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ABSTRACT
More than 30% of cellphone-distracted fatal crashes occurred
to drivers younger than 25-years-old in 2018, even though
they constitute less than 12% of total licensed drivers in the
U.S. Using joint correspondence analysis (JCA), this study ana-
lyzed six years (2014–2019) of cellphone-related fatal crashes
involving young drivers based on the data from the Fatality
Analysis Reporting System (FARS). This unsupervised learning
algorithm can graphically display the co-occurrence of variable
categories in a lower-dimensional space by effectively summa-
rizing the knowledge of a complex crash dataset. The Boruta
algorithm was applied to select the relevant features from the
preliminary crash dataset. The empirical results of JCA manifest
a few interesting fatal crash patterns. For example, young male
drivers in light trucks were involved in deadly collisions while
performing specific cellphone activities (other than talking and
listening), cellphone-related fatal crashes occurred to young
females with prior crash records, and so on. Apart from alcohol
and drug involvement, this study identified young drivers’ add-
itional risk-taking maneuvers while engaged in
cellphone usage, including: disregarding traffic signs and sig-
nals, speeding, and unrestrained driving. The associations could
guide the safety officials and policymakers in developing
appropriate engineering, education, and enforcement strat-
egies when dealing with cellphone-distracted young drivers.

KEYWORDS
Young driver; cellphone
distraction; correspondence
analysis; fatal crash; crash
data analysis

1. Introduction

The rapid growth of smartphone users has escalated the frequency of
cellphone usage while driving. From roadside surveys in Virginia, the
Insurance Institute for Highway Safety (IIHS) reported that the proportion
of drivers manipulating a cellphone while driving increased from 2.3% in
2014 to 3.4% in 2018 (Insurance Institute for Highway Safety (IIHS), 2019).
The greater involvement of drivers in such risky behavior raises
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cellphone prevalence as a critical determinant of distracted driving.
Moreover, the steady evidence of deadly crashes associated with in-vehicle
cellphone use galvanizes the public attention in this issue. More than 350
drivers using a cellphone while driving were involved in fatal collisions in
2018, representing 13% of distracted drivers in the U.S. (NHTSA, 2020).
This estimated percentage remains relatively identical in the five years
(2014–2018) of national statistics (NHTSA, 2020). However, the actual pro-
portion is expected to be higher than reported, as distracted driving is often
underreported due to a limited source of relevant information at the crash
spot (NSC, 2013). To minimize drivers’ engagement in non-driving tasks,
several states in the U.S. have enacted distracted driving legislation that
prohibits the use of wireless telecommunication devices during driving.
Most of the policymakers concentrate on either the mechanism of
cellphone distraction (texting or other handheld options), or the high-risk
driver population classes (young and novice drivers) (Li et al., 2020).
However, the effectiveness of such state-based cellphone laws is still incon-
clusive for adolescent drivers (Zhu, Rudisill, Heeringa, Swedler, &
Redelmeier, 2016). The National Highway Traffic Safety Administration
(NHTSA) noted that the percentage of young drivers aged 16–24 years
manipulating phones soared from 1.1% in 2009 to 4.2% in 2018
(NHTSA, 2019a), found from the National Occupant Protection Use
Survey (NOPUS). In addition, this driver cohort accounted for more than
30% of cellphone-distracted fatal crashes in 2018, although they constituted
less than 12% of all licensed drivers in the U.S.
The high level of phone involvement and lower risk perception induces

young drivers as a vulnerable group in distracted driving. This novice
driver group usually shows a greater propensity toward risk-taking behav-
iors compared to older drivers because of less experience (Mayhew,
Simpson, & Pak, 2003), sensation-seeking disposition (Jonah, Thiessen, &
Au-Yeung, 2001), and ongoing cognitive development (Keating & Halpern-
Felsher, 2008). Adolescents often overestimate their vehicle controlling
skills, which increases their participation in numerous cellphone-
related tasks (e.g., talking, texting, listening). However, these secondary
activities have already proven vulnerable to safe driving due to their associ-
ation with any combination of visual (taking eye glances away from road-
ways), manual (removing hands from the steering wheel), and cognitive
(disregarding critical information of surrounding driving environment) dis-
tractions (Jannusch, Shannon, V€oller, Murphy, & Mullins, 2021; Nasr
Esfahani, Arvin, Song, & Sze, 2021). Also, repeated usage of
cellphones affects overall driving performances by increasing response
times, shortening headways, and increasing deviations of lateral control
(Haque & Washington, 2015).
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Using a cellphone before a crash does not specify that the incident was
caused solely by cellphone-distracted driving. Each crash reflects a sequence
of events covering driver, road, environment, and crash-related factors (Das
et al., 2022; Hossain, Rahman, Sun, & Mitran, 2021). The effect of one con-
tributory factor can be more ruminative when combined with others. For
example, in relation to cellphone-related crashes, unrestrained driving on
high-speed roads may be more vulnerable than that on low-speed road-
ways. Although the effect of distraction varies among driver population
classes (Guo et al., 2017), no previous studies have been carried out to
reveal the shrouded interrelations among contributory factors that caused
collisions involving drivers younger than 25 years, distracted by cellular
phones. This study utilizes six years (2014–2019) of police-reported fatal
crashes from the Fatality Analysis Reporting System (FARS) to identify the
related associations by applying a unique dimension reduction method
known as joint correspondence analysis (JCA).

2. Literature review

The enormity of cellphone distraction has been reflected in research inter-
ests over the last decade. Numerous driving simulators, on-road field sur-
veys, and naturalistic driving studies (NDS) have been conducted to
describe the links between modes of cellphone usage and their related risk
of crash involvement in terms of driving performance. cellphone conversa-
tion increases drivers’ attention lapses (Beede & Kass, 2006), which subse-
quently impairs the risk-perception ability and appropriate reactions
necessary when facing any hazardous events (Haque & Washington, 2015).
Conversely, visual-manual tasks on cellphones (e.g., typing text messages)
negatively affect nearly all aspects of safe driving, which significantly ele-
vates the collision risk (Caird, Simmons, Wiley, Johnston, & Horrey, 2018;
Owens et al., 2018), sometimes even more than alcohol-intoxicated driving
(Klauer et al., 2006).
Young drivers have been emphasized for their considerably higher risk

of crashes or near-crash episodes in a variety of cellphone-related activities
(e.g., talking, texting, dialing, reaching for the device) behind the wheel
(Klauer et al., 2014; NHTSA, 2012; Rahman, Hossain, Mitran, & Sun,
2021). Young male drivers are reported for greater exposure in cellphone
usage (Jannusch et al., 2021; Shaaban, Gaweesh, & Ahmed, 2018), which
can be readily explained as a substantial body of literature has verified
male teenagers’ higher risky driving tendencies compared to female drivers
(Byrnes, Miller, & Schafer, 1999; Shope & Bingham, 2008). Adolescents
who repeatedly speak on phones are more likely to be involved in risky
driving behaviors such as disregarding traffic signals (Haque, Ohlhauser,
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Washington, & Boyle, 2013), changing lanes incessantly (Zhao, Reimer,
Mehler, D’Ambrosio, & Coughlin, 2013), and speeding (Jannusch et al.,
2021). Besides, multiple studies have documented a combined aspect of
impairment (under the influence of alcohol or drug) and cellphone usage
during driving among young drivers (Jannusch et al., 2021; Li, Bower, Zhu,
& Board, 2019).
Table 1 represents the key findings of a few studies that specifically focus

on the cellphone usage of young drivers. The purpose of this summariza-
tion is to discern the associated contributing factors linked with the attrib-
utes of police-investigated crash reports.
More than a decade earlier, Huang, Stutts, and Hunter (2003) analyzed

six years of North Carolina crash data to examine the contributory factors
associated with cellphone-related crashes by comparing them with non-cell-
phone collisions. The authors argued that drivers who use a cellphone were
more frequently involved in rear-end crashes, and more likely to drive in
urban areas, often during mid-day and afternoon hours. Regarding cell-
phone conversation prior to a crash, most of the drivers were males, going
straight, and driving sport utility vehicles (SUVs). Later, a telephone survey
by Beck, Yan, and Wang (2007) investigated dispositional and behavioral
factors of cellphone drivers to underline their self-reported risk-taking
maneuvers. The study identified lower seatbelt usage among cellphone
users who had previous crash or violation records. A national phone survey
was conducted by NHTSA to further update the assessment on driving atti-
tudes and behaviors allied with distracted drivers (Tison, Chaudhary, &
Cosgrove, 2011). The respondents showed more affinity toward talking on
a cellphone when stopped or traveling at lower speeds. Rahman, Sun, Sun,
and Shan (2020) performed a case study in Louisiana to understand how
the association of multiple factors influence driver’s cellphone use and
found rurality, road geometry, and crash time as crucial factors in differen-
tiating driving patterns with respect to in-vehicle cellphone usage.
The association between cellphone-distracted driving and environmental

characteristics such as day of the week, lighting conditions, and the weather
has not been well elucidated. Young, Rudin-Brown, and Lenn�e (2010) com-
pared the rates of handheld and hands-free cellphone usage by time of day
and day of the week, whereas Vivoda, Eby, St. Louis, and Kostyniuk (2008)
only concentrated on distinguishing the changes of rates within the night-
time hours. Both observational studies conveyed no significant dissimilar-
ities. In relation to weather, studies focused on the distribution of
cellphone users by the variable categories (McDonald & Sommers, 2015;
Wang, Xu, Asmelash, Xing, & Lee, 2020) rather than on understanding the
crash risk of cellphone-distracted driving in adverse weather conditions.
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In brief, a wide array of experimental research has demonstrated how
certain aspects of driving performance change with cellphone distraction,
which indirectly evaluates the relative crash risk (Beede & Kass, 2006;
Caird et al., 2018; Haque & Washington, 2015; Hosking, Young, & Regan,
2009). Also, survey-based and observational studies have sought to connect
drivers’ cellphone behavior with a multitude of factors (Atchley, Atwood, &
Boulton, 2011; Beck et al., 2007; Jannusch et al., 2021; Rahman et al., 2020;
Tison et al., 2011). However, these studies provide sparse knowledge on the
road and environment-related factors that could influence cellphone
involvement during driving. On the contrary, NDS and crash-based studies
have predominantly included common road crashes (minor injury or near-
crash events). Therefore, contributing factors to serious crash incidents and
their associations remain unclear. In addition, the majority of them applied
either simple descriptive analyses or traditional parametric models (e.g.,
risk ratio) to recognize the effects of individual risk factors on a response
variable (Huang et al., 2003; Klauer et al., 2006; Owens et al., 2018;
Shaaban et al., 2018; Tucker, Pek, Morrish, & Ruf, 2015). However, these
analytical approaches have been criticized for their predefined assumptions,

Table 1. Summary of selected young driver cellphone studies.

Study
Study classification,
location, approach Key findings

Hosking et al. (2009) Experimental-based,
Melbourne (Australia),
Descriptive analysis

� While texting, young drivers spent more time
looking away from the roads, therefore, they
often missed the regular traffic signs
and signals.

Atchley et al. (2011) Survey-based, Kansas (USA),
Structural equation model

� The choice of initiating texting while driving
was significantly influenced by weather, road
lighting, and highway class.

Tucker et al. (2015) Survey-based, Ontario
(Canada),
Descriptive analysis

� No significant gender difference had been
observed in talking on a cellphone
while driving.

� Young male drivers were often reported for
violating the posted speed limits when
engaged in texting during driving.

Shaaban et al. (2018) Survey-based, Qatar,
Structural equation model

� Young drivers who had previous cellphone-
related crash records were more likely to be
involved in cellphone use while driving.

� With longer distraction duration and more
driving experience, young drivers showed a
greater tendency of cellphone involvement.

Jannusch et al. (2021) Survey-based, Germany,
Correspondence analysis

� Speaking on cellphones was more frequent
among young male drivers.

� Young drivers who reported talking on a
phone were more likely to be engaged in
speeding and intoxicated driving.

Li et al. (2019) Survey-based, USA, Poisson
regression model

� Adolescents who were older and reported
alcohol-involved driving were more likely to
be involved in cellphone usage behind
the wheel.

Walshe, Winston,
Betancourt, Arena,
and Romer (2018)

Survey-based, Philadelphia
(USA), Descriptive analysis

� Young drivers’ cellphone usage was
associated with prior citation records and
intentional violations while driving.
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which can lead to biased and incompatible results (Montella, Mauriello,
Pernetti, & Rella Riccardi, 2021; Nafis, Alluri, Wu, & Kibria, 2021). In rela-
tion to cellphone-distracted driving, the national crash statistics have con-
sistently highlighted young drivers as a highly at-risk age group. However,
no previous studies have investigated police-reported cellphone collisions
involving them to discern the associated risk factors. The comprehensive
literature review has solicited more emphasis and extensive research in
characterizing the complex nature of the related fatal crash incidents.
According to the National Safety Council (NCS), crash deaths in samples

where drivers were on the phone are seriously underreported. However,
there is no robust evidence on the portion of underreporting in comparison
to the actual cellphone-involved crash incidents. Also, this underreporting
may vary by crash type and geography. Therefore, designing a comparative
study (cellphone versus non-cellphone collisions) may not be a suitable
research strategy. In this regard, extracting the cellphone-related crashes
from an established representative of police-reported road crashes could
minimize the effect of underreporting while aiming to detect real-world
crash patterns. This study utilizes the FARS crash database that includes a
broad spectrum of crash, driver, vehicle, road, and environmental variables
involved in each deadly collision. JCA is applied to discover the fatal crash
patterns of young drivers distracted by cellphones. Researchers have already
adopted JCA to subdue the shortcomings of conventional statistical model-
ing (e.g., the covariates are mutually exclusive) while investigating critical
traffic safety issues (Das, Jha, Fitzpatrick, Brewer, & Shimu, 2019; Hossain,
Sun, Mitran, & Rahman, 2021). This unsupervised learning algorithm can
graphically represent the interdependencies among crash contributing fac-
tors from a multidimensional dataset without imposing any predefined
hypotheses. Since underreporting of cellphone-related crashes is still a key
concern, prioritizing critical crash attributes from the associations could be
beneficial in reducing the related collisions and fatalities. Additionally, the
combination of factors identified from JCA depicts real-world deadly crash
scenarios that can assist safety officials in designing effective crash mitiga-
tion strategies.

3. Methodology

Correspondence analysis (CA) is a popular multivariate technique that uti-
lizes nominal variables to reflect their interrelations in a lower-dimensional
plane. Multiple correspondence analysis (MCA) and JCA are two prevalent
applications of CA for exploratory analysis. In contrast to MCA, JCA is a
well-defined pattern recognition method as it performs natural generaliza-
tion of variables by a least square approach (Burt matrix) instead of a

6 M. M. HOSSAIN ET AL.



multiple indicator matrix (Camiz, Matematica, & Universit, 2013; Hossain,
Sun et al., 2021). The model considers the joint display of cross-tabulations
among all attainable pairs of categorical factors in a dataset (Greenacre,
1988). However, the application of a Burt Matrix has certain shortcomings
in the diagonal block-entries of the total variation. The problem can be
adjusted by estimating the maximum likelihood for an r-way distribution
in JCA (Vermunt & Anderson, 2005). The idea of such an alternative
approach, suggested by Choulakian (1988), is to evaluate the goodness-of-
fit of the models by employing standard chi-squared tests through three-
way contingency tables.
Assume that categorical variables Y1,Y2, . . . :,Yr form a traditional cell

proportion #Y1Y2...:Yr
y1y2...:yr in the r-way contingency table. For each variable pair

Yr and Ys, the bivariate marginal distributions #YrYs
yrys of a U-dimensional

JCA model can be defined as:

#YrYs
yrys ¼ #Yr

yr #
Ys
ys f1þ

XU

m¼1

eux
Yr
uyrx

Ys
uysg

where r 6¼ s
Here,
#Yr
ys ¼ univariate cell distribution in the U-way cross-tables formed by

variable Yr,
xYr
uyr¼ quantification of attribute yr for variable Yr,

eu ¼ singular value of correlations between the variables in dimension u
A multivariate correlation model (MCM) has been suggested to extend

the JCA model for the r-way tables (Vermunt & Anderson, 2005).

#Y1Y2...:Yr
y1y2...:yr ¼

YR

r¼1
#Yr
yr f1þ

XM

u¼1

XR

r¼1

XR

s¼rþ1

cup
Yr
uyrp

Ys
uysg

Here,
cu ¼ canonical correlation in dimension u,
pYr
uyr¼ quantification of attribute yr of variable Yr for dimension u:

It is noteworthy that this estimation will provide the best fitting when all
#Y1Y2...:Yr
y1y2...:yr are within the acceptable range.
In JCA, cloud means a combination of points (categories) in a lower-

dimensional (first plane) space. Figure 1 exhibits a simple representation of
cloud formation. Three variables e, f, and g contain three (e1, e2, e3), four
(f1, f2, f3, f4), and four (g1, g2, g3, g4) attributes, respectively. Categories
with similar distribution are closely spaced, which specifies a significant
correlation (Das et al., 2019; Hossain, Sun et al., 2021). In the figure, the
relative proximity of the coordinates of four attributes (e2, f1, g2, g3) that
generate a combination cloud is apparent.
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This study performs JCA using the “ca” package on the statistical soft-
ware ‘R’ to analyze fatal crashes of young drivers involved in cellphone
usage before the incidents.

4. Study data

4.1. Data preparation

The FARS is a nationwide database that stores all fatal motor vehicle
crashes in the U.S. from 1975, including the District of Columbia and
Puerto Rico. The archive merely includes the deadly collisions on public
roads that resulted in the fatality of a driver, passenger, or non-motorists
within the first thirty days of the crash incident. The FARS database con-
tains multiple tables to reposit all fatal crash information at the crash,
vehicle, and person levels. Since 2010, the FARS has included three distinct
cellphone distractors to secure distracted driving information more com-
prehensively (NHTSA, 2019b). The categories are as follows.

� Talking or listening to cellular phone (hand-held or hand free).
� Manipulating cellular phone (dialing/texting/browsing on a cellphone).
� Other cellphone related (locating/reaching for/answering cellular phone

or any other cellphone usage other than previous two categories).

Figure 2 exhibits the analytical framework of this study with data pre-
processing techniques. This research extracted cellphone-related fatal crash
information from the FARS for 2014 to 2019. Nationwide, some form of
Graduated Driver Licensing (GDL) system has been implemented to reduce
novice young drivers’ crash risk by gradually increasing their exposure to
complex driving scenarios (Baker, Chen, & Li, 2011). A typical GDL pro-
gram includes a learner stage, an intermediate stage, and a full privilege
stage. However, the specific components of GDL provisions vary by state,
and teenagers in the probationary stages of the GDL program operate
vehicles in numerous controlled environments (e.g., supervised driving,
nighttime restriction, teen passenger restriction). Therefore, for analytics

Figure 1. Joint correspondence analysis plots.
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and interpretive purposes, the researchers filtered out the fully licensed
young driver crashes from the original crash database. Also, only driver
information of vehicle 1 (major liability holder in a crash) was considered.
Extricating the information regarding the level of liability of other drivers
(vehicle 2, 3, etc.), with the aim of identifying all responsible young drivers
involved in multiple-vehicle crashes was found to be unfeasible.
The primary dataset contains 680 unique, cellphone-distracted, 16 to

24 years old driver fatal crashes with sixteen driver, environment, road, and
crash-related factors. Occupant characteristics are not considered in this
study. The variables were selected based on previous cellphone-related
studies and the availability of contributory factors in the FARS database.
Table 2 represents the initially selected variables with categories. An exten-
sive literature review and engineering judgment facilitated the categoriza-
tion of variable classes. For example, there was no significant and
consistent difference in crash frequencies between 1:00 am to 12:59 pm
(Figure 3). On the contrary, cellphone-related crashes were increased by
the end of the afternoon hour (12:00–12:59 pm), at a peak from 3:00 pm to
3:59 pm, and decreased at the beginning of evening hours (5:00–5:59 pm).
A relatively similar pattern had been observed from 6:00 pm to 12:59 am.
Therefore, Crash time was categorized into four different periods — 7:00
am to 12:59 pm, 1:00 to 5:59 pm, 6:00 pm to 12:59 am, and 1:00 to 6:59 am
— according to the hourly fatal crash frequencies. Day of the week was
classified following the NHTSA classification (weekday: Monday 6:00 am to
Friday 5:59 pm and weekend: Friday 6:00 pm to Monday 5:59 am). Rurality
and trafficway were merged to form Road type. Drivers who are aged
19 years or less and allowed to drive are generally recognized as teen

Figure 2. Analytical framework of the study.
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drivers. Therefore, Driver age was grouped into two attributes (16 to
19 years and 20 to 24 years).

4.2. Variable importance

This study applied the Boruta algorithm using the “Boruta” package in “R”
to evaluate the importance of selected features or variables. The conven-
tional feature selection methods (e.g., random forest algorithm) comply
with a minimal optimal approach where they depend on a small subset of
variables, which induces a minimal error on a selected classifier. This
occurs by setting an over-pruned version of the input dataset, which in
turn, eliminates a few pertinent features (Rudnicki & Kursa, 2010).

Table 2. Preliminary selected variables with attributes.
Variable Attribute

Driver age 16 to 19 years, 20 to 24 years
Driver gender Male, female
Previous crash record No, yes
Alcohol/drug involvement No, yes
Restraint usage Properly used, improperly used, not used, others
Cellphone usage Talking or listening, manipulating, others
Violation No violation, careless driving, disregarding traffic signs/signals, improper action/

turning, others
Vehicle type Passenger car, light truck (van/SUV/pickup-truck), others
Crash time 7:00am to 12:59pm, 1:00 to 5:59pm, 6:00pm to 12:59am, 1:00 to 6:59am
Day of the week Weekday, weekend
Lighting condition Daylight, dark-lighted, dark-not-lighted, others
Weather Clear, cloudy, rain, others
Road type Rural two-way divided (RUTWD), rural two-way undivided (RUTWUD), urban two-

way divided (URTWD), urban two-way undivided (URTWUD), others
Posted speed limit 30-35mph (48-56 km/h), 40-45mph (64-72 km/h), 50-55mph (80-88 km/h), �

60mph (� 96 km/h), others
Roadway geometry Straight segment, curve segment, intersection, intersection on curve
Crash type Single vehicle, angle, head-on, rear-end, others

Figure 3. Hourly distribution of fatal crashes of cellphone-distracted young drivers.
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However, the wrapper algorithm Boruta employs the “all-relevant” feature
section technique, which captures both strongly and weakly-relevant fea-
tures connected with the outcome variable (e.g., numerous cellphone activ-
ities) (Das, Khan, & Ahmed, 2020; Rudnicki & Kursa, 2010). Identifying all
relevant features from a multidimensional dataset is preferable in corres-
pondence analysis aimed to understand the associations among key con-
tributory factors rather than developing a model of high predictive
accuracy (Nilsson, Pe~na, Bj€orkegren, & Tegn�er, 2007). Moreover, Boruta is
a serial algorithm that can parallel utilize the Random Forest (RF) algo-
rithm to iteratively compare the importance of variables with that of
shadow features, formed by shuffling the actual dataset (Rudnicki & Kursa,
2010). That means the features compete with a randomized version of
them instead of competing among themselves. The shadows are re-created
in each iteration. Features with higher importance than the shadow ones
are called confirmed or important variables. On the contrary, the less
important ones are discarded as dropped or unimportant variables.
Figure 4 displays Boruta results on the preliminary crash dataset. Blue box-
plots represent the minimal, average, and maximum Z score of a shadow
feature (starting from the left). The green and red boxes correspond to
confirmed and dropped variables, respectively. Driver age is identified as
an unimportant feature in the algorithm. That means clustering younger
drivers into additional two groups will not provide additional insights.
Therefore, the factor is not considered for the final analysis.

Figure 4. Variable importance using the Boruta algorithm.
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4.3. Descriptive analysis

Table 3 shows the percentage of variable categories by cellphone distraction
types in regard to the total fatal crashes of the final dataset. Around
38.97% of young drivers were engaged in manipulating a cellphone, as text-
ing is one prevalent alternative to making phone calls (Jannusch et al.,
2021). The proportion of male cellphone drivers was higher than females
across all distribution classes, which is parallel with previous studies
(Huang et al., 2003; Jannusch et al., 2021). Out of 680 fatal crashes with
young drivers, 30.74% had reported alcohol and drug involvement along
with cellphone-distracted driving. These intoxicated drivers were more
likely to partake in manipulating (31.70%) rather than speaking or listening
(26.75%). Despite enforcement of seatbelt laws, 33.09% of young drivers
were unrestrained or improperly belted. Such offense was prevalent in
manipulating (36.60%) when stratified by the modes of cellphone use. Most
of the fatal crashes were associated with violations such as improper
action/turning (15.29%), careless driving (11.62%), and speeding (11.03%).
Also, a higher proportion of drivers disregarded traffic signs and signals
(18.47%) when talking or listening to cellphones. In terms of vehicle type,
the distributions showed a persistent pattern- passenger car (53.38%), fol-
lowed by light truck (40.88%), and others (5.74%). However, a slightly
higher magnitude was observed in talking or listening (42.04%) among
young drivers operating light trucks.
About 37.94% of cellphone-related crashes occurred from 6:00 pm to

12:59 am, followed by 25.59% from 1:00 to 5:59 pm, 19.41% from 7:00 am
to 12:59 pm, and 17.21% from 1:00 to 6:59 am. This pattern pinpoints that
young drivers become more frequent or careless in cellphone usage as the
day progresses. Fatal crash data of youth show usual trends in days of the
week and the weather as the magnitudes were disproportionally high dur-
ing weekdays (61.47%) and clear weather (68.53%). This skewness can be
annotated as drivers are more likely to use cellphones in clear weather and
on business days (Walsh, White, Watson, & Hyde, 2007). In terms of dark
with streetlighting conditions, a higher proportion was observed when
engaged in talking or listening on cellphones prior to the crashes (21.66%)
compared to total cellphone-related fatal crashes (18.82%).
Two-way undivided roadways showed greater fatal crash occurrences

(69.41%) when RUTWUD and URTWUD were combined. A majority of
them took place in rural areas. About 35.15% of crash episodes were at a
posted speed limit of 50–55mph, accompanied by 26.32% on a posted
speed limit of 40–45mph. Cellphone drivers are more likely to divert their
attention away from driving when traveling in light traffic or on roadways
with higher speed limits (Jannusch et al., 2021). At intersections, young
drivers are more frequent in fatal crash involvement when interacting with
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Table 3. Statistics of contributory factors in the final dataset.

Variable Category

Total fatal
crashes (680)

Fatal crashes by the modes of cellphone usage

Talking/
Listening (157)

Manipulating
(265)

Others
(258)

% % % %

Driver characteristics
Gender Male 57.65 57.32 58.11 57.36

Female 42.35 42.68 41.89 42.64
Previous crash record No 71.03 72.61 72.83 68.22

Yes 28.97 27.39 27.17 31.78
Alcohol/drug

involvement
No 69.26 73.25 68.30 67.83
Yes 30.74 26.75 31.70 32.17

Restraint usage Properly used 58.68 53.50 57.74 62.79
Improperly used 3.38 7.64 3.02 1.16
Not used 29.71 28.66 33.58 26.36
Others 8.24 10.19 5.66 9.69

Violation No violation 28.38 29.30 26.79 29.46
Careless driving 11.62 8.92 9.43 15.50
Disregarding traffic

Signs/signals
9.85 18.47 7.55 6.98

Improper Action/turning 15.29 16.56 18.11 11.63
Speeding 11.03 7.01 13.96 10.47
Others 23.82 19.75 24.15 25.97

Vehicle type Passenger car 53.38 49.68 55.09 53.88
Light truck 40.88 42.04 40.38 40.70
Others 5.74 8.28 4.53 5.43

Environment characteristics
Crash time 7:00am-12:59pm 19.41 17.83 19.25 16.67

1:00-5:59pm 25.59 26.75 24.91 29.07
6:00pm-12:59am 37.94 38.85 39.25 36.05
1:00-6:59am 17.21 16.56 16.60 18.22

Day of the week Weekday 61.47 61.78 60.75 62.02
Weekend 38.53 38.22 39.25 37.98

Lighting condition Daylight 48.82 46.50 48.30 50.78
Dark-lighted 18.82 21.66 18.87 17.05
Dark-not-lighted 28.09 27.39 28.68 27.91
Others 4.26 4.46 4.15 60.08

Weather Clear 68.53 61.78 71.70 69.38
Cloudy 17.06 22.93 14.34 16.28
Rain 8.38 7.01 8.30 9.30
Others 6.03 8.28 5.66 5.04

Road characteristics
Road type RUTWD 10.59 10.19 9.06 12.40

RUTWUD 38.53 41.40 36.60 38.76
URTWD 16.76 18.47 20.75 11.63
URTWUD 30.88 26.11 30.94 33.72
Others 3.24 3.82 2.64 3.49

Posted speed limit 30-35mph (48-56 km/h) 12.79 14.01 13.21 11.63
40-45mph (64-72 km/h) 26.32 21.66 30.19 25.19
50-55mph (80-88 km/h) 35.15 38.85 34.72 33.33
� 60mph (� 96 km/h) 21.03 19.11 18.11 25.19
Others 4.71 6.37 3.77 4.65

Road geometry Straight segment 60.74 59.24 62.26 60.08
Curve segment 18.38 16.56 19.62 18.22
Intersection 18.68 24.20 14.72 19.38
Intersection on curve 2.21 0.00 3.40 2.33

Crash characteristics
Crash type Single vehicle 50.88 51.59 50.57 50.78

Angle 15.29 19.75 14.72 13.18
Head-on 17.94 14.01 19.25 18.99
Rear-end 13.53 12.10 13.21 14.73
Others 2.35 2.55 2.26 2.33
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a cellphone involving talking or listening (24.20%). A disproportionate
prevalence of single vehicle crashes has been reflected in the distribution
table (50.88%).

5. Results and discussion

The purpose of applying JCA is to graphically represent the complementary
attributes in a lower-dimensional plane by effectively summarizing the
knowledge of a complex crash dataset. This multivariate analysis technique
concentrates on off-diagonal contingency tables that provide a better esti-
mation of data visualization elements (Das et al., 2019; Hossain, Sun et al.,
2021). A smaller Euclidean distance of categories implies a significant inter-
dependency. The attributes with closer proximity are regarded as a cloud
(discussed in the methodology section). All attributes of the analyzing data-
set were initially represented in one map, which made the graph difficult to
distinguish the clouds. Therefore, two popular data visualization packages
“ggplot2” and “ggrepel” were utilized to develop readily understandable
JCA plots by defining the axes limit (Hossain, Sun et al., 2021).
Table 4 exhibits the mass and inertia of each variable attribute (recog-

nized as a column) in JCA. Each of the quantities was multiplied by 1,000.
In general, column mass is the summation of all the frequencies in that
column divided by the sum of all the frequencies in the contingency table
(Nenadic & Greenacre, 2007). Larger mass values of a column imply that
the column has a higher relative frequency. For example, “no previous
crash record” had the largest column mass (0.474) as the highest percentage
of crashes belonged to this category (71.03%). Cell inertia is the chi-squared
value in the cell divided by the total frequency for the contingency table.
The inertia of a column means the sum of the cell inertias for that column
(Nenadic & Greenacre, 2007). A higher value generally indicates a stronger
association. For example, “dark-lighted condition” had the highest inertia
(0.006), which means a stronger correlation with crash observations com-
pared to other attributes. The top five variable categories with respect to
column inertia were dark-lighted, intersection, disregarding traffic signs
and signals, angle crash, and improper restraint usage.
In the analysis, the crash observations were initially presented in 16 dimen-

sions. The eigenvalue (range 0 to 1) was estimated to specify how much attri-
bute information each dimension accounts for. The dimensions were
sequenced based on the eigenvalues. Figure 5 shows the top 10 dimensions by
eigenvalues. The first two dimensions explained greater category information
compared to any other dimension- 0.0164 and 0.0132, respectively. As JCA
applies an iterative algorithm to best fit the off-diagonal submatrices of the
Burt matrix, the explication doesn’t have rigidly nested dimensions (Greenacre,
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Nenadic, Friendly, & Nenadic, 2020). Therefore, the optimal percentage of vari-
ance is computed for the chosen dimensionality (the two principal axes repre-
sent larger eigenvalues) rather than for each dimension. In this study, diagonal
inertia calculated from eigenvalues was 0.008. The first two dimensions
explained 50.4% of the total variance. The number of iterations was 54.
Figure 6 shows the JCA factor map exhibiting all 55 attributes of the

final dataset. Only one cloud can be recognized from that plotting; there-
fore, Figure 7 was developed to identify the rest of the associations. The
analysis displayed seven meaningful clouds that illustrate the association of
categories featuring fatal cellphone-related crashes of young drivers. To
establish the identified clouds, each of the associations has been discussed
with reference to previous literature findings.
Cloud 1 (violation¼ disregarding traffic signs and signals, road geome-

try¼ intersection, crash type¼ angle)

Table 4. Mass and inertia of each variable category in JCA.
Attribute Mass� Inertia� Attribute Mass� Inertia�
Gender Day of the week
Male 38.4 2.1 Weekday 41.0 2.1
Female 28.2 2.9 Weekend 25.7 3.4
Previous crash record Lighting condition
No 47.4 1.4 Daylight 32.5 4.3
Yes 19.3 3.5 Dark-lighted 12.5 6.0
Alcohol/drug Dark-not-lighted 18.7 5.1
No 46.2 1.7 Others 2.8 4.6
Yes 20.5 3.8 Weather
Cellphone distraction Clear 45.7 1.5
Talking/listening 15.4 3.8 Cloudy 11.4 4.1
Manipulating 26.0 2.9 Rain 5.6 4.5
Others 25.3 3.0 Others 4.0 4.5
Restraint usage Road type
Properly used 39.1 2.2 RUTWD 7.1 5.1
Improperly used 2.3 5.3 RUTWUD 25.7 3.9
Not used 19.8 4.2 URTWD 11.2 4.6
Others 5.5 5.0 URTWUD 20.6 4.2
Violation Others 2.2 4.7
No violation 18.9 3.5 Posted speed limit
Careless driving 7.7 4.5 30-35mph 8.5 4.7
Disregarding traffic signs/signals 6.6 5.8 40-45mph 17.5 4.1
Improper action/turning 10.2 5.2 50-55mph 23.4 3.6
Speeding 7.4 4.3 >¼60mph 14.0 5.0
Others 15.9 3.7 Others 3.1 4.7
Vehicle type Road geometry
Passenger car 35.6 2.4 Straight segment 40.5 2.2
Light truck 27.3 2.9 Curve segment 12.3 4.4
Others 3.8 4.7 Intersection 12.5 5.8
Crash time Curve on intersection 1.5 4.6
7:00 am–12:59 pm 13.2 5.0 Crash type
1:00–5:59 pm 14.5 4.7 Single vehicle 33.9 3.0
6:00 pm–12:59 am 25.3 4.2 Angle 10.2 5.6
1:00–6:59 am 13.6 4.3 Head-on 12.0 5.0

Rear-end 9.0 4.6
Others 1.6 4.7

�Quantities were multiplied by 1,000.
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Cloud 1 indicates that fatal angle crashes of young drivers distracted by
cellphones are associated with disobeying traffic signs and signals at inter-
sections (Figure 6). One previous study in Missouri reported a positive cor-
relation between cellphone distraction and angular crash risk (Ghazizadeh
& Boyle, 2009). Cellphone use in complex driving circumstances such as
intersections is already proven to be hazardous for novice drivers (Klauer
et al., 2006). Young drivers are more likely to run through the stop sign or
red light while speaking on a cellphone (Beck et al., 2007; Haque et al.,
2013), a cumulative effect of attention diversion and driving inexperience.
Cloud 2 (alcohol or drug involvement¼ yes, crash type¼ single vehicle)
Cloud 2 describes young drivers’ cellphone use under the influence of

alcohol and drugs that resulted in deadly, single vehicle collisions (Figure

Figure 5. Top 10 dimensions by eigenvalues.

Figure 6. Joint correspondence analysis factor map with Cloud 1.
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7). Intoxicated young novice drivers are often engaged in talking to a cell-
phone, which can lead to critical driving errors with potentially fatal out-
comes (Jannusch et al., 2021). Due to less experience in drinking and
driving, adolescents have a higher risk of injury crashes even at a lower
intoxication level (Mayhew, Donelson, Beirness, & Simpson, 1986). On the
contrary, alcohol has already been underlined as a critical factor contribu-
ting to single vehicle crashes (€Ostr€om & Eriksson, 1993).
Cloud 3 (weather¼ rain, road type¼ urban two-way divided)
Cloud 3 specifies a fatal crash scenario on two-way divided roadways

(with or without physical separation) in urban areas with regard to young
drivers using a cellphone during rainy weather conditions. Safe driving on
urban roads is critical for novice drivers due to the surrounding complex-
ities generated from heavier traffic. Precipitation reduces driver’s visibility
and tire-road friction; therefore, drivers have to respond quicker than usual
in critical driving situations (Lobo, Ferreira, Iglesias, & Couto, 2019). In
these circumstances, young drivers become more exposed to the risk of ser-
ious crashes when distracted by a cellphone.
Cloud 4 (gender¼male, gender¼ female, previous crash record¼ no, pre-

vious crash record¼ yes, cellphone usage¼manipulating, cellphone usage¼ -
others, violation¼ no violation, violation¼ others, vehicle type¼ passenger
car, vehicle type¼ light truck, weather¼ clear)
Cloud 4 represents two separate deadly crash scenarios. The first

sequence of events describes fatal crashes of young male drivers in light
trucks while engaged in cellphone activities other than talking or listening.
Overall, texting, dialing, reaching for, or answering the cellphone are more

Figure 7. Joint correspondence analysis factor map with Cloud 2 to Cloud 7.
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vulnerable than talking or listening as these tasks are affiliated with visual-
manual distraction (Owens et al., 2018). Besides, concerning adolescents,
male drivers and light truck motorists have been specified for their greater
inclination toward aggressive driving (Paleti, Eluru, & Bhat, 2010). The
second scenario indicates fatal cellphone-related crashes of young female
drivers who have a crash history. One earlier young driver study in
Michigan argued that past crash and traffic offenses are a significant pre-
dictor of subsequent crashes, notably for female drivers (Elliott, Waller,
Raghunathan, & Shope, 2001).
Cloud 5 (violation¼ speeding, road geometry¼ straight segment,

weather¼ others)
Cloud 5 specifies the speeding tendency of young cellphone drivers on

straight roadway segments in adverse weather conditions (other than
cloudy and rain). Speeding in inclement weather (e.g., snow, fog) intensifies
the chances of severe injury crashes due to inadequate skid resistance and
poor visibility (Edwards, 1998).
Cloud 6 (restraint usage¼ not used, road geometry¼ curve segment)
Cloud 6 displays the combined effect of cellphone distraction and unre-

strained driving on curve road segments. Speed-related collisions are more
frequent on curve segments owing to improper approaching speed on the
entry points. At curves, Charlton (2004) found a significant speed deviation
with respect to safe driving speed when the driver performs attention-
demanding secondary tasks on cellphones. In addition, multiple studies
manifested the severe consequences of driving without any protection sys-
tem, particularly for young drivers (Rahman et al., 2021; Shaaban &
Abdelwarith, 2020; Vachal et al., 2009).
Cloud 7 (road type¼ rural two-way divided, road type¼ rural two-way

undivided, crash type¼ head-on)
Cloud 7 describes fatal head-on collisions on two-way roads in rural

areas resulting from cellphone-distracted driving. Head-on collisions are
more likely to be fatal on rural roadways (Deng, Ivan, & Gårder, 2006), as
the setting occupies distinct hazardous features such as hidden driveways,
narrow roads, sharp curves, and being unlighted. Young drivers often disre-
gard these additional safety threats and pay more attention to the phone
rather than oncoming traffic, which is one of the prime reasons for head-
on crashes (Gårder, 2006).

6. Conclusions

6.1. Research contribution and key findings

This study employed JCA to identify the co-occurrence of attributes that
influence the fatal crashes of young drivers in terms of cellphone-
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distracted driving. The Boruta algorithm was applied to select the relevant
features from the preliminary crash dataset. As the final dataset covered a
wide range of variables, JCA is a well-suited machine learning tool to offer
valuable insights on the interdependencies between a significant number of
variable categories. Also, JCA provides a graphical representation of all
crash attributes in a lower-dimensional plane, and thereby, allows a broader
audience to detect the complex associations. In contrast with traditional
statistical models, this exploratory multivariate analysis technique operates
without any predefined hypothesis of dependent variables and covariates.
This research deals with a total of 680 fatal crashes in six years, and JCA
can handle missing entries without reducing the actual size of the dataset.
Two unique contributions of this study are: 1) application of the Boruta
algorithm to identify the relevant contributing factors; and 2) application of
a less explored CA method (JCA) to determine the key insights from
these crashes.
The findings of this study exhibited that variables such as gender, previ-

ous crash record, intoxication, restraint usage, violation, vehicle type, wea-
ther, road type, and road geometry had significant contributions to the
young driver, cellphone-related, fatal crash occurrences. From JCA, this
research revealed a few combinations of attributes that resulted in the
deadly cellphone collisions. Young male drivers in light trucks were
involved in crashes while performing cellphone activities other than talking
and listening, whereas young females with crash history had collisions dur-
ing secondary tasks on cellphones (cloud 4). In terms of roadway type,
two-way divided roads in urban areas were vulnerable during rainy weather
conditions (cloud 3). On the contrary, rural two-way roads seemed to be
hazardous due to head-on cellphone-distracted collisions (cloud 7). The
grouping of road and environment-related factors significantly influences
cellphone-related fatal crashes involving young drivers. Moreover, the asso-
ciations also implied other risky driving behaviors of youth while distracted
by a cellphone, for example, disregarding traffic signs and signals at inter-
sections (cloud 1), speeding on straight segments during bad weather con-
ditions (cloud 5), and unrestrained driving on curve roadway segments
(cloud 6). The study outcomes also displayed fatal consequences of single
vehicle collisions where intoxicated young drivers performed cellphone
activities before the incidents (cloud 2). The meaningful combination
groups shed light on the patterns of fatal cellphone-related crashes, exposed
a new aspect of research in distracted driving. The findings could guide the
safety officials and policymakers in developing appropriate engineering,
education, and enforcement strategies when dealing with cellphone-dis-
tracted young drivers. In addition, prioritizing the key attributes from the
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confluence of factors can be helpful in reducing the related collisions
and fatalities.

6.2. Recommendations

In the U.S., states have executed distracted driving laws to restrict cellphone
usage among young and novice drivers. However, active enforcement of
these regulations is becoming harder due to the blooming of distinct cell-
phone-related secondary tasks (George, Brown, Scholz, Scott-Parker, &
Rickwood, 2018). Also, exclusively working on public awareness campaigns
is unlikely to bring any behavioral change, as most youths are aware of the
risk of cellphone use during driving (McDonald & Sommers, 2015). Driver
education programs are a popular and structured approach targeting novice
drivers to improve risk perception, alter aggressive driving maneuvers, and
develop critical driving skills. However, conventional training has little effect
in lessening cellphone use while driving (Delgado, Wanner, & McDonald,
2016). Several studies have recommended adding the contextual understand-
ing of risk factors into the training contents that could depict drivers’ actual
crash scenarios (Arnold et al., 2019; Delgado et al., 2016). In this regard, the
associations revealed in this study can be helpful to strengthen the existing
educational interventions.
This research identified that road-related factors such as two-way roads

in rural areas, two-way divided roads in urban areas, curve roadway seg-
ments, and intersections were associated with cellphone-related fatal
crashes. Locations with high crash frequencies can be prioritized for safety
assessments with respect to geometric features and functional elements.
The study outcomes also confirmed cellphone-distracted young drivers’
tendency toward violating driving rules such as obeying traffic signs and
signals, restrictions on alcohol and drug intake, maintaining the posted
speed limit, and all-time seatbelt use. Efficient roadside inspections, epi-
sodic enforcement campaigns, and strict enforcement of existing legislation
are required to curb these driving offenses. In this regard, the active par-
ticipation of local agencies to increase visibility toward sustained enforce-
ment actions can be more effective (LHSC, 2019). This study highlighted
the high proportion of single-vehicle collisions in the cellphone-related
crash dataset. Electronic stability control (ESC) is substantially effective in
reducing single-vehicle crashes as the sensor-based braking system can
quickly respond to sudden instabilities (Sivinski, 2011). Few studies have
stated the necessity to implement integrations of multiple countermeasures
(e.g., improved education programs, strict enforcement of regulations,
widespread safety awareness campaigns, etc.) against cellphone-distracted
driving (Arnold et al., 2019; Delgado et al., 2016). However, the biggest
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challenge is to find an approach that will not only decrease the risk of cell-
phone use while driving, but also permit adolescents to enjoy the benefits
of advanced smartphone features.
The current study is not without limitations. First, the analysis was based

on the first plane with axis 1 and axis 2. The first plane only explains around
50% of the inertia. Exploration of additional planes may provide additional
insights. Second, this study is limited to driver, environment, road, and
crash-related factors. Future investigations can include vehicle, occupant,
demographic, and situational factors that directly or indirectly influence driv-
ers’ cellphone usage. Understanding the cellphone-related crash patterns by
different driver age groups can be a better approach to develop more effect-
ive and specific countermeasures. In addition, exploring the changes of these
crash patterns with respect to cellphone types and technologies could be an
extensive research topic. Regarding teen drivers, further cellphone research
can be conducted to distinguish the effect of driving experience or the GDL
stages on the corresponding interrelations between crash contributing factors.
The accuracy of police-investigated crash reports in the U.S. varies with
geography, which is one limitation of FARS data. Further research can be
done using a more comprehensive dataset.
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