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Abstract
The increased e-commerce volume, especially with the pandemic, has shown us that the supply chain should never be
broken. Transportation, which is the most crucial element that connects the rings along the chain, has become more
critical. In the face of this situation, almost the whole world has faced the problem of truck driver shortage that has
never been mentioned before. The accident caused by the truck drivers, which we already have problems with in terms
of numbers, causes enormous losses in the chain such as high cost, time, and stock out. Therefore, the primary purpose
of this study is to identify the various barriers that are critical to the success of truck drivers in providing safe
transportation and to determine the weights and relative importance of these barriers. To find answers to these
questions, firstly, a detailed literature review is conducted to identify the barriers and challenges. Later, to find the
effects of these barriers within themselves, the Best-worst method (BWM) is used, which is one of the decisionmaking models. With this method, the importance order of barriers is determined from a holistic perspective. Based
on the results use of mobile phones is the most critical barrier among the sub-barriers. If it is necessary to sort among
all barriers; the age of the driver, experience of the driver and eating & drinking in the car follow looking at external
objects, respectively. Surprisingly, the aggressive driver behaviors barrier came in at the bottom of the overall barrier
ranking. Based on these results, this study gives the reader a comprehensive insight into how detected barriers affect
truck driver performance. Therefore, this framework is a roadmap that is designed with a holistic view to guide
manufacturers, logistics parties, and even policy and decision-makers.
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1. Introduction

Logistics and production are integral parts of a system, and the supply chain is one of the essential components in
ensuring this integrity. Managing the supply chain well diminishes a company's expenses, increases profits, and also
provides a balance between logistics and manufacturing activities. After the development of e-commerce since 2014,
logistics and supply chain activities have gained significant importance. With the developing technology, consumers
have the opportunity to examine the products they need at any time and to save time by making product and brand
comparisons in a short time, which encourages consumers to shop from e-commerce sites. Ensuring that products are
delivered to the customer on time and appropriately is a critical action in the supply chain. E-commerce retail sales
have grown rapidly since 2014, with worldwide retail e-commerce sales reaching $4.28 trillion in 2020 (Chevalier
2021). The pandemic that emerged towards the end of 2019 and to which the whole world was exposed also has a
share in this rapid increase. Especially in 2020, most governments implemented full or partial lockdowns that
negatively affected retailers and leads closures. While some retailers have found solutions with e-commerce, others
have had to exit the market. With the changing consumer behavior due to long-term quarantines, a new market has
emerged for retailers engaged in e-commerce, and sales have begun to increase. However, problems such as the
interruption of international trade as a result of the closure of the country's borders and the labor shortage due to
lockdowns cause some disruptions in the supply, transportation, and production stages (Chowdhury et al. 2021). For
instance, raw material supply in production processes has become a major crisis for some sectors, as was the case of
the chip shortage crisis experienced by automobile manufacturers during the pandemic period. As Wu et al. (2021)
stated, important automobile manufacturers such as Volkswagen and Toyota have had to suspend or close their
production lines in some countries. Considering such situations, logistics transportation and supply chain have become
important.
In addition to the problems experienced in supply and manufacturing during the pandemic period, some problems
have arisen in transportation as well. First of all, as the number of healthy drivers decreased due to the increasing rate
of spread of the epidemic, it became difficult to find substitutes for the truck drivers who had the disease. Besides,
although the regulation sets a driving limit of 11 hours after 10 consecutive hours of leave and a maximum of 60 hours
of driving in a week with consecutive working days (FMCSA 2020), drivers may not comply with the rules in order
to complete their transportation task. Moreover, while drivers are required to take a 30-minute break when they drive
for an 8-hour period, they continue to drive without taking a break in order to deliver the shipment on time.
Unfortunately, in such cases, the distraction of drivers who are exposed to long working hours due to non-compliance
with legal regulations can sometimes cause traffic accidents.
The increasing importance of the supply chain is emphasized not only by new developments such as e-commerce or
the emergence of situations such as pandemics but also by unexpected crises such as truck driver shortages that happen
in the United Kingdom after Brexit. Grozoubinski (2018) emphasizes that since the licenses of companies with
Community Licenses issued by the UK after Brexit are no longer accepted in the European Union, the truck drivers
of these companies cannot provide transportation to European Union countries. While this problem causes
unemployed truck drivers who cannot work because they do not have a valid driver's license in the EU, the truck driver
shortage across Europe also causes significant problems in the supply chain of companies. It is predicted that truck
driver issues will continue to be a problem in logistics activities, as in the examples of Brexit and pandemic crisis. In
previous studies, the scheduling of truck drivers for shipment planning of the companies is most studied. However, to
the best of authors' knowledge, in literature, a big gap exists due to the lack of studies on reasons and mitigation
strategies for truck driver distractions. Therefore, it is considered as the motivation of this study that there should be
more studies in the literature that include the precautions to be taken for truck drivers to have secured transportation.
To the best of our knowledge, this is the first study that focused on identifying barriers and challenges to truck driver
distraction, both theoretically and empirically. Therefore, the main purpose of this study is to identify the various
barriers that are critical to the success of truck drivers in providing safe transportation and to determine the weights
and relative importance of these barriers. Therefore, this study gives the reader a comprehensive insight into what are
the barriers for truck drivers to increase their success in providing safe transportation.
To find answers to these questions, firstly, a detailed literature review is conducted to identify the barriers and
challenges. Later, to find the effects of these barriers within themselves, the Best-worst method (BWM) is used, which
is one of the decision-making models. With this method, the importance order of barriers is determined from a holistic
perspective.
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The remainder of the article is structured as begin with a literature review related to truck drivers' distractions in
Section 2. The methodology and data collection are described in Sections 3 and 4, respectively. Numerical results and
discussion are presented in Section 5, and the final section of the article summarizes and concludes the study.

2. Literature Review

As mentioned in the previous section, the vital role of truck drivers in logistics and supply chain activities and the lack
of studies in literature related to truck drivers' distraction are the motivation of this paper. Considering the factors that
cause accidents, distraction and inattention have an important role (Regan et al. 2011; Klauer et al. 2006; Olson et al.
2009). Until now, driver distraction and inattention problems have been addressed in different studies. These two
terms have different meanings, however, they can be confused as both are close in meaning. Lee et al. (2008) state
that distraction is considered a subset of inattention and as basic meaning that diversion of the driver's attention from
the driving activity. In another sense, driver distraction means paying attention to other tasks unrelated to driving, thus
resulting in imminent crashes or serious crashes (Regan et al. 2011; Hedlund et al. 2005). On the other hand, driver
inattention occurs when the driver chooses to divert attention for a non-coercive reason (Regan et al. 2011; Treat
1980). Since the problems of driver distraction and its effects are examined rather than driver inattention in the
literature, this paper also focuses on studies on this subject.
Types of driver distraction are examined in two categories as inside of the vehicle and outside of the vehicle in the
study of Regan et al. (2008). They state that advertising billboards are examples of outside vehicle factors that might
distract attention while driving. When an advertisement is seen on the billboard that may attract the attention of the
driver, the driver may not be able to continue the driving action by turning the attention in that direction. Billboards
can pose a risk to drivers when they draw their gaze longer than 0.75 seconds, as this is considered the minimum
detection-response time required to react to an unexpected braking premise vehicle (Cunningham and Regan 2018;
Smiley et al. 2004). Also, looking at external objects, buildings, and previous accidents distract the driver. Other
external sources of distraction are the age and experience of the driver. In fact, although the increase in the age of the
driver means an increase in experience, it is seen that it may affects the driving vision and reflexes adversely (NHTSA,
2021).
Bayly et al. (2008) state that driver distractions in the vehicle can be caused by technology-related and non-technologyrelated reasons. Drivers in a hurry to reach a place may engage in activities that should not usually be done while
driving, and these actions are expressed as non-technology related in-vehicle distractions. For instance, if the driver
does not have time for breakfast or lunch, eating and drinking in the car cause distraction. Especially at this time,
dropping things into the car and trying to reach the dropped object reduces the driver's attention to the road, leading
to possible accidents. Furthermore, the presence of passengers in the vehicle may negatively affect the driver's
attention due to the driver's focus on conversation (Zhang et al. 2019). In light of past studies, Zhang et al. (2019)
examine the effect of the presence of passengers on young driver distraction and behavior, taking into account the
gender of the passenger and driver. Indeed, the in-vehicle factors that cause drivers to be distracted are not limited to
this.
The use of mobile phones as technology-related in-vehicle distractions is the most cited issue. With the development
of technology, it has become inevitable to increase the accidents caused by the use of mobile phones. When drivers
use a mobile phone while driving, their eyes are off the road, and this is called visual distraction, their minds are off
the road, and this is a cognitive distraction, and finally, their hands leave the steering wheel because they are using a
phone, which is called physical distraction (World Health Organization, 2011). It is aimed to reduce accidents by
increasing the use of hands-free phones instead of hand-held phones. In addition, automobile manufacturers contribute
to reducing the use of hand-held phones by producing alternative solutions thanks to Bluetooth-connected
technological interior equipment. While this technology is helpful for answering calls, drivers' texting tendencies still
remain a major factor for distraction. Ortiz et al. (2018) state that due to the rapid increase in the use of smartphones,
accessing the internet, using social media applications, or checking e-mail and messaging poses a risk to the driver's
attention on the road. Besides, the development and widespread use of In-Vehicle Information Systems (IVIS) bring
several benefits in terms of productivity, however, it endangers traffic safety (Donmez et al. 2003). Technological
systems such as satellite navigation devices, Bluetooth, audio, and touch screen in vehicles are also examples of invehicle technological distractions.
Driver distraction can also happen to drivers using transportation vehicles such as trucks. However, few studies have
examined the prevalence of distracted driving and associated accident risk among large truck drivers (Claveria et al.
2019; Hickman and Hanowski 2012; Olson et al. 2009). The relationship between mobile phone usage and large truck
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accidents and the factors in truck drivers' phone usage while driving are examined with the data collected through a
survey in the study of Claveria et al. (2019). Stavrinos et al. (2016) also examine the effects of cell phone usage and
texting on the driving performance of truck drivers by using a driver simulator. In addition, some products such as
satellite tracking, navigation, and wireless telephone are used in trucks for tracking vehicles and communicating with
dispatchers. A research program from NHTSA, U.S. Department of Transportation, National Highway Traffic Safety
Administration, presents workload assessment methods to determine the safety implications of using in-vehicle
technologies while driving (Ranney et al. 2001). Another point of view that causes truck driver distraction is driver
fatigue caused by long hours of work and lack of sleep (Horberry et al. 2021). Bunn et al. (2005) conducted a study
that analyzed both sleepiness and fatigue of truck drivers as accident factors. In order to reduce driver fatigue, daily
and weekly limits on working hours are regulated in countries. However, non-compliance with these regulations,
especially due to truck drivers' efforts to deliver the shipment on time, driver fatigue is still considered one of the
major causes of accidents. Young (2008) estimates that 55% of all known sources of distraction are preventable, which
an indication that countermeasures can be developed is (Regan and Hallett 2011).
There are several studies to research mitigation strategies for driver distraction in literature. In the study of Donmez
et al. (2003) mitigation strategies are separated into which driving-related or non-driving-related categories with three
different levels of automation, and it has been investigated whether driver distraction mitigation strategies reduce
driver distraction (Donmez et al. 2006). Utilizing the IVIS feature to prevent an accident during distraction has
revealed the warning as a mitigation strategy of distraction. The success of collision warning systems depends on how
well the algorithm is adapted to the capabilities and preferences of the driver. (Lee et al. 2004). In general, previous
studies have used linear and logistic modeling approaches for mitigation strategies, while recent studies have been
working on trending approaches such as machine learning to implement in-vehicle technologies (e.g., McDonald et
al. 2020; Masood et al. 2020; Schwarz et al., 2016). The use of monitoring and warning systems has increased with
the development of the driver monitoring system (DMS), which gives an audible warning when it detects a state of
inattention (Ferreira et al. 2019). These mitigation strategies can also be beneficial for long haul vehicles. Monitoring,
detection and mitigation of distractions are of great importance for the prevention of traffic accidents and the health
of truck drivers with long working hours.
It is important both theoretically and experimentally to determine the potential criteria that affect the causes of the
truck driver's distraction and to create a holistic framework that includes these criteria for an effective and successful
logistics management for buyers and managers, especially for drivers. Therefore, after a detailed literature search, a
total of nine important sub-criteria were determined under two main headings, inside and outside the research. The
criteria and by whom they were used before are presented in Table 1.
Table 1. Driver distraction barriers
Main Dimensions
Inside Vehicle

Sub-Barriers
Working and resting times of drivers
Eating and drinking in the car
Aggressive driver behaviors
Use of mobile phones
Looking at external objects

Outside Vehicle

Age of the driver
Experience of the driver
Wage and overtime policy
Situation of the roads

Authors
Bunn et al. (2005); Horberry et al. (2021)
Young et al. (2008); Zhang et al. (2019)
Cheung et al. (2018); Hoback (2019)
Bayly et al. (2008); Stavrinos et al. (2016);
Ortiz et al. (2018)
Smiley et al. (2004); Regan et al. (2008);
Cunningham and Regan (2018)
Tefft (2017); Regev et al. (2018); Zhang et al.
(2019)
Ehsani et al. (2020); Park & Park (2021)
Park et al. (2021); Chen et al. (2021)
Hickman and Hanowski (2012); Olson et al.
(2009); Claveria et al. (2019)

From the point of view of the holistic and systems approach, it can be said that the barriers under different
recommendations may be related to each other and the order of weights may be different. In parallel with this purpose,
the weight and order of each barrier will be found by using the BWM method.
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3. Methods

BWM is a comparison-based multi criteria decision making method that compares the best determined criterion with
other criteria and compares all other criteria with the worst determined criterion. The main difference of this method
is determining the weights of the criteria by using an optimization model. So, this method is used to evaluate a set of
alternates with respect to a set of decision criteria. Below, the application steps of the BWM are explained respectively
(Rezaei, 2015).
Step 1: A number of decision criteria are set. In this step, the DM determines the n criteria 𝐶𝐶 = {𝑐𝑐1 , 𝑐𝑐2 , … , 𝑐𝑐𝑛𝑛 } used to
give the decision, 𝑛𝑛 denotes the total number of the criteria.
Step 2: The best (𝑐𝑐𝑏𝑏 ) and worst (𝑐𝑐𝑤𝑤 ) criteria are determined by the DM from the set of criteria. The criterion
determined as the best is the most desired and most significant criterion. The worst criterion is the least desired and
least significant criterion.

Step 3: The preference ratio of the criterion that is best (𝑐𝑐𝑏𝑏 ) chosen according to all other criteria is determined for
binary comparison. This preference ratio is expressed by the DM as a number between one and nine where one is
‘equally significant’ and nine is ‘extremely significant’. Then a vector called ‘Best-to-Others’ (𝐴𝐴𝐵𝐵 ) is reached that
goes from best to others. This vector is as follows.
𝐴𝐴𝐵𝐵 = (𝑎𝑎𝐵𝐵1 , 𝑎𝑎𝐵𝐵2 , … , 𝑎𝑎𝐵𝐵𝐵𝐵 )
Each 𝑎𝑎𝐵𝐵𝐵𝐵 in the 𝐴𝐴𝐵𝐵 vector shows the preference of 𝐵𝐵, which is the best criterion, according to criterion 𝑗𝑗. Value is an
integer number between one to nine. In addition, if 𝑎𝑎𝐵𝐵𝐵𝐵 = 1, so the most desired and most significant criterion will be
compared with itself.

Step 4: The preference ratio of the criterion that is worst (𝑐𝑐𝑤𝑤 ) chosen according to all other criteria is determined for
binary comparison. This preference ratio is expressed by the DM as a number between one to nine as in Step 3. The
vector emerges, which is the worst from the other criteria. Then a vector called 'Others-to-Worst' (𝐴𝐴𝑊𝑊 ). This vector is
as follows.
𝐴𝐴𝑤𝑤 = (𝑎𝑎1𝑊𝑊 , 𝑎𝑎2𝑊𝑊 , … , 𝑎𝑎𝑛𝑛𝑛𝑛 )𝑇𝑇
Each 𝑎𝑎𝑖𝑖𝑖𝑖 in the 𝐴𝐴𝑤𝑤 vector, shows the preference of criterion 𝑗𝑗 over the worst criterion 𝑊𝑊. In addition, 𝑎𝑎𝑊𝑊𝑊𝑊 = 1.
This means that the worst criterion will be compared to itself.

Step 5: For each criterion, their optimal weight is determined 𝑤𝑤 ∗ = (𝑤𝑤 1∗ , 𝑤𝑤 2∗ , … , 𝑤𝑤 𝑛𝑛∗ ). The optimal weight for the
criteria is 𝑤𝑤𝐵𝐵 ⁄𝑤𝑤𝑖𝑖 = 𝑎𝑎𝐵𝐵𝐵𝐵 and 𝑤𝑤𝑖𝑖 ⁄𝑤𝑤𝑤𝑤 = 𝑎𝑎𝑖𝑖𝑖𝑖 for each pair of 𝑤𝑤𝐵𝐵 ⁄𝑤𝑤𝑗𝑗 and 𝑤𝑤𝑗𝑗 ⁄𝑤𝑤𝑤𝑤 , respectively 𝑗𝑗 = (1,2, … , 𝑛𝑛). The
weight vector must not be negative and the total condition must be 1.
The problem equation is transferred to the following linear programming problem.
min ξ
|𝑤𝑤𝐵𝐵 ⁄𝑤𝑤𝑗𝑗 − 𝑎𝑎𝐵𝐵𝐵𝐵 | ≤ ξ, for whole 𝑗𝑗
|𝑤𝑤𝑗𝑗 ⁄𝑤𝑤𝑤𝑤 − 𝑎𝑎𝑗𝑗𝑗𝑗 | ≤ ξ, for whole 𝑗𝑗
∑ 𝑤𝑤𝑗𝑗 = 1,
𝑤𝑤𝑗𝑗 ≥ 0, for whole 𝑗𝑗 = 1,2, … , 𝑛𝑛

Step 6: With the completion and solving of all this model, optimum weights (𝑤𝑤1 ∗ , 𝑤𝑤2 ∗ , … , 𝑤𝑤𝑛𝑛 ∗ ) and ξ value are
obtained. The value of ξ expresses the maximum absolute difference and the Consistency Ratio (𝐶𝐶𝐶𝐶) is used to control
the reliability of the optimal weights and it expresses the reliability among the got weights and the binary comparison
data ensured by the DM. 𝐶𝐶𝐶𝐶 is shown as follows.
𝐶𝐶𝐶𝐶 = ξ∗ ⁄𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐶𝐶𝐶𝐶)
𝐶𝐶𝐶𝐶 is a number between zero to one (𝐶𝐶𝐶𝐶 ∈ [0, 1]), zero indicates complete consistency. According to the
𝑐𝑐𝑤𝑤 criterion, determining the largest 𝑎𝑎𝐵𝐵𝐵𝐵 preference ratio of the 𝑐𝑐𝑏𝑏 criterion (1,2, . . . , 9), the maximum ξ value
emerges. These maximum values are used as 𝐶𝐶𝐶𝐶. It turned out that the higher the value, the weaker their consistency
ratio and the less reliable the comparisons, and the lower the value, the higher the consistency ratio.

4. Data Collection

As stated in the previous section, a total of nine barriers were determined, including two main dimensions, inside and
outside the vehicle. The barriers were approved by taking the opinions of five experts who have at least ten years of
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experience in logistics and work in senior positions. The BWM matrix was then presented to the same experts for
weighting and ranking these barriers. The BWM application was completed by experts working in senior positions in
different logistics companies. In this study, the experts whose opinions were taken are authorized persons working in
the field of supply chain operations in Turkey's largest logistics companies. Information about these experts is shown
in Table 2.
Table 2. Information about experts
Expert
1
2
3
4
5

Area of Expertise
Food
Purchasing
Production Planning
Supply Chain
Marketing

Position
Engineer
Manager
Manager
Director
Manager

Experience
6
>15
10
7
7

The research methodology was explained in detail in the previous section. The proposed mathematical model is coded
and solved by EXCEL. The answers from experts were put into the mathematical model and the model was run. By
solving the BWM model, the weights of different criteria and sub-criteria were determined. The results are discussed
in the next section.

5. Results and Discussion

Before analyzing the weights of each barrier, we should check to what extent the results are reliable. The Consistency
Ratio (CR) of the pairwise comparison data provided by the decision-makers must be looked at to check the reliability
of the barrier weights obtained. As seen on Table 3, consistency values of the inside and outside vehicles are 0,303
and 0,213, respectively. This means that the closer the ξ* to zero is the better, so there is not any problem about the
reliability of the data and analysis.
Table 3. General results of the BWM
Dimension

Inside
Vehicle

Outside
Vehicle

𝝃𝝃∗
0.303

0.213

Weight Rank

0.4375

0.125

1

2

Barriers
C1-driver fatigue
C2-eating and drinking in the car
C3-aggressive driver behaviors
C4-use of mobile phones
Total
C5-looking at external objects
C6-age of the driver
C7-experience of the driver
C8-wage and overtime policy
C9-situation of the roads
Total

Local
Rank
Weight

Global
Weight

Global
Rank

0.1573
0.1179
0.0842
0.6404
1.0000
0.5530
0.1531
0.1094
0.0567
0.1276
1.0000

0.0702
0.0843
0.0526
0.2732
0.4804
0.0843
0.2107
0.1405
0.0526
0.0312
0.5195

6
4
7
1

2
3
4
1
1
2
4
5
3

5
2
3
8
9

Based on the global weights obtained by BWM, the ‘inside vehicle’ dimension is the more important than 'outside
vehicle' dimension. Moreover, the use of mobile phones (C4) is the most important barrier among the sub-barriers. If
it is necessary to sort among all barriers; age of the driver (C6), the experience of the driver (C7) and eating & drinking
in the car (C2) follow looking at external objects (C5), respectively. Surprisingly, the aggressive driver behaviors (C3)
barrier came in at the bottom of the overall barrier ranking.
It is clearly seen that situation of the roads (C9) is the least important one with value of 0.0312. Wage and overtime
policy (C8) with the value of 0.0526 was given the second-lowest priority. A graphical representation of the results is
presented in Figure 1. Based on these results, this study gives the reader a comprehensive insight into how detected
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barriers affect truck driver performance. Therefore, this framework is a roadmap that is designed with a holistic view
to guide manufacturers, logistics parties and even policy and decision-makers.
Weights

0.3
0.2
0.1
0

C1

C2

C3

C4

C5

C6

C7

C8

C9

Figure 1. Weights of each barrier

6. Conclusion

The increased e-commerce volume, especially with the pandemic, has shown us that the supply chain should never be
broken. Transportation, which is the most important element that connects the rings along the chain, has become more
important. In the face of this situation, almost the whole world has faced the problem of truck driver shortage that has
never been mentioned before
The accident caused by the truck drivers, which we already have problems with in terms of numbers, causes huge
losses in the chain such as high cost, time and stock out. Looking at the literature, we found that there is no current
study on this subject. For these reasons, the main research subject of this study is to determine the barriers of truck
drivers that can cause accidents and to determine the order of importance of these detected barriers. BWM is applied
to find the answers of all these questions.
Based on the results use of mobile phones is the most important barriers among the sub-barriers. If it is necessary to
sort among all barriers; age of the driver, experience of the driver and eating & drinking in the car follow looking at
external objects, respectively. Surprisingly, aggressive driver behaviors barrier came in at the bottom of the overall
barrier ranking.
Based on these results, this study gives the reader a comprehensive insight into how detected barriers affect truck
driver performance. Therefore, this framework is a roadmap that is designed with a holistic view to guide
manufacturers, logistics parties and even policy and decision-makers. This study is a first attempt to investigate the
potential effects of truck drivers on items that could cause an accident. Future studies can be extended to develop and
analyze different applications so that the detected barriers can be removed in real life. This study was conducted in a
developing country. Comparative results can be obtained with a study to be conducted in developed countries.
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