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ABSTRACT 

Traffic crashes are one of the leading causes of children’s injury-related deaths 

globally. A notable proportion of children’s traffic-related deaths occur while 

travelling in a vehicle as a passenger. Fatal crashes involving child passengers 

generally seem to be different from typical fatal crashes, because they often occur for 

female drivers, under normal driving circumstances in the daylight and without 

obvious risk-taking behavior. The aim of this thesis was to examine why fatal crashes 

involving child passengers occur. The crash characteristics and risks of drivers with 

child passengers were studied using fatal crash data from Finland and the U.S. 

Previous research indicates that a child passenger in the vehicle may distract the 

driver and thus impair driving performance. In addition, it has been noted that 

parents of small children may suffer from sleep deficit which further elevates the risk 

of crashing. On the other hand, research also suggests that generally parents are 

responsible drivers who avoid taking risks in traffic. However, the fatal crash risk and 

characteristics of drivers with child passengers have not previously been thoroughly 

examined using crash statistics.  

Study I investigated how the presence of different aged child passengers affects 

the prevalence of drivers’ risk-taking behavior and crash risk. Study I used a 

database of fatal crashes that occurred in Finland during 1988–2012. The aim of 

Study II was to replicate the results of Study I and to examine crash-related 

characteristics and risks in more detail. Study II used data on fatal crashes from a 

more extensive database from the U.S. between 1996 and 2015. Study III examined 

how an infant passenger under the age of one can influence crash characteristics and 

risks using data of fatal crashes that occurred in the U.S. during the period 1994–

2013. 

In line with the previous research, Studies I, II and III showed that drivers with 

child passengers were less often intoxicated or speeding when the crash occurred 

compared to drivers without child passengers. On the other hand, Study II and III 

showed that in the databases, drivers with only child passengers were more often 

reported by accident investigators as being inattentive or distracted compared to 

drivers with no child passengers.  

Study III showed that young drivers have an elevated risk of crashing when 

driving with an infant passenger aged under one compared to young drivers without 

passengers – probably at least partly due to undeveloped schemas of the traffic 

situations and the ability to share attention between the driving task and an infant.  

In addition, all studies showed that drivers with child passengers had a lower risk 

of crashing when there was also an adult passenger in the vehicle - possibly because 

the other adult could help in child-related tasks, enabling the driver to focus on 

driving. Results also show that it was more typical for female drivers to be involved 

in a fatal crash with a child passenger only (i.e. without an accompanying adult) than 

for male drivers. 

 

 



4 

 

 

This thesis suggest that drivers with child passengers are mostly cautious drivers 

who rarely cause a fatal crash because of risk-taking behavior, but the child in the 

vehicle may be a source of distraction which may be mitigated by the presence of 

another adult in the vehicle. The presence of a small child passenger seems to elevate 

the risk of a fatal crash, especially if drivers are travelling alone with a small child 

passenger and are inexperienced drivers.
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TIIVISTELMÄ 

Maailmanlaajuisesti merkittävä osa lasten tapaturmaisista kuolemista tapahtuu 

heidän matkustaessaan ajoneuvossa. Kuolemaan johtaneet kolarit, joissa on lapsia 

matkustajina, vaikuttavat erovan tyypillisistä kuolonkolareista. Ne tapahtuvat usein 

naiskuljettajille ja tavanomaisissa olosuhteissa päiväsaikaan ilman ilmiselvää 

riskikäyttäytymistä. Tässä väitöskirjatyössä tarkastellaan lasten kanssa ajavien 

kuljettajien riskiä aiheuttaa kuolemaan johtanut kolari ja näiden kolarien 

taustatekijöitä käyttäen Suomen ja Yhdysvaltojen kuolemaan johtaneiden kolareiden 

tilastoja. 

Aiempi tutkimus viittaa siihen, että lapsimatkustaja voi häiritä kuljettajaa 

heikentäen hänen ajokykyään. Lisäksi on esitetty, että pienten lasten vanhemmat 

ovat usein väsyneitä, joka voi osaltaan kasvattaa kolarin riskiä. Toisaalta tutkimus 

viittaa siihen, että lasten vanhemmat ajavat yleensä vastuullisesti ja ottavat 

harvemmin selkeitä riskejä liikenteessä. Lasten kanssa ajavien kuljettajien riskiä 

joutua kuolemaan johtaneeseen kolariin, ja näiden kolareiden taustatekijöitä, ei 

kuitenkaan ole aiemmin tarkasteltu syvällisesti tilastoaineistojen valossa. 

Väitöstyön ensimmäisessä osatutkimuksessa tarkasteltiin eri-ikäisten 

lapsimatkustajien vaikutusta kuljettajien selkeään riskikäyttäytymiseen ja riskiin 

aiheuttaa kuolemaan johtanut kolari. Aineistona tutkimuksessa oli Suomen 

onnettomuustietorekisteri vuosilta 1988–2012. Toisessa osatutkimuksessa 

tarkasteltiin, saadaanko ensimmäisen osatutkimuksen tulokset toistettua ja lisäksi 

selvitettiin syvällisemmin kolarien taustatekijöitä. Toinen osatutkimus hyödynsi 

kuolemaan johtaneiden kolarien tilastoa Yhdysvalloista vuosilta 1996–2015. 

Kolmannessa osatutkimuksessa tarkasteltiin pienten lapsimatkustajien vaikutusta 

kolarien taustatekijöihin ja riskiin hyödyntäen Yhdysvaltojen kuolemaan johtaneiden 

liikenneonnettomuuksien tilastoa vuosilta 1994–2013. 

Linjassa aikaisemman tutkimuksen kanssa, väitöstyön tutkimukset osoittivat, että 

ilmiselvä riskinotto oli harvemmin lasten kanssa ajavien kuljettajien kuolemaan 

johtaneiden kolareiden taustalla verrattuna kuljettajiin, joilla ei ollut lapsia kyydissä. 

Lisäksi toinen ja kolmas osatutkimus osoittivat, että lasten kanssa ajavat kuljettajat 

oli useammin arvioitu kolareita tutkineiden henkilöiden toimesta tarkkaamattomiksi 

verrattuna kuljettajiin, joilla ei ollut lapsia kyydissä. 

Kolmas osatutkimus osoitti, että nuorilla kuljettajilla, joilla oli alle yksivuotias 

vauva kyydissä, oli kohonnut riski aiheuttaa kuolonkolari verrattuna samanikäisiin 

kuljettajiin ilman matkustajia. Tämä voi ainakin osittain johtua kehittymättömästä 

liikennetilanteiden ymmärryksestä ja kyvystä jakaa turvallisesti tarkkaavaisuutta 

ajotehtävän ja kyydissä olevan vauvan välillä.  

Kaikki osatutkimukset osoittivat, että lasten kanssa ajavien kuljettajien riski 

aiheuttaa kolari oli pienempi, kun ajoneuvossa oli toinen aikuinen. Toinen aikuinen 

voi todennäköisesti auttaa kuljettajaa lapsimatkustajan hoitamisessa ajon aikana 

mahdollistaen siten kuljettajan keskittymisen ajamiseen. Lisäksi havaittiin, että 

yksin lapsimatkustajan kanssa kuolonkolariin joutuneet olivat tyypillisemmin 

naiskuljettajia. 
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Tulosten perusteella voidaan todeta, että lasten kanssa ajavat kuljettajat toimivat 

pääsääntöisesti vastuullisesti liikenteessä ja he harvemmin joutuvat kuolemaan 

johtavaan kolariin selkeän riskikäyttäytymisen takia. Lapsimatkustaja voi kuitenkin 

olla häiriötekijä, joka nostaa kuolemaan johtavan kolarin riskiä. Pienen lapsen 

läsnäolo vaikuttaa nostavan kokemattomien kuljettajien riskiä joutua kuolemaan 

johtavaan kolariin silloin, kun ajoneuvossa ei ole toista aikuista. 
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1 INTRODUCTION 

It has been estimated that more than 140 000 children aged 0-14 died in the 

road traffic crashes in 2015 (WHO, 2016). In high-income countries, a 

significant proportion of children’s traffic-related deaths have occurred to 

child passengers travelling in vehicles, but this is also the case in middle-

income countries, where child passengers’ deaths are an emerging issue as 

motorization increases (Peden, 2008). Fatal crash statistics analysis offers 

opportunities to examine why these crashes have occurred. To reduce fatal 

crashes involving child passengers, it is essential to study which factors are 

related to drivers’ risk of crashing with child passengers. 

Fatal crashes occurred often at night for male drivers and involving risk-

taking behavior, e.g. driving while intoxicated and speeding (e.g. Rajalin, 

1994; Shibata and Fukuda, 1994; Cerreli, 1997; WHO, 2016). In Finland, the 

driver was male in 84% of all drivers involved in fatal crashes which occurred 

in 2018 (Salenius & Sihvola, 2020). However, fatal crashes involving child 

passengers seem to be different; it has been indicated that fatal crashes 

involving child passengers occur often under normal driving circumstances 

in daylight and drivers with fatally-injured child passengers are more often 

females, rarely under the influence of alcohol or speeding (Kelley-Baker & 

Romano, 2014; Scherz, 1988).  

However, previously it has not been thoroughly studied by using crash 

statistics why these crashes occurred, and what factors affect the fatal crash 

risk of drivers with child passengers. The aim of this thesis was to examine 

fatal crash characteristics and the risks of drivers with child passengers. Fatal 

crash data from Finland and the U.S. were used in the study. 

Driving is a time-dependent task which requires continuous processing 

and attention from the driver. However, studies based on naturalistic 

settings have indicated that child passengers are a source of distraction, 

which may have an effect on driving performance (Stutts et al, 2005; Koppel 

et al, 2011; Taubman-Ben-Ari & Noy, 2011; Macy et al, 2014).  

On the other hand, it has been suggested that transition to parenthood 

has a positive effect on the driving style making it more responsible and also 

that the presence of a small child in the vehicle may motivate to drive more 

safely (Taubman-Ben-Ari & Noy, 2011). In line with this, previous studies 

have shown that crashes involving child passengers have mainly occurred in 

the normal traffic conditions during daylight and that drivers in crashes with 

children are rarely under the influence of alcohol or speeding (Chen et al, 

2005; Kelley-Baker & Romano, 2014).  

The effect of child passengers on drivers’ crash risk was investigated in 

three studies. Study I examined the prevalence of risk-taking behavior and 

the crash risk of drivers with child passengers of different ages. It was based 

on a database of fatal crashes that occurred in Finland between 1988 and 
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2012. The aim of Study II was to replicate the results from Study I and to 

examine crash-related characteristics and crash risks in more detailed 

manner. Study II was based on fatal crash data from the U.S. for years 1996 

to 2015. Study III was focused especially on infant passengers, who could be 

presumed to be especially distracting for drivers. Data on fatal crashes that 

occurred in the U.S. during 1994–2013 were used to find out how small child 

passengers influenced young and older drivers’ crash characteristics and 

risks.  

In line with previous research, all the studies showed that being intoxicated 

or speeding are less typical background factors in fatal crashes among drivers 

with a child passenger compared to drivers without child passengers. This 

indicates that drivers with child passengers are responsible drivers who 

rarely cause a fatal crash because of risk-taking behavior. 

Study II and III showed that drivers with child passengers have more 

crashes related to inattention or distraction compared to drivers without 

passengers which supports previous findings obtained from naturalistic 

studies and surveys that having a child in the vehicle may be a source of 

distraction. In addition, all studies showed that the presence of an adult 

passenger as well as a child passenger lowered the driver’s risk of crashing, 

regardless of the driver’s gender or age. This indicates that although a child 

passenger in the vehicle may distract the driver, an adult passenger in the 

vehicle may assist the driver by taking care of the infant, enabling the driver 

to focus on driving. 

Study III showed that young drivers have an elevated risk of crashes 

when driving with an infant passenger compared to older drivers and also 

compared to young drivers with no passengers.  

This thesis is organized so that Chapter 1 has an introduction of previous 

research about the characteristics of crashes with child passengers and 

probable factors influencing parents’ driving performance. It introduces 

background about the role of attention in safe driving. The several methods 

for analyzing drivers’ crash characteristics and risks are also briefly 

introduced. Chapter 2 has a presentation of the aims of this thesis and in 

Chapter 3, the methods and results of the present studies are briefly 

introduced. Chapter 4 has a discussion of the studies in this dissertation in 

the context of earlier research, and in Chapter 5 I present the main 

conclusions.  

1.1 THE EFFECT OF THE PRESENCE OF PASSENGERS 
ON CRASH RISKS  

Many studies have found that the presence of passengers affects driving 

performance (e.g. Lee & Abdel-Aty, 2008; Rueda-Domingo et al, 2004; 

Preusser et al, 1998). Passengers may encourage the driver to risk-taking 

behavior, elevating the risk of a crash. Passengers may also distract and 
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compete for the driver’s attention which should be on the driving task. On 

the other hand, passengers may help the driver by co-piloting e.g. 

anticipating hazards on the road, assisting in non-driving-related tasks or 

motivating the driver to take fewer risks. However, it should be noted that 

child passengers are different to adult passengers: e.g. they cannot be 

expected to help the driver in co-piloting. 

Studies based on accident statistics have shown that passengers’ 

predictable effect on a driver’s performance depends on the age and gender 

of both the driver and the passenger (e.g. Lee & Abdel-Aty, 2008; Preusser et 

al, 1998; Ruada-Domingo et al, 2004). The effect of these factors on the crash 

risk are also related to other factors like depending on the driving 

environment and the time of the day (e.g. Vollrath et al, 2002). Studies based 

on crash data have generally suggested that there is a protective effect on an 

adult driver’s driving performance from an adult passenger’s presence (e.g. 

Lee & Abdel-Aty, 2008; Vollrath et al, 2002). Results from a review 

conducted by Ouimet et al (2015) indicated that fatal crashes by teenage 

drivers is higher when they are driving with teenage passengers. Five of 

seven studies which were analyzed in their review showed that teenage fatal 

crash risk was also higher when driving with older passengers.  

Using crash data to see how the presence of child passengers of different 

ages influences the crash risk of different aged drivers has been under-

studied. Aldridge et al (1999) showed that a child passenger under 12-year-

old or an adult passenger reduces a teenage driver’s crash risk, but their 

study did not point out what the crash risk is when driving especially with 

children without adult passengers in the vehicle. Rueda-Domingo et al 

(2004) studied crash risks of different-aged drivers and passenger 

combinations using Spanish traffic accident data on injuries and deaths. The 

youngest passenger group that was examined was 4-15-year old passengers, 

which seems to lower the crash risk of all aged drivers, but the effect was 

clearer for male drivers.  

1.2 HOW DISTRACTION MAY INFLUENCE ON THE 
DRIVER  

Driving is a complex and time-dependent task which requires perceptual and 

cognitive information processing from the driver. However, our ability to 

process information is limited and sometimes tasks other than driving may 

capture drivers’ attention, such as conversations with passengers or a crying 

infant in the back seat. Drivers’ attentional mechanisms are what determine 

which information is processed, and which is left out. Safe driving needs 

continuing attention1 on the road, which enables the driver to keep proper 

 
1 Even though “attention” is a common and widely used term, there is no consensus in the literature on 
how to define it. Mostly, attention is referred to as a mechanism or a process in which one selects, 
modulates, or focuses on relevant sensory or internally-generated information, taking into account the 
fact that our processing capacity is limited (Chun et al, 2011).  
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situational awareness so that perception, comprehension, and anticipation of 

traffic situations are possible (Salmon et al, 2012; Endsley, 1995). 

Term attention is commonly used when defining term inattention. E.g. 

Regan et al (2011) defines driver inattention as “insufficient or no attention 

to activities critical for safe driving”. Some of these critical activities are 

mental processes such information perception and estimation of the traffic 

environment, right decision making and response selection, but it is probably 

impossible to define comprehensively what these “activities critical for safe 

driving” would be (Regan et al, 2011). However, despite these ambiguities, it 

can be taken as well established that a driver’s inattention leads to poor 

situational awareness in the traffic which may elevate the risk of crashing 

(Salmon et al, 2012). 

Driver distraction is inattention to the driving task. When the driver is 

distracted, his or her attention is directed either to external distractors (e.g. 

phone or passenger) or to internal distractors (e.g. some issue which shifts 

driver’s thoughts away from the processing needed for driving). Distraction is 

often defined as a subtype of driver inattention. A driver’s cognitive state 

(e.g. fatigue), which may reduce the ability to focus on the traffic and is 

therefore a type of driver inattention, is not included in the definition of a 

driver distraction (Lee et al, 2008b). Also, intentionally risk taking, such as 

speeding for fun, which may be accompanied by changes in driver attentional 

state (like “tunnel vision” and missing peripheral hazards), is not driver 

distraction. 

The presence of distractors adds to the drivers’ workload and thus reduces 

the information processing resources available for driving task performance. 

The driver’ attention may be diverted to voluntary distractors (e.g. picking up 

a child’s toy or feeding a child passenger while driving) or involuntary 

distractions (e.g. there is a crying infant in the vehicle).  

Drivers can also self-regulate their behavior when driving with voluntary 

distractors (e.g. Oviedo-Trespalacious et al, 2019). When the demands of the 

traffic environment or situation are high, drivers may attempt to moderate 

the workload by decreasing speed, increasing the distance to other vehicles 

and avoiding attending to distractors in order to focus fully on the driving 

task (e.g. Kidd et al, 2016; Oviedo-Trespalacious et al, 2019). Instead, when 

the demands of the traffic situation are low, drivers may feel that they have 

time to pay attention to distractors while driving. It has been indicated that 

drivers’ beliefs about how dangerous it is to be attending to the distractor, 

influences on how often they are engaging with the distractor while driving 

(White et al, 2010; Oviedo-Trespalacious et al, 2019).  

The naturalistic driving data-based study by Precht et al (2017) suggests 

that drivers take the driving context into account when interacting with 

passengers. According to their results, drivers were more often conversing 

with a passenger while looking at him/her in parking lots, when waiting at a 

traffic lights, during nice weather or during the night in a low-traffic period. 
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It should be noted that even though drivers may decide when to engage in 

secondary tasks and then adapt their behavior in many ways, this concerns 

only voluntary distractions (e.g.  discussion with the child in the vehicle). 

Higher risk is in connection with involuntary distractors (e.g. a flying bee, 

ringing phone or a crying infant in the vehicle) as it is not possible to self-

regulate when engaging with them. 

Results from Metz et al (2014) indicated that drivers without passengers 

were more often engaged with distractions, e.g. handling a phone, or eating 

while driving, than drivers with passengers. It might be that the driver will 

avoid engaging in that behavior while the passenger is in the vehicle if the 

driver assumes that the passenger’s opinion about some behavior while 

driving is negative. It is also probable, that drivers with no passengers feel 

bored and fatigued more often while driving, compared to drivers with 

passengers. Attending to secondary tasks while driving might be an attempt 

to increase alertness (see also Williamson, 2008).  

Conversing with passengers or talking on the phone needs attentional 

processes, but it has been indicated that these may be different due to the 

shared situational awareness of the traffic environment between the driver 

and the passenger (Drews et al, 2008). When the driver converses with a 

passenger, the passenger may modulate speech and take into account the 

demands of the traffic environment and in addition may warn the driver of 

approaching hazardous situations (Crundall et al, 2005; Drews et al, 2008; 

Charlton 2009). However, it should be noted that this phenomenon is 

probably different when the passenger is a child because children have not 

yet developed an understanding of hazards in traffic. 

Driver distraction can be categorized into four categories (Young & Regan, 

2007): visual, auditory, physical and cognitive distraction. Table 1 presents 

a description of these categories and also examples of possible events related 

to child passenger distraction.  If the driver turns to look at a child passenger 

on a rear seat in order to pass food (Macy et al, 2014) then it refers to visual 

distraction as the driver’s visual attention is away from the road and also to 

physical distraction, as the driver is doing movements not related to driving 

(turning to the rear seat). Or if the driver has a crying infant or laughing child 

in the vehicle, then the driver will at least have auditory distraction. In any 

case, it could be expected that when there is a child in the vehicle, the driver 

is also influenced by cognitive distractors as the driver’s thoughts are also 

probably easily shifted to the child passenger. 
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Table 1. Distraction categories with their descriptions and examples of events related to child 
passenger distraction. 

Distraction category 
Description when distraction 
occurs 

Examples of events when a 
child passenger is a source of 
distraction 

Visual distraction 
When the driver shifts visual 
attention away from road or 
other traffic related target. 

The driver looks at a child 
passenger on a rear seat 
through the rear-view mirror. 

Auditory distraction 
When the driver’s attention is on 
auditory signals which are not 
related to traffic. 

The driver has a crying infant or 
laughing child in the vehicle. 

Physical distraction 
When the driver is doing 
something physical not needed 
for safe driving. 

The driver turns to look at child 
passenger on a rear seat in 
order to pass a food (also visual 
distraction). 

Cognitive distraction 
When driver’s thoughts are on 
something not relevant to the 
driving task. 

The driver is discussing with the 
child in the vehicle or the driver’s 
thoughts are shifted to the child 
passenger for any reason. 

 

1.3 A CHILD PASSENGER AS A SOURCE OF 
DISTRACTION 

Previous research has examined the effect of a child passenger related 

distraction mainly using naturalistic settings and surveys. In 1977, 

Christophersen indicated that using the naturalistic observation method that 

behavior of unrestrained child passengers in the car might be especially 

disruptive for the driver as children may stand up, hang out of the windows 

or climb around in the car during the drive. However, child restraints are 

now mandatory in many countries (see WHO, 2020 for existence of a 

national child-restraint laws in different countries) and probable thus less 

distractive for the driver (Figure 1). 

Although Christophersen (1977) also pointed out that children behave less 

disruptively when restrained, he described how parents who used car seats 

reported that their children fussed and cried in the seats. In line with this, 

according to the results from the survey study from Tabman-Ben-Ari & Noy 

(2011), 20% of parents reported that the stress of having children in the car 

interferes their driving. About 32% of parents reported that sometimes they 

were unable to concentrate on driving because of the children in the vehicle. 
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Figure 1. A small child passenger in the rear-facing child seat. Child seats are mandatory in the 
Finland for children under 135 cm. Child seats protect child passengers in crashes and also keep 
children in place during the drive so that they probably are less disruptive for the driver. Photo by 
Anu Vähäkallio. 

 

In the naturalistic driving study conducted by Koppel et al (2011), 12 

families with at least one child aged between one and eight years drove an 

instrumented study vehicle on their everyday journeys. Video recordings 

were analyzed, to examine the behavior of parents and child passengers. The 

results of Koppel et al (2011) indicated that of all potentially distracting 

events, 12% were drivers’ interactions with children, in which the most 

common activities were turning to look at the rear-seated child passenger or 

looking the child through the rear-view mirror, talking with or assisting the 

child passenger. According Koppel et al (2011), 10% of interactions with a 

child passenger involved glances away from the road ahead by the driver od 

two seconds or longer, which has been estimated to lead to a noticeable 

increase in crash risk (Klauer et al, 2006; Wierville 1991; Zwahlen 1988).  

A crying infant passenger who wants attention from a caregiver (Zeifman, 

2001) might especially be distracting for the driver. Previous studies have 

shown that hearing an infant cry may distract participants’ performance in a 

range of cognitive tasks, regardless participants’ parental status or gender. 

According the results from Dudek et al (2016) participants’ performance on 

the Stroop task was lower when participants heard an infant cry compared to 

laugh. In Chang’s and Thomson’s study (2011) participants, regardless their 

parental status or gender, completed fewer mathematical problems when 

hearing an infant cry compared to silence, but there were no differences 

between an infant crying, baby talk, machine noise and neutral speech. In the 
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study conducted by Hechler et al (2015) non-parent participants did a 

working memory task (N-back test) in silence or when listening to a dinner 

conversation, traffic noises, an excavator or a crying infant. Their results 

showed that listening to an infant cry disturbed most participants’ 

performance in the memory task. Results from the naturalistic driving study 

conducted by Stutts et al (2005) showed that drivers engaged a baby 

passenger-related distraction more often than distractions from an older 

child passenger or an adult passenger, but other research cannot be found 

from the literature about how a crying infant passenger may disturb the 

driving performance.  

It seems that even though drivers seem to be aware about the risks 

associated with engagement in child-related activities while driving (Young 

and Lenné, 2010; Prat et al, 2017) they nonetheless keep interacting with 

child passengers (Schroeder et al, 2013; Lansdown, 2012; Macy et al, 2014). 

According to the survey study conducted by Macy et al (2014) parents of one 

to 12-year-old children reported that in the previous month, almost 70% had 

fed a child passenger and 40% had picked up a child’s toy while driving. 

In addition, it has been suggested that drivers with child passengers are 

also engaging in other kinds of distraction while driving, e.g. using a phone 

(Massey et al 2016; McDonald et al 2018;  Kopple et al, 2014; Macy et al, 

2014). In the survey study by Macy et al (2014), more than 75% of parents 

reported that they had used a phone in the past month while driving with 

children. Similar results were obtained in the study by Roney et al (2013) 

which showed that 81% of drivers reported that they had used a phone while 

driving with children. 

1.4 DRIVERS’ CHARACTERISTICS AND VULNERABILITY 
TO CHILD PASSENGER RELATED DISTRACTION 

Studies have shown that inexperienced drivers are particularly more likely to 

distractions (Guo et al, 2017; Curry et al, 2012; Klauer et al, 2014) and it can 

be expected that this also concerns child passenger-related distraction. A 

naturalistic driving study by Klauer et al (2014), which used data from 

instrumented vehicles of 42 newly-licensed drivers and 109 adult drivers, 

indicated that performance of secondary tasks which require drivers to look 

away from road increased the risk of crashing, especially among novice 

drivers. Results from another naturalistic driving study conducted by Guo et 

al (2017), showed that secondary tasks with visual and manual distractions 

impair drivers of any age, but cognitive distraction, e.g. interacting with 

passengers, increases the crash risk only of drivers aged under 30 years, but 

not the risk of crashing of older drivers. In the study conducted by Curry et al 

(2012), it was shown that for both young male and female drivers it was 

common for them to become distracted by their passengers and to look at 

them while driving. 
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Studies have shown than inexperienced drivers monitor the traffic 

environment less holistically - probably due to the undeveloped schemas of 

the traffic situations and/or higher demands of cognitive processes related to 

driving (see review: Horswill & McKenna, 2004; Deery, 2000). Restricted 

visual searching of the traffic environment affects inexperienced drivers’ 

ability to anticipate different traffic situations (Borowsky et al, 2010). It is 

typical for human information procession mechanisms to improve as they 

gain experience; the ability to execute tasks improves or tasks even became 

automatic, as fewer conscious cognitive resources are needed (Schiffrin & 

Schneider, 1977). However, as driving is a complex task and drivers may 

drive in an infinite number of traffic environments and situations, and it can 

be questioned whether safe driving could be ever fully automated. Instead, it 

has been suggested that experienced drivers use cognitive resources at least 

as much as inexperienced drivers for driving, but they have a more 

sophisticated mental model about traffic environments (Horswill & 

McKenna, 2004; Underwood 2007). Possibly inexperienced drivers tend to 

look restrictively straight ahead because they do not know where they should 

look in order to search the traffic environment effectively to achieve proper 

situational awareness in traffic (Underwood, 2007). 

It might be that undeveloped mental models in traffic lead engagement to 

secondary tasks in situations when attention should be on the traffic 

environment to ensure safety. If an inexperienced driver does not have 

enough understanding about the hazards in different traffic environments, 

she or he might think that there is time to focus on the distractor instead of 

effective anticipation of traffic situations (Underwood, 2007). Inexperienced 

drivers’ higher risk associated with distractions could be due to their 

undeveloped capacity to control and share their attention properly between 

driving and non-driving related tasks (Wikman et al, 1998; Young et al, 

2007).  

It is also suggested that it is typical for young drivers to be overconfident 

about their driving abilities and to be less safety orientated (e.g. Deery, 

2000) which may encourage them to distracting activities. Probable skills for 

self-control may be still under construction among young drivers which may 

add risks, especially for young male drivers (Laapotti et al, 2001). 

In the literature there is no clear evidence that driver gender as such would 

have an effect on their vulnerability to be distracted, but gender can be 

related to other driver background factors e.g. driving experience, amount of 

driving with a distractor, or propensity to engage in secondary activities have 

more significant impact (Young et al, 2008). However, this issue has not 

been studied. Results from the naturalistic driving study conducted by 

Koppel et al (2011) showed that male drivers were more likely than female 

drivers to be engaged in child passenger-related distraction and had more 

glances of longer than two seconds towards child passengers. In their study, 

female drivers reported that they are parents who mostly are driving with 

their children (Koppel et al, 2011). It could be hypothesized that this result 
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indicates that the driver’s gender as such does not have an influence, but 

instead, the having experience of driving with children has an effect on their 

vulnerability to distraction. 

1.5 OTHER FACTORS INFLUENCING THE CRASH RISK 
WITH CHILD PASSENGERS 

It can be expected that there are some factors related to parenthood in 

general, and not driving behaviors as such, which influence crash 

characteristics and risk. These factors are introduced next.  

1.5.1 INFLUENCE OF PARENTHOOD ON RISK-TAKING BEHAVIOR  

It has been shown that crashes involving child passengers often occur under 

usual driving circumstances and drivers with child passengers are more often 

females, rarely under the influence of alcohol or speeding when having a fatal 

crash (Kelley-Baker & Romano, 2014; Scherz, 1988). It could be argued that 

these differences are partly explained by different driving patterns of drivers 

with child passengers (mostly probable parents) and drivers without child 

passengers. In addition, it has been suggested that that transition to 

parenthood is changing the behavior of at least some parents in the traffic to 

becoming more safety orientated (Taubman-Ben-Ari & Noy, 2011): their 

survey results indicated that 45% of parents reported that they had taken 

fewer risks on the road after the birth of their first child. In addition, 59% of 

parents reported that when driving with child passengers, they refrain from 

expressing aggression toward other drivers.  

Even though the presence of child passengers or/and parenthood seem to 

reduce risk-taking behavior for both males and females, it seems that risk-

taking behavior is especially atypical for female drivers with child 

passengers; it has been shown that in fatal crashes female drivers with child 

passengers have less often been under the influence of alcohol or speeding 

compared to male drivers with child passengers (Kelley-Baker & Romano, 

2014; Voas et al, 2002).  

1.5.2 NEW PARENTS’ FATIGUE AND DEPRESSIVE SYMPTOMS 

New parents can suffer fatigue and depressive symptoms due to an infant’s 

irregular sleep schedules, stress related to a new lifestyle and demands 

related to taking care of an infant (Wilson et al, 2019;  Filtness et al, 2014; 

Parks et al, 1999). Studies have found that sleep disruption and fatigue are 

common for new mothers and it has been stated that postpartum fatigue may 

continue into second year after child birth (Parks et al, 1999; Schytt et al, 

2005). In addition to mothers, fathers may been suffer fatigue (e.g, Gay et al, 

2004; Giallo et al, 2013). For example, in the study conducted by Gay et al 
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(2004), it was found that after child birth, fathers obtained even less total 

sleep than mothers when sleep was measured through the whole 24-hour 

day. 

It is well known that driver fatigue impairs driving task performance (eg. 

Horne & Reyner, 1995). Prevalence of fatigue-related crashes have been 

estimated to range from 1-40% and often have been a relevant factor in fatal 

crashes at night, on rural roads, and in single-vehicle crashes (Shinar, 2017).   

For example, a study conducted by Barger et al (2005) identified that 

medical interns had a crash risk 2.5 times higher after working a shift longer 

than 24 hours compared to regular shift. (However, it has been noted that 

prevalence of fatigue-related crashes is sometimes difficult to assess from the 

crash investigation data (Radun & Summala, 2004)). 

Parents’ sleep problems are probably linked higher crash risks (Livingstone 

et al, 2009; Malish et al, 2016; Sánchez-García et al, 2019). According to 

results from the study by Malish et al (2016), 22% of new parents had 

experienced a near-miss accident after their baby was born. Those who had 

experienced near-miss accidents reported worse sleep quality compared 

those who had not reported near-miss accidents. Nearly 20% of new parents 

reported that they had driven while fatigued at least once per week. Results 

from Sánchez-García et al (2019) showed that mothers of children aged 

under two years had higher levels of fatigue than similarly-aged woman who 

were not mothers, and that mothers’ chronic fatigue (persisting over time 

and not disappearing after resting) was related to attentional driving errors.  

Studies have shown that there is correlation between fatigue and 

postpartum depression among mothers in the first two years after delivery 

(for meta-analysis see: Wilson et al, 2019). It has been stated that over 10% 

of mothers may suffer from postpartum depression (O’Hara & Swain, 1996). 

In addition to mothers, new fathers may also suffer depression symptoms 

(Underwood et al, 2017).  

Parental depressive symptoms have been associated with less effective care 

of the children and might be a risk factor in unintentional injuries of children 

(Yamaoka et al, 2016). It has been stated that depressed parents use safety 

seats in vehicles less frequently than non-depressed parents (McLennan & 

Kotelchuck 2000; McLearn et al, 2006). Depression might also influence a 

driver’s crash risks (Wickens et al, 2014).  

1.5.3 THE EFFECT OF PARENTAL SOCIODEMOGRAPHIC FACTORS 

AND SOCIOECONOMIC STATUS  

It has been indicated that the children of young mothers have higher risk of 

unintentional injuries and mortality than the children of older mothers (e.g. 

Scholer et al, 1999; McCormick et al, 1984; Gulotta & Finney, 2000) and that 

this also concerns traffic related injuries (Scholer et al, 1999). In addition to 

the mother’s age father’s young age also is associated to higher risks of 

traffic-related injury or death (Hong et al, 2010).  
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However, it could be hypothesized that probably the age of the mother or 

father is not only contributory factor as such behind small children’s’ higher 

injury risk, but it is related to parents’ low socio-economic status (e.g. low 

income, unemployment and low education level) which could explain the risk 

of crashes and more severe crash outcomes (e.g. Factor et al, 2008; Lawlor & 

Shaw, 2002; Oliver & Kohen, 2009; Males, 2009; Pirdavani et al, 2017).  

1.6 METHODS FOR ANALYZING DRIVERS’ CRASH 
CHARACTERISTICS AND RISKS 

To reduce crashes, it essential to know which factors have influenced the 

occurrence of crashes. There is a long history of using crash statistics to 

analyze different driver groups’ crash risk and characteristics. More severe 

crashes, especially fatal crashes, are rare events, and the background factors 

are often difficult or impossible to study with other methods. Fatal crash 

databases often include all fatal crashes that occurred in a country. Fatal 

crashes are also studied often more in detail than less severe crashes. 

Chapter 6.1 introduces the fatal crash databases used in present studies. 

The limitation of crash data-based studies is that they have a retrospective 

approach and afterwards there is often no certainty about the driver’s 

behavior and other incidents before the crash occurred. It is thus not possible 

to determine precisely how well the database is a reflection of reality about 

contributory factors of crashes - especially those related to drivers’ state or 

behavior occurred inside vehicle. It is well known that people are not willing 

to report negative behavior. Thus, it could be expected that actual driver 

distraction in crashes is higher than reported (NHTSA, 2009) because the 

information about distraction is often obtained from interviews of involved 

people in crashes. The quality of databases, especially concerning drivers’ 

psychological factors are depending on data collection process and on the 

level of training of crash investigators (Gordon, 2008). 

It is not possible to get information from crash databases about how much 

the risk of crashing is increased by the presence of some distracting activity 

while there is no information about exposure to these activities. For example, 

even when the presence of child passengers in the vehicle is known, there is 

no information on when children in the vehicle are behaving distractively. 

A somewhat newer approach to studying drivers’ crash risk is using 

instrumented vehicles in real traffic or on test tracks. The data provide 

information about drivers’ behavior in normal driving situations and also in 

larger studies about precedes actions of near- or minor-crashes (see e.g. 

Hankey, Perez & McClafferty, 2016). However, as fatal crashes are rare 

events, studies with a prospective approach cannot provide direct evidence 

about preceding events of severer crashes.  

A weakness of studies based on naturalistic driving data and simulator 

data is also that drivers may moderate their behavior because of the presence 
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of cameras, and it is not certain how well these results can be generalized to 

the real world. Approaches based only on technology may not be able to 

provide information about drivers’ states, attitudes and cognitive distraction 

(Gordon, 2008). Surveys, self-reports or post-crash interviews may produce 

deeper understanding about these issues.  
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2  AIMS OF THE PRESENT STUDIES 

The aim of this thesis was to examine which factors are typically present in fatal 

crashes involving child passengers and whether drivers with child passengers differ 

in their fatal crash risk from drivers without child passengers. Fatal crash data have 

not previously been used to study specifically which factors possibly affect the fatal 

crash risks of drivers with children. The fatal crash databases (see Chapter 3.1) were 

used in this thesis as they provided extensive information about crash characteristics.  

It was expected that child passengers may distract drivers, but that drivers with 

child passengers may have more sense of responsibility in the traffic. This 

phenomenon was expected to be seen in the database as higher prevalence of 

distraction-related crashes, but lower prevalence of crashes related to risk-taking 

behavior among drivers with child passengers compared to drivers without child 

passengers. Because there are often passengers in the vehicle other than child 

passengers, how the presence of these other passengers influenced fatal crash risk 

and characteristics was examined.  

The main research questions of this thesis were: 

 

Question 1 (Q1): Is the prevalence of distraction-related fatal crashes and risk of 

crashing higher among drivers with child passengers compared to drivers without 

child passengers?  

Question 1.1 (Q1.1): Do drivers’ gender, age or inexperience or the age of child 

passengers influence the answer for Q1? 

 

In order to answer Q1, the prevalence of distraction-related crashes higher among 

drivers with child passengers than among drivers with no child passengers was 

examined (Study II and III). If a child passenger distracts the driver, then it should 

be seen that drivers with child passengers are more often assessed as having been 

distracted by accident investigators. As it is known that distraction elevates the risk 

of crashing, it was also expected in present Studies I, II and III that if the child 

passenger is a source of distraction, then drivers with child passengers should have a 

higher risk of crashing than drivers with no child passengers, if all other influencing 

factors are successfully controlled for.  

Previous studies have indicated that drivers’ age and inexperience is related to 

being easily distracted when driving (Guo et al, 2017; Curry et al, 2012; Klauer et al, 

2014; see also Chapter 1.4). Are inexperienced drivers, when driving with a child 

passenger, more often assessed as being distracted in the database by accident 

investigators (Study III), and do they have higher risk of crashes than experienced 

drivers (Study I and III) (Q1.1)?  

In addition to drivers’ inexperience, the possible influence of driver gender and a 

child passenger’s age on the crash risk was examined and thus the crash risk was 

calculated separately for drivers with different-aged child passengers and for male 

and female drivers (Q1.1) (Study I and II). It was expected that especially an infant 
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passenger might be a source of distraction (e.g. Dudek et al, 2016; Zeifman, 2001) 

(Study III).  

 

Question 2 (Q2): Does the presence of an adult passenger influence fatal crash 

risk or the characteristics of drivers with child passengers?  

 

It was hypothesized that if drivers have another adult in addition to a child 

passenger in the vehicle, he or she can help the driver in a child passenger-related 

tasks enabling the driver to focus on driving. Study II examined do drivers with 

both adult and child passengers in the vehicle have fewer fatal crashes related to 

distraction. Study I, II and III examined do drivers with child passengers only have 

higher risk of crashing than drivers with both child and adult passengers.  

 

Question 3 (Q3): Is the percentage of risk taking related to fatal crashes lower 

among drivers with child passengers than among drivers with no child passengers? 

Question 3.1 (Q3.1): Are female drivers less often intoxicated or speeding when 

involved in a fatal crash with child passengers than male drivers? 

 

Previous studies suggest that drivers with child passengers are responsible in 

traffic (Taubman-Ben-Ari & Noy, 2011; Scherz, 1988); see also Chapter 1.5.1). In the 

present Studies I, II and III it was examined whether drivers with child passengers 

have fewer fatal crashes related to risk-taking behavior than drivers without child 

passengers (Q3). As previous research (Kelley-Baker & Romano, 2014; Voas et al, 

2002) has shown, risk-taking behavior is more typical for male drivers with child 

passengers than female drivers with child passengers, and whether female drivers are 

less often intoxicated or speeding in fatal crashes with a child passenger was also 

examined (Q3.1) (Study I and II). 

 

Question 4 (Q4): What else influences the fatal crash characteristics and risk of 

drivers with child passengers?  

Question 4.1 (Q4.1): Are drivers with child passengers more often assessed as 

being fatigued when they crash compared to drivers without child passengers?  

Question 4.2 (Q4.2): Do socioeconomic factors have an effect on crash 

characteristics and risks? 

 

Also explored was what other influences there were in the crash characteristics 

and risks of drivers with child passengers (Q4). It was expected that drivers with 

child passengers would be fatigued, especially if they are new parents (Parks et al, 

1999; Schytt et al, 2005; See Chapter 1.5.2). The percentage of fatigue-related crashes 

was examined separately among male and female drivers (Study II) and also among 

young and older drivers (Study III) (Q4.1). Also examined was whether 

socioeconomic factors had an influence on crash characteristics. It was expected that 

young drivers would be more likely to have a lower socioeconomic background than 

older drivers, which could influence their risk of crashing and the crash consequence. 

Thus, crash characteristics and risks were examined separately between young and 

older drivers with child passengers (Study III) (Q4.2). 
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3  METHODS AND RESULTS 

3.1 DATA 

Two fatal crash databases, one from Finland and another from the U.S. were used in 

these studies as they provided extensive information about crash characteristics. The 

information about the probable at-fault and not-at-fault parties in crashes made it 

possible to estimate the crash risks of drivers in different groups.  

Study I was based on the fatal crashes data in Finland. The time range of the 

data was as wide as possible, because of the low number of crashes involving child 

passengers. In Finland, the period 1988–2012 was chosen because seat belts in the 

back seats became mandatory at the end of 1987, and 2012 was the most recent year 

for analysis when the study was conducted.  

Study II and Study III used the fatal crash data from the U.S.: Study II for the 

years 1996–2015 and Study III for years 1994–2013. These periods were chosen as 

they were the latest 20 year periods available when these studies were conducted. In 

Study III, the prevalence of crashes was examined, and the number of crashes was 

related to the number of births. Information about births and age of mothers for 

1994–2013 was acquired from the U.S. Birth Data Files of the National Center for 

Health Statistics.  

3.1.1 THE FINNISH ACCIDENT INFORMATION REGISTER (FAIR) 

All fatal road traffic crashes in Finland are investigated in-depth by multidisciplinary 

road accident investigation teams. The teams include a police officer, a vehicle 

specialist, a road specialist, a physician and a behavioral scientist. The work of these 

20 accident investigation teams is coordinated by The Finnish Crash Data Institute 

(OTI), but the teams examine the crashes independently. All teams use the same 

method for crash investigation, which was last updated in 2002. This method is 

described in “VALT Method 2003” (VALT 2002). Investigation is regulated by 

legislation on the investigation of road and cross-country traffic accidents 

(1512/2016). 

The aim of the work of the teams is to promote road safety by identifying the 

factors leading to the crashes and their consequences. The teams investigate the 

scene of the crash immediately after its occurrence, interview the people involved, 

inspect the vehicles, and collect information from a range of sources. The teams do 

not determine guilt or liability for the accidents. However, these teams select one 

party whose actions contributed most to the crash. Based on their investigations, 

teams make safety improvement proposals and recommendations. 

Teams produce an investigation report on each case. All materials related to the 

investigation, e.g. verbal descriptions and photos from the scene are stored and are 

available for study purposes and various needs of the authorities. The information 

about the crashes is collected in the standard forms and transferred to the Finnish 

Accident Information Register (FAIR) database by the OTI after the investigation.  
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The database contains hundreds of variables for every fatal crash. Variables 

describe the socio-demographic information about the people involved, the 

circumstances and consequences of fatal crashes (e.g. driver condition, crash 

location, presence of traffic controls, visibility conditions, weather, the age and 

technical faults of the vehicles involved, people’s age, injury severity, seating position 

and restraint equipment). Risk factors and safety recommendations are sought from 

the road user, vehicle, environment and the traffic system. The risks intervening the 

accident and its consequences are stored in the database. 

The annual number of fatal crashes in Finland is around 200–250. In 2018, 246 

people died in fatal crashes in Finland (Salenius & Sihvola, 2020). 

3.1.2 THE FATALITY ANALYSIS REPORTING SYSTEM (FARS) 

The Fatality Analysis Reporting System (FARS) database contains information 

regarding all police-reported motor vehicle crashes on U.S. public trafficways that led 

to the death of at least one person within 30 days of the crash. The FARS is directed 

by the U.S National Center for Statistics and Analysis (NCSA) of the National 

Highway Traffic Safety Administration (NHTSA). In recent years, the number of fatal 

crashes has been 30,000–35,000 annually in the U.S. In 2018, 36,560 people died in 

fatal crashes in the U.S. 

The FARS database is built up from a range of documents provided by the 50 

states, plus the District of Columbia, and Puerto Rico. These documents include 

police crash reports, death certificates, state vehicle registration files, medical 

examiner reports and state driver licensing files. There might be some 

inconsistencies in police reports between states, e.g. distraction-affected crashes are 

identified in some reports as a distinct reporting field, but in some reports, the 

presence of distraction is identified from the narrative portion of the report (NHTSA, 

2009). Trained analysts are responsible for gathering and coding FARS data 

elements from these documents.  

The FARS database contains more than 140 coded data factors describing the 

characteristics of crashes and environmental conditions at the time when the crashes 

occurred and information about vehicles and people involved in fatal crashes. For the 

most part, these factors are the same as in FAIR.  What is different in the FAIR 

database, is that in the FARS database, for every crash, “driver-related factors” are 

coded, which describes the driver’s conditions and behavior before a crash (e.g. 

“Failure to Keep in Proper Lane or Running off Road”, “Failure to Yield Right of 

Way”, “Drowsy, Sleepy, Asleep, Fatigued”). The content of the FARS database is 

described in detail in the “Analytical User’s Manual, 1975-2018” (NCSA, 2019). 
 

3.2 CRASH RISK ESTIMATION 

In order to examine the risk of crashing by certain driver groups, it is essential to 

know the extent to which this group is exposed to situations in which the crash is 

possible. In the literature, one can find a range of measurements for drivers’ group 
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exposure, e.g. the number of licensed drivers and the mean kilometers driven per 

driver have been used to estimate exposure.  

However, the number of licensed drivers may bias exposure estimation by 

emphasizing those drivers who drive more. Further, exposure estimation by using 

mean kilometers driven may be biased because some groups may be driving in 

different traffic environments and on different types of trip and thus the risk of 

crashes is not equal in all kilometers (e.g. Langford et al, 2006). It is also indicated 

that drivers with more kilometers driven have a lower crash risk per kilometers 

driven compared to drivers with lower kilometers driven (Langford et al, 2006). In 

addition, information about the number of kilometers driven by some specific driver 

groups is often not available. 

Indirect exposure estimation is a widely used method for assessing drivers’ group 

crash risk. This method is based on the assumption that not-at-fault drivers in 

crashes are selected randomly and thus the number of not-at-fault drivers in one 

group represents the exposure of that group (Carr, 1969) (for the quasi-induced 

exposure technique, see also: Chandraratna and Stamatiadis, 2009; Stamatiadis and 

Deacon, 1997). Thus, drivers’ crash risks in different groups can be estimated by the 

ratio of the at-fault drivers to the not-at-fault drivers. It can be seen that a higher 

ratio equates to a higher risk of crashing. 

3.3 METHODS AND RESULTS OF STUDY I 

Study I examined the prevalence of risk-taking behavior and the crash risk of male 

and female drivers with a child passenger in different age groups.  

The FAIR database for 1988–2012 was purchased from the OTI in electronic table 

format. The dataset included information about 12,674 motor vehicle drivers and 

8,127 fatal crashes with all available variables related to the crashes. 

3.3.1 DRIVERS’ INCLUSION CRITERIA AND PASSENGER CONDITIONS IN 

STUDY I 

Two datasets were created from FAIR. One for the risk-taking behaviour analysis 

(the Risk Behaviour Dataset) and the other for the crash risk analysis (the Crash 

Risk Dataset).  

 

Drivers’ inclusion criteria for the risk-taking behaviour analysis 

Only drivers of private passenger cars who were involved in a fatal single or 

multiple-vehicle crash were included in the analysis. For crashes involving more than 

two vehicles, only the two first vehicles as based on the collision sequence were 

included. Due to the limited number of crashes, the crash counterparts’ vehicle type 

was not restricted and single-vehicle crashes were not excluded. Crashes involving 

pedestrians, bicyclists, animals or those caused by drivers’ sudden illness were 

excluded. 

The mean age of drivers with 0–9-year old child passengers was 36.8 years 

(SD=10.2) in the database. The age range of the drivers was limited to the mean age 
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plus or minus one SD, which means that the drivers’ age range was 26–47 years. This 

age restriction made the comparison of drivers with child passengers with drivers 

with no child passengers reasonable, because young drivers were over represented in 

the database. After the exclusions described above, 2,439 drivers were left in the Risk 

Behaviour Dataset for risk-taking behaviour analysis. 

 

Drivers’ inclusion criteria for the crash risk analysis 

The Crash Risk Dataset used in the crash risk analysis was a subset of the Risk 

Behaviour Dataset. Drivers under the influence of alcohol (more than the legal limit 

of 0.05 % BAC) or drugs, driving at more than 50 km/h over the speed limit, with no 

valid driver’s license and with no seat belt were excluded from The Crash Risk 

Dataset, because the proportion of risk-taking related crashes was low among drivers 

with child passengers - opposite to the situation with drivers with no child 

passengers. Total number of drivers included in The Crash Risk Dataset for crash 

risk analysis was 1,251 and 348 of them had a child passenger in the vehicle.  

The measure of driving experience in the FAIR was the distance driven in the past 

year. However, this information was missing for 24% of drivers. The effect of driving 

experience was examined in separate analysis which included 952 drivers - 270 of 

whom had a child passenger. 

 

Examined passenger conditions 

In Study I, the following passenger condition groups were formed: 

- Drivers with at least one child passenger aged 0–4 years. 

- Drivers with at least one child passenger aged 5–9 years.  

- Drivers with at least one child passenger aged 10–17 years.  

- Drivers with at least one adult (18 years or older) passenger, but with no child 

passengers. 

- Drivers with no passengers. 

 

Due to the low number of crashes, it was not possible to exclude drivers with child 

passengers with a range of ages. For this reason, there was some overlap in child 

passenger condition groups. 

3.3.2 ANALYSIS OF RISK-TAKING BEHAVIOUR AND CRASH RISK 

ESTIMATION IN STUDY I 

 

For the analysis of risk-taking behavior, the percentage of intoxicated drivers with 

BAC>0.05, drivers speeding more than 50 km/h, drivers without a valid driving 

license and drivers without a seat belt was examined for male and female drivers for 

every passenger condition group (Q3).  

When investigating multiple vehicle crashes, Finnish road accident investigation 

teams select one driver who contributed most to the origin of the crash. We defined 

those as at-fault drivers and the others involved in the crash as not-at-fault drivers. 

Drivers in single-vehicle crashes were always defined as being at-fault. 
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The percentage of at-fault drivers (culpability rate) was determined for every 

passenger condition group according to the drivers’ gender (Q1). It was assumed that 

higher the percentage of at-fault drivers, the higher the risk of crashes. The Pearson 

Chi square test was used to examine differences between groups. 

Binary logistic regression models were used to examine the possible effects of the 

presence of adult passengers (Q2) and driving experience (Q1.1) on the risk of 

crashing. The dependent variable in the models was driver culpability (at-fault = 1, 

not-at-fault = 0).  

3.3.3 STUDY I RESULTS: RISK-TAKING BEHAVIOUR 

As seen in Table 2, driving under the influence of alcohol, speeding and driving 

without a license were more common for drivers with no child passengers than for 

drivers with child passengers. Table 2 shows, among female drivers with under 10-

year-old child passengers risk-taking behavior was nonexistent in available data, 

except the prevalence of crashes without a seat belt. Because of the low number of 

crashes, it was not possible to test differences between male and female drivers with 

child passengers.  
 

 

Table 2. Percentages of risky behavior by driver gender and passenger condition. Please note: 
Passenger conditions and risk behavior categories overlap. 
Modified with permission from Study I. 

Male drivers Passenger conditions 

 
0–4 year 5–9 year 10–17 year 

Only adult 
passengers 

No 
passengers 

 n=117 n=110 n=125 n=584 n=1006 

BAC>0.05 3.4 1.8 11.0 43.5 37.9 

Speeding >50km/h 0.9 0.9 2.4 11.6 8.7 

No driver’s license 1.7 2.7 6.4 21.4 9.5 

No seat belt 12.0 6.4 20.0 45.5 53.7 

Female drivers   

 n=61 n=61 n=70 n=117 n=310 

BAC>0.05 0 0 2.9 14.5 19.7 

Speeding >50km/h 0 0 0 3.4 2.6 

No driver’s license 0 0 0 7.7 2.3 

No seat belt 11.0 18.0 14.0 12.0 27.4 

 

3.3.4 STUDY I RESULTS: CRASH RISK 

Drivers with obvious risk behaviors were excluded from the following crash risks 

analysis. 

Figure 2 shows the culpability rate by passenger condition and driver gender. As 

seen in Figure 2, the difference in crash risk between male (n=99) and female 

(n=54) drivers appears to be most marked among drivers with a 0–4-year-old child 
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passenger (χ2(1)=26.6, p<0.001). In addition, among drivers with 5–9-year old 

passengers, male drivers (n=100) have higher risk than female drivers (n=50) 

(χ2(1)=12.2, p<0.001) and also male driver with 10–15-year-old passengers (n=94) 

have higher risk than female drivers with 10–15-year-old passengers (n=57) 

(χ2(1)=5.1, p=0.02). 

 The male drivers with no passengers (n= 376) had a higher crash risk than male 

drivers with a 0–4-year old child passenger (n=99) (χ2(1)=16.7, p<.001), but female 

drivers with a 0–4-year old child passenger (n=54) had higher crash risks than 

female drivers with no passenger (n=203) (χ2(1)=4.6, p=.03). 
 

Figure 2. Percentages of at-fault drivers (culpability rate) by passenger condition and driver gender. 
Gender difference in culpability rate for each passenger condition was tested with the Pearson Chi-Square 
tests. Note that the conditions within 0–17-year-old passengers overlap and there might also be an adult 
passenger in the vehicle in addition to child. Reproduced with permission from Study I. 

 

Possible effect of an adult passenger 

Results showed that male drivers with a child passenger were more often 

accompanied by an adult passenger compared to female drivers and this difference 

was most notable among drivers with a small child passengers: 86% of male and only 

37% female drivers with a 0–4-years old passengers had also an adult passenger in 

the vehicle.  

The possible effects of the presence of an adult passenger on the crash risk were 

examined and controlled in logistic regression models (Table 3; Model 1 & 2). 

Model 1 (all cases) and Model 2 (drivers with child passengers) showed an overall 

protective effect of the presence of an adult passenger. The significant interaction 

between the drivers’ (males as reference group) and drivers with 0–17-year-old child 

passengers (Model 1) and also drivers with 0–4-year-old child passengers (Model 2) 

suggest that female drivers with child passengers have a higher risk of crashing 
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compared to male drivers, even when controlling for the presence of an adult 

passenger (Table 3). 

 

Controlling the possible effect of driving experience 

The data indicated that 17% of females and 4% of males had driven less than 

10,000 km/year indicating that female drivers were less experienced drivers. The 

possible effects of driving experience on the crash risk were controlled in logistic 

regression models (Table 3; Model 3 & 4). Model 3 (all cases) and 4 (drivers with 

child passengers) included only drivers with known information about the distance 

they had driven in the past year. These models show that driving experience does not 

explain why male and female drivers differ in their crash risk with 0–17-year-old 

child passengers (Model 3) and with 0–4-year-old child passengers (Model 4). 
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Table 3. Logistic regression models 1.-4. Dependent variable was always driver culpability (culpable (=1) 
or non-culpable (=0)). Reproduced with permission from Study I. 

Model 1. All cases (n=1251). Model’s overall percentage of ability to group=55.9%, Nagelkerke R 
Square=.037. 

  95% confidence interval 

Explanatory variables Odds ratio Lower Upper 

Driver gender (male =0, female=1) 1.10 .79 1.53 
0-17 year old passengers (presence=1, 
absence=0) 

.66 .47 .92 

Adult passengers (presence=1, absence=0) .69 .52 .92 
Driver gender*0-17 year old passengers 2.08 1.21 3.58 
Driver gender*adult passenger 1.41 .85 2.34 
Constant 1.06   

Model 2. Within cases involving 0-17 year old passengers (n=348). Model’s overall percentage of 
ability to group=64.9%, Nagelkerke R Square=.128. 

  95% confidence interval 

Explanatory variables Odds ratio Lower Upper 

Driver gender (male =0, female=1) 1.09 .51 2.35 
0-4 year old passengers (presence=1, absence=0) .63 .35 1.14 
Adult passengers (presence=1, absence=0) .52 .28 .96 
Driver gender*0-4 year old passengers 3.18 1.22 8.26 
Driver gender*adult passengers 2.16 .81 5.77 
Constant 1.04   

Model 3. All cases with information of driving distance in the past year (n=952). Model’s overall 
percentage of ability to group=60.0%, Nagelkerke R Square=.068. 

  95% confidence interval 

Explanatory variables Odds ratio Lower Upper 

Driving distance in the past year (Over 
10000km=0, under 10000km=1) 

2.40 1.02 5.62 

Driver gender (male =0, female=1) 1.10 .79 1.54 
Adult passengers (presence=1, absence=0) .88 .67 1.16 
0-17 year old passengers (presence=1, 
absence=0) 

.50 .34 .73 

Driver gender*0-17 year old passengers 2.79 1.49 5.22 
Driver gender* Driving distance in the past year 1.24 .42 3.62 
Constant .84   

Model 4.  All cases with information of driving distance in the past year within cases involving 0-17 
year old passengers (n=270). Model’s overall percentage of ability to group=67.8%, Nagelkerke R 
Square=.165. 

  95% confidence interval 

Explanatory variables Odds ratio Lower Upper 

Driving distance in the past year (Over 
10000km=0, under 10000km=1) 

1.33 .13 13.64 

Driver gender (male =0, female=1) 1.83 .87 3.83 
Adult passengers (presence=1, absence=0) .66 .38 1.17 
0-4 year old passengers (presence=1, absence=0) .56 .28 1.12 
Driver gender*0-4 year old passengers 3.50 1.14 10.72 
Driver gender* Driving distance in the past year 1.24 .10 15.88 
Constant .68   
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3.4 METHODS AND RESULTS OF STUDY II 

The aim of Study II was to replicate the results of Study I by using the extensive 

U.S. FARS database for 1996–2015. In Study II the crash characteristics and risk of 

crashes examined for male and female drivers with 0–9-year-old child passengers 

and compared to drivers with no child passengers. 

FARS datafiles for years 1996–2015 were downloaded from the NHTSA FTP 

website (NHTSA, 2020) in electronic table format. These data involved information 

about 1,058,035 drivers of a motor vehicle in 702,188 fatal crashes. 

3.4.1 DRIVERS’ INCLUSION CRITERIA AND PASSENGER CONDITIONS IN 

STUDY II 

Two datasets were created from FARS. One for the crash characteristics analysis (the 

Crash Characteristics Dataset) and the other for the crash risk analysis (the Crash 

Risk Dataset).  

 

Drivers’ inclusion criteria for the crash characteristics analysis 

Only drivers of passenger vehicles which were not in special use (e.g. police, taxi) 

were included in the analysis. Drivers who were ill or were charged with a non-traffic 

violation and crashes involving police pursuit were excluded. Only those drivers 

whose information about age and gender was not missing were included. 

In the FARS database, the mean age of drivers with child passengers was 34.96 

with the standard deviation 11.76. Like in Study I, for the drivers included, we 

selected the mean age plus and minus one standard deviation as the age range. Thus, 

only 23–46-year-old drivers were included in the analysis. After the exclusions 

described above, 335,107 drivers were left in the Crash Characteristics Dataset for 

the crash characteristics analysis. 

 

Drivers’ inclusion criteria for the crash risk analysis 

The Crash Risk Dataset used in the crash risk analysis was a subset of the Crash 

Characteristics Dataset. In the Crash Risk Analysis, only two passenger vehicle 

crashes in which one driver was at-fault driver and one not-at-fault were included. 

Crashes involving people outside the vehicles or vehicles not in transport were 

excluded. The total number of drivers included in The Crash Risk Dataset for crash 

risk analysis was 91,832.  

 

Examined passenger conditions 

In Study II, the following passenger condition groups were formed: 

- Drivers with only 0–9-year-old child passengers.  

- Drivers with only 16+-year-old adult passengers.  

- Drivers with 0–9-year-old child and 16+-year-old adult passengers.  

- Drivers with no passengers. 
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It should be noted that to make clear the difference between drivers with child 

passengers and drivers with adult passengers, drivers with 10–15-year-old 

passengers were not included in any passenger condition. 

3.4.2 CRASH CHARACTERISTICS ANALYSIS AND CRASH RISK ESTIMATION 

IN STUDY II 

In the crash characteristics analysis percentages and the Pearson Chi square test 

were used to compare differences in drivers’ characteristics in different passenger 

conditions groups by drivers’ gender (Q1, Q1.1, Q2, Q3 and Q4.1). In Study II, 

drivers were assessed as being distracted if they were coded with driver-related factor 

code “Inattentive/Careless”2 (years before 2010) or if coded as distracted by any 

source in distraction data files3 (years after 2009) (See Study II Appendix A for 

detailed information about the variables used). Detailed sources of distraction were 

examined only for the study period 2010–2015 as the FARS first included more 

information about the drivers’ distraction source from the beginning of 2010. 

In the crash risk analysis drivers’ crash risks in different passenger conditions 

groups were estimated by the ratio of at-fault drivers to not-at-fault drivers (Q1, Q1.1, 

Q2). Only those factors which indicated that the driver made an error that probably 

led to a crash, were used to define at-fault drivers (e.g. ‘passing on wrong side’ or 

‘improper or erratic lane change’).  

Binary logistic regression models were used to study if the drivers with child 

passengers differ from the drivers in the other passenger groups in their risk of 

crashing (Q1, Q2).  Driver culpability (1=at-fault and 0=not-at-fault) was assessed as 

the dependent variable in the crude and adjusted models. In the adjusted models, 

possible effect of characteristics of drivers’ vehicle, driving licence validity, drivers’ 

intoxication and driver seat belt use was controlled. 

Also, effects of child passengers’ ages and driver gender on the crash risks (Q1.1) 

were examined by using binary logistic regression models. Only drivers with child 

passengers were included in this analysis. The possible effect of the presence of adult 

passengers on crash risks were controlled in the models (Q2). 

The preliminary analysis indicated that the prevalence of drivers’ condition-

related factors possibly depends on the traffic environment. Analysis was done for all 

crashes as well as for intersection crashes and non-junction crashes separately.  
 

 
2 For coding drivers’ inattentive/careless driving, the following examples are used in the coding manual: 

“Includes use of car/cell phones, text messaging, fax, GPS/Head-up display systems, DVD player, etc.; Driver 

distracted by children; Driver lighting cigarette; Operating or adjusting radio and other accessories; Reading, 

talking, daydreaming, eating, looking for an address, crash in next lane, automated highway sign, approaching 

emergency vehicle, using electric razor, applying cosmetics, painting nails, etc.” were used until 2009 (NHTSA, 

2009). 
3 Since the beginning of 2010, drivers’ probable distraction has been coded in more detail in FARS data files. 
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3.4.3 STUDY II RESULTS: CRASH CHARACTERISTICS 

Female drivers with a child passenger alone (n=10,861) were involved in fatal crashes 

more often than male drivers with only a child passenger (n=4455). In contrast, it 

was more typical for male drivers with both child and adult passengers to be involved 

in fatal crashes (n=8680) than for female drivers with child and adult passengers 

(n=5672).  

As Table 4 shows, both male and female drivers with a child passenger alone 

were more often distracted compared to drivers without child passengers in all 

crashes. However, these differences were not statistically significant among male 

drivers in intersection crashes (which could be at least partly explained by smaller 

sample size than in non-junction crashes).  

Results showed that it was less typical for male and female drivers with a child 

passenger to be involved in a crash while speeding or intoxicated than for drivers 

without child passengers in all crashes (Table 4).  

In non-junction crashes, male and female drivers with both child and adult 

passengers more often estimated as being fatigued compared other passenger groups 

(Table 4). Results show that in intersection crashes, percentages of fatigue-related 

crashes were under 1 % for male and female drivers in all different passenger 

conditions. 

Table 4 shows that in non-junction crashes, it was more typical for male and 

female drivers with child passengers only to be distracted, intoxicated or/and 

without a seat belt when the crash occurred than for drivers with both child and adult 

passengers. Also, in intersections it was more typical for female drivers with child 

passengers only to be distracted than for drivers with both child and adult 

passengers. 

Table 4 also shows that male drivers with child passengers only were intoxicated 

(χ2(1)=262.32, p<0.001), speeding (χ2(1)=17.34, p<0.001) or without a seat belt 

(χ2(1)=36.29, p<0.001) more often than female drivers in all crashes. However, 

female and male drivers with child passengers only did not differ in their prevalence 

in distraction-related crashes. In non-junction crashes, male drivers with child 

passengers only were fatigued more often than female with only child passengers 

(χ2(1)=8.08, p=0.004), but in intersection crashes there were no significant 

differences. 

From Table 5 it can be suggested that the percentages of crashes related to other 

occupants and phone-related distraction were higher for drivers with child 

passengers only than for drivers with only adult passengers or drivers with both adult 

and child passengers in all crashes.  
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Table 4. Percentages of drivers marked with specific driver condition-related factors in all crashes and 
separately in non-junction and intersection crashes by different passenger conditions for male and female 
drivers. Differences between passenger condition groups were tested with Pearson Chi square tests. Modified 
with permission from Study II. 

Male drivers 

Percentages 
 (marked bolded if difference to drivers with only child passengers is 

significant) 

Only child 
passengers 

Child and adult 
passengers 

Adult 
passengers No passengers 

All 
crashes 

 (n=4455) (n=8680) (n=63,080) (n=157,790) 

Distracted 9.2 6.3*** 7.1*** 7.0*** 

Fatigued 1.9 3.0*** 2.1 2.2 

Intoxicated 17.8 12.1 42.1*** 36.2*** 

No seat belt  28.3 23.9 43.3****** 43.2*** 

Speeding  13.7 14.0 29.7*** 24.2 

Non-junction 
crashes 

 (n=2781) (n=5848) (n=45,324) (n=111,789) 

Distracted 10.1 6.5*** 7.5*** 7.3*** 

Fatigued 2.9 4.3** 2.7 2.8 

Intoxicated 21.9 13.4*** 46.5*** 41.5*** 

No seat belt  32.6 25.4*** 46.7*** 48.5*** 

Speeding  17.5 17.4 34.5*** 28.0*** 

Intersection 
crashes 

 (n=1132) (n=1967) (n=11,481) (n=28,777) 

Distracted 6.2 5.0 5.3 5.2 

Fatigued 0.2 0.0 0.3 0.3 

Intoxicated 8.9 8.3 26.9*** 19.2*** 

No seat belt  21.2 21.1 32.6*** 27.6*** 

Speeding  4.8 5.3 12.5*** 10.7*** 

Female drivers     

All 
crashes 

 (n=10,861) (n=5672) (n=21,240) (n=63,329) 

Distracted 9.8 8.6* 7.5*** 7.0*** 

Fatigued 1.3 3.2** 1.7* 1.4 

Intoxicated 8.6 7.4** 25.9*** 21.6*** 

No seat belt  23.5 21.4** 29.1*** 30.4*** 

Speeding  11.3 11.9 18.2*** 16.3*** 

Non-junction 
crashes 

 (n=6710) (n=3704) (n=14,475) (n=42,669) 

Distracted 10.9 9.6* 8.1*** 7.2*** 

Fatigued 1.9 4.7*** 2.4* 1.9 

Intoxicated 10.9 8.7*** 29.7*** 26.2*** 

No seat belt  26.9 23.3*** 32.5*** 35.7*** 

Speeding  15.6 15.6 22.9*** 20.5*** 

Intersection 
crashes 

 (n=2935) (n=1377) (n=4509) (n=13,490) 

Distracted 7.4 5.3* 5.2*** 5.3*** 

Fatigued 0.1 0.2 0.1 0.3 

Intoxicated 4.6 4.6 15.5*** 9.6*** 

No seat belt  17.5 18.0 21.3*** 18.0*** 

Speeding  3.3 3.4 5.0*** 5.0*** 
* p<0.05, ** p<0.01, *** p<0.001 
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Table 5. Percentages of drivers marked with some detailed distraction-related factors in all crashes and 
separately in non-junction and intersection crashes by different passenger conditions for male and female 
drivers for years 2010–2015. Differences between passenger condition groups were tested with Pearson 

Chi square tests. Modified with permission from Study II. 

Male drivers 

Percentages 
 (marked bolded if difference to drivers with only child passengers is significant) 

Child 
passengers 

Child and adult 
passengers 

Adult 
passengers 

No 
passengers 

All 
crashes  

 (n=887) (n=1590) (n=11,129) (n=29,671) 
Other 
occupant 

3.6 1.3*** 1.2*** - 

Phone-
related 

2.0 0.7** 0.9** 1.6 

Non-junction 
crashes 

 (n=551) (n=1009) (n=7730) (n=20,280) 

Other 
occupant 

4.9 1.1*** 1.4*** - 

Phone-
related 

2.7 0.8** 1.0*** 1.8 

Intersection 
crashes 

 (n=362) (n=187) (n=334) (n=1792) 

Other 
occupant 

1.1 0.6 0.8 - 

Phone-
related 

1.6 0.6 0.5 1.1 

Female drivers     

All 
crashes 

 (n=2055) (n=1133) (n=4125) (n=12,714) 

Other 
occupant 

3.5 2.1* 1.8*** - 

Phone-
related 

2.4 0.9** 1.0*** 2.6 

Non-junction 
crashes 

 (n=1226) (n=681) (n=2722) (n=8143) 

Other 
occupant 

4.2 2.9 2.1*** - 

Phone-
related 

2.5 1.3 1.1*** 2.9 

Intersection 
crashes 

 (n=501) (n=286) (n=788) (n=2526) 

Other 
occupant 

2.8 0.7* 0.8** - 

Phone-
related 

2.6 0.3* 0.8** 1.8 

* p<0.05, ** p<0.01, *** p<0.001 
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3.4.4 STUDY II RESULTS: CRASH RISK 

Crude and adjusted odds ratios for drivers in different passenger conditions in 

relation to drivers with child passengers alone are shown in Figure 3 for female 

drivers and in Figure 4 for male drivers. Data suggests that drivers without child 

passengers have higher crash risks in crude models than in adjusted models in 

relation to drivers with only child passengers. This means that adjusting factors (e.g. 

driving intoxicated) are more often behind the crash risk of drivers without child 

passengers than drivers with child passengers (see also Table 4). 

Figures 3 and 4 show that both male and female drivers with both child and 

adult passengers have a lower crash risk than drivers with child passengers in non-

junction crashes. However, these differences were not significant in intersection 

crashes.  

Figures 3 and 4 show that in non-junction crashes, both male and female with 

child passengers only had higher crash risk than drivers with only adult passengers 

in the adjusted model. In crude model this difference was significant only among 

female drivers. According to crude models, drivers with child passengers only had 

lower crash risk than drivers with adult passengers only in intersection crashes, but 

according to adjusted models there were no significant differences.  

Figures 3 and 4 also show that male drivers without passengers have a higher 

risk of crashing than drivers with child passengers only in crude and adjusted model 

in all crashes. There were no significant differences between female drivers with 

child passengers only and no passenger in adjusted model in all crashes.  

 

Possible effect of drivers’ gender and child passengers’ age  

Only drivers with child passengers were included in the analysis concerning the 

effect of child passengers’ age and drivers’ gender on crash risks. The results show 

that in intersection crashes, male drivers with child passengers have a lower crash 

risk than female drivers (aOR=0.79, 95% CI=0.67, 0.92). However, in non-junction 

crashes, there were no significant differences in crash risk between male and female 

drivers with child passengers. In non-junction crashes, drivers with 0–4-year-old 

child passengers have a higher crash risk than drivers with older child passengers 

(aOR=1.15, 95% CI=1.01, 1.31). Oppositely, in intersection crashes, drivers with 0–4-

year-old child passengers have a lower crash risk than drivers with older child 

passengers (aOR=0.85, 95% CI=0.73, 1.00). 
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Figure 3 (left). Crude (cOR) and adjusted (aOR) 
odds ratios and their 95% confidence intervals to 
predict culpability for female drivers in different 
passenger condition groups (drivers with child 
passengers alone as the reference category). 
Reproduced with permission from Study II.  

Figure 4 (right). Crude (cOR) and adjusted (aOR) 
odds ratios and their 95% confidence intervals to 
predict culpability for male drivers in different 
passenger condition groups (drivers with child 
passengers alone as the reference category).  
Reproduced with permission from Study II.
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3.5 METHODS AND RESULTS OF STUDY III 

In Study III, the prevalence, crash characteristics and risks of crashes involving 

infant passengers were examined for younger (16–24-year-old) and older (25–39-

year-old) female drivers (Q1, Q1.1., Q3, Q4.1, Q4.2). Crash data from the FARS 

database for 1994–2013 were downloaded from the NHTSA FTP website (NHTSA, 

2020). It involved 1,074,914 drivers of a motor vehicle in-transport in 713,013 fatal 

crashes. Information regarding births was acquired from the Birth Data Files of the 

National Center for Health Statistics (NCHS) (NCHS, 2020).  

3.5.1 DRIVERS’ INCLUSION CRITERIA AND PASSENGER CONDITIONS 

EXAMINED IN STUDY III 

The selected age range for female drivers was 16–39 years, representing the typical 

childbirth years. As the number of male drivers with an infant passenger and with no 

adult passenger in the database was low, only female drivers were included in this 

study. In 84.1% of male drivers’ fatal crashes with an infant there was also an adult 

passenger in the car, but female drivers with an infant also had an adult in the 

vehicle only in 41.3% of crashes. 

Three datasets were created from FARS. One for the prevalence and for crash 

characteristics analysis (the Prevalence and Characteristics Dataset), the second for 

the crash risk analysis (the Crash Risk Dataset) and the third for the crash risk 

verification analysis (the Crash Risk Verification Dataset).  

Only drivers of passenger vehicles which were not in special use, were included in 

the Prevalence and Characteristics Dataset which included 3883 drivers with an 

infant passenger and 73 692 drivers with no passengers. 

The Crash Risk Dataset used in the crash risk analysis was a subset of the Crash 

Prevalence and Characteristics Dataset. Single-vehicle crashes were excluded. In 

addition, crashes which involved people outside the vehicles were excluded. In this 

analysis, the number of drivers with an infant passenger, but with no adult passenger 

in the vehicle, was 2,303 and drivers with no passengers numbered 38,830. 

The Crash Risk Verification Dataset used in the crash risk verification analysis 

was a subset of the Crash Risk Dataset. Only non-junction front-to-front crashes 

between two passenger vehicles in which only other driver was marked in the FARS 

with factor ‘failing to keep in proper lane or running off road’ or ‘driving on wrong 

side of road’ were included. The number of drivers with an infant passenger, but with 

no adult passenger in the vehicle was 426 and the number of female drivers with no 

passengers was 6,960 in the verification analysis. 
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3.5.2 PREVALENCE, CRASH CHARACTERISTICS AND CRASH RISK 

ESTIMATION IN STUDY III 

The prevalence of fatal crashes with an infant passenger between younger and older 

drivers was analyzed by the number of crashes (n=3883) in relation to the number of 

births (n=78,225,770). The FARS database does not include information about 

motherhood, but it was assumed that female drivers travelling with an infant would 

mostly be the mothers of these infants. Risk ratios (RR) and their 95% confidence 

intervals were used to analyze the number of crashes in relation to births for younger 

versus older mothers/female drivers.  

Crash characteristics were examined for younger and older female drivers with an 

infant passenger and compared to drivers without passengers (Q1, Q1.1, Q3, Q4.1, 

Q4.2). Percentages and the Pearson Chi square tests were used to compare 

differences in the crash characteristics.  

In the crash risks analysis, drivers who were estimated to have been fatigued, 

inattentive/careless, ill, speeding or made a traffic-related operating error were 

defined as being at-fault. Otherwise the driver was defined as being not-at-fault. The 

analysis included only crashes with one at-fault driver. 

Drivers’ crash risk was also estimated in the verification analysis which provided 

an accurate definition of culpability, albeit excluding many drivers from the analysis. 

The analysis covered only front-to-front crashes occurred in non-junction situations 

between two passenger vehicles. Only those crashes in which only one of the drivers 

was marked as ‘failing to keep in proper lane or running off road’ or ‘driving on 

wrong side of road’ were included, indicating that the driver was at-fault.  

Binary logistic regression models were used to examine drivers’ crash. In the 

models the dependent variable was always driver culpability (1=at-fault and 0=not-

at-fault). Models were done separately for the main and verification analyses. The 

crude (cOR) and adjusted (aOR) odds ratios were calculated. In the adjusted models 

the effect of driver drinking, license validity and the vehicle characteristics were 

controlled. 

First, the possible effect of drivers’ age on culpability when driving with an infant 

was examined by including in the analysis only drivers with an infant passenger 

(Q1.1, Q4.2). In the adjusted model, the possible effect of other adult passengers was 

controlled along with other factors. Second, whether drivers with infant passengers 

(with or without an adult passenger in the vehicle) have different crash risk than 

drivers with no passengers was examined (Q1). These models were built separately 

for younger and older drivers. 

3.5.3 STUDY III RESULTS: PREVALENCE OF CRASHES 

Figure 5 shows that the number of crashes with an infant passenger cannot be 

explained only by the number of births by age of mother. The number of crashes 

involving an infant per 100 000 births was 6.53 for younger females and 4.09 for 

older females, with an RR of 1.59 (95% CI=1.50, 1.70) for younger versus older 

females. 
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Figure 5. Number of births by age of mother and involvement of infant under the age of one in fatal 

crashes by age of female drivers. Reproduced with permission from Study III. 

3.5.4 STUDY III RESULTS: CRASH CHARACTERISTICS 

Table 6 shows that drivers with an infant passenger were more often estimated to 

have been inattentive or fatigued when the crash occurred compared to drivers with 

no passengers regardless of the drivers’ age. In addition, drivers with an infant 

passenger more often had no valid driving license compared to drivers with no 

passengers. On the other hand, drivers with an infant passenger were rarely speeding 

or intoxicated when the crash occurred compared drivers with no passengers. In 

addition, it was more typical for drivers with an infant passenger to be involved in a 

crash which occurred in daylight.  

Table 6 also shows that younger drivers were more often speeding, driving 

without a seat belt and/or without a valid driving license and also had more typically 

an infant passenger on the front seat and/or without a proper child seat when the 

crash occurred compared to older drivers. In addition, younger drivers more often 

had an older vehicle than older drivers with an infant passenger and similarly-aged 

females with no passengers.  
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Table 6. Percentages of crashes when some specific factor was present in younger and older female drivers’ crashes 
with infant passengers and no passengers. Difference between groups tested using Pearson Chi square test. 

Modified with permission from Study III. 

 Young drivers  Older drivers   
Chi 

square 
(Young vs. 

older 
drivers 
with an 
infant 

passenger) 

 

With an 
infant 

passenger 
(n=1828) 

% 

With no 
passenger 
(n=32,845) 

% 

Chi 
square 
(with an 
infant 

passenger 
vs. with no 
passenger) 

 
 

With an 
infant 

passenger 
(n=2055) 

% 

With no 
passenger 
(n=40,847) 

% 

Chi 
square 
(with an 
infant 

passenger 
vs. with no 
passenger) 

 
 

Driver was fatigued 3.9  2.0  28.29***  3.1  1.5  32.07***  1.71 ns 

Driver was inattentive  10.9  7.2  35.12***  9.2  5.7  42.50***  3.07 ns 

Driver was speeding  16.2  20.6 19.81***  9.8   17.5 81.55***  36.18*** 

Driver used seat belt  68.7  68.9  .02 ns  77.6  67.9  80.78***  36.76*** 

Driver had a valid 
driving licence  

84.3  93.3  204.32***  87.5  90.2  16.49***  7.89** 

Driver was drunk  4.4  14.6  147.94***  5.5  20.9  285.73***  2.53 ns 

Infant was on front 
seat  

23.8  -   19.8 -   9.06** 

Infant was not in 
proper child seat  

24.6  -   19.3  -   14.81*** 

Crash occurred in 
daylight  

70.6  53.5  203.23***  72.6  54.1  269.74***  1.90 ns 

Vehicle was under 10 
years old  

60.1  68.4  54.99***  73.4  71.6  2.99 ns  76.94*** 

Vehicle was a 
passenger car  

71.8  77.5  32.84***  52.7  64.9  126.02***  148.88*** 

ns Not significant, * p<.05, **p<.01, ***p<.001 

 

3.5.5 STUDY III RESULTS: CRASH RISK 

First, the effect of drivers’ age on culpability when driving with an infant was 

examined. Only the drivers with an infant passenger were included in this analysis. 

In the adjusted model, the possible effect of different passenger age groups was 

controlled along with other factors. Table 7 shows that younger drivers with an 

infant passenger were more often at-fault than older drivers in both models and 

analyses.  

Second, whether drivers with infant passengers (with or without an adult 

passenger in the vehicle) have different crash risk than drivers with no passengers 

was examined. Table 8 shows that in adjusted models in both analyses’ younger 

drivers with an infant passenger only had a higher risk of crashing than younger 

drivers with no passengers, but older females with an infant passenger did not differ 

from similarly-aged females without passengers. Table 8 also shows that in both 

models in both analyses younger and older drivers with both adult and child 

passengers had a lower crash risk than drivers without passengers.  
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Table 7. Logistic regression models using the age of the driver with (adjusted model)b and without other variables (crude 
model) to predict driver culpability (1=at fault, 0=not at fault) for female drivers with an infant passenger. Modified with 
permission from Study III. 

 Crash risk   Verification analysis of crash risk  

Predictors 

cOR (95% CI) 
(n=2327) 

aORb (95% CI) 
(n=2280) c  

cOR (95% CI) 
(n=378) 

aORb (95% CI) 
(n=373) c 

Young driver 
(16–24 years old)a 

1.99 (1.69, 2.35) *** 1.83 (1.52, 2.20) ***  3.09 (2.02, 4.73) *** 3.10 (1.91, 5.04) *** 

Nagelkerke R2 .038 .090  .097 .232 

-2 log-likelihood 3128.98 2974.22  486.78 438.10 

Model, overall percentage 
correct 

58.9 62.7  63.8 68.9 

a Reference group: 25–39-year-old drivers. 
b Adjusted models also included variables: 1–4-year-old passenger present, 5–15-year-old passenger present, 16–24-
year-old passenger present, 25–39-year-old passenger present, 40-year-old or older passenger present, driver was 
drunk, driver was driving 10-year-old or older vehicle, driver had no valid driving licence and driver was driving 
passenger car. 
c   Drivers with missing values excluded. 
*** P<0.001. 

 

 
Table 8. Logistic regression models for young and older drivers to predict driver culpability (1=at fault, 0=not at fault) 
when driver only had an infant passenger or driver have both an infant and adult passenger in the vehicle (drivers 
without passengers as the reference group). Modified with permission from Study III. 

Young drivers 
(16–24-year-olds)    
 Crash risk   Verification analysis of crash risk 

Predictors 

cOR (95% CI) 
(n=18,079) 

aORb (95% CI) 
(n=18,003) c 

 
cOR (95% CI) 

(n=3201) 
aORb (95% CI) 

(n=3189) c 

Passenger condition a      

With an infant 
passenger 

1.21 (1.02, 1.44) * 1.26 (1.06, 1.50) **  1.32 (0.88, 1.99) 1.52 (1.01, 2.29) * 

With an infant 
passenger and an 
adult passenger  

0.77 (0.65, 0.92) ** 0.76 (0.63, 0.92) **  0.40 (0.25, 0.64) *** 0.40 (0.25, 0.66) *** 

Nagelkerke R2 0.001 0.067  0.007 0.079 

-2 log-likelihood 24921.66 23907.24  4256.88 4067.00 

Model, overall percentage 
correct 

54.3 56.8  61.8 62.3 

Older drivers 
(25–39-year-olds) 

     

 Crash risk of crash  Verification analysis of crash risk 

Predictors 

cOR (95% CI) 
(n=23,087) 

aORb (95% CI) 
(n=22,943) c 

 
cOR (95% CI) 

(n=4136) 
aORb (95% CI) 

(n=4117) c 

Passenger condition a      

With an infant 
passenger 

0.85 (0.74, 0.98) * 1.06 (0.92, 1.24)  0.54 (0.38, 0.78) ** 0.70 (0.47, 1.03) 

With an infant 
passenger and an 
adult passenger 

0.64 (0.53, 0.78) *** 0.75 (0.61, 0.92) **  0.17 (0.09, 0.33) *** 0.27 (0.14, 0.51) *** 

Nagelkerke R2 0.001 0.174  0.016 0.226 

-2 log-likelihood 31469.62 28106.45  5682.07 4941.78 

Model, overall percentage 
correct 

57.4 67.0  53.1 65.6 

a Reference group: no passengers. 
b Adjusted models also included variables: driver was drunk, driver was driving 10-year-old or older vehicle, driver had 
no valid driving licence and driver was driving passenger car. 
c Drivers with missing values excluded. 
* P<0.05.;** P<0.01.; *** P<0.001. 
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4. DISCUSSION 

Road crashes are the one of the leading causes of injury-related deaths of children. 

The aim of this thesis was to examine which factors are typically present in fatal 

crashes involving child passengers and to see whether drivers in fatal crashes with 

child passengers differ in their crash-related characteristics and crash risks from 

fatally crashing drivers without child passengers. 

The present results showed that drivers with child passengers are more often 

assessed as being distracted, but on the other hand, are rarely under the influence of 

alcohol or speeding, when involved in a fatal crash compared to drivers without child 

passengers. Based on these results, it is proposed that drivers with child passengers 

are cautious but distracted. 

Main findings behind this thesis are discussed below. The answers for the Q1 and 

Q1.1 are discussed in the Chapter 4.1 and 4.1.1, the answers for the Q2 in the Chapter 

4.2, the answers for the Q3 in the Chapter 4.3 and the answers for the Q4.1 and Q4.2 

in the Chapter 4.4.  

It should be remembered that as the studies focused on fatal crashes, the present 

results specifically concern fatal crashes, and should only be generalized to less-
severe crashes with caution.  

4.1 CHILD PASSENGER MAY BE A SOURCE OF DISTRACTION 

Safe driving needs continuous information processing and attention to enable 

sufficient situational awareness in traffic to be kept (Endsley, 1995). Distractors may 

add to drivers’ workload by lowering the processing resources available for the 

driving task and divert attention away activities needed for safe driving (Lee et al, 

2008). 

The effect of child passengers on crash risks have rarely been studied, based 

mainly in naturalistic settings or surveys. It has been found in naturalistic driving 

studies that child passengers may be source of distraction (Stutts et al, 2005 & 

Koppel et al, 2011). In the survey study from Tabman-Ben-Ari & Noy (2011) one-

third of parents reported that they sometimes find it to be difficult to concentrate on 

driving because of child passengers. According to the survey study conducted by 

Macy et al (2014), almost 70% parents had fed a child passenger and 40% had picked 

up a child’s toy while driving in the prior month.  
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Studies II and III examined the prevalence of distraction-related crashes higher 

among drivers with child passengers than among drivers without child passengers 

(Q1). These studies indicate that the child passenger in the vehicle may be a source of 

distraction. The current crash database based results are in line with naturalistic and 

survey based studies which have recognized small children as a source of driver 

distraction, because Studies II and III showed that drivers with child passengers 

were more often assessed as being distracted or inattentive compared to drivers 

without passengers. More detailed analysis of distraction sources was done in Study 

II which showed that drivers with child passengers were more often reported as 

being as distracted by other occupant compared to drivers with adult passengers. 

 

4.1.1 INEXPERIENCED DRIVERS WITH CHILD PASSENGERS ARE MORE 

LIKELY TO BE DISTRACTED? 

The influence of drivers’ age or gender, or child passenger’s age on fatal crash 

characteristics and risks were examined (Q1.1; See also Chapter 1.4). Previous 

research has shown that young drivers have a higher risk of crashing than older 

drivers. It has been proposed that this is due to their undeveloped driving skills and 

young age-related dangerous driving style (e.g. Deery, 2000; McKnight & McKnight, 

2003; Sagberg & Bjørnskau 2006). It has been proposed that young and 

inexperienced drivers are more likely to be distracted due to the undeveloped 

schemas of the traffic situations (Horswill & McKenna, 2004), undeveloped capacity 

to share attention properly between driving and distractors (Wikman et al, 1998; 

Young et al, 2007) and/or overconfidence about their driving abilities (e.g. Deery).  

Study I showed that female drivers with small child passengers have a higher 

crash risk than similarly-aged female drivers with no passengers, but this 

phenomenon was the opposite among male drivers. Study I indicated that female 

drivers were less experienced drivers compared to similarly-aged male drivers as 

they had driven fewer kilometers in the past year compared to male drivers. 

However, the possible effect of the driving experience on crash risks was controlled 

in Study I and the results suggest that experience does not completely explain the 

difference in the crash risk between male and female drivers with a small child 

passenger. This result could be thus assumed to suggest that female drivers, mostly 

presumably mothers, are more sensitive to a small child passenger-related 

distraction and/or their crash risk is elevated due to fatigue (Parks et al, 1999; Schytt 

et al, 2005) or postpartum depression (O’Hara & Swain, 1996). 

However, it should be noted that the results in Study I were based on few cases 

and the information about driving distance in the past year was missing from a 

sizeable proportion of crashes (other variables for driving experience in the FAIR 

were also not suitable because even higher number of missing information). Also, 

information about how experienced drivers were driving with a child passenger was 

missing (See Koppel et al, 2011). These remarks emphasized the need to replicate the 

results using a more extensive database. 

Results from Study II (with larger dataset than in Study I) showed that female 

drivers with child passengers have a higher risk than male drivers in intersection 
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crashes, but there were no significant differences between male and female drivers 

with child passengers in non-junction crashes. Study II was based on the FARS 

database which does not include information about drivers’ experience, but it is 

probable that female drivers were less experienced drivers than similarly-aged males, 

as in Study I.  

Previous research has suggested that inexperienced drivers might have 

undeveloped mental models and not enough understanding about the hazards in 

different traffic environments which may lead engagement with a secondary task 

when the demands of traffic environments are high, like in intersections. Because 

Study II did not find that there are differences between male and female drivers 

with a child passengers in non-junctions, it can be hypothesized that female drivers’ 

higher risk with child passengers is due to their driver inexperience, which makes 

them more likely to child passenger-related distraction and possibly elevates the risk 

especially when the demands of traffic environments are high, like in intersections. 

This issue should be studied in future studies.  

Study III supported the suggestion from Study I and Study II that especially 

inexperienced drivers have an elevated risk when driving with a child passenger, 

which possibly is the source of distraction. It was expected that especially a crying 

infant passenger (an involuntary distractor) might be a significant distractor (e.g. 

Dudek et al, 2016; Zeifman, 2001) and Study III was thus focusing on drivers with 

infant passengers. Results from Study III showed younger female drivers with an 

infant passenger have a higher crash risk than older females. As younger females 

with an infant passenger also had higher risks than similarly-aged females without 

passengers it may indicate that young drivers’ higher risk with an infant is indeed 

affected by the presence of an infant (not only because of the drivers’ inexperience). 

Study III thus suggests that an inexperienced driver is at risk when travelling with 

an infant passenger.  

Study II also showed that drivers with child passengers aged under five years, 

had a higher fatal crash risk than drivers with older children among non-junction 

crashes, indicating that that child passenger-related distraction is more relevant 

when travelling with smaller children. More studies are needed to understand why 

results from Study II indicated that drivers with older child passengers had a higher 

crash risk than drivers with small child passengers in intersections. 

Based on the assumption that drivers without passengers represent baseline 

drivers, should drivers with child passengers be at greater risk due to distraction 

caused by child passengers (Q1)? However, when risk-taking behavior was controlled 

in the crash risk analysis in Study II, results showed that drivers with child 

passengers do not differ in their crash risks from drivers with no passengers. The 

same result was obtained in Study III among older female drivers with an infant 

passenger. However, it is known that e.g. alcohol involvement is quite often missing 

from the FARS database. Thus, possibly the higher tendency for risk-taking behavior 

by drivers with no passengers still affected the results and they therefore cannot be 

seen as eligible baseline drivers, even though we tried to control for risk-taking 

behavior in the analyses. This may also have influenced results from Study I which 

indicated that females have elevated and males reduced risk of crashing when 

travelling with child passengers, as it is known that risk-taking behavior is more 
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typical for male drivers. It is also possible that experienced drivers mainly cope well 

with child passenger-related distraction and their crash risk is not significantly 

elevated when travelling with child passengers. More studies are needed to examine 

the effect of child passengers on the driver performance. 

 

4.2 PRESENCE OF ADULT PASSENGER IN ADDITION TO A 
CHILD REDUCES RISK  

Does the presence of an adult passenger lower the crash risk of drivers with child 

passengers (Q2)? It is known that the presence of adult passengers affects driving 

performance (e.g. Lee & Abdel-Aty, 2008; Rueda-Domingo et al, 2004; Preusser et 

al, 1998; See also Chapter 1.1). Passengers may encourage the driver into risk-taking 

behavior or distract the driver. On the other hand, passengers may help the driver in 

co-piloting or in non-driving related tasks. However, it has not been previously 

studied how the presence of an adult passenger in addition to a child passenger 

influences a driver’s risk of crashing. 

Results from Studies I, II and III showed that drivers, regardless their age or 

gender, travelling with both child and adult passengers had lower crash risks 

compared to drivers with child passengers only. In addition, Study II showed that 

drivers with both child and adult passengers were rarely reported as being distracted 

compared to drivers with child passengers alone. Detailed analysis of distraction 

source in Study II also showed that drivers with child passengers alone were more 

often assessed as being distracted by the other occupant compared to drivers with 

both child and adult passengers. 

This suggests that having another adult in the vehicle may help the driver when 

the child passenger needs care, enabling the driver to focus on driving. In addition, 

presumably an adult passenger may also help the driver in other tasks related to 

driving (co-piloting, hazard perception) or non-driving (adjusting media devices or 

climate control e.g.) lowering the risk of crashes. 

Studies I, II and III showed that it is more typical for female drivers to be 

involved in a crash when they were travelling alone with a child passenger without 

other adult in the vehicle compared to male drivers. In contrast, it was more typical 

for male drivers with child passengers to have adult passenger in the vehicle when 

crash occurred. These results probable reflect different exposure levels between male 

and female drivers with child passengers when travelling with and without adult 

passengers and suggest that when both father and mother are travelling together 

with child passengers, the father usually drives.  

Detailed distraction source analysis in Study II showed that drivers with child 

passengers are more often engaging in phone-related distraction compared to drivers 

with only an adult passenger or with both adult and child passengers. This is in line 

with previous studies which have also suggested that it is not atypical for drivers with 

child passengers to use a phone while driving (Massey et al, 2016; McDonald et al, 

2018; Macy et al, 2014; See also Chapter 1.3). Study II also showed that drivers with 
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both child and adult passengers were rarely reported as being intoxicated or/and 

without a seat belt compared to drivers with child passengers alone. 

These results are interesting from the perspective of the social norms of drivers’ 

behavior (see also Chapter 1.2). Previous results of Metz et al (2014) indicated that 

drivers who have no passengers are more often handling a phone or eating while 

driving compared to drivers with passengers. It is possible that results from Study II 

reflect that when only child passengers are in the vehicle, social norms do not affect 

drivers’ behavior, but when another adult is present, drivers more often avoid 

engaging in behavior which is against social norms e.g. using a phone or driving 

without a seat belt. It is also possible, that drivers without passengers more often 

experience boredom and thus are more likely to attend secondary tasks in order 

increase their alertness (Williamson, 2008) compared to drivers with passengers.  

Study II results indicated that drivers with child passengers only had higher 

crash risks than drivers with both child and adult passengers especially among non-

junction crashes, but there was no significant difference in intersection crashes. The 

difference between intersection and non-junction crashes was not statistically tested, 

because the focus was on the different driver groups.  

This issue would be interesting to study in detail future studies. It could be 

hypothesized that the presence of an adult passenger reduces risk mainly only in 

non-junction situations, because drivers with child passengers are generally more 

focused on the driving task in intersections. Further, it could be hypothesized that 

drivers self-regulate when they attend to child passenger-related voluntary 

distractors. When the driving task is more demanding e.g. in complex traffic 

environments, such as in an intersection, drivers probably avoid engaging in 

secondary tasks - such taking care of a child passenger e.g. feeding a child while 

driving. In less demanding driving situations, probably most often in non-junction 

situations, drivers might assume that they have time to share their attention between 

the driving task and the child passengers’ related tasks.  

4.3 IN GENERAL DRIVERS WITH CHILD PASSENGERS ARE 
RESPONSIBLE DRIVERS  

Previous research has indicated that drivers with child passengers are responsible 

(Taubman - Ben-Ari and Noy, 2011) and rarely take obviously risks in traffic (Chen et 

al, 2005; Kelley-Baker & Romano, 2014) (see also Chapter 1.5.1). In line with this, 

Studies I, II and III showed that drivers with child passengers were less often 

intoxicated or speeding compared to drivers with no child passengers (Q3). In 

addition, Studies II and III showed that crashes involving child passengers 

occurred more often in daylight compared to crashes not involving child passengers, 

which is in line with the results of Chen et al (2005a). 
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It is also known from previous research that risk-taking behavior is more typical 

for male drivers (Harré et al, 1996; Turner and McClure, 2003) - also when travelling 

with child passengers (Kelley-Baker & Romano, 2014). In line with these results, 

Study II indicated that even though risk-taking behavior was less typical for both 

male and female drivers with child passengers than for drivers with no child 

passengers, male drivers with child passengers were still more likely to be engaged in 

risky driving behavior compared to female drivers (Q3.1). 
 

4.4 PARENTS’ FATIGUE AND SOCIOECONOMIC STATUS MAY 
INFLUENCE ON FATAL CRASH RISKS 

It was expected that parents of small children may suffer from fatigue (Schytt et al, 

2005; Gay et al, 2004) and that sleep problems are linked to driving errors and 

elevated crash risks (Malish et al, 2016, Sánchez-García et al, 2019) (see Chapter 

1.5.2). Studies have also shown that fatigue and postpartum depression are linked in 

the first two years after delivery (for meta-analysis see: Wilson et al, 2019). 

Depression might influence the risk of crashing (Wickens et al, 2014) and less 

effective care of children, e.g. less-frequent use of safety seats (McLennan & 

Kotelchuck 2000; McLearn et al, 2006). In line with this, results from Study III 

showed that both younger and older female drivers with an infant passenger were 

more often assessed as being fatigued when a crash occurred compared with females 

with no passengers (Q4.1). 

Study II examined crash characteristics separately in non-junction and 

intersection crashes. It was found that drivers are more often assessed as being 

fatigued in non-junction crashes regardless of their gender or passengers. This is in 

line with previous research which has shown that fatigue-related crashes are more 

common on rural roads and single-vehicle crashes (Shinar, 2017) - when the 

demands of traffic environments are low.   

Study II also showed that in non-junction crashes, drivers with both child and 

adult passengers had fatigue more often than other passenger groups - including 

drivers with child passengers only. It should be noted that not all information about 

drivers’ condition before the crash is always known nor reported (Radun & Summala, 

2004) and this might be the case especially in a crashes in which no adult passenger 

was in the vehicle. Probable when an adult passenger was in the vehicle, he or she 

could explain better than a child passenger what happened before a crash occurred 

and what the driver’s condition was. 

Study II indicated that prevalence of crashes related to fatigue were higher 

among male drivers with child passengers compared to female drivers, but there 

were no significant differences between male and female drivers with both child and 

adult passengers. Previous research has shown that also fathers may suffer fatigue 

(e.g. Giallo et al, 2013) and may even obtain less total sleep than mothers after 

childbirth (Gay et al, 2004). Study II suggests that fatigue in traffic is a more 

relevant issue for fathers than mothers. 
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Previous research has shown that children of young parents have a higher risk of 

traffic related unintentional injuries and deaths (e.g. Gulotta & Finney, 2000; Hong 

et al, 2010) (see Chapter 1.5.3). It has also been indicated that child passengers are at 

an elevated risk of injuries in crashes when the driver is young (Chen et al, 2005b). 

In Study III, the number of younger and older females’ fatal crashes with infants 

was related the number of births of similarly-aged mothers. Results showed that the 

prevalence of fatal crashes related to births was higher among young 

females/mothers. Some probable sources behind this phenomenon was found in the 

data analysis: First, younger females with an infant passenger had higher risk of 

crashes than older females (Q1.1). Second, among younger females, the consequences 

of crashes were more often serious, because they had older vehicles and they did not 

use seat belts and/or proper child seats as often as older females. In addition, 

younger females with infants had more crashes related to speeding and they less 

often had a valid driving license compared to older females with infants. Also, 

previous research has shown that younger drivers’ crashes are more often serious 

because of the presence of multiple risk factors simultaneously.  

Results from Study III probably reflects younger females’ driving inexperience 

and also their lower socioeconomic status, e.g. low income and education level, 

compared to older females. It should be noted that younger females with an infant 

more often had older vehicles and no valid driving license compared with similarly-

aged female drivers with no passengers. This suggests that factors related to lower 

socioeconomic status are relevant background factors in fatal crashes, especially 

among young parents (Q4.2). 

4.5 LIMITATIONS AND FUTURE STUDIES  

This thesis is based on fatal crash statistics and the retrospective approach gives no 

certainty about the driver’s behavior and other incidents before the crash has 

occurred. The accuracy of estimation about crash risk and characteristics is 

dependent on the accuracy of information obtained from the crash scene and on the 

accuracy of estimation about crash-related factors made by the road accident 

investigation team (FAIR) or police officer (FARS). 

It is known that in some crashes, it is not possible to identify all factors (e.g. 

drivers’ condition), leading up to the crash. It might be that actual driver distraction 

in crashes is higher than reported (NHTSA, 2009) because the information about 

drivers’ distraction before the crash occurred is often obtained from interviews with 

the people involved in crashes. It is known that people are not willing to report 

negative behavior - like distraction.  

In addition, it is not always clear which drivers’ characteristics are contributory 

factors and which are confounding factors. For example, the young age of the driver 

might be related to low income, unemployment, low education level and, of course, 

inexperience, which could be more contributory factors for crash characteristics or 

risks other than age as such. 

Determination of contributory factors in crashes may be influenced to some 

degree by investigators’ possibly idiosyncratic beliefs and stereotypes. It has been 
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estimated that driver gender and age may have an impact on the investigating 

officer’s decision-making (Jiang et al, 2012). For example, it might be that if an 

investigator has strong prejudice that child passengers are extremely distracting, 

then the investigator may be more prone to determine that the driver was distracted 

by the child in the vehicle in crashes involving child passengers. Thorough training of 

crash investigators may be able deal with this issue.  

Thus, it could be expected that the reliability of FARS database is weaker than 

FAIR as FARS is based on police reports, but FAIR is based on in-depth analyses of 

multidisciplinary road accident investigation teams. However, the weakness of FAIR 

database is that it includes relatively few crashes, as the number of road fatalities in 

Finland (population five million) is relatively low, annually around 200–250. FARS 

is an extensive database in terms of number of crashes. 

In addition, it should be noted that fatal crashes are rare events which often 

includes specific factors as no restraints, driving while intoxicated and speeding (e.g. 

Shibata and Fukuda, 1994). Future studies should also cover databases of less severe 

crashes to generalize the present results to non-fatal crashes. However, in many 

countries, like Finland, only fatal crashes are studied in more detail by accident 

investigators and are gathered comprehensively. This thesis highlights the 

importance of improving statistics about non-fatal crashes.  

It should be noted that present studies based on the assumption that drivers 

without passengers represents baseline drivers when risk-taking behavior is 

controlled. However, it is known that risk-taking behavior is more typical for drivers 

without child passengers than for drivers with child passengers and it is also known 

that alcohol involvement is quite often missing from the FARS database. Thus, it is 

probable that drivers without child passengers in fatal crash databases do not 

represent the exact reference category for drivers with child passengers and the 

influence this has on the results. 

In addition, in present studies multiple Pearson Chi square tests were used to 

compare differences in drivers’ condition-related factors between different passenger 

condition groups. It should be noted that this elevates a chance that some of 

statistically significant results is obtained by chance.  

Because every method has its own weakness and strengths, the best 

understanding of different driver groups’ crash risks and characteristics can be 

obtained from multiple studies using the different methods. For example, more 

naturalistic, survey based, and crash data-based studies are needed to complement 

the understanding of the effect of child passengers and parenthood on the crash 

consequences and risks. 
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5 CONCLUSIONS AND PRACTICAL 
IMPLICATIONS 

This thesis shows that drivers with child passengers differ in their crash 

characteristics and risks from drivers without child passengers. Based on the present 

results, it suggests that they are mostly cautious drivers, but the child in the vehicle 

may be a source of distraction which may elevate the risk of fatal crashes. When 

drivers with child passengers also have other adults in the vehicle, their crash risk 

seems to be lower – probably because the other adult can help the driver in child 

passenger related tasks, enabling the driver to focus on driving. It should be 

considered that it was more typical for female drivers to be involved in a crash alone 

with a child passenger than for males. Based on the results, it is possible to suggest 

the following countermeasures to reduce the number of fatal crashes involving child 

passengers.  

Drivers with child passengers should highlight the importance of maintaining 

their focus in traffic. Both fathers and mothers should be encouraged to drive with a 

small child passenger when another adult is also in the vehicle – especially if they are 

inexperienced drivers. Parents should be informed that children do not always travel 

quietly and contentedly and that a crying infant in the vehicle may divert attention 

from the driving task.  

Parents should be more aware that fatigue is quite common after childbirth. 

Information could be given about higher crash risk, and the higher accident risk in 

general, related to fatigue. This also concerns fathers - especially those who are 

working and do not have the opportunity to choose when to sleep or not.  

In addition to understanding about appropriate and safest child seat choice, 

parents should also be aware of the influence of vehicle size, age and additional 

safety technology on crash consequences. Newer vehicles may also prevent crashes 

by active driving assistant systems. Parents should be aware of opportunities of new 

technology and also, when developing intelligent driving assistant systems, the needs 

of parents (e.g. ability to take care of the child passenger while driving) should be 

noted. It can be expected that safety systems assisting in lateral control and collision 

warning systems would be especially important for fatigued and/or inexperienced 

drivers with small child passengers without another adult in the vehicle. For families 

with more than one vehicle, they should be encouraged to choose the safest for 

transporting children. Support should be given especially to parents from a lower 

socioeconomic background, allowing them also to make safe choices. 

Better options should be given for parents to choose the safest mode of transport, 

for example to improve opportunities to use safe active travel modes or public 

transport instead of driving. More support should be given to parents’ and children’ 

rights for safe mobility.  
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