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Understanding patterns in Marijuana impaired traffic crashes
Subasish Das , Ly-Na Tran, and Magdalena Theel

Texas A&M Transportation Institute, TX, USA

ABSTRACT
Background: The landscape of marijuana regulation is rapidly changing. Several countries have already
legalized marijuana in some form, and marijuana for recreational purposes will soon become legal for a
quarter of the U.S. population. The potential increase in traffic fatalities due to impaired drivers remains a
prominent debate among policymakers and in the media. One recent report stated that the fraction of
fatal crashes in which at least one driver tested positive for marijuana has increased nationwide by an
average of 10 percent from 2013 to 2016. In Louisiana, crashes involving marijuana have increased by
195% from 2010 to 2016.
Methods: This study collected seven years of marijuana impaired crash data from Louisiana to identify the
key association factors and their patterns. The research team identified the hidden association patterns of
key attributes from the complex crash dataset using the cluster correspondence analysis.
Results: The findings reveal several key risk patterns including female drivers at the intersection involved in
multiple vehicle right angle crashes, multiple vehicle head-on crashes at two lane roadways with no
separation, multi-vehicle rear-end crashes at two-lane roadways with separation, careless single-vehicle
crashes, single-vehicle crashes during dark with no streetlights, and open country interstate crashes.
Conclusions: The findings of this study can be useful in the coordination of regional and local behavioral
safety efforts to lessen the occurrence and injury level of marijuana impaired traffic crashes.
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Introduction

Marijuana can be defined as the dehydrated stems, leaves, seeds,
and flowers from a cannabis plant that possesses delta-9-tetra-
hydrocannabinol (THC), a psychoactive or mind-altering che-
mical, along with other related compounds. Under federal law,
marijuana is considered a controlled substance, and it is grouped
in the most restrictive division of controlled substances. Many
states have adopted new laws that legalize marijuana use for
medical purposes. In 1996, the Compassionate Use Act made
California the first state to pass legislation for the medical use of
marijuana. That historic law has led to an increasing number of
states passing ballot initiatives, propositions, and even legislation
in recent years. For example, the District of Columbia and 13
other states have passed some type of legal measure for the
medical use of marijuana under state law from 2011 to
June 2015. Under state or territorial law, the distribution and
possession of marijuana were legalized through either legislation
or voter initiatives by 24 states and the District of Columbia. The
medical marijuana legislation passed by these states varies, as
well as the extent to which the states have implemented enforce-
ment and regulatory systems (The U. S. Government
Accountability Office [GAO], 2015). A recent nationwide report
stated that, from 2013 to 2016, the fraction of fatal crashes
involving at least one driver testing positive for marijuana had
increased by an average of 10 percent. In comparison to states
that have legalized medical marijuana use since 2014, both
Colorado and Washington have shown increases of 92 percent
and 28 percent, respectively (Hansen et al.,2019). These statistics

call for an in-depth study in determining the association between
marijuana and traffic safety.

In 2015, a dispensing framework for medical marijuana
was assembled in Louisiana. The structures aim to dispense
medical cannabis to any patient by 2017 (Highway Safety
Research Group [HSRG], 2019). Based on recent statistics,
crashes related to marijuana use have increased by 195%
(Louisiana Board of Pharmacy [LBP], 2019). To determine
the impact of driving under the influence of marijuana in
Louisiana, additional research is crucial to identify the critical
gaps in the existing literature. Crash data collected over seven
years (2010–2016) identified crashes involving marijuana in
Louisiana. Using cluster correspondence analysis to identify
key association factors, the researchers search for appropriate
measures to reduce marijuana impaired crashes.

Literature review

Besides alcohol, some commonly found drugs among drivers
involved in crashes are marijuana, pot, cannabis, and benzodia-
zepines (BZDs). The driving risks associated with the effect of
alcohol is well-known, but the effects of marijuana on driving
risks are not thoroughly understood and therefore remain an
increasing concern. The Insurance Institute for Highway Safety
(IIHS) performed a study that indicated a notable increase in
the percentage of weekend riders checking for marijuana and
other illegal drugs. Contrary to the rise in drug use, a decreasing
number of riders were under the influence of alcohol in
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2013–2014, as opposed to 2007 (Insurance Institute for
Highway Safety [IIHS], 2015). The IIHS reported an increase
in the claim counts in Oregon, Colorado, and Washington
associated with the arrival of retail marijuana sales (Insurance
Institute for Highway Safety [IIHS], 2017a; Insurance Institute
for Highway Safety (IIHS), 2017b). In comparison to Nebraska,
Utah, and Wyoming, the collision claim frequencies in
Colorado were 12.5% higher, and in Washington, claim fre-
quencies were 9.7% higher than in Montana and Idaho
(Highway Loss Data Institute (HLSI), 2018).

Marijuana intoxication and fatal crashes

In the U.S., Colorado and Washington were the first states to pass
legislation allowing the recreationalmarijuana usage.Marijuana use
increased overall in both states as expected, but both states also
faced anunexpected rise in the rate of fatal crashes.Additionally, the
number of arrests and crashes involving drivers testing positive for
THC increased (Governors Highway Safety Association [GHSA],
2018). In an assessment of the relative liability risk in fatal collisions
involving riders under the influence ofmarijuana, the occurrence of
such drivers in the driving population, and the associated propor-
tions of fatal crashes, Laumon et al. (2005) showed that 681 out of
10,748 riders in France involved in fatal crashes tested positive for
cannabis. Of the total crashes, at least 2.5 percent was attributed to
cannabis, while 28.6 percent were related to alcohol which indicates
that the effect of cannabis is much less than that of alcohol in fatal
crashes. Beirness et al. (2006) determined that the impairment of
driving skills increased the crash risk as a result of both cannabis and
benzodiazepines (BZDs) use.

Baldock (2007) emphasized the relative risk of crashes con-
nected to driving after using cannabis. A case-control study was
suggested to compare the ratio of cannabis in crash-involved
drivers compared to non-crash-involved drivers. Salomonsen-
Sautel et al. (2014) examined differences in fatal motor vehicle
crashes with drivers testing positive for marijuana or impaired by
alcohol in Colorado and 34 non-medical marijuana countries
(NMMS). The research revealed that since medical marijuana
became commercially accessible and common, the trend has
favored the percentage of riders who tested marijuana-positive
in a fatal motor vehicle crash. From 2010–2014, Tefft et al. (2016)
quantified the involvement of marijuana in fatal crashes in
Washington. The data assessment reported that 10 percent of all
riders engaged in fatal crashes tested positive for the presence of
THC in their blood. Following the legalization of recreational
marijuana use in Washington, the number of drivers in fatal
crashes that were positive for THC increased for adults aged
21 years and older. Likewise, Steinemann et al. (2018) investigated
any correlation between crash fatalities of riders who tested posi-
tive for marijuana, high-risk behavior, and bad insurance status
and legalization. The study concluded that THC-positive patients
were less likely to use helmets or other protective measures, and
the THC positivity among drivers’ deaths increased by three-fold.

Marijuana effects on driving skills

State Highway Safety Officers have stated that drugged driving
is a major concern, and studies suggest that states must dis-
cuss effective policies to reduce impaired driving of marijuana

or opioids (Hedlund, 2018). The research studied by
Fergusson et al. (2008) examined the link between riding
under the impact of alcohol and marijuana and motor vehi-
cles crash. The findings concluded that driving risks under
marijuana influence could now be greater than riding risks
under alcohol influence. To anticipate the impairment of
drug-induced driving, Ramaekers et al. (2011) concentrated
on the efficiency of driving-related testing and illustrated
a practical method for performance tests to calculate predic-
tive validity. This study also linked performance impairments
induced by THC and the guilt risks induced by THC. Van
Elslande et al. (2012) analyzed the failures that riders are
exposed to when they consume cannabis. The use of cannabis
was found to increase the driver’s rate of generalized mistakes
such as motor, sensorial, and cognitive functions.

Hartman and Huestis (2013) showed that smoking canna-
bis increases the risk of motor vehicle crashes for reduced
reflexes, lane weaving, impaired cognitive functions, and
increased task complexity. Using immediate commentary
with the driving simulator and self-reported interventions,
Bergeron and Paquette (2014) studied the association between
reckless driving and self-reported under the influence of can-
nabis (DUIC). The study showed that people demonstrated
more aggressive driving habits on the simulator when faced
with real-life hazardous driving habits.

Marijuana and alcohol

Agic et al. (2013) investigated drivers reported to operate under
the influence of alcohol (DUI) and DUIC and showed that
last year’s collision probability was 2–4 times that of drivers
who reported impaired behavior on their own. Asbridge et al.
(2014) examined if the use of alcohol and cannabis increases the
risk of collision among non-fatally wounded bicyclists. Studies
determined that 14.5% reported using liquor and 15% of riders
reported using marijuana before the crash. Research data pro-
posed that both alcohol and cannabis increase the danger of
a non-fatal injury-related crash among bicyclists. Romano et al.
(2017) used descriptive analyses and regression to determine the
likelihood of being responsible in a fatal crash. The authors
showed that the existence of cannabis increased collision liability
for fatal crashes and emphasized that blame should not be
merely on heavy-drinking riders. White (2017) concluded that
cannabis increases the risk of crashing; the increase is unlikely to
be more than about 30%. Jewett et al. (2018) examined self-
reported incidences and variables associated with alcohol, mar-
ijuana, and prescription opioid use and impaired driving. Of the
participants who used marijuana, 31.6% reported marijuana
impaired driving. Among all participants, 10.8% reported driv-
ing impaired by both alcohol and marijuana.

Marijuana dependency and impact on the age

Le Strat et al. (2015) analyzed the effect of the onset age of
cannabis use on the risk of cannabis dependence and the
likelihood of driving while being intoxicated from cannabis.
In comparison to those who start using cannabis at the age of
21 years or older, participants who consumed cannabis before
the age of 14 years were 3 times more likely to report having
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driven under the influence of cannabis and 4 times more
likely to have a history of cannabis dependence. In contrast,
Karush (2017) determined that 76% of parents and 68% of
teens considered driving under the influence of marijuana is
risky, and 93% of parents and 88% of teens considered driving
while being impaired by alcohol is dangerous.

Risk factors for driving after and during marijuana use

To predict the driving frequency after smoking marijuana
(DASM) and smoking marijuana while driving (SMWD)
using social learning theory, Aston et al. (2016) analyzed the
expectations of marijuana outcome and other driving-related
cognitions. The study revealed a lower frequency of DASM
and SMWD in relation to the anticipated driving-related peer
norms and a lower frequency of DASM in relation to the
anticipated danger of DASM. Banta-Green et al. (2016) inves-
tigated the drivers engaged in crashes and/or detained on
suspicion of DUI driving. The study concluded that THC-
impaired driving is comparatively common and appears to be
escalating.

Scherer et al. (2016) showed that the promotion of the
concept of being in a high-risk traffic safety community is
a result of the increasing occurrence of crashes and connec-
tion of DUI with cannabis and other substance-using users. In
addition, the use of poly drugs, psychiatric comorbidities, and
cognitive impairment connected to substance addiction could
lead to higher crash risk.

DUI of Marijuana

To determine whether the government motor vehicle mon-
itoring schemes can accurately check and track marijuana-
influenced driving, Peterson et al. (2018) evaluated
Colorado’s Department of Revenue Motor Vehicle Crash
Data System, Electronic Accident Reporting System (EARS)
to inquire about non-fatal traffic crashes involving DUIC. To
decrease crash risk, the study proposed standardized drug

testing and mandatory reporting practices for riders linked
to traffic crashes. Lee et al. (2018) analyzed the relationship
between five types of marijuana law changes and involve-
ment of marijuana in fatal crashes in the U.S. No significant
changes in the number of marijuana-related crashes after the
legalization of only medical marijuana were found. However,
marijuana-related crash frequencies increased after other
types of marijuana law changed. On the other hand,
Sevigny (2018) evaluated the impact of government medical
cannabis legislation (MMLs) on cannabis intoxicated drivers
involved in a fatal crash between 1993–2014. Findings con-
clude that MMLs had no impact on drivers testing positive
for cannabis.

The literature review confirms a need for extensive studies
focusing on identifying the key association factors of crashes
involving marijuana. This study focuses on lessening the pre-
sent research gap by applying a clustering technique to deter-
mine the trends of the contributing factors related to
marijuana impaired crashes.

Methodology

Data preparation

As mentioned earlier, medical marijuana was legalized in
Louisiana in 2015 (see Figure 1). This study collected police-
reported crashes in Louisiana from 2010 to 2016. The current
dataset does not provide marijuana-related filtering options.
However, the crash dataset contains a crash narrative report
in text format for each crash. The researchers used a text
searching algorithm to determine the crashes associated with
the keywords: “marijuana,” “cannabis,” “hashish,” “weed,”
and “pot.” Primarily, 1,134 crashes were identified. These
reports are manually examined to remove irrelevant reports.
The final dataset has 808 marijuana crash events. The percen-
tage distribution of these crashes in urban and rural areas are
almost similar (urban = 49%, rural = 51%). The average
number of yearly marijuana related crashes, before the

Figure 1. Marijuana legalization by states.
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marijuana legalization (during 2010–2014), was 90 crashes. In
2015, the yearly crash counts increased to 169. The number of
yearly crashes increased by 10% from 2015 to 2016. Table 1
lists marijuana-related crash severities by year. Figure 2 illus-
trates the flowchart of the study design.

Cluster correspondence analysis

Correspondence analysis (CA) is a popular dimension reduction
method for categorical data analysis. The overall goal of this
method is to analyze simple two-way and multi-way tables that
contain some measure of correspondence between the rows and
columns in a complex dataset by performing dimension reduc-
tion. In recent years, several transportation safety analysis stu-
dies utilized multiple variants of CA to determine the patterns of
the main contributing factors (Das & Sun, 2016, 2015; Das et al.,
2018; Das & Dutta, 2020; Jalayer et al., 2018, 2019). Cluster
correspondence analysis incorporates both dimension reduction
and cluster analysis for categorical data by simultaneously
assigning individual entries to clusters and optimal scaling values
to categories. This section presents a short overview of cluster
correspondence analysis, which is mainly based on the work of
Van de Velden et al. (2017).

Assume the user has data of nindividuals for p categorical
variables gathered in a indicator matrix Z with the dimen-

sionality of n� Q, whereQ ¼ Pp
j¼1

qj. The user can contemplate

the cluster membership as a categorical variable that the user
can code using an indicator matrix ZK . This will help in
developing a table to cross-tabulate cluster memberships
with the categorical variables such as F ¼ Z0

KZ, where ZK is
the n� Kindicator matrix representing cluster membership.
Applying CA framework to this matrix yields optimal scaling
values for rows and columns. Based on the distributions over
the categorical variables, the clusters can be optimally sepa-
rated. Similarly, the categories with differing distributions
over the clusters are optimally separated. The optimal cluster
allocation ZK can be written as (Van de Velden et al., 2017):

max;clusca ZK ;B
�ð Þ ¼ 1

p
traceB�0D�1=2

z Z0MZKD
�1
Z Z0

KMZD�1=2
z B�

(1)

where: ZK is an indicator matrix. For fixed B�, this optimiza-
tion problem can be re-expressed into a K-means clustering
issue. Maximizing ; ZK ;B�ð Þwith respect to ZKhelps in solving
the following K-means objective (Van de Velden et al., 2017):

min;0
clusca ZK ;Gð Þ ¼

ffiffiffi
n
p

r
MZD

�1
2
z B� � ZKG

2;

����
����

����
���� (2)

where:
G = the matrix with cluster means
B = column coordinate matrix of rank k, where k is the

dimensionality of the approximation.

M ¼ In � 1n1
0
n=n

.
Dz= Diagonal matrix can be defined such that Dz1Q ¼ Z01n

Results and discussions

Figure 3 illustrates the biplots of all attributes. The centroids of
the clusters (C1, C2, C4, C5, and C6) are shown in parabolic
shapes (light brown background with blue outlines. This visua-
lization is helpful in understanding the overall locations of all

Table 1. Marijuana-related crash severities by year.

Year Fatal(K)
Incapacitating
Injury (A)

Non-
incapacitating
Injury (B)

Minor
Injury(C)

No
Injury(O) Total

2010 1 6 13 11 33 64
2011 0 3 8 13 40 64
2012 1 6 17 21 50 95
2013 2 4 17 26 47 96
2014 1 9 13 38 70 131
2015 1 8 35 41 84 169
2016 1 6 28 54 100 189
Grand Total 7 42 131 204 424 808

Table 2. Size, sum of squares, and dimensions of the clusters.

Cluster Size (percentage) Sum of Squares Dimension 1 Dimension 2

Cluster 1 307 (23.2%) 27.4472 −0.7919 −0.4002
Cluster 2 296 (22.3%) 26.8047 −0.0668 −0.4070
Cluster 3 232 (17.5%) 34.8508 −0.6451 0.3324
Cluster 4 212 (16.0%) 39.3088 0.6730 −0.0372
Cluster 5 178 (13.4%) 26.9384 1.5319 −0.1636
Cluster 6 101 (7.6%) 56.7526 −0.0279 2.0126

Figure 2. Data integration flowchart.
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attributes. Figures 4 and 5 illustrate the top 20 largest standar-
dized residuals per cluster in cluster 1–3 and 4–6, respectively.
This study applied a two-dimensional, six cluster solution (see
Table 2 for cluster measures) after performing several trial runs.
Figure 3 illustrates the outcomes depicting clusters and attri-
butes. By projecting individual subject points into Figure 3, the
users can visualize the variability within and between clusters. In
CA, the origin indicates the average profile, and all other points
depict deviations from this average profile (Van de Velden et al.,
2017). The biplot display depicts two clusters are near to the
origin (Cluster 2 and Cluster 3), two clusters (Cluster 1, 4) are
within the ranges of the origin. The remaining clusters (Cluster
5, and Cluster 6) have large distances from the origin. To assess
the quality of cluster solutions, several internal cluster validity
measures exist. This study used Calinski-Harabasz value (also
known as valence ratio criterion) that applies k-means clustering
to perform clustering for different k values. These k-means runs
are randomly initialized and therefore have to be run a number
of times to ensure an optimal clustering. The value of this study
is identified as 20.966, and the objective criterion value is 95.258.

The occurrence and outcome of crashes have long been
recognized as complex events which involve interactions
between many contributing factors such as roadway, driver,
traffic characteristics, and environment. The injury severity of
driver is a combined effect of numerous factors, including the
driver involved, vehicle type, environmental conditions, road-
way characteristics, and crash characteristics. On the other
hand, marijuana use has proven to be one of the potential
factors which influence the driver’s condition that result in
a fatal or non-fatal crash. However, it is difficult to assess the
independent contribution of a large number of variables.
Preliminary data exploration was first conducted to determine
the important factors that may contribute to crash occurrence.
Table 3 describes the statistics of the selected sixteen variables.
Each variable is identified in italic, bold font with their corre-
sponding attributes listed below. The frequency of each attri-
bute is also included in the table to easily determine the most
prominent attribute. Variables such as driver injury, driver

violation, driver age, gender, traffic control, vehicle type, high-
way type, collision type, and more are evaluated. The fre-
quency percentage of each attribute identifies the
characteristics that may lead to marijuana impaired crashes.
Based on the data collected, the most frequent collision type
involves rear-end crashes, and most crashes occur at business
locations. Males have a higher crash frequency compared to
female drivers. Moreover, a high percentage of crashes occur
in daylight conditions, between 25 to 44 years old, in the city
streets, and without any driver’s distraction.

Figures 3–5 provide visualizations to inspect the trends and
association of key attributes. These illustrations help in iden-
tifying the attributes that deviate the most from the indepen-
dent condition. The six plots in Figures 4 and 5 show the 20
attributes in each cluster with the highest standardized resi-
dual measures (either positive or negative). A positive residual
means that the attribute has an above average frequency
within the cluster and vice versa. The following explanation
considers attributes with positive residual means.

Cluster 1
This cluster has nine attributes with positive residual means:
red signal on, intersection, right angle, business location,
traffic control as other, no violation, females, multi-vehicle,
and state highway. This cluster indicates the association
between multi-vehicle right-angle crashes in business loca-
tions with no violation. These findings are in line with what
Lee and Li (2014) discussed in their study. They suggested
that median width and surface width should be increased, and
curvature should be reduced to reduce multi-vehicle crashes
with different collision types.

Cluster 2
The attributes with positive residual means are residential,
unknown gender, city street, multi-vehicle involvement, no con-
trol, two-way with no separation, head-on, stop sign, dark street
light at the intersection. This cluster indicates the loss of control
in multi-vehicle crashes on residential two-way no separation

Figure 3. Biplot of all attributes.
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roadways in dark street-light condition. The findings are in line
with a study by Farmer (2004) suggesting the use of electronic
stability control (ESC) systems that can reduce the crash risk
(especially single-vehicle crashes) significantly.

Cluster 3
This cluster has ten attributes with positive residual means:
white dashed line, two-way with separation, U. S highway,
rear end, no violations, business, multi-vehicle involvement,
one-way road, manufacturing or industrial localities, side-
swipe, and others as lighting condition. This cluster highlights
on rear-end multi-vehicle crashes in U. S highways and is not
associated with any driver violation.

Cluster 4
The attributes with positive residual means in Cluster 4 are
single-vehicle, violation as driver condition, careless opera-
tion, others as collision type, non-intersection, others as road
type, dark condition with a continuous streetlight, and resi-
dential. This cluster shows an association between single-
vehicle crashes with careless drivers involved in crashes at
residential locations in dark condition. The findings in this
cluster are consistent with Chipman and Jin (2009). They
found that the interaction between the streets/highways light-
ing condition and the drivers’ carelessness, drowsiness, and
loss of attention can be addressed by improving the lighting
conditions of the roadways.

Figure 4. Top 20’s of the largest standardized residuals per cluster (cluster 1–3).
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Cluster 5
The twelve attributes with positive residual means are single-
vehicle, parish road, residential, dark with no streetlights,
careless operation, cell phone as a distraction, yellow dashed
line, no control, driver condition, and two-way roadway with
no separation. This cluster shows single-vehicle crashes and
their association with driver’s distraction like using
a cellphone, as well as drivers’ carelessness, parish highway
type, two-way with no separation road type and no traffic
control. The findings are in line with the findings of Ranney
(2008). This study suggested that much is needed to reduce
drivers’ distractions as the standard behavioral countermea-
sures such as laws, enforcement, and sanctions are not enough

since it is a complicated societal problem which is related to
lifestyle patterns and choices.

Cluster 6
This cluster has twelve attributes with positive residual means:
interstate, other locality, two-way with barrier, white dashed
line, open country, two-way with separation, sideswipe, dark
with no street lights, others as a primary contributing factor,
manufacturing or industrial locality, one-way road, and road-
way segment. It indicates sideswipe crashes on open country
two-way with barrier and separation roadways with the white
dashed line as traffic control tools. Chipman and Jin (2009)

Figure 5. Top 20’s of the largest standardized residuals per cluster (cluster 4–6).
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also showed similar findings and suggested treatments to
address crashes in dark/no light conditions.

Conclusions

Although the influence of alcohol on driving performance is
well documented, the impact of marijuana on driving skills
have not been thoroughly researched. Swerving in the lane,
slower reaction time, impaired decision making, impaired
driving performance, and risk-taking are just some of the
side effects drivers suffer under the influence of marijuana.
However, other studies have not found any adverse effects on
sudden lane change, sign detection, or response to sudden
hazards (Sewell et al., 2009). Both experimental and observa-
tional studies have established the effects of consuming alco-
hol while driving. However, learning about the effects of
consuming marijuana is controversial because the range of
effects of cannabis on people differs more than alcohol. The
differences are a result of consumption techniques, individual
tolerance differences, and concentrations (NIDA, 2015). The

reactions of cannabis consumption are difficult to acquire, but
its effect on driving is considered as less severe than alcohol.
To identify the marijuana impaired crashes, this study applied
text mining algorithms to seven years of crash data in
Louisiana. Using cluster correspondence analysis, this study
determined the patterns of associated factors. Six different
clusters of attribute groups were identified using the analytical
method. These clusters are single-vehicle crashes during dark
with no streetlights, multi-vehicle rear-end crashes at two-lane
roadways with separation, multiple vehicle head-on crashes at
two-lane roadways with no separation, female drivers at the
intersection involved in multiple-vehicle right-angle crashes,
careless single-vehicle crashes, and open country interstate
crashes. The findings of this study can be useful in the coor-
dination of regional and local behavioral safety efforts to
lessen the occurrence and injury level of marijuana impaired
traffic crashes.

The current study does have limitations. The current mar-
ijuana-related data is restricted to crashes reported to the
police that were filtered as marijuana impaired based on the
type of violation. To improve the current model performance
and enhance the comprehensive investigation by adding vari-
ables of interest, further research would be beneficial. The
limitations of the current study provide guidance for potential
research in this scope. Another caveat that is frequently
encountered is data reliability, particularly when the crash
data is acquired from police reports. It is recommended that
research also needs to be addressed toward further studies
that mitigate the current study limitations.
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