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ABSTRACT

Conversation and other interactions with passengers while driving induce a level of distraction to
the person driving. This paper firstly conducts a qualitative literature review on the effect of
passenger interaction on road safety and then extends it by using meta-analysis techniques. The
literature review indicated that this distraction due to passengers is a very frequent risk factor,
with detrimental effects to various driving behavior and safety measures (e.g. slower reaction
times to events, increased severity of injuries in crashes), associated with non-negligible
proportions of crashes. Particular issues concern the effect of passenger age (children, teenagers)
on which the literature is inconclusive. Existing studies vary considerably in terms of study
methods and outcome measures. Nevertheless, a meta-analysis could be carried out regarding the
proportion of crashes caused by this distraction factor. The selection of studies for the metaanalysis was based on a rigorous method including specific study selection criteria. The findings
of the random-effects meta-analyses which were carried out showed that driver interaction with
passengers causes a non-negligible proportion of road crashes, namely 3.55% of crashes
regardless of the age of the passengers and 3.85% when child and teen passengers are excluded.
Both meta-estimates were statistically significant, revealing the need for further research,
especially considering the role of passenger age.
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1. INTRODUCTION

Driver distraction is one of the major causes of road crashes worldwide. As “distracted driving”
is characterized any activity that could divert a person's attention from the task of driving,
including the vehicle, traffic and the road environment in general. Such distracting activities
include passenger interaction, cell phone or smartphone use, food and drink consumption, usage
of in-vehicle devices and information systems etc.
According to the official US government website for distracted driving (US Official Website for
Distracted Driving, 2016) in 2014, 3,179 people were killed and 431,000 were injured in motor
vehicle crashes involving distracted drivers in the U.S. Regarding Europe, it is estimated that
about 10-30% of road crashes in the European Union are caused due to road users’ distraction
(DG MOVE, 2015). Moreover, police assessments of road crash statistics in Austria state that
approximately 35% of all injury road crashes were due to inattention or distraction, while the
respective percentage of fatal road crashes are 12% (Austrian Road Safety Fund, 2012; DG
MOVE, 2015). It is also important that based on the findings from the ESRA survey (Trigoso et
al., 2016), 61% of the participants reported that distracted drivers have increased in the past two
years, being considered the behavior that has increased the most, ahead of aggressive drivers
(49%) and speeding drivers (45%). Therefore, driver distraction seems to constitute a major
concern to societies that requires attention.
Interaction with passengers in particular is an important and frequent in-vehicle distraction
activity. This interaction induces extra amounts of mental workload and cognitive functions that
drivers have to undertake, and reduces their reflexes and slows reaction times to events (both the
time to mentally register the effect and the time to physically react to it), as stated in the
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literature (Papantoniou et al., 2015, Stutts, 2001). Similarly to other distractions, passenger
interaction can result in acceleration, speed and position variations, and lane changes which are
proven causes of road crashes (Aarts and Van Schagen, 2006). For that reason, several studies
have tried to investigate possible correlations between interaction with passengers and severe
crashes (Lam, 2002; Neyens and Boyle, 2008).
The main objective of this study is to carry out an exhaustive literature review and a metaanalysis of existing findings, in order to find the overall estimate of the proportion of crashes due
to driver interaction and conversation with other passengers. A meta-analysis can help combine
and summarize results from several other studies, if these results are produced under comparable
conditions. In the field of road safety, meta-analyses are often carried out to summarize the
effects of risk factors (Elvik 1994, 2001, 2005, 2011, 2013, 2016; Elvik R. and Mysen, 1999;
Elvik and Bjørnskau 2017; Phillips et al. 2011). A few meta-analyses also exist in particular in
the field of distraction and safety (Caird et al., 2008, 2014; Elvik 2011). In this paper the metaanalysis is supplemented with a qualitative review and discussion of a number of key studies in
the field of driver distraction due to interaction and conversation with other passengers.
The rest of the paper is organized as follows: first the data and methods are presented, where the
procedure and the criteria for searching and selecting studies are included. An illustration of the
meta-analysis methods is also provided. A qualitative review of the key studies in the field, as
well as the meta-analysis results are illustrated afterwards. Finally, the concluding remarks as
well as suggestions for further research are demonstrated in the last section of the paper.
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2. METHODS AND DATA

2.1 Study Selection Criteria
This paper aims to proceed beyond a typical literature review and endeavors to provide metaestimates of the effects of the examined risk factor. For that purpose, a dedicated set of study
selection criteria were applied, with focus on high quality studies and quantitative effects, as
developed within the research project SafetyCube (Martensen et al., 2016):
•

Existing meta-analyses were desirable.

•

Studies with quantitative findings and statistical models reporting standard errors were
highly sought after.

•

The number or severity of crashes were preferred over other indirect outcomes indicators
(e.g. speed measurements).

•

Recent and high quality studies reporting estimates of the examined effects were
prioritized. More specifically, only recent papers (after 1990) in the fields of Engineering
and Psychology were initially considered.

•

Journal papers were preferred over conference papers. However, highly informative
conference papers and reports were included when necessary.

•

No “grey” literature (such as government reports, newsletters, lecture notes, presentations
etc.) was examined. 1

The databases searched were Scopus and TRID. The search terms used for the topic were
“passenger presence” AND “distraction” OR “interaction”. The references list of each study was
also assessed to find relevant studies that may have not be found during the initial searching. A

1

It was decided that some high quality technical reports were include to improve source variety and increase the
scope of our research.

4

title and abstract screening was first implemented to identify the relevant studies. A full text
screening was then carried out (171 articles in total) to identify the final list of studies meeting
the selection criteria for the topics of this research.

2.2 Fixed and Random Effects Meta-Analysis
A meta-analysis is a statistical analysis of set of numerical research results of studies aiming to
develop a weighted overall mean result and identify sources of systematic variation in individual
results. More details on the theoretical background can be found in more detail in several papers
(Elvik and Bjornskau 2017; Hedges and Olkin 1985; Berkey et al., 1995; Van Houwelingen et
al., 2002; Viechtbauer, 2016). The reader is encouraged also to refer to Elvik (2005), who
provides an introductory overview of carrying out meta-analyses and to Elvik (2011) who
illustrates issues arising when studies are few and subpar when performing a meta-analysis.
The results of meta-analyses are normally reported in terms of one or more summary estimates
of effect, i.e. weighted mean estimates using the inverse of sampling variance as weight. The
summary estimate of risk or effect based on g individual estimates is:
Summary mean =
Where

=

,

(1)

is the estimate of the weighted summary mean, based on g individual estimates, each of

which is assigned a statistical weight:
Statistical weight = W =

(2)

One traditional approach is to use a fixed effects meta-analysis. However, variability (or
heterogeneity) can be present among true effects. In such cases, one solution is to apply a
random effect model to account for potential heterogeneity.
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In fixed effects meta-analyses, if i=1,…,n independent effect size estimates, each is estimating a
corresponding true effect size.
(3)
where yi is the observed effect in the i-th study, θi is the corresponding (unknown) true effect, εi
is the sampling error (εi~N(0,vi)). As a result, all the yi’s are assumed to be unbiased and
normally distributed estimates of their corresponding true effects. Note that the sampling
variances vi are assumed to be known. However, variability (or heterogeneity) can be present
among true effects. A random effects model is used to account for potential heterogeneity. In this
case, the true effect θi is:
(4)
Where ui follows a normal distribution with mean value μ and variance τ2. If τ2 equals zero, then
the true effects are assumed to be homogenous (i.e. θ1=θ2=…θn=0).
To determine whether there is systematic between-study variation in results, the Q following
statistical test is performed. Q is defined as:

(5)
Where Q is an estimate of variance, chi-square distributed with g – 1 degrees of freedom. If the
value of Q is statistically significant, the variance between studies is larger than would be
expected on the basis of the within-study variation.
Another core part of a meta-analysis is a funnel plot which is a tool used to visualize results of
exploratory meta-analyses. Funnel plots are also helpful to detect potential publication bias, i.e. a
tendency of not publishing findings which are not statistically significant or go against a-priori
expectations of researchers (Elvik and Bjørnskau, 2017). Therefore, if studies with non6

significant or small effects remain unpublished, an asymmetric funnel plot will be generated
(Sterne et al. 2001; Rothstein et al., 2005).
In this study it was tested and then corrected if needed, for publication bias. Firstly, potential
asymmetry in funnel plots was detected by testing whether the effects are related with their
standard errors. This can be tested via the regression test proposed by Egger et al. (1997).
Secondly, the trim-and-fill method was applied if necessary (Duval and Tweedie, 2000a and
2000b), which is non-parametric and can estimate the number of studies missing from a metaanalysis in case of asymmetric funnel plot.

3. LITERATURE REVIEW ON DISTRACTION DUE TO PASSENGERS

3.1 Overview of study methods and outcome measures
The risk factor under consideration is present when a driver is engaged in a form of interaction
with other passengers. In the context of road safety, this can imply discussion, a small talk or a
heated argument, or even physical interaction with passengers, such as gesturing, handing over
objects, a fight or other physical contact.
The literature review carried out in the present study identified numerous outcome measures for
the relationship between the interaction with passengers and driver behaviour or safety. As a
variable, passenger interaction is usually of binary nature (e.g. presence of passengers or not,
interacting with passengers or not). In several studies, the main focus is on reporting the absolute
number or the percentage (absolute proportion) of crashes or near misses caused by various
distractions, including interaction with passengers; these outcomes are of primary interest in the
present research. Other studies investigate the effect of interaction with passengers on driving
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performance measures such as speed, reaction time to incidents, violation types etc. The
literature review carried out covered all reported outcomes and particular issues, in order to have
an overall picture on the examined risk factor. However, the meta-analysis focuses on the
proportion of crashes due to interaction with passengers.
Given the fact that it is not recommended to conduct driver distraction experiments on real
circumstances (field experiments on the road) because it would induce risks for the participants,
researchers have a number of alternative methods. These involve firstly examining databases of
past crashes and analyzing the effect of interaction with passengers (which sometimes leads to
lack of data, especially regarding specific characteristics such as children presence or even
underreporting), and secondly conducting experimental studies, i.e. laboratory or simulation
experiments which are in a virtual environment where no hazard is present or naturalistic driving
studies which involve installing instruments and monitoring real driving conditions over a period
of time. Furthermore, there are studies involving the examination of naturalistic driving, which
involve monitoring instrumented vehicles and analyzing driving behaviour. Moreover, this is the
only type of studies that allows for exposure corrections and thus allows for risk metrics. Lastly,
some researchers opt to interview drivers and other persons involved in road crashes to ascertain
the circumstances under which the crash occurred (this always entails a chance of false reports of
data via non-disclosure of information or subpar perception or memory).
The methodologies applied for capturing the impacts of driver interaction with passengers vary
considerably among studies, mainly in regards to the mathematical models utilized, and secondly
the outcomes evaluated as dependent variables (Papantoniou et al. 2015). More specifically,
studies relying on past crash data used straightforward methods, such as raw absolute proportion
(percentage) of crashes caused by driver interaction with passengers, or percentage of drivers
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engaged in this distraction activity. On the other hand, studies focusing on injury severity utilized
statistical models such as the ordered logit model.
Sometimes this particular risk factor is examined alongside other similar distraction factors such
as handheld cell phone use, texting, consumption of goods, and not solely by itself. Its
examination or analysis may be adjusted to the models selected to capture the entire situation for
the given case. Consequently, the study designs might not always be completely tailored towards
capturing the effect of interaction with passengers. There are studies that are focused exclusively
on this risk factor, however.
Finally, there are studies focusing on particular issues related to driver-passenger interaction,
such as children passengers and behavioral compensation effects through conversation
modulation.

3.2 Studies based on crash records
The literature indicates that driver interaction with passengers has a generally negative effect on
road safety. In general, studies utilizing past crash data argued that a non-negligible percentage
of crashes are caused due to interaction with passengers. A first examination of studies using past
crash data and examining the crash causes (Lansdown, 2012; McEvoy et al., 2007; Wang et al.,
1996) shows that a consistent number of crashes and near-misses happen due to interaction with
passengers.
As an indication, Neyens and Boyle (2007) have studied the effects that various types of
distraction impose in the types of crashes suffered by teenage drivers, using a stratified sample of
crashes that is weighted to represent USA crash trends. Passenger-related distractions, alongside
distractions involving inattention and other cognitive functions, were found to increase the
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likelihood of appearance of rear-end crashes. The authors do mention that their distraction
sample could be larger, but nevertheless these results have novelty value.
Furthermore, a couple of studies investigated the effect of driver interaction with passengers and
found that more severe crashes tend to occur under these conditions. Donmez and Liu (2015)
considered different age groups (e.g. young, middle, old), whilst Neyens and Boyle (2008)
considered only teenage drivers (16-19 years old) involved in crashes only with passenger
vehicles. Both studies used real crash data records and developed ordered logit models for crash
injury severity. Both studies report that this distraction activity is associated with more severe
injuries regardless of the age group when distracted by a cell phone or by passengers, than if the
source of distraction was related to in-vehicle devices or if the driver was inattentive. Donmez
and Liu (2015) mention that "A partial explanation for this effect might be that when distractions
are outside of the vehicle, the visual attention is still likely on the road"; consequently, response
to crash occurrence (e.g. braking, maneuvering) may be more efficient and result in less severe
crash outcomes.
Similarly, a study by Aldridge et al. (1999) utilized the quasi-induced exposure method and
concluded that the presence of passengers affected the tendencies of causing crashes by young
drivers (between 16 and 20 years old). A large database of 77,312 crashes of the Kentucky area
was analyzed with the use of at-fault to not-at-fault ratios for drivers. The young driver age
group displayed the lowest tendency to single or two-vehicle crashes when accompanied by
adults and/or children, while the tendency is increased when traveling with their peers.
A report compiled by Stutts et al. (2001) examined various distraction categories, which included
passenger interaction. The report was based on data from a five year period (1995-1999),
obtained from the U.S. Crashworthiness Data System. It was concluded that this activity was one
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of the most frequent sources of distraction related crashes, alongside adjusting music device
controls and events outside of the vehicle. It was mentioned, however, that the exposure
differences of said categories was not represented in the dataset.
On a similar note, Stevens and Minton (2001) explored the intricacies of coding a distraction
related database for research purposes. The correlation of in-vehicle distraction and vehicle
collisions was one of the key targets, and the authors report that the most frequent form of
distraction inside the vehicle was found to be the interaction with passengers, followed by others.
An important point that is mentioned is that the presence of passengers, unlike other distractions,
induces a constant exposure for the entirety of the time they are there.
Another critical study is that of Lee and Abdel-Aty (2008), which investigated the impact of
passengers on the driver’s crash potential on freeways. Several bivariate models were developed
for 5 year crash data, which depicted positive correlations between passenger presence and crash
characteristics. An interesting finding was that more passengers in the car induced a safer
behaviour effect on the driver and reduced their crash potential, implying a feeling of driver
responsibility, with the exception of the combination of young drivers with young passengers.
An observational study of Sullman (2012) examined six UK urban centers. More specifically,
this study carried out observations that took place on randomly selected roads at three different
time periods during two consecutive Tuesdays. The study found that that 14.4% of the 7,168
drivers observed were found to be engaged in a distracting activity. Conversation with
passengers was the most common distraction activity.
Fu et al. (2013), utilized data from the USA which has been derived from the National
Automotive Sampling System (NASS) General Estimates System (GES) from the year 2011.
Authors have applied a multinomial logit model in order to compare violation types (traffic sign
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and signals violations vs. turning-yielding-signaling violation vs. speeding related violations) for
reported crashes. It was found that the most common violations due to interaction with
passengers were the speeding related violations.

3.3 Experimental studies
There are several simulator studies, where controlled environments allow for safe driving and
detailed recording and examination of data. Various dependent variables are examined such as
driver speed, reaction time, lateral position, virtual crashes or other errors and events which are
significantly affected when the driver is engaged in discussion with passenger. These driving
performance measures are not directly related to the main variable of interest in this research,
which is the proportion of crashes due to interaction with passengers, and therefore the review of
studies mentioned below is not exhaustive.
As an example, Consiglio (2003) carried out an experiment in a laboratory station which
simulated the foot activity in driving. 22 research participants were requested to release the
accelerator pedal and depress the brake pedal following the activation of a red brake light.
Results suggested that conversation with passengers increased the reaction time in breaking
response (releasing throttle and pressing brake).
In another study, Laberge et al. (2004) focused on investigating the differences between
cellphone and passenger conversations. It was established that heightened traffic demands
affected reaction times to pedestrian conflicts, as well as lane and speed maintenance.
Another simulator study by Papantoniou et al. (2016) observed that while conversing with
passengers, participants across all age groups showed increased reaction times. Furthermore,
young and middle aged drivers displayed higher reaction times when interacting with passengers
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than when talking on a cell phone. Behavioural adaptation effects have been observed in the
study as well, especially in urban areas as opposed to rural areas.
Several other simulator studies investigate conversation with passengers, by itself or compared to
other factors e.g. Charlton 2009; Drews et al. 2008; Yannis et al. 2011. For an exhaustive review
of these studies the reader is referred to Papantoniou et al. 2015.
There have also been some naturalistic driving experiments, such as the one conducted by Klauer
et al. (2006). The study involved calculating crash risk odds ratios using both crash and nearcrash data as well as normal baseline driving data for various sources of inattention. The
presence of passengers in adjacent or seats displayed low odds ratios (0.50 and 0.39
respectively), indicating that it was safer to drive accompanied by passengers than alone; the
authors pose the additional road scanning capabilities provided by passengers as a possible
explanation.
Dingus et al. (2015) further expanded on naturalistic driving experiments, creating a massive
real-world driving video and sensor database to be analyzed and used by following studies.
Dingus et al. (2016) capitalized on this data to analyze a number of distractions. Interaction with
adult or teen passengers was found to have increased odds ratios, namely a crash risk 40% higher
than model driving. The authors acknowledge the difference with findings of studies such that of
Klauer et al. (2006), and cite methodological differences as possible reasons. In general, the
binary approach mentioned above is the most common method, which categorizes drivers as
exposed or not exposed to the risk factor that is interaction with passengers.
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3.4 Particular issues
3.4.1. Age group differences
Apart from the perspective of study design particulars, age differences of drivers are of interest.
Adult drivers with adult passengers can be very different than teen drivers with teen passengers,
and there are so many possible combinations, all with different dynamics. From the
aforementioned studies, the findings of Donmez and Liu (2015) indicate that interaction with
passengers affect driver injury severities adversely for young and middle-age drivers, while
results were not significant for older drivers. Furthermore, Neyens and Boyle (2008) report that
teenage drivers that were distracted at an intersection by passengers were more likely to be
involved in certain crash types over others. There seems to be more room for research in this
specific research area, as more configurations of age differences have not yet been explored.
However, there have been significant findings based on the presence of child passengers in the
vehicles, as shown in the following section.

3.4.2. Children
The behavior of children in the context of road safety (especially in small ages) is commonly
accepted as unpredictable as and less perceptive than that of adults. A review from the United
Kingdom reported that while the majority of children and accompanying parents respected the
restraining equipment, there were instances where the cars were overcrowded. There were also
cases of very young children being carried on the laps of front-and rear-seat passengers (Green et
al., 2008). Apart from the safety equipment inefficiency and induced risks, this might imply a lot
of interaction and activity with the driver.
Furthermore, Lansdown (2012) mentions that interaction with child passengers ranked first
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amongst the most frequently reported distracting behaviours that resulted in crashes in his study
sample (a proportion of 2.1%), and amongst the three most reported distracting behaviors in
general. Another relevant study by Beanland et al. (2013) included driven distraction from
children in the category of voluntary distractions, namely those that could have been preventable
by the drivers. In this case, this was considered due to the physical posture of the driver who was
turned towards the back seat, although it should be mentioned that this category included a
singular case only.
It has been observed in an older study that a well-behaved child, by being less of a distraction to
the driver, will decrease the probability of a crash occurring. Data analyzed from North Carolina
crash files indicated that from 1974 through 1978 there were nearly 750 collisions in which
unrestrained children were either the direct or contributing cause of the collision (Eriksen and
Gielen, 1983).
There have been indications of counterintuitive effects for the presence of children, however, as
reported in the aforementioned study of Aldridge et al. (1999), which indicates that their
presence compelled young drivers to behave more cautiously. Moreover, in a study focused
especially on this particular issue, the authors reported mixed results (Koppel et al. 2011). While
most journeys (98%) involved a certain kind of distraction, and children were a sizeable source
(12%), it was found that drivers were significantly more likely to engage in potentially
distracting activities that were not child occupant-related. Interestingly, although front seat
passengers were only present for 36% of trips, their presence distracted drivers almost as
frequent as the children (9% and 12%, respectively), and passenger related distraction was for
significantly longer amount of time.
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3.4.3. Modulation of conversation
Drivers may modulate interaction with passengers, because a conversation at the physical
presence of passengers is amenable to resumption after selective disengagement, while for
example mobile phone conversation may be more difficult to interrupt and resume, once
initiated.
A study conducted by Drews et al. (2008) explored such differences. It was found that the
circumstances of driving reduce driver efficiency to respond and hold a complex conversation, as
traffic demands more attention, in contrast to a cellphone conversation where the other party is
absent. Contrary to the findings of Laberge et al. (2004), it is suggested that by sharing the
perception and the circumstances of the driver, passengers adjust to more light conversation
statuses and the overall interaction effects are somewhat mitigated.
This was also the focus of a simulator study conducted by Charlton (2009). The main concern
was the identification and detection of the phenomenon of conversation suppression, which
describe the tendency of passengers to halt conversation when a road hazard appeared, and to
offer warning comments to the drivers. It was asserted that passenger conversations are different
than the more hazardous mobile phone conversations, and that this applied to some degree to
remote passengers as well.

3.5 Study selection for meta-analysis
A number of key findings of the effect of interaction with passengers identified can be
summarized on the basis of the literature. Interaction with passengers is one of the most frequent
distracting activities undertaken by drivers and a non-negligible number of crashes were caused
by interaction with passengers. Significant increase on injury severity is associated to interaction
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with passengers. Moreover, significant prevalence of specific violation types is involved, and
significant increase on reaction times is often reported. The effect of passenger age (including
children and teenagers) is inconclusive, and the extent to which behavioral adaptation through
the modulation of conversation or interaction with passengers has not been validated.
After the results were reviewed together, the following points were observed as regards the
feasibility for meta-analysis: There is an adequate number of studies, however those studies have
not used the same analysis methods but largely different ones, there are usually different
outcome indicators and the sampling frames were quite different. Consequently, the
implementation of a global meta-analysis of existing studies would not be feasible.
After reviewing the literature, it was found that it was feasible to carry out a meta-analysis on the
proportion of crashes that involve distraction by passengers. The reasons for the meta-analysis
decision are:
a)

a minimum required number of effects is achieved;

b)

sampling frames for the selected studies to be included in the meta-analysis were similar;

c)

outcome indicators of studies in each meta-analysis were the same (absolute proportion
of crashes due to this distraction activity, including the exact numbers leading to the
particular proportion).

Viechtbauer (2010) proposes the raw proportion, the logit transformed proportion and other
configurations as useful outcome measures. The studies provided data to specify the values of xi
and ni, which denote the number of crashes involving passenger distraction and the total number
of crashes respectively. Therefore, the absolute raw proportion was used which was calculated as
xi/ni. It is worth noting that if a study reports only the proportion or percentage, it cannot be
considered for the meta-analysis, due to the fact that both the numerator and the denominator,
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namely xi and ni are required.
It was eventually decided to carry out 2 separate meta-analyses in order to find the overall
estimate of the effect of interaction with passengers on road safety. More specifically, it was
attempted to investigate the overall estimate of the absolute proportion of crashes due to
interaction with passengers when a) all passengers are included and b) without the studies
indicating teen or child passengers.
An overview of the main features of the considered studies (sample, method, outcome and
results) is illustrated on Table 1. As demonstrated in the previous, several papers have been
examined from the existing international literature in order to select the most appropriate studies
for the various meta-analyses of this paper. While the list is not exhaustive, an effort has been
made to apply rigorous study selection criteria and locate critical studies for the topic of
passenger interaction.
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No

1

2

Author(s);
Year; Country;

Sampling frame

Charlton, S. G.;
2009; New
Zealand

This is a simulator
study investigating
distraction. It
conducted one relevant
experiment, in several
conversation drive
conditions, using a
sample of 119
participants.

Lansdown;
2012; United
Kingdom

Survey data were
collected using an
anonymous online
questionnaire. 482
respondents
contributed to the
survey during a 2
month data collection
period.

3

McEvoy et al.;
2007; Australia

4

Neale, V. L.,
Dingus, T. A.,
Klauer, S. G.,
Sudweeks, J., &
Goodman, M.;
2005; USA

5

Neyens, D. M.,
& Boyle, L. N.;
2007; USA

Between April 2002
and July 2004, 1367
drivers involved in
serious crashes in
Perth, Western
Australia were
interviewed after a
crash using
questionnaires, and
supplementary data
were collected from
ambulance and
medical records.
Data obtained from the
100-Car Naturalistic
Driving Study
database, including
2,000,000 vehicle
miles

Data from the US
General Estimates
System from the
year 2003 were used
for the analysis

Outcome
indicator
considered

Main Result

Number of
Crashes

Driving while talking on a
cell phone is more
hazardous from driving
while talking to a
passenger.

Absolute
proportion

Number of
Crashes

Results suggest drivers
are conducting highly
distracting, and in many
cases illegal tasks (in the
UK) while driving. While
proportion results are
lacking statistical analysis
to back this, regression
models later in the study
support it.

Absolute
proportion

Number of
Crashes

Distracting activities at
the time of serious
crashes are common and
can cause crashes.

Absolute
proportion

Number of
Crashes

Passenger-related tasks
were not a major cause of
crashes, but were
represented nonetheless.

Method*

Absolute
proportion

Absolute
proportion
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Number of
Crashes

Passenger-related
distractions appeared
more commonly than cell
phone ones, and for teen
drivers increased the
likelihood of rear-end
collisions.

No

Author(s);
Year; Country;

6

Stevens and
Minton; 2001;
EnglandWales**

7

8

Sampling frame
Analysis of crashes
over the period 1985–
1995 in England and
Wales.

The Crashworthiness
Data System (CDS)
was employed to
Stutts, J. C.,
obtain more in-depth
Reinfurt, D. W.,
information on driver
Staplin, L., &
distraction related
Rodgman, E. A.;
crash causes, including
2001; USA
various distractions.
1995-1999 CDS data
were used.
CDS data was
employed to obtain
Wang, J. S.,
more in-depth
Knipling, R. R.,
information on driver
& Goodman, M.
distraction related
J.; 1996; USA
crash causes, including
various distractions.

Method*

Outcome
indicator
considered

Main Result

Absolute
proportion

Number of
Fatal
Crashes

Interaction with
passengers is reported as
a contributory factor in
about 26 out of 5740 fatal
crashes.

Absolute
proportion

Number of
Crashes

Percentages show that
driver interaction is an
important factor on
distraction crashes.

Number of
Crashes

Judging by the
percentages, passenger
distraction is a major
factor on relevant
distraction crashes.

Absolute
proportion

Table 1: Description of studies considered the meta-analyses.
*: In some cases more than one analysis was applied or the absolute proportion was only the preliminary
part of the analysis. Moreover, a study could report data from other sources (e.g. official statistics).
**: Excluded from the analysis because only fatal crashes were considered.

4. RESULTS
4.1 Meta-analysis on the interaction with all passengers
The studies considered were the following:
1)

Charlton, 2009 (1 estimate)

2)

Lansdown, 2012 (2 estimates)

3)

McEvoy et al., 2007 (1 estimate)

4)

Neale et al., 2005 (1 estimate)

5)

Neyens and Boyle, 2007 (1 estimate)
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6)

Stutts et al., 2001 (1 estimate)

7)

Wang et al., 1996 (1 estimate)

In this meta-analysis the overall estimate of the raw proportion of crashes due to interaction with
all passengers was investigated. To do so, the number of crashes due to interaction with adult
passengers (xi) as well the total number of crashes (ni) had to be defined for each study. Then,
the estimate (y) and the variance vi of raw proportion (xi/ni) was estimated for each study
following Viechtbauer (2010). Results of the random-effects meta-analysis indicate that the
overall estimate of the effect of interaction with adult passengers on absolute proportion of
crashes is 0.05, and the 95% confidence intervals are 0.0121, and 0.0879 respectively, as shown
on Table 2 and Figure 1. The p-value (0.0097) indicates a significant effect at 95% level.
Variable
Interaction with
adult or teen
passengers

Unit

Std.
Estimate Error

p-value

95% CI

0.0355

0.0251

(0.0044, 0.0665)

Absolute proportion
of crashes
0.0158

Table 2: Summary of meta-analysis estimates of interaction with passengers (all) on absolute proportion
of crashes.

Figure 1: Forest plot for absolute proportion of total crashes that happen due to interaction with adult and
teen passengers while driving. Figure1 illustrates the forest plot for absolute proportion of total crashes that
happen due to interaction with adult passengers while driving.
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The Q test is significant (Q[df=7] = 3127.7663, p-value < 0.0001) suggesting considerable
heterogeneity among the true effects. Therefore, the random effects meta-analysis that was
carried out is preferred and there is no need to perform a fixed effects meta-analysis. A funnel
plot was firstly produced in order to detect potential publication bias (see Figure 2). The
regression test for funnel plot asymmetry was not significant at 95% level (p-value = 0.7854),
suggesting no evidence for publication bias. This is something expected, since the majority of
studies utilized crash data from official sources and therefore “unexpected or insignificant”
results could not remain unpublished. There is therefore no need for correcting the estimates with
the trim-and-fill method.

Figure 2: Funnel Plot for absolute proportion of total crashes that happen due to interaction with
passengers while driving.

Additionally, a meta-regression was also carried out in order to check the study characteristic
effect such as data type, examination year or study designs (simulator, naturalistic, etc.), and
therefore study variation is investigated as well. A negative correlation between real-crash data
and the proportion of crashes due to passenger interaction was found at a 95% level (estimate
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= -0.0872, p-value = 0.0447, R-squared = 0.211). Thus, this type of data presents fewer events
due to passenger interaction than simulator for example. The year of the study was also entered
as an independent variable but was found insignificant (p-value = 0.244). However, due to the
low number of cases, the results of the meta-regression should be interpreted with care and are
only indicative.
The objective of this paper is to analyze the share of crashes due to passenger interaction as a
crash contributory factor and does not aim to analyze the risk of passenger interaction. Certainly
exposure is a considerable factor when examining road safety parameters. In the case of
passenger interaction, this would entail monitoring the conversations and other interactions of
drivers and passengers for the entirety of the respective trips, and calculate the risk based on
interaction exposure for the moments leading to a crash. In practice, however, there are no
relevant data available; in our approach we examined crashes that had already occurred and as
random events they can be considered to take into account the related exposure.

4.2 Meta-analysis on the interaction with passengers (excl. teens and children)
In this meta-analysis the following studies are included:
1)

Charlton, 2009 (1 estimate)

2)

Lansdown, 2012 (1 estimate)

3)

McEvoy et al., 2007 (1 estimate)

4)

Neale et al., 2005 (1 estimate)

5)

Neyens and Boyle, 2007 (1 estimate)

6)

Stutts et al., 2001 (1 estimate)

7)

Wang et al., 1996 (1 estimate)
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The overall estimate of the raw proportion of crashes due to interaction with adult passengers
only (excluding teens and children) was investigated. The approach was the same as in the
previous analysis. Results of the random-effects meta-analysis indicate that the overall estimate
of the effect of interaction with all passengers on absolute proportion of crashes is 0.0385, and
95% confidence intervals are 0.0019 and 0.0752 respectively as shown on Table 3 and Figure 3.
The p-value (0.0394) indicates a significant effect at 95% level.
Variable
Interaction with
adult passengers
only

Unit
Absolute
proportion of
crashes

Estimate Std. Error

0.0385

0.0187

p-value

95% CI

0.0394

(0.0019, 0.0752)

Table 3: Summary of meta-analysis estimates of interaction with passengers (excl. teen or children) on
absolute proportion of crashes.

Figure 3 illustrates the forest plot for absolute proportion of total crashes that happen due to
interaction with adult passengers while driving.

Figure 3: Forest plot for absolute proportion of total crashes that happen due to interaction with adult
passengers while driving.

The Q test is significant (Q[df=7] = 3127.0042, p-value < 0.0001) suggesting considerable
heterogeneity among the true effects. Therefore, the random effects meta-analysis that was
24

carried out is preferred.
A funnel plot was firstly produced in order to detect potential publication bias (see Figure 4).
The regression test for funnel plot asymmetry was not significant at 95% level (p-value =
0.7745), suggesting no evidence for publication bias. There is therefore no need for correcting
the estimates.

Figure 4: Funnel Plot for absolute proportion of total crashes that happen due to interaction with
passengers (excl. teens and children) while driving.

As in the previous analysis, a meta-regression was carried out for adult passengers. The findings
are similar, showing a negative correlation between real-crash data and the proportion of crashes
due to passenger interaction at a 95% level (estimate = -0.094, p-value = 0.038, R-squared =
0.301). The year of the study showed a non-significant effect as in the previous meta-regression
(p-value = 0.381), indicating that there is no time-related effect.

CONCLUSIONS
This research aimed to review and meta-analyze existing findings as regards the effect of
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conversation with passengers with road safety outcomes. A literature review was carried out and
identified two main aspects on which previous research is devoted: the estimation of the
proportion of crashes due to interaction with passengers, and the estimation of the effect of
interaction with passengers on various driving behavior and safety outcomes. The latter case was
early identified as inappropriate for mate-analysis, due to large differences in study methods and
outcome measures examined.
On the contrary, a meta-analytic approach was proved feasible and has been conducted for the
determination of the impact of driver and passenger interaction, in terms of absolute proportion
of crashes that occur due to this risk factor. This particular approach has been explored for the
first time in the international literature, to the knowledge of the authors. Findings suggest that
passenger interaction related crashes appear with a percentage of 3.55% (s.e. = 0.0158) of the
total crashes that are reported, while the respective percentage is 3.85% (s.e. = 0.0187) when
teens and children are excluded.
This is a considerable proportion, given that in every driving trip where passengers are present in
the vehicle, interaction with the driver is bound to occur. This interaction usually takes the form
of conversation, but it might develop to something more physical, for instance an argument – as
an indication, McEvoy et al. (2007) mention 'dealing with children' in place of interacting, and
Eriksen and Gielen (1983) support this as well, by mentioning that well-behaved children
decreased the likelihood of crash occurrence. Additionally, this can be examined from a more
distant scope; often conversations or even physical activities induce heightened mental
workloads to the participants, and sometimes introduce strong emotions to them as well. All the
above impose varying levels of distraction on drivers, which, in the context of road safety, are
the main causes of the percentage of crashes determined in the previous chapter.
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There is a difference when teens and children are removed from the total of passengers
examined. It is unclear, however, if the reduction for interaction with adult passengers only is
due to the difference in numbers only, or if children and teens impose levels of distraction
disproportionately large for their numbers (this is essentially the possibility that one child is more
distracting than one adult). This could be investigated in a future study, either a simulator with
two groups of passengers (adults and non-adults) or two groups investigated separately in a crash
database.
As stated previously, interaction with passengers is only one aspect of driver distraction.
Examples of distraction risk factors that can coincide with interaction with passengers could be
consumption of goods (e.g. eating, smoking), listening to music, watching objects outside the
vehicle, and others. These issues can become quite complex and multifaceted, when other
conditions are present as well. Therefore, there is room for further research, as the combined
effect of several distracting factors has yet to be examined by means of meta-analysis.
Another important point is that the scope of this research is not to prohibit people to interact in
vehicles, which is unrealistic, but rather detect and quantify the impacts of interaction on road
safety. Future research could further address the issue by investigating the point at which it
becomes a considerable road safety risk factor and set limits to address it.
Moreover, a worthwhile task is the investigation of geographical regions that have not been
covered in the literature, especially for low and middle income countries, where high vehicle
occupancy is common and interaction with passengers may have stronger or different.
The sample for this meta-analysis is sufficient and lead to relative confidence that the results for
driver and passenger interaction are generally transferable, though caution and care against
oversimplification are always required, especially between highly different environments.
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PRACTICAL APPLICATIONS
Driver distraction comprises a large group of risk factors that are one of the major causes of
crashes, and as such needs to be addressed. This research paper is focused on determining the
exact causes of one aspect of driver distraction, which is interaction with passengers. The exact
effect of crash percentage due to passenger interaction is determined with the use of advanced
meta-analytic techniques from the review and evaluation of existing studies. Using this
knowledge, stakeholders can make good estimates on future crash numbers and causes, and,
perhaps more importantly, take action in order to counter the effects of this risk factor.
It should be noted that conversation with passengers is a part of everyday driving and cannot be
entirely eliminated or forbidden. Nevertheless, a series of countermeasures could be designed
and targeted specifically, such as public education, driver training, law enforcement, dedicated
distraction recognition systems as for other distraction factors etc. As reflected in the
international literature, a number of studies mention that passenger restrictions are included as
part of the graduated driver licensing programs in many US states in order to mitigate the risk
taking behaviors especially of teenage drivers (Chen et al., 2001; Neyens and Boyle, 2008;
Shope and Molnar, 2003). In that context, findings from other sources (DG MOVE, 2015) also
suggest that education about distraction during driver license acquisition (including professional
drivers) could reduce distracting activities. Other potential measures that could contribute to
reducing distracted-related crashes could involve the wider use of in-vehicle safety systems such
as collision warning systems (DG MOVE, 2015; McEvoy et al., 2007). Furthermore, policy
makers can be more accurately informed when making important decisions for transport
engineering, such as fund and other resource allocation and prioritization.
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