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Abstract

The purpose of this study is to carry out a multivariate comparative analysis of road crashes before,
during and after COVID-19 pandemic. The aggregate crash data for Bahrain was collected and analysed to
achieve the aim of the study. T-tests were performed to both crash frequency and crash rates. Furthermore,
Wilcoxon Signed Ranking (T+ Statistic) was used to evaluate the average shift in proportion for each crash
severity to ascertain the significance in the results. Total fatal and injury crashes in Bahrain showed a
significant drop during the pandemic. After the pandemic, crashes increased again, slightly. This increase,
fortunately, did not revert back to pre-pandemic. This study is first of its kind which analyses the road
crashes trends across the pandemic period. It provides evidence for the increase in aggressive driver
behaviour after the pandemic which could be a result of low traffic conditions experienced during
pandemic.
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1. Introduction

In a world that is always on the move, there are various risks to the movement. Road
safety is vital on the road for the prevention of accidents, injuries, and fatalities. Road
safety represents a combination of vehicle safety, infrastructure design, driver behavior,
and law enforcement. When these aspects are improved and monitored, a safe
environment is created. Ideally, if they are optimized, events and crashes are eliminated;
realistically they are minimized. Additionally, constant monitoring and studies are
required to ensure road safety (Shaik & Ahmed, 2022). Moreover, road safety is directly
linked with the economic aspects of a nation where the safety perception of traveler
groups can impact their travel choices (Meena, Solanki, & Suthar, 2024).

Before and after studies are referred to as longitudinal studies or pre-post studies. These
studies aim to evaluate the effect of a specific event or implementation of measures by
comparing data before and after said changes. This method of study is useful to evaluate
effects of a specific event, the requirement to adapt to events, the effectiveness of
implemented measures, or a countereffect. Unfortunately, the before and after study is
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limited due to the regression to the mean bias, inability to control the number of changes
done at once, choosing the right variables to study, and variation of conditions (Findley
etal., 2015).

Crash frequency and severity are significant indicators of road safety. These figures
quantify the number of crashes within a specific period and the weight of these crashes in
terms of effect on people and property. Fatalities and injuries are considered and often
converted to the equivalent property damage to quantify the cost of these crashes and how
often they occur. Crash rates utilize crash frequency in terms of a specific population.
This allows crashes to be compared with the same unit and make values equivalent in
relation to size (American Association of State Highway and Transportation Officials,
2010).

Due to the unexpected circumstances of the COVID-19 pandemic and the resulting
lockdown, traffic behavior, travel pattern, and crashes might have been affected, which
continue in longer term. In spite of this possibility, there has not been any study found
which tackles this issue. The studies found presently are focusing on the period during
COVID-19 without consideration of its long-term impacts (Mendes & Silva, 2024).
Therefore, the purpose of this study is to assess the analyze the crash patterns before,
during and after the pandemic, which is expected to shed light in changes in driver
behavior as well. The aim of this study is to address two vital questions; did the road
safety situation before and after COVID-19 is the same, and secondly, did the COVID-
19 restrictions had a lasting impact on the driver behavior.

The study provides the following novel contributions to the current literature: (1)
providing a holistic understanding of patterns in road crashes across the pandemic, (2)
providing statistical evidence of changes in patterns of crashes before, during and after
pandemic, and lastly, (3) determining the long-term impacts of the changes in driver
behavior, or resilience in it, in spite of the pandemic. The results of this study would
enable authorities to update their policies and design due to changes incurred during
COVID-19.

2. Theoretical Background and Literature Review

2.1 Road Safety during COVID-19

Overall, the implemented COVID-19 lockdown caused a reduction of road traffic
accidents, due to the reduction in total miles travelled per person per day and the
percentage of trips taken commuting. Accidents with no injuries or minor injuries were
reduced, and the age group with the most reduction was that of adults aged 80 and above
(Rapoport, et al., 2021). Despite the obvious reduction in fatalities and severe injuries in
various countries (such as Spain (Saladié, Bustamante, & Gutiérrez, 2020)), in Qatar the
rate increased. Nevertheless, the rate of accidents was still significantly lower than that
of the past 5 years (Muley et al., 2021). Similarly, in Nepal there was a decrease in
accidents, injuries, and fatalities, but it was not a significant decrease, even though vehicle
travel was notably restricted. In China, accidents and injuries involving e-bikes
significantly increased. The travel restrictions caused a decrease in volume, which
hypothetically reduces accidents, but the emptiness of the roads caused unsafe, risky
driving and reduction of awareness (Shaik & Ahmed, 2022).
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2.2 Before and After Study for COVID-19 Impacts on Safety

A study conducted by Barnes et al. aimed to investigate car crashes during the COVID-
19 period based on a crash report data collected in Louisiana, USA. The data included
several factors such as, driver’s age, gender, race, and additional information about the
driver’s toxication from the use of drugs or alcohol. The collision location, time and event
data were observed and analyzed whether it was caused by hit-and-run or has a pedestrian
involvement. The obtained data also contained information about the distractions from
using mobile phones or other electronic devices. Additionally, crash severity data was
collected and the time of ambulance arrival to the site and time consumed to reach to the
medical facility (Barnes et al., 2021).

Data is considered for 50 days (about 1 and a half months) prior to the governor’s order
of a lock down in the State which established a base line to compare the impact size of
COVID-19 lockdown for a 50-day period. A Regression Discontinuity (RD) design was
used to study the impacts of COVID-19 lockdown on vehicle crashes. The collected data
explored the various effects on the types of crashes and human factors as the main
contributor cause of crashes. The Study concluded that during the COVID-19 Lockdown
period there was a significant drop in the total crash numbers (47%) and a reduction of
(46%) in those that were involved in an injury. Thus, the number of fatal crashes showed
no considerable difference. The reduction of the crash numbers has led to a decrease in
the crash cost of $21 billion (about $65 per person in the US) (about $65 per person in
the US) on the national scale and $289 million in Louisiana State, calculated from the
period from March to May 2020 (Barnes et al., 2021).

It was highlighted that all types of crashes in Louisiana, other than fatal, are reduced by
almost half compared to those before COVID-19 in early 2020. For instance, Hit-and-run
crashes numbers reduced by (48.9 %). Secondly, Minor Crashes numbers were reduced
by (49.5%) reduction while fatal crashes numbers were reduced by 16% compared to
before COVID 19.

It was concluded that the effect of lockdown caused by COVID-19 led to a reduction
in the traffic volume and consequently resulted in a massive reduction in crashes numbers
for the 50 days of the lockdown period. Despite the reduction in the number of fatal
crashes being the lowest among the other severities and types, no justification was
provided for this situation. However, crashes from drug use at the end of the study period
increased. The human behavioral reaction to the pandemic and the lockdown led to a raise
in those crash types involving in the consume of drugs (Barnes et al., 2021).

A similar trend has been found within the State of Florida. After the outbreak of the
pandemic a reduction of 14% in the total number of crashes occurred which was attributed
due to the low traffic volumes caused by the lockdown, while no major change in the fatal
type crashes. Additionally, there was a change in the time of occurrence of crashes, a
reduction in the crashes during the peak hours and an increase in the off-peak hours, this
resulted by “the changes in work schedules and restrictions on non-essential travel leading
to more people being on the roads during non-peak hours.” Furthermore, trailing the
COVID-19 pandemic, fatal crashes noticeably increased in the aftermath years in Florida,
years 2021 and 2022. The study relied on collecting surrogate measures and statistical
data that is used to build a negative binomial regression model to calculate the number
and percentage of crashes by type. It was concluded that dangerous driving behavior was
the contributor factor in the increase of fatal crashes in Florida, such as driving at higher
speeds on non-congested roads. Moreover, the study suggested countermeasures to
overcome the issue by adopting certain policies with more strict enforcement as
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empowering police on roadways, increase the number of speed cameras and apply larger
fines for traffic sanctions, as well, raising the education level of road safety and the
consequences of dangerous and aggressive driving (Lee et al. 2023).

Another study explored the number of crashes in Japan with relation to population
density and vehicle density pre and post the pandemic, the study relied on using a
Spearman rank correlation of non-parametric statistical test to analyze the relationship
between the infected population from COVID-19 and traffic collisions that occurred. It
was proven in the study that low traffic volume led to lower crash numbers and reduced
the fatalities around different regions in Japan regardless to the population and vehicle
density. Additionally, the reduction in the crash numbers is not exclusively caused by the
governmental policy of lockdown and social distancing, it is attributed to having a safer
highway system in Japan where sound safety measures are adopted to mitigate the
occurrence of accidents, reduce severities, and resist the consequences from crisis
(Shimada & Kibayashi, 2022).

2.3 Impacts of COVID-19 on Crash Severity

As most of the road safety professionals agree that the COVID-19 pandemic drew less
attention on road safety, the driving behavior is altered post the crisis (Alhajyaseen, et al.,
2022). Furthermore, the psychological distress caused by imposing governmental orders
of social distancing and lockdowns to reduce the spread of the infection is considered the
main cause behind the change in driving behavior on the roadways. Drivers committed
fast and reckless driving with aggressive maneuvering and distracted with mobile phones
while driving (Bavel, et al., 2020).

A study in the State of Qatar with a questionnaire to evaluate the perception of the
people on road safety during the pandemic, the study revealed that most traffic experts
agreed that roads became safer during the pandemic while the behavior of drivers was
worsened. Besides, vehicle crashes data for Qatar from 2015 to 2019 was obtained and
analyzed using the Z- tests method to study the significance of difference before and after
the pandemic. Then, the statistical data was analyzed using IBM SPSS Statistics software
to estimate the Spearman’s Correlations in-order to measure the significant correlation
metrics between the demographic/ contextual factors and the safety perceptions. The
study affirmed the global trend of a reduction in the number of crashes during the
pandemic and a significant increase in the rate of fatalities in 2020 compared to the mean
rate between 2015-2019 (Alhajyaseen, et al., 2022).

It was found that during the lockdown in Greece, traffic volumes declined and
consequently generated a change in driving behavior on the roadways. In addition, the
noticeable change in the average speed, speeding, and driving distance per trip
contributed to increasing the rate of fatal crashes in months succeeding the lockdown as
the rate of fatal crashes increased by 37% from the rate during the lockdown months
(Sekadakis et al., 2021). Furthermore, it was revealed that the reduction in traffic volumes
in the Kingdom of Saudi Arabia during COVID-19 pandemic resulted to an increase in
the average speed by 6-11 % in and 12% raise in the harsh events (such as harsh
acceleration and braking), and an increase in the use of mobile phone by 42% (Katrakazas
et al., 2020).

2.4 Knowledge Gaps
As previous research papers explored the impacts of COVID-19 on the Traffic Safety
sector in their respective local regions, the outcomes varied across different countries due
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to the different measures implemented to contain the virus. Therefore, this has served as
a major reason to investigate the impacts of COVID-19 on traffic safety in the Kingdom
of Bahrain.

The studies also showed a lack of investigation into human’s behaviour during and post
the pandemic period and how the pandemic altered the human’s behaviour or if the
pandemic has left a long-term effect on drivers' behaviour which would affect roadway
safety.

Furthermore, the study period in the research is considerably short, considering 100
days, where 50 days before the impact and 50 days after the impact. Additionally, the
Regression Discontinuity design carried out in the study did not account for the exposure
(Crash frequency/Rate), where it is relied on crash numbers by types and severities
(Barnes et al., 2021). Similarly, studies relied on the relation between the number of
crashes with infected cases, population density, and vehicle density using the Spearman
rank test, instead of crash rates (Shimada & Kibayashi, 2022). Using time or exposure to
calculate the crash frequency/ Rate would provide a better understanding of crashes and
makes it comparable over time and across different regions. Therefore, there were studies
that relied exclusively on crash frequency with the use of t-tests to examine the
significance difference before and after the pandemic (Lee at al., 2023). In addition, the
significant difference before and after the pandemic by carrying out Z-tests to the rate of
crash types per 1000 crashes was studied (Alhajyaseen, et al., 2022).

From the above discussion, it is clear that there is a lack of research relating to the
measurement of long-term impacts of pandemic on road safety, which is impacted greatly
by driver behaviour. Moreover, the studies which have attempted to do it, have relied on
short-term data and, resultingly applied descriptive analysis. Furthermore, most of the
studies have focused on a particular aspect of crashes. The current study fills these gaps
in literature by considering annual crash data with multiple severity levels including
periods before, during and after pandemic. It also applies established statistical
procedures to the data to gain valid insights.

3 Methods and Data

The focus of this study is the Kingdom of Bahrain. Traffic accidents are a concern in
Bahrain, with speeding and reckless driving being common causes. The government has
been implementing measures to improve road safety, including stricter enforcement of
traffic laws and awareness campaigns (Rohrer, Al-Surimi, & Lobo, 2021).

During the COVID-19 pandemic, Bahrain, like many other countries, implemented
various measures to curb the spread of the virus. These measures included lockdowns,
travel restrictions, and the promotion of mask-wearing and social distancing. The
government also rolled out a vaccination campaign, aiming to vaccinate a large portion
of the population to achieve herd immunity. The restrictions continued till 2021 after
which they were relaxed gradually (AlSayegh & Igbal, 2021).

All the data used in this study is taken from the official records of general directorate
of traffic, and it was found to be sufficient to conduct the aggregated analysis required for
this study. The crash data available for the general directorate of traffic is categorized by
severity and municipality. The data demonstrates crashes in two levels of injuries and
fatalities; property damage crashes are not published. The study years are taken from the
year 2015 (5 years before COVID) to the year 2022. Figure 1 classifies crashes according
to different severities and the total crashes of each year. The year 2020, where the COVID
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19 pandemic occurred, has the lowest number of crashes, but the third highest in fatalities.
During the pandemic, the number of slight injuries drops to the least it is in the study
range. An approximate value of total crashes was found for the year 2023 to be 765
crashes, as per the traffic directorate’s announcement of 7% reduction in total crashes.
Detailed crash data for the year 2023 is not published yet.

Figure and 3 show the trend of registered vehicles with total injury and fatal crashes.
The trend of registered vehicles and population are increasing, while total injury and fatal
crashes are decreasing. These trends are prominently illustrated in the graphs.
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Figure 1:Crashes by Severity

3.1 Crash Rates
After the crash data, population, and registered vehicles per year were determined, the
crash rates were calculated. Crash rates are computed by dividing the crashes of each
severity with population and registered vehicles, respectively. The registered vehicle
rate is a more accurate representation of the data, since it is a measure of driver
population. Since registered vehicles data is not published before the year 2018, the
total population of Bahrain was also taken into consideration to find crash rates. The use
of crash rates in analysis is important to weigh the increase in crashes accurately, since
the increase might be due to the increase in cars on the road or the number of people.
The crash data for the year 2023 is not yet published, but an announcement by the
General Traffic Directorate states that there is a 7% reduction in crashes in that year
(Local Bahrain Newsletter, 2023).
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Figure 3:Crashes vs Registered Vehicles

The data was grouped into three categories: Before Pandemic - 5 Years, During
Pandemic - 2 years, and After Pandemic, 2 years. The grouping was done to find the crash
frequency and crash rates for each of these groups, respectively. The grouped data,
average of the time periods, was used for the Hypothesis Testing: T-test part of the
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analysis. Additionally, the number of samples used in each average was mentioned, since
it is important to perform the Hypothesis testing.

3.2 Descriptive Statistics

The trends of the data are visible in the previous sections. The purpose of this paper is
to perform statistical analysis to explore the confidence in the data trends. It is important
to check if the fluctuations in data are a result of the pandemic, i.e. significant changes.
The municipalities data was combined to find the total for each severity and overall injury
and fatal crashes for the study years. Additionally, using the population and registered
vehicles, crash rates were found. A detailed descriptive statistics analysis was performed
to understand the trends better and to prepare the data for the next steps (Table, Table 22,
Table 33).

Table 1 shows that that the slight injury crashes were the highest and the fatal are the
lowest, which is a normal trend also observed elsewhere (Winjen & Stipdonk, 2016). The
standard deviation and variance are also corresponding to the averages. The average per
capita crash rates are similar for slight and severe injury crashes while considerably lower
for the fatal crashes, which is shown in Table 2. Compared to some larger countries like
USA, these rates are substantially lower (Merlin, Cherry, Mohamadi-Hezaveh, &
Dumbaugh, 2020). Interestingly, the rates for 1000 registered vehicles for slight injury is
higher than severe injury. This difference between the per capita and per registered
vehicle could be due to the rate of vehicle ownership. It is evident from Figures 2 and 3
that the rate of vehicle registration is higher than the increase in population.

Table 1:Descriptive Statistics - Number of Crashes

Slight Injury Serious Injury Fatal Total
Mean 526 435 54 987
Standard Error 90 26 4 106
Median 486 425 52 890
Sg:gf:gdn 254 72 11 319
Sample Variance 64609 5234 118 101843
Kurtosis -1.32 -0.75 1.75 -0.80
Skewness 0.41 0.21 1.39 0.66
Range 679 207 32 909
Minimum 226 334 44 613
Maximum 905 541 76 1522
Sum 4208 3481 431 8884
Count 8 8 8
Confidence
Interval (@ 95% 213 60 9 245
level)

Table 2:Descriptive Statistics - Crash Rate per 10000 Capita

Slight Injury Serious Injury Fatal Total

Mean 3.84 3.18 0.39 6.72
Standard Error 0.66 0.19 0.03 0.81
Median 3.54 3.10 0.38 6.00
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Standard

. 1.85 0.53 0.08 2.44
Deviation
Sample 3.44 0.28 0.01 5.93
Variance
Kurtosis -1.32 -0.75 1.75 -0.35
Skewness 0.41 0.21 1.39 0.90
Range 4.96 151 0.23 6.94
Minimum 1.65 2.44 0.32 4.16
Maximum 6.60 3.95 0.55 11.11
Sum 30.71 25.40 3.15 60.46
Count 8.00 8.00 8.00 9.00
Confidence
Interval (@ 95% 1.55 0.44 0.07 1.87
level)

Table 3:Descriptive Statistics - Crash Rate per 10000 Registered Vehicles

Slight Injury Serious Injury Fatal Total
Mean 5.08 5.45 0.71 11.02
Standard Error 0.82 0.27 0.05 1.08
Median 5.00 5.79 0.72 11.01
Sg:gﬁgdn 1.83 0.59 0.11 241
Sample Variance 3.34 0.35 0.01 5.83
Kurtosis 0.07 -2.22 0.13 -0.83
Skewness 0.73 -0.72 0.78 0.42
Range 4.65 1.34 0.26 6.07
Minimum 3.14 4.65 0.61 8.32
Maximum 7.79 5.98 0.88 14.39
Sum 25.38 27.23 3.56 55.09
Count 5.00 5.00 5.00 5.00
Confidence
Interval (@ 95% 2.27 0.74 0.14 3.00
level)

3.3 Hypothesis Testing: T-test

The trends in the data were obvious, the significance of the fluctuations had to be tested.
The formulation of the hypothesis was based on what could be seen in the data and the
initial purpose of the study. It was important to check what the impact of the pandemic
was. The first Hypothesis was that the crashes after the pandemic returned to the same
frequency and rate as before the pandemic, Table 4. This hypothesis was tested by using
a two tailed t-test. The second hypothesis was that the crashes before the pandemic were
greater than the crashes during the pandemic, Table 44. This hypothesis was tested using
a left-tailed t-test. The third hypothesis was that the crashes after the pandemic are more
than the crashes during the pandemic, Table 44. This hypothesis was tested using a right
tailed t-test.
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Table 4:Hypotheses

Before-After (Two-Tailed)
Null, Ho : Fb =Fa Alternative, Ha : Fb # Fa

Before-During (Left Tailed)
Null, Ho : Fb > Fd Alternative, Ha : Fb <Fd

During-After (Right Tailed)
Null, Ho : Fd <Fa Alternative, H, : Fd > Fa

The hypotheses were tested for crash frequency, crashes per 10000 capita, and crashes
per 10000 registered vehicles. The test was done for the three groups of data to ensure
taking into consideration the actual number of crashes and the various effects of
population. This analysis method uses the total per year in Bahrain.

3.4 Wilcoxon Signed Rank: T+ Statistic

To further study the effects of the pandemic on the crashes in the Kingdom of Bahrain,
the Wilcoxon signed rank test was performed to estimate the average shift in proportion
of each of the crash severities. This test was performed for the same time groups as the
hypothesis testing: before-after, before-during, and during-after. The proportion of each
crash type is found for the different municipalities, then the average shift in performance
is found. The T+ statistic is used to determine whether the occurred shift is significant.
The proportions for the crash severities are shown in Table 55-7.

Table 5 shows that the fatal crash proportion is generally higher for the during COVID-
19 period, compared to other periods. Table 6 shows similar trend for the serious injury
crashes’ proportion in densely populated towns (such as Manama and Muharraq). There
have been other studies which have shown spatial trend changes in crash occurrences
during COVID-19 (Soltani, Azmoodeh, & Qadikolaei, 2023). Consequently, the
proportion of slight injury crashes is lower in the during COVID-19 period, as shown in
Table 7. As shown by these tables that there is a decrease in crash frequency during
COVID period which is linked with the decrease in mobility (Bucsuhazy, Ztvala, &
Ambros, 2023).

Table 5:Fatal Crashes Proportions

Area Before (5 years) During (2 years) After (1 year)
Total Fatal FIT Total Fatal FIT Total Fatal FIT

Central 89 3 0.0336 60 4 0.0588 97 5 0.0515
Hamad Town 84 4 0.0521 38 4 0.1053 50 1 0.0200
Hidd 40 3 0.0650 26 2 0.0588 25 0 0.0000
Isa Town 77 3 0.0390 23 0 0.0000 24 0 0.0000
Jidhafs 100 4 0.0421 47 4 0.0851 66 3 0.0455
Manama 297 13 0.0437 145 12 0.0830 178 11 0.0618
Muharraq 114 4 0.0333 72 6 0.0769 92 4 0.0435
Northern 103 5 0.0446 56 4 0.0714 54 1 0.0185
Riffaa 161 9 0.0572 91 9 0.0994 126 10 0.0794
Sitra 73 4 0.0549 44 5 0.1136 52 4 0.0769

10
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Western 63 5 0.0735 46 4 0.0870 58 5 0.0862
Total 1201 56 646 53 822 44

Table 6: Serious Injury Crash Proportions

Area Before (5 years) During (2 years) After (1 year)
Total  Serious S/T  Total  Serious S/IT  Total  Serious SIT

Central 89 33 0.374 60 31 0.521 97 48 0.495
Hamad Town 84 30 0.351 38 20 0.513 50 20 0.400
Hidd 40 16 0.410 26 15 0.569 25 19 0.760
Isa Town 77 29 0.371 23 12 0.522 24 12 0.500
Jidhafs 100 39 0.387 47 24 0.511 66 37 0.561
Manama 297 116 0.391 145 79 0.547 178 92 0.517
Muharraq 114 50 0.438 72 38 0.531 92 45 0.489
Northern 103 41 0.401 56 28 0.491 54 28 0.519
Riffaa 161 67 0.415 91 53 0580 126 63 0.500
Sitra 73 27 0374 44 22 0.500 52 26 0.500
Western 63 26 0.412 46 26 0.565 58 29 0.500
Total 1201 474 646 346 822 419

Table 7:Slight Injury Crash Proportions

Area Before (5 years) During (2 years) After (1 year)
Total  Slight SIT Total  Slight SIT Total Slight SIT

Central 89 53 0.593 60 25 0.420 97 44 0.454
Hamad Town 84 50 0.597 38 15 0.382 50 29 0.580
Hidd 40 21 0.525 26 10 0.373 25 6 0.240
Isa Town 77 45 0.590 23 11 0.478 24 12 0.500
Jidhafs 100 57 0.571 47 19 0.404 66 26 0.394
Manama 297 168 0.565 145 54 0.370 178 75 0.421
Muharraq 114 60 0.529 72 28 0.392 92 43 0.467
Northern 103 57 0.554 56 25 0.438 54 25 0.463
Riffaa 161 85 0.527 91 29 0.320 126 53 0.421
Sitra 73 42 0.571 44 17 0.386 52 22 0.423
Western 63 32 0.514 46 16 0.348 58 24 0.414
Total 1201 671 646 247 822 359

4 Analysis and Results

The available aggregate crash data was analyzed using the standard statistics and tests
given in Highway Safety Manual. This manual is considered as a global leader and guide
in procedures related to analysis of road crashes, especially for aggregate crash data (
(Llopis-Castelld, J. Findley, & Garcia, 2021). The total crashes have been in a general
decreasing trend since the year 2015. The trend showed a notable drop, when the

11
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pandemic started, but started to slowly rise again after. The total crashes have not reached
the same number before the pandemic. The slight injury crashes have a similar trend to
the total crashes, with an overall decreasing trend throughout the years. The serious injury
crashes do not show a lot of fluctuation and generally stay around the same mean with a
slight decreasing trend. On the other hand, fatal crashes have a more evident fluctuation
around the same mean. The year 2015 is considered an outlier. From 2016 onwards, the
crashes remained close to the same numbers, but with another prominent increase in 2019
before starting to reduce again during and after COVID-19. These trends are evident from
the graph of the data shown in

Figure . Statistical analysis had to be performed to prove the accuracy of these
observations.

4.1 Descriptive Statistics

Overall, for the total crashes, slight injury, and serious injury the data had negative
kurtosis for both crash frequency and crash rates (Table-3). This means that the crashes
over the years did not have noteworthy outliers, and the data was uniformly distributed.
Despite that, the serious injury crash rate per registered vehicles had a very small positive
value. The small positive value is evidence for a normal distribution, since it is almost
zero, with the occurrence of outliers. On the other hand, the fatal crashes had greater
values of positive kurtosis. This shows the fluctuation of the data and the increased
outliers. For all the crash types of the data showed a positive skewness. The degrees of
skewness varied, but the data was exhibiting the right skewness in the distribution. This
type of skewness shows that the probability of a value falling above the median is higher.
This finding is expected, since the before data has more samples. The before data was
generally when crashes were higher.

4.2 Total Fatal and Injury Crashes

Hypothesis testing using the t-test had the same results for crash frequency, crash rate
per 10000 capita, and crash rate per 10000 vehicles. The results of these tests are shown
in Table 4. There is enough statistical evidence to support that crashes before and after
the pandemic were not equivalent. This is a proof that the crashes after the pandemic did
not increase to the values before COVID-19. This seems to be the trend across the region
as it has been found for the neighbouring country of Bahrain (Kabbush, Almannaa,
Alarifi, & Alghamdi, 2023).The total fatal and injury crashes showed a reduction between
the before-after period, in the graphs. The hypothesis testing proves this observation.

Similar to the hypothesis of the before-after analysis, the before-during testing proved
all the hypothesis to be true. The total fatal and injury crash frequency, crashes per 10000
capita, and crashes per 10000 registered vehicles showed an obvious decline during the
COVID-19 pandemic, compared to the 5-year period before.

On the other hand, the total fatal and injury crash frequency did not show enough
statistical evidence of change in crashes during the pandemic and after. Nevertheless,
when the effects of the population and number of registered vehicles were taken into
consideration, there was a significant difference. This highlights the importance of taking
a reference population when studying the fluctuations of crashes. The effects show that
the crashes during the pandemic were significantly less than after.
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4.3 Fatal Injury Crashes

According to hypothesis testing, the observed fatal injury crashes were evidently not
alike in the before and after period. This hypothesis was proved in the fatal injury crash
frequency, crashes per 10000 capita, and crashes per 10000 registered vehicles. The
Wilcoxon Signed Rank test proved that the proportion of fatal crashes did not have a
significant change between the two time periods, with a 0.51% decrease in proportion of
fatal crashes. The test shows that before and after the pandemic fatal crashes have
equivalent proportion in comparison to the total crashes of the two periods.

The fatal crash frequency and fatal crashes per 10000 registered vehicles showed that
the crashes before were greater than the crashes during, similar trend is shown in other
studies such as (Kolivand, et al., 2024). On the other hand, the fatal crashes per 10000
capita did not show a significant difference in the before-during comparison. The shift in
proportion has a 2.73% increase in proportion of fatal crashes during the pandemic, as
shown in Table 5. The increase of crash proportion can be an effect of the lockdown,
since emptier roads causes reckless driving, which has been hypothesized in other studies
as well (Sobreira, de Luna, Cunto, & Bruce, 2022). Speeding is considered one of the
indicators of this behavior which has been specifically highlighted by (Tongpradubpetch
& Kanitpong, 2024).

The fatal injury crashes after the pandemic significantly increased in comparison to
during the pandemic, in terms of crash frequency, crashes per 10000 capita, and crashes
per 10000 registered vehicles. This trend is also shown in previous studies for other
regions, such as (Ferenchak, 2023). There was a 3.24% reduction in the proportion of
fatal crashes amongst these two time periods. There is a decrease in proportion despite
evidence of an increase in fatal crashes in the after period. The increase in proportion is
due to the obvious increase in total crashes. The ratio of fatal crashes has decreased in the
after period.

4.4 Serious Injury Crashes

Serious injury crashes are statistically not equal, further proving that the crashes before
the pandemic were higher. The serious injury crashes had a significant increase 12.9%
increase in proportion. In contrast with the total crashes of the respective periods, serious
injury crashes were more in the after period, as shown in Table 6.

In terms of crash frequency and crashes per 10000 registered vehicles, the crashes
before were significantly larger than the crashes during the pandemic. There was not
enough evidence to support that the crashes per 10000 capita before were greater than
during. The population during the pandemic was affected by the number of deaths
occurring. The population during the pandemic did not face any growth in those two
years. The effect of COVID is evident in this rate. Similar to fatal injury crashes, serious
injuries have a significant increase of 13.9% increase in proportion. Serious crashes were
a larger proportion of the total in the during period than the before period.

Once more, the serious injury crashes were significantly larger after the pandemic with
respect to crash frequency and crashes per 10000 vehicles. There was not enough
evidence to support the same for the crashes per 10000 capita. There was a statistically
insignificant reduction of 0.99% in the proportion of serious injury crashes in the during-
after test. Despite the increase in serious crashes in those time periods, the ratio between
serious and total was relatively the same.
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4.5 Slight Injury crashes

As shown in Table 7, slight injury crashes are not equivalent before the pandemic and
after. The slight injury showed the most decline in the observed data. This is further
proved by the Wilcoxon Signed Ranking, since slight injuries showed a substantial 12.4%
decrease in proportion.

Similarly, slight injury crashes were significantly larger before the pandemic than
during. This is obvious from the decreasing plot of crashes that is similar to the total fatal
and injury crashes. Since the number of crashes dropped during the pandemic than any
other period, this was prominent in the shift in proportion. The proportion decreased by
16.6% during the pandemic, in contrast to before.

Slight injury crashes were significantly higher after the pandemic than during. The shift
in proportion was actually towards a significant increase of 4.24% after the pandemic.
This increase in proportion was equivalent to the decrease in proportion of fatal crashes.

5 Conclusion

This study aims at analyzing the trends of road crashes before, during and after COVID-
19 pandemic. Multivariate aggregate crash data was used for this purpose and established
statistical statistics and comparison were used to provide the results.

Results of statistical tests are summarized in Table 8. The table shows that there is
enough evidence about the significant changes in road crashes before and during, and
during and before pandemic. But this could be easily related to change in traffic
conditions due to restrictions. More interestingly, the before and after comparisons show
an increase in the proportion of serious injury crashes. This is in spite of not having any
significant increase in frequency of these crashes in the before and after period. This could
be related to the increase in aggressiveness of drivers as a result of getting used to low
traffic on the roads during pandemic. It is still to be seen if this behavior would persist in
a longer period of time. If it does continue as per the current evidence, then a change in
design practices and traffic management policies would be required to counteract its
negative impacts. Since the COVID-19 restrictions were globally adopted, its impacts
could be expected to be the same in other regions as well. This is further validated by the
fact that most of the findings of this study were found to be confirmed by previous studies
done for other countries and regions.

Table 8:Statistical Tests Results

Before-After

Before-During

During-After

_ Frequency Not Equivalent Before > During During > After
g per capita Not Equivalent Before > During During < After
per reg.veh. Not Equivalent Before > During During < After
Frequency Not Equivalent Before > During During < After
L% per capita Not Equivalent Before < During During < After
per reg.veh. Not Equivalent Before > During During < After

14



European Transport \ Trasporti Europei (2025) Issue 101, Paper n° 2, ISSN 1825-3997

Proportion Not Significant 2.73% Increase 3.24% Decrease
Frequency Not Equivalent Before > During During < After
é per capita Not Equivalent Before < During During > After
3 per reg.veh. Not Equivalent Before > During During < After
Proportion 12.9% Increase 13.9% Increase Not Significant
Frequency Not Equivalent Before > During During < After
E,, per capita Not Equivalent Before > During During < After
” per reg.veh. Not Equivalent Before > During During < After
Proportion 12.4% Decrease 16.6% Decrease 4.24% Increase

In spite of the major breakthroughs made with the findings of this study, there have
been few limitations to this work. These include the geographical limitation of focusing
on Bahrain, and the data limitation of relying of aggregate data. This also led to the use
of statistical methods for analysis. Hence, it is recommended for future work to perform
the analysis using volume data. Traffic volumes can provide a more accurate crash rate
that properly represents the findings. Annual Traffic volumes would be the most ideal.
This data could not be obtained. Additionally, more statistical tests could be used to show
more indicators of the data. Moreover, detailed crash data (with spatial and temporal
distributions) can be used to provide a micro-level comparison of the crash trends.
Furthermore, a cross-country comparison can also be made for the same time period. It
was covered partially in this research by referring to the findings of the previous literature.
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