
Studying the Driving Performance of Drivers with Children Aboard
by Means of a Framework for Flexible Experiment Configuration

Cristina Olaverri-Monreal∗, Member, IEEE, Joel Gonçalves, Klaus-Josef Bengler

Abstract—Traveling with children in tow can pose a serious
distraction to the driver, effectively drawing much of the
necessary attention away from the road and causing a disruption
in normal driving patterns. In this paper we investigate the
driver’s capacity to operate a vehicle safely when being exposed
to a noise stimulus, specifically in the form of a crying baby
for an extended period of time. For this purpose, we developed
a tailored driving simulator framework to efficiently configure
new experiments, built on modular components to make it easier
to upgrade and update the experiment scenario and overall
conditions. We then compared the driving behavior of parents
to individuals without children focusing particularly on the
affects on driving performance when a sudden event occurred
on the road. We aim to study driving patterns under stressful
conditions such as having children as occupants in the vehicle
to be able to classify drivers for background training purposes
regarding in-vehicle behavior. Results have shown the tendencies
of parents when having a baby in the vehicle to produce better
driving performances.

I. INTRODUCTION

The leading cause of traffic accidents can be specifically
attributed to human behavioral factors. For example, when
a driver’s visual attention is diverted away from the road
by interaction with other passengers or the co-driver. It is
not unusual to observe drivers engaging in a range of non-
driving-related activities while driving, including conversing
with passengers, smoking, eating and drinking, reaching
or looking for an object, manipulating vehicle controls [1]
or even reading. Such a behavioral diversion reduces the
driver’s capacity to operate the vehicle safely on a short-
term basis [2].
Even if these activities are road unsafe, there is an activity
that is still considered by drivers more risky than performing
basic cell phone tasks such as dialing, answering, talking and
drinking in the vehicle: dealing with children [3].
Traveling with children can take a serious toll on driver’s
attention to the road while driving. A long road trip creates
fatigue in children of all ages and demand copious amounts
of attention from their parents even while they are driving.
Children pose a great distraction to drivers, especially when
there is conflict between the children in the car, when an
inevitable fight ensues, creating even more noise and dis-
traction. Their yelling results in annoyance for all occupants
of the vehicle and if these noises persist, they can cause a
disruption in the normal driving activity [4].
To cope with the situation and try to calm the children, some
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parents respond with physical contact, giving them bottles or
getting a pacifier from the floor, and then must also hand it
to the children sitting in the back while driving [5]. These
conducted activities aim to diminish the distracting, irritating
or damaging sounds.
In this paper we investigate if drivers that are more regularly
exposed to noise from children are getting less distracted
by it than those that regularly do not drive with children as
passengers. We tailored specifically for this purpose a driving
simulator framework according to the specific requirements
of our experiment, and adapted the application with several
improvements for an easy experimental script creation. We
achieved this by creating a framework to easily configure new
experiments, through an experiment set automation process
that guaranteed less manual effort, an integrated system built
on modular components that makes it easier to upgrade and
update the experiment scenario and overall conditions and as
a consequence, its validation and maintenance.
By means of our simulator framework we aim to answer the
following research questions:

• Does the sound of a baby crying during a drive affect
driving performance?

• Are people that often have children as passengers less
influenced by the noise than other individuals?

• Do gender differences in parents driving behavior exist?
The remainder of this paper is organized as follows:

The next section considers related work in the field of driver
distraction. Section III describes the development of the sim-
ulation platform. Section IV presents a detailed description
of the experimental setup to collect and evaluate relevant
data. Section V reports on the evaluation results. Finally,
Section VI concludes the paper.

II. RELATED WORK

Drivers absorbed in activities other than driving are more
prone to be involved in a vehicular crash, therefore a huge
amount of literature has been dedicated to the study of driver
inattention. Identifying the major sources of distraction to
drivers and the relative importance of the distractions as
potential causes of crashes is a topic of high relevance that
is still the focus of different studies. These studies also
focus on factors that could lead to a reduction of the usage
of potential distracting devices on the road such as mobile
phones. For example, data related to the behavior with other
occupants in the vehicle was acquired through a survey
and later analyzed focusing particularly, on in-vehicle cell
phone usage and interaction with other passengers in the car,
particularly children [6]. Results showed that 80% percent of
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the drivers used the cell phone regardless of having children
as passengers.
A further source of distraction are the passengers them-
selves. As a report from the National Highway Traffic Safety
Administration showed, conversing with a passenger is the
most common source of distraction from sources inside the
vehicle [7].
However, there are only a few studies focusing on young
passengers as a source of distraction. Certain types of distrac-
tions are more prominent in certain age groups: adjusting the
radio or music player is more prevalent among the under 20-
year-olds; distraction due to interaction with other occupants
(e.g., young children) among 20-29 year-olds; and distraction
related to events occurring outside the vehicle among those
drivers aged 65 and older. Children are a major source of
distraction to drivers particularly in intersection crashes [8].
A more recent study showed that children are far more
distracting to drivers than mobile phones. Time away from
the road was measured in trips where families were traveling
with 2 children between 1-8 years of age showing that the
driver took his eyes off the road for three minutes and 22
seconds, during a 16 minute trip [9], thereby jeopardizing
road safety.
Whether or not noise from children is more distracting to
drivers with children than to drivers without children has yet
to be investigated. Therefore, we address this question in this
paper and investigate the driving performance under children
noise exposure.

III. SIMULATION PLATFORM IMPLEMENTATION

To have a tailored tool to the specific requirements of our
experiment, we adapted the IC-DEEP application to assess
the ergonomics of In-Vehicle Information Systems [10],
[11], [12], [13] with several improvements for an easy script
creation of the experiment. We achieved that by creating
a framework where the experiment was characterized in
terms of states that changed according to the driver progress
through the scenario. When a condition was met (i.e. a
collision or a vehicle entering a new area in the map), an
event was triggered (i.e. a pedestrian suddenly crossing the
road) that caused certain game elements in the scenario to
react to the driver presence in their area.

A. Generic Experiment Setting

In previous IC-DEEP versions, most of the experiment
flow was hard coded in script files. Our new version contains
an XML experiment file that is opened as soon as the applica-
tion starts. With this approach, we can effectively describe a
new experiment by defining a new ScriptEvent, or modifying
a state by refining the areas, which overall represents an
important time saving and better organized method. The
experiment file consists of the following components:

• Questionnaire that is presented through a User Interface.
The framework starts by creating the proper field com-
ponents so test subjects can insert personal data.

• All the generic logical states of the application at a
given instant in time for the stored information regarding
a certain experiment, to which the simulation tool has
access.

• Scripts as a sequence of states to describe the sequential
state flow of the experiment.

• Areas or spatial locations on the map that are relevant
for event purposes.

• Starting Points for the experiment to start.
• ScriptEvents elements to associate a specific script with

a starting point. They act as container for the events that
describe one experiment according to a specific script
and a certain Starting Point. A choosing policy is also
associated to the ScriptEvents. By default a ScriptEvent
is selected randomly.

• Events that associate states to specific areas. A
ScriptEvent can be described in terms of events that
are trigged when the subject reaches the area, hence
controlling the subject’s path through the scenario.

• Output elements that define the frequency of a pattern
observed and its storage in a local file or in a network
location.

B. Core Loop

Using Unity3D features, we created a GameObject called
Core with a MonoBehaviour script that worked as framework
for enforcing the proper experiment work flow. An overview
of the sequential state flow is presented in Figure 1.
The first process the framework handles is loading the
experiment file, and storing it in an appropriate data structure.
If the file is not found, the subject can still drive through the
scenario as if it was a demo or training scenario. Depending
on the content of the Experiment.xml file, there might be a
questionnaire to obtain personal related information from the
subject. If that is the case, the framework sends a message
to the UnityEngine to load the questionnaire. The acquired
data through completing the questionnaire by the test users is
then stored in the User.questionnaire.xml file and thereupon
the ScriptEvent makes it possible to conduct the experiment.
After this, the framework locates the vehicle in the correct
starting point and a loop is executed every frame of the game.
There are three main conditions inside the loop:

• The exit condition, that verifies if the game is in the end
state and can finalize.

• The new event condition that verifies if the vehicle is in
a different area than the previous frame. If the vehicle
entered a new area, then the Core sends a message to
all scripted objects associated with the previous area to
stop, and starts the scripted objects in the new area.

• The pattern verification conditions as a mechanism to
enforce the correct frequency of a certain recurring
pattern.

After having collected the relevant variables and performed
the correspondent computations, the data is streamed to the
output interfaces defined in the Experiment.xml. Figure 1
exemplifies a case where the output is redirected to the file
User.records.xml.
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Fig. 1. Sequential state flow describing the experiment in the proposed
platform.

C. Specific Experiment Script

To determine if the driving performance was significantly
affected by the noise stimulus, we acquired baseline values
without noise, so that they could be later compared with
values under noise conditions. Based on this, we first
created an experiment script with the requirements for the
appropriate hardware and software. The experiment script
expressed in terms of states described how the experiment
logically progressed as depicted in Figure 2. The process
consisted of two script routes, specifying if the experiment
started with a child sleeping and later crying or the other
way around. Between these two states we introduced the
sudden events for testing the subject’s brake reaction time.
With this approach we avoided bias that could affect the
results by any eventual advantage caused by the state’s
order. During the experiment, data was collected and stored
in a file for further processing.

IV. EXPERIMENTAL SETUP

To evaluate the driving performance we created a scenario
tailored to our purposes. We first defined the sudden events
that caused a variation in the speed applying them in the
same way for each participant therefore determining the
most relevant metrics to identify possible negative effects of
driving under noise stress on the driving performance. These
metrics were applicable in a rural and an urban scenario.
During the experiment we logged time, vehicle’s position,
speed, brake pedal press factor, a flag to describe if the
vehicle collided or not, and a flag for modeling the baby

Fig. 2. Experiment script describing the experiment logical progress in
terms of states.

state of crying or sleeping. As a result we could compute the
following metrics:

• Longitudinal vehicle control- The mean velocity during
a specific segment of the track and the velocity’s varia-
tion during a specific segment.

• Lateral vehicle control- Mean and standard deviation of
lateral position (SDLP) during a specific segment of the
track taking as reference the vehicle’s front right wheel,
and the center of the lane.

• Brake reaction time as a metric to measure the response
time to a sudden road circumstance. The brake reaction
time was calculated from the moment when a critical
event took place until the moment where the brakes were
put in action. The metric is useful for safety critical
situations that require a very quick brake reaction,
typically within two seconds, to avoid crash and is
a straightforward metric of driving performance on a
regulating or monitoring level [14].

Our simulator conditions allowed us to define and
represent accurate events that caused the desired breaking
reaction, namely a horse suddenly crossing in the rural
scenario, and a girl suddenly crossing the road in the urban
scenario.

A. Experimental Procedure

We asked 20 test subjects, 6 females, 14 males, mean age
33, SD = 7.8 (11 were parents, 6 males and 5 females) to
complete a questionnaire related to their demographic and
familial information. We then asked the participants to start
driving as usual, respecting traffic laws. Previously to the
experiment they drove 2 minutes long without logging the
data and without exposure to any sudden event or noise
stimulus. After this familiarization with the simulation tool,



Fig. 3. Circuit used for the simulation (a) and a partial view of the 3D
scenario for the urban environment (b)

the participants were asked to drive through the predefined
path that consisted of a total of 4810 m. The speed limit
in our scenario was 50 km/h. The experiment consisted of
driving through a predefined path without secondary tasks.
The participants in the experiment were exposed to the noise
stimulus during half of the track. The order was randomized
in order to avoid bias. We logged the indicators that caused
variation in the scenario.
The collected data was captured in the same location con-
ditions for all the participants, also the road structure was
equal in both rural and city scenarios, which allowed merging
data from all road segments. The only exception were the
segments where the sudden event took place, in these case
we compared these segments only with others where sudden
events occurred as well.

Figure 3 shows the urban and rural circuit areas used for
the simulation (a) and a partial view of the 3D scenario
for the urban environment (b). The vehicles included in the
scenario were cars of different sizes. The velocities of the
cars in our urban scenario varied from 23 to 60 km/h. A
speedometer showed the driving speed to the car’s partici-
pant. The simulation platform we used for our tests consisted
of a mock up that provided a driver centric perspective.
Realistic graphics that represented roads, signs, and traffic
completed the graphical interface. Our IC-DEEP simulation
platform permitted to render potential damage, and offered
the possibility to change the cars and the scenario. Figure 4
illustrates the mock up setup. Figure 5 shows a screenshot
of the road scenario.

B. Data Processing

In this phase, we handled both data processing and data
analysis. The driving data processing started by segmenting
the data according to spatial areas with equivalent driving
context. For example, extracting data from long straight line
roads, with the same speed limit. This approach helped
adequately compute lateral driving performance metrics from

Fig. 4. Mock up set up used to perform the study

Fig. 5. Car with baby on board driving in an urban scenario

global coordinates, and also helped unbiased results by ran-
domly selecting a segment to compute the subject’s driving
performance metrics. All possible subject’s categories were
then stored in a matrix to test statistical independence from
each other and to assess the significance levels. Hence, we
could effectively and clearly compare the data.
We then visualized the results of all the computations or-
ganizing the information in individual driving performance
as well as category level results. At the individual level we
seek to provide an advanced graphical contrast between the
subject’s baseline results and the results obtained after the
test persons were exposed to noise stimulus. At the category
level we organized the classes in a hierarchical tree. Therefore
we could highlight which variables were indeed relevant and
had a meaningful structure that was accessible for effortless
comprehension.

V. RESULTS

Results regarding the comparison of values under condi-
tions with noise produced by children with baseline values
showed that the driving performance was not significantly
affected by the noise stimulus. As shown in Table I the
average values of velocity, lateral position and brake reaction



time were very similar. Additionally, we could state the same
average collision frequency (0.5) in both conditions. The
data resulting from the tests performed to analyze if child
produced noise in the vehicle affected parents differently than
other individuals, showed that driver performance was only
slightly affected by this condition (Figure 6). However as
shown in Table II a tendency to a higher velocity, lateral
position deviation and reaction time to a sudden event from
the participant group that did not have children when the
baby was crying could be observed. These differences were
not significant. When the baby was not crying the same
group showed a higher lateral position deviation that was
statistically significant compared to the parents group. A
tendency to a higher speed could also be detected. The
collisions rate due to an unexpected event was with 0.44
to 0.54 lower for the no parent group than for the parent
group, in both cases, when the baby was crying and when
not. Regarding differences between mothers and fathers, our
results did not deliver any significant differences. Table III
shows however that the velocity, lateral position deviation
and reaction time to an unexpected event were lower in the
group of mothers than in the group of fathers when the baby
was crying.

Metric Baseline Baby Crying T-Test (α =0.05)
Mean SD Mean SD t(19) p

Velocity 49.036 2.83 49.037 3.48 0.001 0.99
LP 2.14 0.24 2.16 0.24 0.277 0.78
Reaction
Time

1.56 0.27 1.33 0.39 1.766 0.09

TABLE I
DRIVING PERFORMANCE VALUES WITH AND WITHOUT NOISE STIMULI

Parent No parent
Metric Baseline Baseline T-Test (α =0.05)

Mean SD Mean SD t p
Velocity 48.70 3.67 49.44 1.38 t(13)=0.62 0.54
LP 2.03 0.20 2.28 0.22 t(17)=2.62 0.01*
Reaction
Time

1.64 0.28 1.46 0.23 t(18)=1.53 0.14

Parent No parent
Metric Baby crying Baby crying T-Test (α =0.05)

Mean SD Mean SD t p
Velocity 48.20 4.53 50.05 1.0 t(11)=1.31 0.21
LP 2.13 0.30 2.20 0.16 t(18)=0.61 0.55
Reaction
Time

1.25 0.41 1.43 0.36 t(17)=0.87 0.39

TABLE II
DRIVING PERFORMANCE VALUES DEPENDING ON PARENT AND NO

PARENT CONDITION WITH AND WITHOUT NOISE STIMULUS

Velocity and lateral position deviation values from mothers
were also lower when the baby was not crying. Additionally,
the frequency of collision with the unexpected event was
higher for the fathers with 0.6 than for the mothers (0.4)
when the baby was not crying. When the baby was crying
the mothers collided more frequently (0.6) compared to the
fathers (0.5).

VI. CONCLUSION AND FUTURE WORK
In the current paper we investigated by means of a tai-

lored driving simulator platform that considered the specific

Fig. 6. Parents and no parents comparison under baseline and baby crying
conditions: a) Velocity ; b) Lateral position deviation; c) Brake reaction time

Fathers Mothers
Metric Baseline Baseline T-Test (α =0.05)

Mean SD Mean SD t p
Velocity 50.77 1.30 46.21 4.12 t(5)=2.3 0.06
LP 2.05 0.24 1.99 0.11 t(7)=0.50 0.62
Reaction
Time

1.62 0.24 1.66 0.33 t(8)=0.21 0.83

Fathers Mothers
Metric Baby crying Baby crying T-Test (α =0.05)

Mean SD Mean SD t p
Velocity 49.06 4.28 47.17 4.64 t(9)=0.66 0.52
LP 2.26 0.27 1.98 0.26 t(9)=1.65 0.13
Reaction
Time

1.28 0.13 1.22 0.64 t(4)=0.19 0.85

TABLE III
DRIVING PERFORMANCE VALUES DEPENDING ON GENDER OF THE

PARENT UNDER NOISE AND WITHOUT NOISE STIMULUS

requirements of our experiment, whether the sound of a baby
crying while driving, affected driving performance; whether
people that often have children as passengers in their cars are



less influenced by the children noise than other individuals
and whether the gender of the parents affected the driving
behavior.
Even if discrepancies between the sound of a real baby and
a recorded sound exist, driving performance might be related
to a certain accustomization to children’s noise. Therefore,
our experiment was designed to reflect a driving situation
in which drivers were not able to stop driving in order to
respond to the needs of the baby.
Our results showed that the sound of the baby crying in the
vehicle did not significantly affect driving performance. How-
ever, some tendencies regarding a more careful driving from
the parents when the baby was crying could be observed.
Generally speaking, the driving performance of the other
individuals was slightly worse even when the baby was not
crying. Regarding gender differences in the driving patterns
of the parents, results showed that the driving performance
was not significantly affected by gender. However it seems
that mothers were more focused on driving and their per-
formance was slightly better independently if the baby was
crying or not, being maybe less affected by being exposed
to children’s noise more frequently. Whether mothers are
generally less affected by a potential distraction through a
baby crying in the car reminds unclear and is the subject
of further research. Data obtained from more participants
and longer driving times would additionally confirm the ten-
dencies observed in our experiment. Driving patterns under
stressful conditions such as having children as occupants in
the vehicle is an important topic for drivers classification
algorithms and for providing them with background training
regarding in-vehicle behavior.
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R. J. Rossetti, “A MAS- based driving simulator architecture to
test advanced driver assistance systems,” in IEEE Intelligent Vehicles
Symposium Workshops, Dearborn, Michigan, USA. 2014, 2014.
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