603 0.186 0.1946 0.208 0.189 0.211 0.233 0.21 0.219 0.137 0.2238 0.2375 0.17069 0.1721 0.198 0.29 0.252 

C 4 0.1369 0.1758 0.1647 0.1001 0.112 0.149 0.147 0.132 0.149 0.1641 0.15 0.136 0.103 0.1578 0.1674 0.11417 0.1348 0.133 0.21 0.178 

C 5 0.1122 0.1323 0.1579 0.132 0.088 0.1436 0.121 0.129 0.143 0.1741 0.12 0.147 0.118 0.1335 0.1602 0.14747 0.1087 0.126 0.2 0.17 

C 6 0.1329 0.1566 0.2015 0.1701 0.126 0.1286 0.162 0.129 0.164 0.199 0.16 0.17 0.134 0.1757 0.186 0.16375 0.1656 0.185 0.23 0.216 

C 7 0.1121 0.1684 0.1747 0.1113 0.106 0.1413 0.101 0.125 0.123 0.1547 0.14 0.146 0.097 0.1319 0.1403 0.0893 0.1099 0.143 0.2 0.187 

C 8 0.1207 0.1777 0.1852 0.1395 0.132 0.1511 0.13 0.098 0.151 0.1653 0.13 0.156 0.105 0.1604 0.1701 0.15392 0.0983 0.153 0.21 0.18 

C 9 0.1299 0.1727 0.1986 0.167 0.123 0.163 0.158 0.163 0.124 0.1958 0.16 0.167 0.131 0.1722 0.1645 0.14403 0.1259 0.164 0.22 0.212 

C 10 0.1269 0.1668 0.1771 0.13 0.12 0.1779 0.137 0.14 0.175 0.1362 0.16 0.164 0.111 0.1869 0.1957 0.12248 0.1421 0.181 0.2 0.208 

C 11 0.1273 0.1877 0.1964 0.1475 0.12 0.1791 0.175 0.124 0.178 0.1945 0.12 0.166 0.111 0.1697 0.1793 0.12241 0.1446 0.164 0.2 0.193 

C 12 0.1282 0.1863 0.1942 0.1279 0.121 0.1593 0.156 0.122 0.158 0.174 0.16 0.127 0.129 0.1693 0.1968 0.12239 0.1431 0.162 0.22 0.209 

C 13 0.0944 0.108 0.1149 0.0955 0.108 0.1218 0.1 0.091 0.101 0.1133 0.1 0.106 0.065 0.1276 0.1355 0.1292 0.0907 0.105 0.13 0.16 

C 14 0.1918 0.2023 0.2311 0.1937 0.165 0.2099 0.205 0.168 0.189 0.2283 0.19 0.216 0.153 0.1659 0.2512 0.14942 0.1708 0.213 0.26 0.249 

C 15 0.1951 0.2233 0.2347 0.1971 0.168 0.2129 0.208 0.171 0.192 0.2144 0.19 0.219 0.156 0.2421 0.1825 0.17046 0.1737 0.234 0.27 0.253 

C 16 0.0757 0.0883 0.0928 0.0773 0.072 0.0838 0.081 0.092 0.082 0.0909 0.08 0.086 0.067 0.0886 0.1116 0.05538 0.0549 0.085 0.11 0.1 

C 17 0.0907 0.1077 0.1135 0.0929 0.105 0.1027 0.099 0.089 0.101 0.1307 0.14 0.123 0.081 0.1077 0.1328 0.08882 0.0707 0.103 0.15 0.122 

C 18 0.0904 0.1049 0.1291 0.1096 0.086 0.1178 0.097 0.087 0.098 0.1093 0.1 0.121 0.08 0.1234 0.1125 0.08713 0.0886 0.081 0.13 0.138 

C 19 0.19 0.2182 0.2287 0.1739 0.182 0.19 0.203 0.167 0.206 0.2273 0.19 0.214 0.152 0.2189 0.2324 0.16699 0.1687 0.193 0.21 0.247 

C 20 0.2067 0.2142 0.2243 0.1717 0.181 0.1865 0.183 0.164 0.185 0.2064 0.18 0.193 0.168 0.2163 0.23 0.16625 0.1669 0.189 0.28 0.188 
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Then, according to technique, the sums of the 

total relation matrix's rows (R) and columns (C) are 
determined. The datasets (Ri+Ci), also known as 
prominence, and (Ri-Ci), also known as relation, of the 
barriers under consideration are computed (see Table 4). 
The prominence of the barriers indicates their significance. 
The classification of the barriers into cause-and-effect 
groups is shown by Relation (Ri-Ci). Additionally, the 
barriers are classified based on the (Ri+Ci) dataset, and on 
the basis of the (Ri-Ci) dataset, the barriers are separated 
into cause-and-effect groups (see Table 5). 

 
Table. 5- Calculation in row and column for making identity 

Barriers Ri Ci Ri+Ci Ri-Ci Identity 
C1 3.260 2.71 5.970 0.550 Cause 
C2 3.115 3.297 6.412 0.181 Effect 
C3 4.085 3.516 7.601 0.569 Cause 
C4 2.910 2.774 5.684 0.136 Cause 
C5 2.761 2.57 5.331 0.191 Cause 
C6 3.356 3.097 6.453 0.259 Cause 
C7 2.700 2.98 5.680 -0.279 Effect 
C8 2.967 2.63 5.597 0.337 Cause 
C9 3.260 3.048 6.308 0.212 Cause 
C10 3.156 3.48 6.636 -0.323 Effect 
C11 3.205 3.02 6.225 0.185 Cause 
C12 3.163 3.21 6.373 -0.046 Effect 
C13 2.200 2.32 4.520 -0.119 Effect 
C14 4.003 3.31 7.313 0.693 Cause 
C15 4.107 3.58 7.687 0.527 Cause 
C16 1.672 2.644 4.316 -0.971 Effect 
C17 2.146 2.652 4.798 -0.505 Effect 
C18 2.085 3.14 5.225 -1.054 Effect 
C19 3.973 4.09 8.063 -0.116 Effect 
C20 3.902 3.88 7.782 0.022 Cause 

 
Here values of (Ri + Ci) Reveals the importance of 

criteria/barriers and it indicates degree of relation between 
each criteria with other criteria. If value of (Ri+Ci) has 
higher it means it has more relation with other criteria 
same time less value of (Ri+Ci) indicates less relationship 
with other criteria. In the table 4, alternative vehicle has 
higher value it means it has maximum relationship with 
other criteria. Now (Ri-Ci) values give information about 
kind of relationship with other criteria.  If the values of 
(Ri-Ci) are positive it goes to cause group, known as 
dispatcher. In this analysis values of 11 criteria’s are 
positive it means these criteria’s influence to other criteria. 
Now if the values of (Ri-Ci) criteria are negative it falls 
under the effect group also known as receiver. Here 9 
criteria’s are considered in this group. Negative values of 
criteria shows that they are influence by other criteria. 
 

3.3 Causal Effect Diagram 

 
Figure 2. Causal Effect Diagram for criteria 

 
Figure 2 shows Causal effect diagram made in scattered 

plot in excel. In this diagram values of Ri+Ci is plotted in 
horizontal axis and values of Ri-Ci is plotted in vertical 
axis. This diagraph represents the direct and indirect effect 
of various criteria among each other. The threshold values 
to identify all the criteria which have negligible effect over 
other criteria are decided by Decision maker. In this article, 
11 criteria are found in cause group like Cost of delivery 
(C1), Number of delivery locations(C3), Time window 
and off-peak deliveries(C4), Traffic signal and 
congestion(C5), Lack of customer awareness(C6), Crowd 
sourcing(C8), Stochastic demand(C9), Inventory 
storage(C11), Lack of information technology(C14), Lack 
of new technology(C15), Alternative vehicles(C20) and 9 
criteria are considered in effect group like cost of 
maintenance and operations(C2), Loading and unloading 
facility(C7), Market competition and uncertainty(C10), 
Performance expectations(C12), Environment 
awareness(C13), Social influence affect(C16), Return 
policy(C17), Routing simulation(C19). 

 

 
Figure 3. Importance ratings of barriers to implement last 

mile 
 
The importance rating of the identified barriers based 

upon the (Ri+Ci) dataset (in table 5) is given as: C19-C20-
C15-C3-C14-C10-C6-C2-C12-C9-C11-C1-C4-C7-C8-
C5-C18-C17-C13-C16. 
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4. RESULT ANALYSIS AND DISCUSSION 

In this research article, 20 criteria/ barriers are 
considered. Out of these criteria’s, 11 criteria are found in 
cause group like Cost of delivery (C1), Number of 
delivery locations(C3), Time window and off-peak 
deliveries(C4), Traffic signal and congestion(C5), Lack of 
customer awareness(C6), Crowd sourcing(C8), Stochastic 
demand(C9), Inventory storage(C11), Lack of 
information technology(C14), Lack of new 
technology(C15), Alternative vehicles(C20) and 9 criteria 
are considered in effect group like cost of maintenance 
and operations(C2), Loading and unloading facility(C7), 
Market competition and uncertainty(C10), Performance 
expectations(C12), Environment awareness(C13), Social 
influence affect(C16), Return policy(C17), Routing 
simulation(C19) shows in figure 2. The importance of 
each criterion is revealed by the values of (Ri + Ci), which 
indicate the degree of relationship between each criterion 
and the others. If (Ri+Ci) value is higher, it suggests that 
it has a stronger association with other criteria. Conversely, 
if (Ri+Ci) value is lower, it shows that it has a weaker 
relationship with other criteria. As can be seen in Table 5, 
alternate vehicle (C20) has a greater value, indicating that 
it has the greatest link with the other criteria. Now, (Ri-Ci) 
values reveal the nature of the relationship with other 
criteria. If (Ri-Ci) is positive, it belongs to the cause group 
or dispatcher. When the values of eleven criteria’s are 
positive in this study, it suggests that these criteria have an 
influence on other criteria and when the values of the 
criteria are negative, the effect group, also known as the 
receiver, is formed. In this group, nine characteristics are 
taken into account. Criteria with negative values indicate 
that they are influenced by other criteria.  

 
5. MANAGERIAL IMPLICATIONS 

This study proposes an outline to improve the LMD 
performance with the help of twenty (20) barriers. 
According to the findings, cause group barriers have an 
impact on the effect group barriers, it would be necessary 
to focus on them in advance. Based on the outcomes of the 
total relation matrix, this research provides evaluation 
criteria of causal relationships among last mile delivery 
parameters. The research helps to improve the 
development of industrial growth, educate public and 
customers for active last mile delivery idea. This will also 
help decision makers to understand market scenario and 
to identify barriers which greatly affects the performance 
of LMD in downstream supply chain. 
 
6. LIMITATIONS AND FUTURE SCOPE 

The constraint of this learning is the consideration of 
qualitative parameters of last mile delivery although 
performance evaluation requires quantitative parameters 
also. It will affect the efficiency of last mile chain and 

perception of customer approach. In this study application 
of DEMATEL approach is done and one can go for further 
mixed MCDM method like VIKOR, TOPSIS, ISM, 
ELECTRA AND PROMETHEE etc. This will set the 
benchmark for improving the performance of last mile 
delivery. 

 
7. CONCLUSION 

In this article, an investigation is made for the barriers 
in last mile delivery using a DEMATEL approach. 
Literature survey helps in getting the input barriers. With 
the help of DEMATEL approach identify barriers are 
categorized in cause-and-effect group. There are twenty 
(20) barriers are identified. Out of twenty (20) barriers, 
Elevens (11) are considered in cause group and Nines (9) 
are considered in effect group. The most important 
barriers according to this study are routing simulation, 
alternative vehicles, and unawareness about upgraded 
technology. In this analysis some of the industrial visits 
are managed for considering data so that last mile delivery 
performance can be improved. The strength of this article 
is the application of DEMATEL in LMD, by identification 
of barriers and analyzing the cause-and-effect group. 
Literature validates the results obtain by the DEMATEL 
method in last mile context. 

The fact that the proposed work is among the first few 
to analyze last mile delivery barriers for the distribution of 
items in warehouses in the Indian environment is one of 
its strengths. Second, the obstacles are examined for 
causation and prominence, which can assist firms in 
focusing efforts, time, and resources on the most 
significant barriers to successful last-mile delivery in 
downstream supply chain practices.  

The goal of this study was to improve e-fulfillment 
performance by implementing the DEMATEL-based 
technique to evaluate last mile performance for an e-tailer 
while taking into account the interdependencies among 
performance characteristics. This study's methodology 
makes it easier to determine the relative importance of 
each performance component. The goal of this article is to 
educate the manager on the critical e-fulfillment 
performance factors that require close attention. Routing 
simulation, alternate vehicles, and unawareness of new 
technological advancements are the most crucial factors in 
performance improvement. Industry may utilize these 
collected data and further improve their growth and 
strengthen the economy. 
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