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Abstract

Purpose: Motor-vehicle crashes continue to be the leading cause of death for teenagers in the 

United States. The United States has some of the youngest legal driving ages worldwide. The 

objective of this study was to determine rates and factors associated with injury crashes among 14- 

and 15-year-old drivers and how these varied by rurality.

Methods: Data for this cross-sectional study of 14- and 15-year-old drivers were obtained from 

the Iowa Department of Transportation from 2001 to 2013. Crash and injury crash rates were 

calculated by rurality. The relationship between crash and driver factors and injury was assessed 

using logistic regression.

Findings: Teen drivers, aged 14 and 15 years, had a statewide crash rate of 8 per 1,000 drivers 

from 2001 to 2013. The majority of crashes occurred in urban areas (51%), followed by in town 

(29%), remote rural areas (13%), and suburban areas (7%). Crash and injury crash rates increased 

as level of rurality increased. The odds of an injury crash increased more than 10-fold with the 

presence of multiple other teens as passengers, compared to no passengers (OR= 10.7, 95% CI: 

7.1–16.2).

Conclusions: Although 14- and 15-year-old drivers in Iowa have either limited unsupervised 

(school permits) or supervised only driving restrictions, they are overrepresented in terms of 

crashes and injury crashes. Rural roads and multiple teen passengers are particularly problematic 

in terms of injury outcomes.

Practical applications: Results from this study support passenger restrictions and teen driving 

interventions designed with a rural focus.
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1. Introduction

Unintentional injuries are the leading cause of death for teenagers in the United States and 

motor vehicle injuries represent over two-thirds of all unintentional injury deaths in the past 

decade (Centers for Disease Control and Prevention, 2017; National Center for Injury 

Prevention and Control, 2017b). Compared to most other countries, current licensing 

practices throughout the United States allow for driving to start at early ages, in the early to 

mid-teens. Most states have some type of graduated licensing system that begins with 

supervised driving and then allows restricted unsupervised driving during an intermediate 

licensing period. After the intermediate phase is successfully completed, drivers graduate to 

non-restricted unsupervised driving. Ten states have graduated driver licensing (GDL) 

programs that start a supervised learner’s phase at age 14 and 32 states at age 15 (Insurance 

Institute for Highway Safety, 2017b). Four states have intermediate licensing (unsupervised 

driving, with restrictions) starting at age 15, and in South Dakota the intermediate stage can 

start as early as age 14 years, 3 months if the teen has taken driver’s education (Insurance 

Institute for Highway Safety, 2017b).

In the state of Iowa, the GDL learner’s phase can begin at age 14 (Fig. 1). However, Iowa, 

along with just a couple of other states such as Nebraska, have legislation allowing 14- and 

15-year-old teens to obtain a minor school license, which permits unsupervised driving to/

from school and school-related events (AAA, 2018; Iowa Department of Transportation, 

2017). The Iowa school permit requires completion of a driver’s education course and to 

have had a learner’s permit for six months.

Iowa is a largely rural state, so many teens with school permits drive on rural roads. Rural 

roads have increased fatality, injury, and crash rates compared to other road types (NHTSA, 

2015; Zwerling et al., 2005). The combination of increased rural road exposure with limited 

driving experience, incomplete physical and cognitive development, and overall emotional 

immaturity puts these young teens, age 14 and 15, at a potentially higher risk of crash, 

compared to older teen drivers (Jonah, 1990, 1986; Mayhew, Simpson, & Pak, 2003).

Teen driver fatalities have been steadily declining in the past several decades (69% decrease 

from 1975 compared to 2015), indicating that prevention strategies have made progress, 

particularly among the higher risk male population (Insurance Institute for Highway Safety, 

2017a). Recent data show a slight uptick, with a 7% increase from 2015 to 2017 (Centers for 

Disease Control and Prevention, 2017). Teen crash prevention remains a priority, as there are 

thousands of teens killed and injured each year in motor-vehicle crashes. In 2015, 2,715 

teens were killed and nearly 292,000 visited emergency departments for injuries related to 

motor-vehicle crashes (Insurance Institute for Highway Safety, 2017a; National Center for 

Injury Prevention and Control, 2017b). Young drivers are at greatest risk of having a crash in 

the first months following licensure that permits unsupervised driving (Mayhew et al., 

2003).
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The majority of current research on teen driving has focused on the transition from the 

learner’s phase to the intermediate phase, which often occurs on or after the age of 16. Little 

is known about driving crash characteristics of 14- and 15-year-old drivers. The number of 

young teens seeking minor school licenses is increasing continuously in Iowa. As of 2016, 

there were over 48,000 14- and 15-year-old drivers with school licenses (Iowa Department 

of Transportation, 2017).

The overall goal of this study was to determine factors related to crashes and injury crashes 

among young teen drivers, age 14 and 15, by rurality. The central hypothesis was that young 

driver crash and injury rates would be higher on rural roads, as compared to urban. We had 

two specific aims: (1) compare the frequency of crashes and injury crashes by rurality for 

14- and 15-year-old drivers, and (2) determine the driver and crash factors associated with 

rural injury crashes among 14- and 15-year-old drivers in Iowa from 2001 to 2013.

2. Methods

2.1. Study design and data

This is cross-sectional study of young (age 14 and 15) teen driver crashes in Iowa. Crash 

data were obtained from the Iowa Department of Transportation for 2001 to 2013 for crashes 

that involved drivers aged 14 and 15. These crash data include all reported motor-vehicle 

crashes that resulted in death, injury, or property damage greater than $1500. The database is 

organized hierarchically, with three nested levels: crash, vehicle, and person. The unit of 

analysis was the teen driver.

Population data for each county were obtained from the State Data Center of Iowa, Iowa 

Census data (State Data Center of Iowa, 2010). These census data provided population data 

for the age group 14–17. Each county’s average population of 14- to 17 year olds was 

divided in half to estimate the population of 14- and 15-year olds, assuming each age in 

years was equally represented. Data were only available for years 2000–2009, so the missing 

years (2010–2013) were estimated by calculating and applying the average annual change, 

with the assumption that the average annual change would not have drastically differed from 

the preceding years.

2.2. Variables

Crash and driver level variables were examined as part of this study. The following crash 

level factors were included and defined as follows: day of week (weekday/weekend); time of 

crash (morning: 6 a.m. to 9:59 a.m., afternoon: 10 a.m. to 2:59 p.m., evening: 3 p.m. to 9:59 

p.m., and night: 10 p.m. to 5:59 a.m.); manner of collision (non-collision, head-on, rear-end, 

angle, sideswipe); number of vehicles involved in crash (single, multiple); weather (clear, 

not clear); and road surface condition (dry, not dry).

Driver level variables that were examined included: driver age (14 or 15); driver gender 

(male/female); injury severity (fatal/incapacitating, non-incapacitating/possible, and no 

injury); occupant protection (none, shoulder and lap belt, lap belt only, shoulder belt only, 

and other); driver contributing circumstances (no error, failure to yield right-of-way, 

improper action, failure to obey traffic signal, speeding, lost control, and other); and 
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passenger presence (none, one teen passenger, multiple teen passengers, at least one adult 

passenger-- regardless of other passengers). For purposes of this study, an adult was defined 

as a person at least 21 years old and a teen was defined as ages 13–19. All child passengers 

(aged <13) were captured within the ‘at least one adult passenger—regardless of other 

passengers’ category.

Rurality was assessed using Urban Influence Codes (UIC), which are defined at the county 

level. UIC classifies metropolitan counties by their metro area population size and 

nonmetropolitan counties by the population of their largest city or town, as well as their 

proximity to metro or micropolitan areas (USDA, 2016). County codes for each crash 

location were linked to UIC codes (1–12). These codes were then collapsed into four 

categories: urban (UIC codes 1 and 2), suburban (UIC codes 3–5), town (UIC codes 6–8), 

and remote rural (UIC codes 9–12).

2.3. Analysis

Distributions and descriptive statistics (chi-square) of all driver and crash characteristics 

were evaluated for all teen driver crashes and injury crashes and by rurality. Crash and injury 

crash rates per 1,000 teens and rate ratios were computed overall and by rurality.

The main exposure variable of interest for this analysis was rurality, measured through the 

four codes based on UIC categories of crash location. The main outcome variable was injury 

crash (versus non-injury crash). Multivariable logistic regression models were built to 

examine the association between crash and driver factors and injury crashes. Crash and 

driver characteristics that were associated with injury crashes at the p ≤ 0.20 level were 

considered for model inclusion. Collinearity and model fit were examined for final variable 

selection.

Occupant protection was excluded from the multivariable model, given the large proportion 

of missing data (51%; Table 2). Number of vehicles was excluded from the final model due 

to collinearity with manner of collision. Sex was retained in the final model, despite failure 

to meet inclusion criteria (p = 0.44), based on a priori evidence showing sex as an important 

to injury in a crash (Kahane, 2013).

Missing, unknown, and not reported data, as well as non-motor vehicle crashes (e.g., bicycle 

or pedestrian) were excluded from the final multivariable model (n = 835, 9.9%). All 

analyses for this study were generated using SAS Software, Version 9.4 (SAS, 2012).

3. Results

3.1. Young teen driver crashes in Iowa

Fourteen and 15-year-old drivers in Iowa were involved in a total of 8,466 crashes from 2001 

to 2013 for an average of more than 700 per year, among which 22% (N = 1824) were injury 

crashes. Fig. 2 shows the changes over time in all crashes and injury crashes among 14- and 

15-year-old drivers. After an increase in crashes from 2001 to 2003, both all crashes and 

injury crashes showed decreasing numbers until about 2011, at which time these decreases 

plateau.
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The majority of crashes occurred in urban areas (n = 4327, 51%), followed by 29% in town, 

13% in remote rural areas, and 7% in suburban areas (Table 1). Crash and injury crash rates 

per 1,000 teens increased with rurality, with the highest rates in remote rural areas. 

Compared with urban environments, minor school license crashes were 1.11 (95% CI 1.06–

1.16) times more common in towns and 1.15 (95% CI 1.08–1.22) times more common in 

remote rural areas. Crash rate trends by rurality were more pronounced for injury crashes, in 

which, compared with urban crashes, town crashes were 1.44 (95% CI 1.33–1.55) times 

more frequent and remote rural crashes were 1.64 times more frequent (95% CI 1.51–1.77).

There were slightly more males (52%) represented in these crashes than females and the 

majority of the sample were 15 years old (81%; Table 2). Among the non-missing data, 95% 

of teens wore seat belts. However, 51% of the data for this variable were missing. The 

majority of crashes had no passengers in the vehicle with the teen driver (89%). Among the 

crashes that did have passengers, half had one teen passenger (n = 417, 49%) and 19% had 

multiple teen passengers. Sixty-five percent of the crashes with teen passengers resulted in 

injuries, compared to 16% of crashes with no passengers.

The majority of crashes reported the teen driver as having contributed to the crash (n = 6109, 

77%). The most common contributing circumstances were loss of control (22%), failure to 

yield right-of-way (18%), other improper action (15%), and speeding (13%). Among injury 

crashes, loss of control was an even more pronounced contributor, at 38% overall. More teen 

crashes occurred during weekdays and in the evening (3 p.m.–9:59 p.m.; Table 3), compared 

to weekends and all other hours. Teen crashes were more likely to involve multiple vehicles 

and dry road surface conditions, compared to single vehicle and non-dry conditions.

3.2. Young teen crash and driver injury risk factors

We did not find a difference in injury risk between 14- and 15-year olds (Table 4). Male 

drivers had lower odds of injury in a crash compared to females (OR= 0.68, 95% CI = 0.60–

0.77). Crashes that involved driver loss of control were 42% more likely to result in injury, 

compared to crashes with no driver error reported (OR= 1.42, 95% CI = 1.13–1.79).

Compared to no passengers, having passengers generally increased the odds of injury in a 

crash. Having multiple teen passengers in the car resulted in the highest odds of injury (OR= 

10.73, 95% CI = 7.10–16.22). However, having one teen passenger also increased the 

likelihood of injury by nearly five times (OR= 4.88, 95% CI = 3.88–6.14) and at least one 

adult passenger (regardless of other passengers) presented increased odds of injury over 

seven times that of no passengers on board (OR= 7.22, 95% CI = 5.44–9.59). However, it 

should be noted that only 10% of all crashes included any passengers (one or more).

4. Discussion

Findings from this study indicate motor-vehicle crashes among 14- and 15-year-old drivers 

are a public health problem in need of intervention and often lead to injury, especially in 

rural areas. This finding is consistent with previous younger teen driver research that 

included drivers ages 10–15 (Peek-Asa, Britton, Young, Pawlovich, & Falb, 2010). However, 

when compared to older teen and novice drivers (ages 16–24) research, urban areas have 
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been identified as more problematic than rural areas in terms of crash rates (Chen, Ivers, & 

Martiniuk, 2009; Peek-Asa et al., 2010).

Possible explanations for this difference between 14- and 15-year-olds and their older novice 

counterparts is exposure. In Iowa, teens can get a minor school license (school permit) as 

early as age 14 and a half, which allows them to drive to school and school activities 

unsupervised (Iowa Department of Transportation, 2018). This young age of unsupervised 

driving is an exception to the overall graduated driver licensing system, which does not 

otherwise allow for unsupervised driving until age 16. A teen must live over one mile from 

school in order to obtain a school permit and, generally, there is an overrepresentation of 

rural teens with school permit. Only a few states have similar options for limited minor 

licenses (Insurance Institute for Highway Safety, 2017b), school, or farm permits (e.g., 

Nebraska allows for a limited license/school permit for teens age 14 years and two months 

of age to drive independently to and from school; Kansas has an option for farm permits for 

14- and 15-year olds that allows unsupervised driving to or from farm jobs or farm-related 

work) (Kansas Department of Revenue, 2018).

The increased unsupervised driving exposure by inexperienced young drivers with school 

permits is problematic, especially when driving on rural roads, which have unique designs 

challenges (e.g., gravel, higher speeds, uncontrolled intersections, low visibility) that 

contribute to increased crash risk (Peek-Asa et al., 2010, 2004; Zwerling et al. 2005). Rural 

roadway exposure in combination with inexperience may also partially explain why one of 

the main contributors to crashes and injuries was loss of control.

Consistent with previous studies of 16-year-old drivers, we found that young teen drivers 

have many evening crashes. This trend was originally used to support night driving 

restrictions for graduated driver licensure legislation (Williams & Preusser, 1997; Rice, 

Peek-Asa, & Kraus, 2003). The school permit allows unsupervised evening and nighttime 

driving for school events, which is not allowed in the intermediate phase of GDL. Presence 

of any passenger was also associated with higher odds of an injury crash, regardless of 

passenger age, and having multiple teen passengers had higher odds than one teen passenger 

or at least one adult passenger (regardless of other passengers). This is a similar trend used 

to support passenger restrictions for GDL (Chen et al., 2000; Williams, Ferguson, & 

McCartt, 2007; Williams, 2003). The school permit limits the car to one minor passenger 

without an adult present, and our data indicate that this limitation is violated, and this 

violation is related to crash risk.

In general, states have found that stronger GDL laws, including longer nighttime driving 

restriction windows and passenger restrictions, to be beneficial (Rice et al., 2003; Curry et 

al., 2012; Chen et al., 2000; Williams, 2017; Williams & Preusser, 1997). Iowa GDL 

nighttime unsupervised driving restrictions are only in effect between 12:30 a.m. and 5 a.m. 

(Iowa Department of Transportation, 2018). Iowa also has a teen passenger restriction, but 

there is an option for parents to waive this restriction at the time the license is issued (Iowa 

Department of Transportation, 2018) and a majority elect this waiver (Lucey, 2015).
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5. Limitations

Data for this study are limited to that among teens who crashed and the crash was reported, 

which poses a potential for bias toward fatal/incapacitating crashes, which are more likely to 

have been reported (compared to more minor crashes). This lack of base population data 

also did not allow us to examine overall crash risk factors. Instead, we examined risk factors 

for an injury occurring in a crash. Driving exposure data (which teens drive and how much) 

were also not available. Therefore, the base population of teenage drivers and exposure was 

not known and rates were calculated using overall teen population. This likely resulted in 

conservative estimates, biased toward the null, if rural teens drive more overall miles than 

urban teens.

The measure of rurality in this analysis was based on crash location, not teen residence, 

which did not allow for examination of crash rates by teen rurality. Instead, we measured the 

overall burden of crashes by rurality. Prior research has shown that most of a driver’s miles 

(exposure) are driven within the same area as which they live (i.e., rural residents drive most 

miles in rural areas and urban residents drive most miles in urban areas) (Blatt & Furman, 

1998; McAndrews, Beyer, Guse, & Layde, 2016; Baker, Whitfield, & O’Neill, 1987) and 

this pattern has also been seen in crash location versus driver residence (Blatt et al., 1998). 

The use of UIC as the measure of rurality was also limited to the county-level, so any 

within-county rurality variance was not captured.

Occupant protection was not included in our models, given the large amount of missing data. 

This is a limitation, given that the use of protection is known to impact injury outcomes. 

However, among non-missing data 95% of the study population were belted. Finally, these 

results have limited generalizability beyond the 14- and 15-year-old age group. However, 

this is a minimal limitation, given this population is understudied and uniquely vulnerable.

6. Conclusions and practical applications

Results from this study support the strengthening of Iowa’s GDL and licensing policies 

related to school permits, nighttime driving, and passenger restrictions. This research also 

highlights the need for targeted crash and injury prevention approaches for this vulnerable 

population of young teen drivers and rural roadways.
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Fig. 1. 
Summary of Iowa’s Graduated Driver’s License System for Drivers under age 18.
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Fig. 2. 
Frequency of total and injury crashes among 14- and 15-year-old drivers, Iowa, 2001–2013.
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