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Abstract

The human factor is the most important cause of road accidents. Investigating
the drivers’ mental patterns can lead to a better understanding of the factors that
affect drivers to make a mistake and thus increase the likelihood of an accident.
In this study, mental patterns of drivers as a human characteristic are deter-
mined through a questionnaire survey. To do this, 166 participants (18 - 65
years) were asked to express their opinion on the possible effect of 25 factors on
the occurrence of accidents. These factors were selected through the investiga-
tion of the accident database during the last three years in different areas of the
case study. To analyze the data extracted from the survey, Q-methodology was
used. The results of the factor analysis showed that there are 5 mental patterns
among the participants. Based on the driver’s opinion, human factors and road
conditions were the most and least influential accident-generating items, re-
spectively. The most significant reason for accidents determined by drivers
was human errors including 1) unauthorized overtaking, 2) unauthorized
speed, 3) driver distractions (such as cell phone), and 4) driver physical disa-
bility (such as visual impairment). Moreover, the failure of the vehicle was
mostly reported as another influential contributor to accidents. It is worth
mentioning that the results of this study can be used to minimize accidents re-
sulted from drivers’ behavioral errors by suggesting strategies for enhancing
their performance through new manuals which is a step towards a safer road.

Keywords
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1. Introduction

World Health Organization reported that more than 1.35 million people are
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killed and 50 million are injured worldwide each year due to traffic accidents [1].
In order to minimize accidents, the behavior of drivers should be studied. In-
creased distance between homes and workplaces, as a result of urbanization in
modern life besides population growth, has increased the need for transporta-
tion. The most remarkable consequence of this need is the increased enthusiasm
of people to use personal vehicles during urban and suburban trips, resulting in
an abnormal increase in the number and severity of traffic accidents [2] [3] [4].
Generally, the main factors affecting accidents can be classified into four groups:
road (geometrical and traffic flow characteristics), vehicles (vehicle ability, tech-
nical defects of elements), human factors (driver’ characteristics, behaviors, and
physiological abilities), and the environment (weather conditions) [5] [6] [7].
These factors interact with each other to affect the occurrence of accidents, and
if one of these factors becomes unstable, the possibility of an accident will be in-
creased. Based on the previous crash reports, the human factor has been identi-
fied as the main reason for accidents. Therefore, studying the behavior of drivers
as one of the most influential human factors in the occurrence of accidents can
play an essential role in preventing them. In this study, the mental patterns of

the drivers as a human factor in the accident’s occurrence were studied.

2. Problem Importance and Research Goal

Analyzing the behavioral parameters of drivers, pedestrians, and traffic charac-
teristics of accident points have a pivotal role in identifying the effective factors
to reduce the number of accidents [8] [9] [10] [11]. Based on accident databases,
causes related to vehicle, environment, and road factors affecting the occurrence
of accidents have been investigated by researchers through various studies
[14]-[23]. Previously, various studies have focused on the causes of accidents,
especially human factors as a considerable factor of accidents [4] [5] [6] [7] [17]
[20] [21] [22]. For instance, Young et al. (2018) reported the possible effects of
texting while driving as a human error factor [23]. Recently, in addition to ques-
tionnaire-based and accident-based database studies, some studies have been
conducted to improve pedestrian safety through data collection. Sheykhfard and
Haghighi (2018) examined a set of conflicts between drivers and pedestrians to
describe a set of behaviors that can lead to an increased probability of collision
between them. They evaluated the NDS of 29 participating drivers by installing
three in-vehicle cameras on urban roads. 289 vehicle-pedestrian conflicts were
identified. Evaluation of video data extraction showed that some mistakes
stemmed from pedestrians or drivers led to an increased chance of collision. An
example of this mistake was the aggressive behaviors of pedestrians, such as
running on the road or starting to cross the street without looking at the route
were one of them. For driver’s error, distracted drivers were noticeable, and the
reason for distraction was either talking to the occupants or listening to music
[24]. In another study, a set of drivers’ actions to prevent pedestrians from col-

liding in divided and undivided roads was assessed. Evaluation of 701 conflicts
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through the NDS of 66 participants showed that drivers performed actions such
as decelerating, accelerating, and braking to a complete stop and changing lanes
to prevent pedestrians on both roads [25].

However, there is a gap in evaluating the influential parameters from the
perspective of the driver, especially the mental behavior of drivers. In the present
study, the mental behavior of drivers is assessed by analyzing the data extracted
from the questionnaire surveys. For this analysis, the Q-methodology is used.
Q-methodology is a tool that enables researchers to identify and classify percep-
tions and beliefs, as well as classify individuals into different groups according to
their perceptions [15] [19]. This leads to the evaluation of drivers’ mental pat-
terns of behavior and thus identifying the reasons of accident occurrence. The
main purpose of this technique is to reveal different patterns of thinking and not
to count the number of people who have different opinions. A significant dif-
ference in Q-methodology compared to other conventional analysis methods is
that the Q approach evaluates individuals instead of variables that leads to
achieving a kind of typology [15].

The aim of this research is to determine influential factors that lead drivers to
make mistakes and thus increase the possibility of an accident. Moreover, the
results of this study can be effective in reducing the accidents caused by drivers’
behavioral errors through suggesting strategies for enhancing their performance
which boosts the safety of roads.

Despite numerous studies on accidents, there is a lack of information regard-
ing the mental pattern of drivers using Q-methodology to categorize the causes
of accidents from the perspective of drivers themselves. The benefit of this study
can specifically improve road traffic safety because determining drivers “mental-
ity patterns can lead to a general mentality pattern. This general pattern can di-
rectly help to improve drivers” performance by minimizing driver behavioral

error and thus reducing accident occurrence.

3. Methodology
3.1. Q-Methodology

Q-methodology is a research technique used in psychology and social sciences to
study people’s viewpoints. This method was developed by psychologist William
Stephenson. He invented it to answer this question: “What makes people
unique?”. Instead of recognizing similar attitudes in people, Stephenson tried to
understand a unique attitude in them [15]. His idea is based on a common factor
analysis approach. This analysis is based on selecting N individuals and measur-
ing M attributes in each of them and then calculating the intrinsic correlation by
using Spearman’s method or any other factor analysis methods. Subsequently,
this new approach to the subject is the opposite of former methods, which were
revolved around measuring N characteristics in M individuals and calculating
the intrinsic correlation between them and then extracting the pertinent factors.

In other words, unlike conventional research methods that were selecting N

DOI: 10.4236/jtts.2020.102011

171 Journal of Transportation Technologies


https://doi.org/10.4236/jtts.2020.102011

A. Sheykhfard et al.

people and measure M attributes, in the Q-Methodology, M people are selected
to measure N attributes of themselves.

Contrary to the traditional methods where the selected individuals have a pas-
sive attitude toward measurement, the Q-methodology is based on an active at-
titude that needs to be measured [19]. This methodology was founded on the
basis that not only the perceptions of the world but also the real world is unique
to each of them. Q-methodologists opted for epistemological constructivism by
accepting that humans act on images of reality rather than reality itself. This ap-
proach is close to the cognitive approach, which believes that behaviors should
be examined through information processing derived from stimuli, not stimuli
themselves [15] [19].

The Q diagram is a chart that is given to the participants to show their view-
points by placing different items into different cells inside the chart. In this dia-
gram, there is a gradual range where participants sort the items based on the de-
gree of agreement or disagreement with the graph. Typically, the degree of
symmetry ranges from -x to +x where negative values show disagreement and
positive values represent an agreement with the item content. A value of zero is
assigned to neutral or uncertain. In the Q diagram, items can be distributed ei-
ther in a free or forced method. Forced distribution requires participants to use a
spectrum with a specific grading and to place some items at each point of the
spectrum. In a free distribution, the participants have more freedom to act regu-
larly. For example, where there is no restriction, they can place the items in the
range of any order they wish. Therefore, the form of distribution of the items is
not predetermined and each participant will create their own choice. Based on
previous studies, forced distribution is better to be used in the Q-methodology
[26] [27]. Accordingly, a forced distribution is used for Q-methodology in the
present study.

To evaluate the Q-methodology, factor analysis and varimax method are typi-
cally utilized for the analysis of the results. Factor Analysis is an analytical me-
thod used to identify the number and nature of latent variables responsible for
variability in the data. Varimax rotation is a common technique that attempts to
minimize the complexity of the factors by making large loadings larger and small

loadings smaller within each factor [28].

3.2. Applying Q-Methodology in the Case Study

According to the statistics of the Iranian Legal Medicine Organization [29], the
roads between the cities of Lorestan province especially those around Khorra-
mabad are one of the most dangerous roads with high-risk of accident probabili-
ties. In the first step of current study, accident recorded data on the case study
were investigated using the accident database. Accordingly, this resulted in the
identification of 25 main items that were selected as the main factors to prepare
the questionnaire items that are shown in Table 1. In the next step, we designed a
questionnaire survey and distributed among 166 drivers with a maximum age of

65 and a minimum of 18 years old. The drivers were asked to rate the risk of each
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Table 1. Questionnaire items.

Question Items
1 Improper monitoring of traffic police
2 Defect of traffic control tools such as signs
3 Sudden changes in road width along the route
4 Inappropriate weather conditions
5 Non-standard road width
6 Failure to comply with the rules by the driver
7 Unauthorized overtaking
8 Unauthorized speed
9 Driver physical disability such as poor vision
10 Drug and Alcohol
11 Lack of sufficient driver skills
12 Non-standard road curve
13 Damage to asphalt pavements such as slippage cracking or road pits
14 Failure to observe standard longitudinal distance with other vehicles
15 External factors of driver distraction such as advertising on the sidewalk stores
16 Internal factors of driver distraction such as cell phone
17 Driver drowsiness
18 Not paying attention to the right of another road users
19 Vehicle technical defect
20 No road shoulder
21 Agricultural and cattle traffic
22 Non-standard path lighting
23 Unauthorized pedestrians crossing the road
24 Improper path alignment
25 Nonstandard Input and Output on road

item causing an accident. In this regard, participants were asked to show the ex-
tent they agree or disagree with each item on the occurrence of an accident by
placing the items in the graph of Q from +4 (extremely effective) to —4 (ex-
tremely ineffective). Furthermore, zero indicates the lack of knowledge or belief
of the participant for the impact of the item on the accident.

In the current case study, in order to determine different mental patterns, data
extracted from questionnaires were evaluated using factor analysis. These data
were information filled by participants about the possible effect of the question-
naire items on the possibility of accidents that scored using the Q-methodology.
Afterward, to simplify the analysis process varimax rotation was applied. Accor-
dingly, questionnaire items were associated, and the pertinent factors were con-

sidered.
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4. Results and Discussion

4.1. Drivers’ Mental Patterns

After distributing the questionnaire survey, 166 participants stated their view-
points on the 25-item representing the most influential factors in the accident
occurrence. By placing each of these items into the cells with different scores in
the form of Q-methodology, they determined the impact of each item according
to their mental perspective. Extraction and analysis of the different mental pat-
terns ultimately identified the five most common mental patterns among the
participants.

The quantitative diagrams of mental patterns are shown in Figure 1. The tri-
angular shape of this figure explains the extent to which each item has an impact
on an accident from the participants’ viewpoint. The cell number indicates the
item number of the questionnaire and the number on the horizontal axis shows
the impact of the items. Some items have a strong impact (+4), while others have
the least impact (—4).

As shown in Figure 1, participants were given a 9-degree spectrum for 25

Figure 1. Final mental patterns based on Q-methodology evaluation.
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items to place the items within the spectra. The numbers on the horizontal axis
indicate the degree of relevance of the item to the likelihood of an accident oc-
curring and the sign of that type of relationship (positive or negative). Consi-
dering Figure 1, it seems participants were really conservative to use the highest
and lowest threshold because they have only selected one item in +4 and —4 de-
grees and five items in the zero degree as a neutral opinion, which means lack of
information for those contributors. To better understand this figure and evaluate
the participants’ viewpoint, Table 2 presented. This table summarizes the par-
ticipants’ most influential and least influential accident-generating items catego-
rized in five patterns.

According to the table, the first mental pattern is based on the common men-
tality and perspective of this mental model, the human error has been selected as
the main cause of an accident. From the group’s viewpoint, the driver’s physical
problems, such as driver’s vision impairment, especially for the elders, were fac-
tors that cause the drivers to malfunction in conditions of poor vision. On the
other hand, the participants’ subjective and psychological imbalance caused by
drug and alcohol use as risky drivers were identified as a contributory risk factor.
Moreover, sleep pills and painkillers were other factors reported in this mental
pattern. Another important factor that was the main cause of the high incidence
of accidents in this mental model is the unauthorized speed, which, according to
many studies in the field of traffic safety, can cause accidents of varying severity.
Finally, the participants identified the issues of road factors as having little im-

pact on the occurrence of accidents.

Table 2. The most and least influential items in each of the mental patterns.

Accident-generating items

Pattern
Most influential Least influential
- Diri hysical disabili h
.r.1ver physical disability such as poor No road shoulders
1 vision - Non-standard road width
- Drug and Alcohol . .
. - Sudden changes in road width along the route
- Unauthorized speed
- Internal factors of driver distraction =~ - Non-standard road curve
5 such as cell phone - Sudden changes in road width along the route
- Unauthorized overtaking - Not paying attention to the right of another
- Unauthorized speed road users
- Vehicle technical defect - Improper path alignment
- Drug and Alcohol - Failure to comply with the rules by the driver
- Internal factors of driver distraction =~ - Not paying attention to the right of another
such as cell phone road users

- Unauthorized overtaking

- Vehicle technical defect .
4 . . o - Defect of traffic control tools such as signs
- Driver physical disability such as poor

- No road shoulders

., - Unauthorized pedestrians crossing the road
vision

- Drug and Alcohol - Lack of sufficient driver skills
5 Internal factors of driver distraction =~ - Damage to asphalt pavements such as slippage
such as cell phone cracking or road pits
- Unauthorized overtaking - Improper monitoring of traffic police traffic
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The second mental pattern was similar to the common mentality and view-
point of the first mental group. Attendants in this group believed that the human
factor is the main cause of the accident. In their view, the variables that cause
drivers to be distracted from traffic flow were the main source of drivers’ error
and malfunction in sensitive situations. Texting and talking on the cell phone
have been recognized as a significant factor in the driver’s distraction. On the
other hand, being in a hurry condition due to inadequate time management by
drivers, such as worrying about being on time at work, results in drivers to be
distracted. This ultimately leads to a lack of aptitude and a lower level of con-
sciousness of the driver for changes in traffic on the route. In this mental pat-
tern, unauthorized speed was once again identified as one of the main links in
the drivers’ chain of errors and mistakes in causing accidents.

The third mental pattern was based on the fact that human factors solely can-
not be the primary cause of accidents. Participants believed that although the use
of substances such as alcohol and distracting factors such as cell phones reduce
drivers’ concentration and ability and ultimately lead drivers to the poor per-
formance, the other share of accidents is due to the weakness of the vehicle’s
brake system. The issue in places where drivers need to slow down, such as ap-
proaching curves or intersections, can result in an accident due to the malfunc-
tion of the vehicle.

The fourth mental pattern was human and vehicle factors. The vehicle factor
caused by the damage of the tire can result in a reduced level of sufficient contact
between the tire and the pavement. Ultimately, this can lead to inadequate and
timely braking insensitive driving conditions. From the perspective of people
with this mental pattern, road factors such as defects or lack of pavement mark-
ing, and signposts will not have much effect on the drivers’ error. In fact, they
believed that drivers can perform different functions if they are sufficiently
skilled in driving. Furthermore, based on participant’s perspective, skilled driv-
ers’ can alert while traveling which helps them to overcome such insufficiencies
and ultimately make a proper decision while driving.

The fifth mental pattern was based on the mentality of this group. The drivers’
error in evaluating the traffic flow condition due to the use of alcohol or drug
and distraction caused by talking on the cell phone are the main contributing
factors. Unauthorized overtaking and unauthorized lateral distance are other
important drivers’ performance impairment. In the view of these people, despite
the problems at the level, such as slippage cracking or road pits, skilled drivers

can reduce the possible error with their proper performance.

4.2. Factor Analysis for Q-Methodology Results

In this section, the details of how five patterns were selected through factor
analysis are explained. Based on varimax rotation that used for analyzing 166
questionnaires, five patterns were identified. In other words, overall, the five

general patterns could represent the pattern of the 166 participants in terms of
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the causes of accidents.

Table 3 shows the rotating factor matrix. According to this matrix, the people
in each of the five mental patterns were identified. One criterion in factor analy-
sis is the selection of a factor with large factor loadings (more than 0.7) even
though the number of people under the threshold is small. Factor loading is bas-
ically the correlation coefficient for the variable and factor. Factor loading shows
the variance explained by the variable on that particular factor. Generally, 0.7 or
higher factor loading represents that the factor extracts sufficient variance from
that variable [28].

Table 4 shows the analyzed data using factor analysis for these patterns. The
total variance values in the table are given by which the factor analysis identifies
five mental models. It can be seen that these five patterns together account for
about 94% of total variances.

4.3. Findings and Comparison to Previous Studies

Human factors and road properties were the most and least influential acci-
dent-generating items based on driver’s opinion, respectively. Although vehicle
and environment are other factors that can affect accidents, participant drivers
only selected vehicle as the other most influential factor for accidents. The envi-
ronmental factor was not the area of drivers’ interest since it was not in any of

the influential items of the five patterns. The human factor is known as the main

Table 3. Rotated matrix of patterns.

Pattern
Participant
1 2 3 4 5
1 0.114 -0.215 0.816 -0.029 -0.117
2 -0.213 0.312 0.230 0.926 0.114
3 0.035 0.122 0.148 0.955 0.055
4 0.795 -0.293 -0.211 0.198 -0.065
5 -0.072 0.906 -0.202 0.174 -0.315
166 0.111 0.213 0.894 -0.208 0.142

Table 4. The result of the factor analysis.

Rotation Sums of Squared

pattern Most influential item category = Total  Percent of variance The cumulative percentage
1 Human factor 13.114 37.214 37.214
2 Human factor 9.254 21.119 58.333
3 Human and vehicle factors 6.215 14.406 72.739
4 Human and vehicle factors 4.230 11.931 84.670
5 Human factor 3.880 9.314 93.984
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factor in accidents [1]. The important aspects of human errors have been stated
as the principal reason for road accidents in some studies [30] [31]. Driving is a
circle of actions interconnected in complicated systems. An incorrect interpreta-
tion of the road will result in improper performance by the driver. Yet, the es-
sential feature of the performance suggests that the drivers must not be confused
by other internal or external factors. Previous studies have reported the negative
impact of internal distraction factors such as a cellphone [29] [30], or talking to
passengers [24], as well as eating and drinking [30] [31] on doing a proper per-
formance by the driver. The effect of external tools, such as traffic signs [32] [33]
or digital billboards [7] on driver distraction and the likelihood of an accident
has also been reported. The effects of other factors such as using drugs and al-
cohol on the drivers’ behavior such as driving at unauthorized speeds or over-
taking have been stated in the previous studies [32] [33]. However, in this study,
one of the important factors that increase the effects of those factors is the driv-
ers’ physical disability such as poor vision. This can lead to poor decision-making
and performance at the right time by the driver. Another important point to be
noted is the fact that in this study evaluating drivers’ mental patterns has been
addressed on the probable factors affecting driving errors resulting in accidents.
Therefore, the results of the present study can provide a better understanding of
the set of factors that increase the potential for driving errors and mistakes. Re-
garding other factors related to vehicle, environment, and road, it is interesting
to note that road characteristics were not essential to form the driver’s opinion.
This is because these factors were labeled as the least influential factor in all of
the patterns. This also was confirmed by other studies [34] [35]. Although a
driver can be affected by vehicle deficiency, improper road conditions, severe
environmental conditions, and the ability to control the occurrence of an acci-

dent through a concentrated and healthy driver is crucial.

5. Conclusions

In the present study, mental pattern of drivers is evaluated through Q-methodology.
The results of the factor analysis indicated that the occurrence of five different
mental patterns among the participants had the highest effect. These patterns are
unauthorized overtaking, unauthorized speed, driver distractions such as cell
phone use, and impaired vision. Most of these patterns are considered as human
errors. Moreover, participants identified road pavement distress and vehicle
safety failures as potential contributors to accidents.

It is worth mentioning that the results of this study can be used by safety
agencies for future studies on the effect of human factors since these factors were
selected by the drivers themselves. Moreover, recognizing these patterns is ex-
pected to help improve the experts’ knowledge of designing roads based on
standard principles. Finally, the result of this paper can boost the drivers’ per-
ception about the causes of accidents through training processes. Based on the

most influential accident-generating scenarios of this study, the some practical
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and traffic safety-related recommendations can be proposed including: 1) A vir-
tual training environment can be created using virtual reality viewing systems
and 360-degree videos to train road users’ behaviors and evaluate their perfor-
mances in various scenarios; 2) Seminars or training courses for families, stu-
dents, teachers, and administrators on road safety topics can be conducted so as
to boost the knowledge of society; 3) Advertisement banners and billboards can
be installed to inform the people about the consequences of driving at unautho-
rized speeds and overtaking; 4) The consequences of using drugs and alcohol
through the installation of banners or the media and the Internet can be in-
formed; 5) Greater focus on enforcing traffic regulations such as the use of speed
cameras and increase in traffic fines for offender drivers can be proposed; 6)
Standard principles during constructing roads, especially the roads with curved
trajectory, can be audited in the black spots; and 7) The quality of vehicle con-
trolling systems must be improved to enhance driver performance through ad-

vanced driver assistance systems.
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