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Driver distraction is a recognized cause of traffic accidents. Although the well-known
guidelines for measuring distraction of secondary in-car tasks were published by the
United States National Highway Traffic Safety Administration (NHTSA) in 2013, studies
have raised concerns on the accuracy of the method defined in the guidelines, namely crit-
icizing them for basing the diversity of the driver sample on driver age, and for inconsistent
between-group results. In fact, it was recently discovered that the NHTSA driving simulator
test is susceptible to rather fortuitous results when the participant sample is randomized.
This suggests that the results of said test are highly dependent on the selected participants,
rather than on the phenomenon being studied, for example, the effects of touch screen size
on driver distraction. As an attempt to refine the current guidelines, we set out to study
whether a previously proposed new testing method is as susceptible to the effects of par-
ticipant randomization as the NHTSA method. This new testing method differs from the
NHTSA method by two major accounts. First, the new method considers occlusion distance
(i.e., how far a driver can drive with their vision covered) rather than age, and second, the
new method considers driving in a more complex, and arguably, a more realistic environ-
ment than proposed in the NHTSA guidelines. Our results imply that the new method is
less susceptible to sample randomization, and that occlusion distance appears a more
robust criterion for driver sampling than merely driver age. Our results are applicable in
further developing driver distraction guidelines and provide empirical evidence on the
effect of individual differences in drivers’ glancing behavior.
� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Driver inattention – which is often caused by digital devices used during driving – is a universally recognized phe-
nomenon that is connected to accidents and near-accidents in traffic (e.g., Bayer & Campbell, 2012; Caird et al., 2014;
Choudhary & Velaga, 2017; Gauld et al., 2017; Guo et al., 2010; He et al., 2015; Oviedo-Trespalacios et al., 2016;
Rumschlag et al., 2015; Tivesten & Dozza, 2015). Consequently, there is a large body of literature concerning distraction
potential of different in-car tasks and interaction methods (i.e., how distractive these are for drivers) (e.g., Buchhop et al.,
2017; Crandall & Chaparro, 2012; He, Chaparro, et al., 2015; He, Choi, et al., 2015; Kujala & Grahn, 2017; Lasch & Kujala,
2012; Ng & Brewster, 2017; Perlman et al., 2019; Reimer & Mehler, 2013; Villalobos-zúñiga et al., 2016). Although driver
inattention has received ample scholarly attention, there is no commonly agreed definition for driver inattention or driver
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distraction, which in turn affects the ways those are operationalized and measured. Regan et al. (2011) have proposed a tax-
onomy regarding driver inattention. According to the taxonomy, driver distraction is a form of driver inattention, and being
distracted requires some competing activity while driving. The taxonomy also suggests that a driver can be inattentive while
not being distracted, but not be distracted without being inattentive. This categorization (Regan et al., 2011) of driver dis-
traction being a subcategory of driver inattention is adopted here.

To answer the problem of driver distraction caused by digital devices, the National Highway Traffic Safety Administration
(NHTSA), published guidelines (Driver Distraction Guidelines for In-Vehicle Electronic Devices) in 2013 for measuring and
assessing how distractive different in-car tasks are. In the method (NHTSA, 2013), distraction testing is conducted in a driv-
ing simulator while driving 50 miles per hour on a straight 4-lane road, following a lead vehicle. Three metrics, measured
using eye-tracking technology, are used to evaluate the in-car task at hand: total glance time, mean glance duration, and
the percentage of over 2-second glances. In more detail, these metrics mean that 1) the total glance time should not exceed
12 s when performing a task; 2) the mean glance time should be less than or equal to 2 s when performing a task; and 3) the
percentage of over 2-second glances should not exceed 15% of the total number of in-car glances. According to the guidelines,
testing should be conducted with 24 randomly selected participants who are divided into four groups of six, according to
participant age (18–24 years, 25–39 years, 40–54 years old, and older than 55 years). Although the NHTSA guidelines have
provided the field of distraction testing with a solid starting point, the guidelines have received many suggestions for
improvements, especially regarding individual glancing behaviors and the visual demands of the driving scenario.

Broström et al. (2013) studied participants’ glance durations while driving and conducting secondary tasks and noticed
that participants who exceeded the 2-second glance duration limit were often the same participants. These participants were
labeled as long glancers. Donmez et al. (2010) studied young drivers and were able to identify within one driver sample three
groups of drivers based on their glancing behavior: low-risk drivers, moderate-risk drivers, and high-risk drivers. Similarly,
Broström et al. (2016) identified four individual glancing strategies among their participants in a driving simulator study:
optimizers, normal glancers, long glancers, and frequent glancers. In addition, these long glancers and frequent glancers were
participants whose glancing strategy affected the reliability of the results of testing done according to the NHTSA (2013)
guidelines. These studies indicate that drivers have individual in-car glance durations, that is, individual glancing behavior,
which seems to be a relatively constant individual feature.

Additionally, Kujala et al. (2014) examined the NHTSA’s acceptance criteria for in-car tasks in a driving simulator study
and observed that participants had individual differences regarding how they experienced levels of visual demand. Levels of
visual demand were measured utilizing occlusion times, that is, how long participants were willing to drive without visual
information. This observation means, in addition to individual in-car glance durations, that drivers also have individual dif-
ferences regarding how long they prefer to drive without visual information, when the task is to concentrate on safe driving.

As mentioned before, in the NHTSA testing method, a straight 4-lane road is used as a driving scenario. According to, for
instance, Tivesten and Dozza (2014), Tsimhoni and Green (2001) as well as Wierwille (1993), the visual demands of the driv-
ing scenario have an effect on off-road glance durations. Therefore, it has been criticized that NHTSA’s method does not
account either the visual demands of the driving scenario, or its effect on glancing behavior (e.g., Kujala et al., 2014;
Tivesten & Dozza, 2015), both of which have an effect on driver inattention.

Since drivers seem to have individual variation in glancing behavior and the visual demands of the driving scenario also
affect glance durations, it would be logical to take these issues into consideration when testing the distraction potential of in-
car tasks. In point of fact, studies by Broström et al. (2013, 2016), Kujala et al. (2014), J. Y. Lee and Lee (2017), and Ljung Aust
et al. (2015) indicated the need for developing a more robust distraction potential testing method that would consider indi-
vidual glancing behavior. In addition, Kircher et al. (2019) suggest reconsidering these fixed glance durations as indicators of
distraction. Furthermore, Broström et al. (2016), and J. Y. Lee and Lee, (2017) tested the effects of individual glancing behav-
ior on the results of the distraction potential testing conducted following the NHTSA guidelines. They noticed that neglecting
these individual factors can lead to a situation in which the results of the distraction potential testing are highly dependent
on the driver sample, and not on the phenomenon studied. Furthermore, using data from a test conforming to the NHTSA
guidelines, Ljung Aust et al. (2015) randomized 50 test groups of 24 drivers from a participant pool of 48 participants,
and discovered that the distraction potential test results had ‘‘near stochastic outcomes”.

Several solutions to account for the individual differences in glancing behavior when conducting distraction potential
testing have been tested, for instance, Intolerance of Uncertainty (Kujala, Grahn, et al., 2016), visual short term working
memory (Kujala & Grahn, 2017), and individual performance capacity measured with Trail Making Test (Broström et al.,
2013), yet none of these measures have been shown to have an association with occlusion distance (OD, i.e., how far a driver
can drive with their vision covered) or glancing behavior. One solution is to take the ages of participants into consideration,
and it has been noted that age is one factor affecting glance durations: the higher the age, the longer the glance duration (e.g.,
Dobres et al., 2016; J. Lee et al., 2015; Son & Park, 2012; Wikman & Summala, 2005). In the NHTSA guidelines, participants in
one group should be older than 55 years. As said, this age grouping could be one way to consider individual differences in
glancing behavior. According to Domeyer et al. (2014), this oldest age group is most likely to cause the tested task to fail the
distraction potential testing, that is, the secondary task is considered distracting. This, however, propounds the question of
whether the included oldest drivers are long glancers, as it has been shown that some younger drivers are also long glancers,
and not all older drivers are necessary long glancers. If the purpose is to obtain a diverse sample, the criterion for diversity
should be based on driver differences, not factors that have been statistically shown to affect said differences.
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Inspired by the study by Ljung Aust et al. (2015), where the authors observed that the randomization of the participant
sample affects the results obtained by using the NHTSA (2013) method, we set out to study whether a new, occlusion
distance-based method proposed by Kujala and Mäkelä (2015) is susceptible to similar participant randomization. While
we explain the new method in more detail in Section 2.1, it is worth noting that the method differs from the NHTSA guide-
lines (2013) by considering occlusion distance rather than participant age, and that the driving scenario involves a suburban
environment with turns and intersections, rather than a straight road. To study this phenomenon, we sampled 23 partici-
pants from a pool of 46 participants who used Android applications in two driving simulator experiments (Grahn &
Kujala, 2020), and these two experiments utilized the new distraction potential testing method (i.e., the method described
in Kujala & Mäkelä, 2015). The hypotheses tested in this study are:

H1. The results of the new occlusion distance-based distraction potential testing method do not change when the sample of
participants is randomized.
H2. The results of the new occlusion distance-based distraction potential testing method change when only participants with low
occlusion distance (Mdn � 16 m) are selected.

In other words, the first hypothesis inspects the robustness of driver sampling based on occlusion distance. The results are
compared to those reported in the study of Grahn and Kujala (2020), who utilized the new method instead of that proposed
in the NHTSA guidelines (2013). The second hypothesis is concerned with validating the results of the first hypothesis with
this dataset, and with indicating whether occlusion distance can be used as a validation criterion. In other words, the second
hypothesis tests if the participants in the dataset can be selected in a way that may affect the results to begin with. Further-
more, if the participants are handpicked based on occlusion distances, and this affects the results, it indicates that occlusion
distance is indeed related to glancing behavior. Finally, change mentioned in the hypotheses relates to the change whether a
task is deemed distracting or not by the distraction potential test.

2. Materials and methods

2.1. The new distraction testing method

In order to account for drivers’ individual differences in glancing behavior, we used a distraction testing method intro-
duced by Kujala and Mäkelä (2015) in the experiments. The method in question has been previously used in studies by
Grahn and Kujala (2020, 2018), Kujala, Grahn, et al. (2016) as well as Kujala and Grahn (2017), and is based on a study
by Kujala, Mäkelä, et al. (2016). This new distraction testing method utilizes a visual occlusion technique which was initially
introduced by Senders et al. (1967). The original purpose of the occlusion technique was to investigate aspects of visual
information processing performance while driving (Milgram, 1987). According to the occlusion technique, the driver is
instructed to maintain safe driving, while striving to keep their vision occluded as much as possible (Senders et al., 1967).
In the original occlusion technique by Senders et al. (1967), driver’s vision was occluded (i.e., driving blind), and the time
driven with occluded vision was measured. Contrary to the original technique, this new testing method measured occlusion
distance, not occlusion time. Occlusion distance refers to a driver’s preferred distance in meters that is driven during the
occluded period. Measuring occlusion distance allows drivers to freely adjust their driving speed if needed. Arguably, as dri-
vers have different qualities, the distance of occlusions is dependent on the driver – some drivers accept uncertainty induced
by the lack of vision more effectively than others (Kujala, Mäkelä, et al., 2016).

The new testing method is based on a study by Kujala, Mäkelä, et al. (2016) where participants’ (N = 97) occlusion dis-
tances on simulated highway and suburban roads were measured and later mapped to the test routes. We refer to the results
of this process as the occlusion distance map (ODM). In the map (Fig. 1), every 1 X 1 m route point contains information on the
occlusion distance that was driven in that route point. The occlusion distance map serves two purposes. First, the routes are
used for driver sample validation to ensure that the driver sample matches the occlusion distance distribution of the original
driver sample of 97 drivers (Kujala, Mäkelä, et al., 2016), and contains drivers with different glancing behaviors – from those
who are able to drive longer occlusion distances to those who are able to drive shorter occlusion distances. As discussed in
the Introduction, the NHTSA method (2013) utilizes age groups to facilitate a diverse driver sample, and although it has been
shown that age is related to glance durations (e.g., Dobres et al., 2016), not all older drivers are long glancers, and not all
younger drivers are short glancers. This in turn indicates that age as a validation criterion should be scrutinized. Second,
the occlusion distance map separates the relatively demanding route points from the relatively undemanding, with the indi-
cation that different parts of the route are more demanding than others, and this needs to be accounted in any subsequent
analyses.

Suburban roads are used for the actual distraction testing. During the distraction testing, the in-car glances (i.e., glances
directed towards an in-vehicle device) are categorized as appropriate or inappropriate glances based on the distance driven
during an in-car glance from a particular route point where the in-car glance begins. These inappropriate glances – or red
in-car glances – refer to an in-car glance length that exceeds the 85th percentile of the original experiment’s driver sample
(N = 97, Kujala, Mäkelä, et al., 2016) on that route point. These red in-car glances can be therefore considered as inappropri-
ately long in-car glances in relation to the visual demands of the given driving situation – or, in other words, visual
25



Fig. 1. Occlusion distance map (ODM) illustrates the routes used in the experiments – the color of a route point indicates the level of visual demand
measured in occlusion distance (green = high occlusion distance, visually undemanding; red = low occlusion distance, visually demanding); the axes
indicate route distance in meters – the figure is based on Kujala, Mäkelä, et al. (2016) and Kujala and Mäkelä (2015). (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)
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distraction (Grahn & Kujala, 2020). According to, for instance, Wierwille (1993), drivers adapt their glancing behavior in
regard to how demanding the driving scenario is. This observation fits well with the idea behind the method by Kujala
and Mäkelä (2015): if we have information on how demanding a certain route point is, we could assume that the drivers
should adapt their glancing behavior accordingly. If they do not, we may assume that they are distracted.

The verification threshold for the red in-car glances has been set to 6% (max) of all the in-car glances done during the
testing of the task in the previous studies (Grahn & Kujala, 2020, 2018; Kujala, Grahn, et al., 2016; Kujala & Grahn, 2017).
Effectively, if a participant’s red in-car glance percentage exceeds the set 6%, the task is considered distractive, and the task
fails the verification criterion (Kujala & Mäkelä, 2015). Kujala and Mäkelä (2015) argue for the threshold of 6% because it was
the observed median of occlusion distances that exceeded the 85th percentile occlusion distances in the original experiment
of 97 drivers. Differently than described in the NHTSA (2013) guidelines which are concerned with the fixed duration limits
of glances dedicated to secondary tasks, the new method considers a task too distracting if more than 6% of in-car glances
happen in visually demanding route points.

2.2. Experiments

The data were collected in two driving simulator experiments where participants (N = 23 + N = 23, no overlapping in par-
ticipants) conducted the same tasks using regular Android smartphone applications. The data utilized in this study are a sub-
set of the data originally collected for a study on comparing different user interfaces with a different scope, study angle, and
research questions (Grahn & Kujala, 2020). Additionally, the new method required the use of the previously collected occlu-
sion distances of the 97 drivers in the original experiment by Kujala, Mäkelä, et al. (2016) to check whether the distributions
of the occlusion distances in the randomized samples are similar to those in that original experiment. The procedure is sum-
marized in Fig. 2.

2.3. Design and participants

Although the data used in this study were collected for other experiments, we describe the data collection process for
transparency. Our study setting was a within-subjects design for both experiments where the participants used one user
interface for two in-car tasks. There were 24 participants (due to the technical problems during the testing, N = 23 in both
analyses) in both driver samples and they were recruited using our university’s mailing lists. The NHTSA (2013) recommen-
dations on the driver sample were followed as closely as possible. Summarizing details about the participants are listed in
Table 1.

The imbalance between genders was due to simulator sickness: some females had symptoms and were substituted with
males. The participants were required to have driven at least 5,000 km a year. The participants read and signed an informed
consent form describing the purpose of the study and data use. Before participating in the test, each participant was required
26



Fig. 2. The procedure – the previously conducted occlusion distance mapping (Kujala, Mäkelä et al., 2016) provides the occlusion distance map (ODM), and
previously collected data for Experiments I and II (Grahn & Kujala, 2020) form the participant pool from which the samples for this study are selected – for
H1, the distributions of occlusion distances in a random sample of 23 participants was compared to the ODM, and given that the distributions were similar,
the sample was selected for analysis – this was repeated until ten samples passed the distribution comparison; for H2, the participants were handpicked
based on occlusion distance.

Table 1
A summary of participants in the two experiments – these participants form the pool of participants from which the samples are selected.

Experiment I Experiment II

Number of participants 23 23
Number of females 7 8
Number of males 17 16
Number of participants in age group 18–24 8 7
Number of participants in age group 25–39 9 9
Number of participants in age group 40–54 4 5
Number of participants in age group 55+ 3 3
Age of participants: lowest, highest 20–79 (M = 34.8; SD = 16.0) 19 – 66 (M = 35.3; SD = 13.9)
Driving experience in years: lowest, highest 2 – 55 (M = 16; SD = 15) 2 – 48 (M = 16.9; SD = 13.9)
Kilometers driven per year: lowest, highest 5,000 – 30,000 (M = 12,940; SD = 705) 5,000 – 55,000 (M = 14,630; SD = 1,185)
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to have a valid driver’s license, and normal or corrected-to-normal eyesight. All participants evaluated themselves as gen-
erally healthy. The experiments were instructed in Finnish and all participants understood and spoke Finnish. After the
experiment, each participant was rewarded with a gift certificate (15 EUR for Experiment I and 10 EUR for Experiment II).
27
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2.4. Apparatus

We conducted the experiments in the driving simulator laboratory of the University of Jyväskylä. In both experiments, we
used a medium-fidelity driving simulator with the CKAS Mechatronics 2-DOF motion platform with Eepsoft’s simulator soft-

ware (http://eepsoft.fi), which saved the driving log data at 10 Hz (see Fig. 3).
The driving simulator had automatic transmission, longitudinally adjustable seat and Logitech’s G27 force-feedback

steering wheel and pedals. Three 4000 LED screens (95.6 cm � 57.4 cm, 1440 � 900 pixels per screen) were used to display
the driving scene, a HUD RPM gauge, a HUD speedometer, a rear-viewmirror (in the middle screen), and side mirrors (in side
screens). For the occlusion trial, the steering wheel was equipped with two levers that displayed the driving scene for 500 ms
when pulled. Otherwise, the screens were blank.

In both experiments, we used Ergoneers’ Dikablis 50 Hz head-mounted eye-tracking system to record eye movements.
Eye-tracking data were synchronized with driving simulator data (coordinates, speed) using a custom-built logging software
and a local area network connection. Samsung Galaxy A3 smartphone (4.500, Android 6.0.1) was utilized to run two regular
Android smartphone applications: email and Spotify (see Figs. 4 and 5). The smartphone was placed in a holder next to the
steering wheel (see Fig. 3) and used in portrait mode in Experiment I (see Fig. 4) and in landscape mode in Experiment II (see
Fig. 5). The change of the orientation was due to the research question of the original study the data was gathered for. RStu-
dio (version 1.0.136) and IBM SPSS Statistics 24 and 26 were used for statistical analyses.

2.5. Procedure

Before the experiment proper, the participants familiarized themselves with the driving simulator by driving in the urban
environment with traffic. The participants practiced in this environment for an average time of 5.8 (Experiment I) and
4.8 min (Experiment II). Next, the participants familiarized themselves for the occlusion trial by having their vision occasion-
ally and self-paced occluded while driving in the same urban environment. The participants practiced in this environment
for an average time of 4.3 (Experiment I) and 4.0 min (Experiment II).

In both experiments, the familiarization was followed by the occlusion trial for the validation of the driver sample. As
described by Senders et al. (1967), a participant’s screens were blank unless the participant pulled a lever on the steering
wheel, revealing the driving scene for 500 ms. Before the trial, the participants were instructed to follow driving regulations
while trying to drive without visual information for as long as possible at a time. To facilitate participant’s focus, a movie
ticket was promised for six participants with the longest median distance accurately driven without visual information.
Fig. 3. Driving simulator and experimental setup (Experiment II).
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Fig. 4. Email reading and song searching in Experiment I.

Fig. 5. Email reading and song searching in Experiment II (Grahn and Kujala, 2020).

H. Grahn and T. Taipalus Transportation Research Part F 79 (2021) 23–34
Contrary to the familiarization before the trial, a highway environment was utilized in the trial, with speed limits of 60, 80,
and 120 km/h. The participants were informed verbally when the speed limit changed. However, the speed could be adjusted
if needed.

After the occlusion trial, distraction testing followed. This test utilized the head-mounted eye-tracker described earlier,
and was driven in a suburban environment with a speed limit of 50 km/h. Again, speed could be adjusted if needed. In this
test, the participant was required to perform tasks with the Android mobile device. Before each task, we guided the partic-
ipant through the task similar to the following actual test.

In the email reading task, participants read emails and tried to find answers to four different questions we asked while the
participant was driving. To be able to conduct the task, participants had to select and tap an email, read the email once it
opened, and after reading, tap the back button to get back to the main email view. Participants needed to repeat this 20 times
29
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in order to read all the emails. The emails were short texts containing 104–179 characters. The task was the same in both
experiments, only the orientation of the phone changed.

In the song searching task, participants used a touch screen with a qwerty keyboard to search a song verbally communi-
cated by us from Spotify, start to play it, stop it, and check the artist information or check which album the song was a part of.
This was repeated four times with different songs. The task was the same in both experiments, only the orientation of the
phone changed. In order to prevent the learning effect, the order of the three suburban routes (Fig. 1) and tasks were
counterbalanced.

2.6. Analysis

In-car glance lengths, as well as vehicle and pupil coordinates complemented by timestamps were recorded by the driv-
ing simulator and eye-tracker, and synchronized during the experiments with custom-built logging software. After the
experiments, we used Noldus Observer XT software to manually check the synchronization, and corrected inaccuracies when
needed. We used the SAE-J2396 (Society of Automotive Engineers, 2000) definition in scoring in-car glance lengths. As in
Kujala, Grahn, et al. (2016), in-car glances that exceeded the 85th percentile of the original sample’s occlusion distances
(i.e., 97 drivers in Kujala, Mäkelä, et al., 2016) were labeled as red in-car glances.

3. Results

3.1. Occlusion distances: Driver sample validation

To validate the driver sample, the distributions of the occlusion distances from Experiments I and II were compared with
Levene’s test to the original occlusion distance distribution of 97 drivers (Kujala, Mäkelä, et al., 2016). In the original occlu-
sion distance sample, the distances varied from 3.21 m to 41.88 m, median being 13.67. In Experiment I, the variation of
occlusion distances was 6.36 to 35.82 m, median being 17.37. According to Levene’s test, the variance of the occlusion dis-
tance distribution does not significantly differ from the original distribution (F(1, 116) = 0.645, p = .424). In Experiment II, the
variation of occlusion distance was 4.77 to 36.00 m, median being 16.53 and the distribution does not significantly differ
from the original distribution (F(1, 117) = 0.032, p = .859). In addition, as in Kujala and Grahn (2017), no association (tested
with Spearman’s Rank-Order Correlation) between median occlusion distances and median glance distances (N = 46) was
found: q = 0.133, p = .346.

3.2. Number of in-car glances per task type

According to Kujala, Grahn, et al. (2016), the number of in-car glances should exceed 20 in order the analysis being reli-
able. Hence, the number of in-car glances for both task types in both experiments was sufficient for meaningful and reliable
analysis (Table 2).

3.3. Red in-car glance percentages per task type

Due to non-gaussian distribution of the red in-car glances, medians were used instead of means in statistical testing.
Median red in-car glances per experiment and task type are reported in Table 3.

The verification criterion for passing the distraction potential testing by Kujala and Mäkelä (2015) was set in a previous
study (Kujala, Grahn, et al., 2016) to 6%, which is the maximum percentage of the red in-car glances a task can have in order
to pass the distraction potential testing. If the percentage of red in-car glances exceeds 6%, it is further tested whether the
difference is statistically significant. This criterion (‘‘red in-car glance percentage equals 6”) was tested with the one-sample
Wilcoxon signed rank test. In Experiment I, both tasks, email reading (Z = 3.881, p < .001) and song searching (Z = 3.716,
p < .001) had a red in-car glance percentage of greater than six, and differed significantly from the threshold and therefore
failed the set criterion for the red in-car glances. In Experiment II, again, both tasks failed the criterion (email reading:
Z = 3.742, p < .001; song searching Z = 1.977, p = .048).

Since the orientation of the smartphone used in experiments was different, therefore also the difference in the red in-car
glance percentages between experiments was tested with the Mann-Whitney U test. This was done in order to test whether
the orientation of the smartphone influenced the red in-car glance percentages. There was no difference between
experiments in the red in-car glance percentages in either task: email reading U = 223.000, p = .362; song searching
Table 2
Mean number of in-car glances (standard deviation in parentheses).

Email reading Song searching

Experiment I M = 86.83 (31.44) M = 63.78 (23.68)
Experiment II M = 85.87 (18.43) M = 52.78 (14.67)
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Table 3
Red in-car glance percentages (median, interquartile range in parentheses).

Email reading Song searching

Experiment I Mdn = 19.00 (19.00) Mdn = 16.00 (15.00)
Experiment II Mdn = 13.93 (12.79) Mdn = 8.16 (13.44)
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U = 179.000, p = .060. This result supports the observations reported in Lasch and Kujala (2012), who report that there is no
effect of the screen orientation on distraction.

3.4. Mixing participants: Random samples

In order to test if the driver sample affects the results of the distraction potential testing, that is, if the tasks pass the set
verification criterion with a different sample of drivers, we created ten different driver samples from the total of the 23 + 23
driver samples in Grahn and Kujala (2020). We used the ‘‘random sample of cases” function of SPSS to create different driver
samples. Each sample contained 23 participants. The occlusion distance distribution of each driver sample was tested with
Levene’s test to verify that the sample does not differ significantly from the original sample of Kujala, Mäkelä, et al. (2016).
Since one of the distributions statistically differed from the original occlusion distance distribution, it was omitted from the
testing and replaced with a new one. Then, the one-sampleWilcoxon signed rank test was used to test if the red in-car glance
percentages pass the set criterion (max. 6%) and differ significantly. With each driver sample, both tasks failed the set ver-
ification criterion: the red in-car glance percentage was over 6, and the percentage differed significantly from the threshold.
The results of the distraction potential testing and descriptive statistics of the samples are reported in Table 4.

3.5. Mixing participants: Occlusion distance

To test the effect of occlusion distances on the results of the distraction potential testing, we handpicked a sample that
consisted of drivers with median occlusion distance less than or equal to 16 m (N = 18). With the driver sample of median
occlusion distance less than or equal to 16 m, the song searching task passed the set verification criterion: median red in-car
glance percentage was 8.08% but it did not significantly differ from the threshold of 6% (p = .117). The email reading task did
not pass the set verification criterion with this driver sample either. The results of the distraction potential testing and
descriptive statistics of the sample are reported in Table 5.

In summary, both hypotheses were supported. For H1, none of the results performed using the ten random samples dif-
fered from the results reported in Grahn and Kujala (2020). For H2, handpicking a sample of drivers with low occlusion dis-
tance changed the result of distraction potential testing.

4. Discussion

Previous studies have indicated that drivers have individual glancing behaviors while conducting secondary in-car tasks
(e.g., Broström et al., 2013; Donmez et al., 2010; Kujala et al., 2014; Kujala & Grahn, 2017), and these individual differences
may affect the results of the distraction potential testing (Broström et al., 2016; J. Y. Lee & Lee, 2017; Ljung Aust et al., 2015).
Individual differences in glancing behaviors are not considered, for example, in commonly known NHTSA’s (2013) Driver
Distraction Guidelines for In-Vehicle Electronic Devices. In this study, we tested if a new, occlusion distance-based distrac-
tion potential testing method (Kujala & Mäkelä, 2015) better accounts for individual glancing behaviors than the NHTSA
method. To that end, we mixed participants from two driving simulator experiments and tested if the results of the distrac-
tion potential testing changed when compared to previously reported results with the same dataset of Grahn and Kujala
(2020).
Table 4
Results of the ten random participant samples; OD refers to occlusion distance.

Sample
#

Levene’s test (H0: OD
distribution differs
from the original
N = 97 OD distribution)

Median red in-car glance
percentage and the result
of the distraction potential
testing (email reading)

Median red in-car glance
percentage and the result
of the distraction potential
testing (song searching)

Occlusion
distance
(median)

Occlusion
distance
range
(median)

Age (mean,
SD in
parentheses)

Age
range

1 F = 0.025, p = .874 19.00%, Z = 3.894, p < .001, fail 8.16%, Z = 2.738, p = .006, fail 17.31 6.35–35.82 33.7 (14.46) 19–76
2 F = 0.007, p = .934 16.00%, Z = 3.893, p < .001, fail 10.42%, Z = 2.768, p = .006, fail 19.66 6.39–35.99 32.7 (12.78) 20–65
3 F = 0.822, p = .366 13.48%, Z = 3.362, p = .001, fail 11.00%, Z = 3.228, p = .001, fail 16.71 6.35–33.96 34.6 (12.09) 21–76
4 F = 0.480, p = .490 17.57%, Z = 3.590, p < .001, fail 14.00%, Z = 2.921, p = .003, fail 16.64 6.35–35.99 30.2 (12.51) 21–76
5 F = 2.884, p = .092 16.39%, Z = 3.909, p < .001, fail 13.95%, Z = 2.952, p = .003, fail 17.31 6.39–35.82 33.1 (12.30) 19–65
6 F = 0.022, p = .883 16.00%, Z = 3.772, p < .001, fail 16.00%, Z = 3.772, p < .001, fail 17.31 6.35–35.82 32.5 (12.49) 21–76
7 F = 0.002, p = .962 17.57%, Z = 3.529, p < .001, fail 14.00%, Z = 3.164, p = .002, fail 17.31 6.35–35.82 34.5 (14.34) 19–76
8 F = 0.575, p = .450 13.92%, Z = 3.773, p < .001, fail 11.00%, Z = 3.194, p = .001, fail 16.64 6.39–33.96 31.6 (10.99) 21–60
9 F = 0.490, p = .485 16.00%, Z = 3.772, p < .001, fail 14.00%, Z = 3.286, p = .001, fail 20.61 6.35–35.99 36.6 (13.07) 21–76
10 F = 0.403, p = .527 13.93%, Z = 3.665, p < .001, fail 8.82%, Z = 2.433, p = .015, fail 17.03 6.39–33.96 34.7 (12.73) 20–65
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Table 5
Results of participant sample with occlusion distance (OD) � 16 m.

Sample
#

Levene’s test (H0: OD
distribution differs
from the original
N = 97 OD distribution)

Median red in-car glance
percentage and the result
of the distraction potential
testing (email reading)

Median red in-car glance
percentage and the result
of the distraction potential
testing (song searching)

Occlusion
distance
(median)

Occlusion
distance
range

Age (mean,
SD in
parentheses)

Age
range

OD �16 F = 10.784, p = .001 16.20%, Z = 2.919, p = .004, fail 8.08%, Z = 1.568, p = .117,
pass (d = 0.545, medium effect)

13.47 6.35–16.03 34.7 (15.91) 21–76
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Based on the ten different mixed driver samples, the tasks labeled distractive remained distractive, regardless of the dri-
ver sample. This gives support for H1: The results of the new occlusion distance-based distraction potential testing method do not
change when the sample of participants is randomized. This implies that the new distraction potential testing method intro-
duced by Kujala and Mäkelä (2015) considers drivers’ individual differences in glancing behavior – potentially describing
the phenomenon more accurately than the NHTSA (2013) method. However, as discussed earlier, the new method requires
the occlusion distances to be mapped prior to the experiments. This can be seen as a drawback when compared to the NHTSA
method, as the new method requires an additional experiment in order the produce the occlusion distance map, before the
experiments proper can be implemented. However, given that the new method arguably also captures a more realistic driv-
ing scenario, this additional work may be one way towards more accurate results.

As previously shown (Ljung Aust et al., 2015), the results of the NHTSA (2013) method can be manipulated by varying the
participant sample. For instance, Broström et al. (2016) and Ljung Aust et al. (2015) managed to affect the results of the dis-
traction potential testing following the NHTSA guidelines and by re-selecting the driver samples. In the NHTSA method, the
important part of the method is the recommendations of driver sample regarding the ages of participants. The ages of par-
ticipants are important since it is known that higher age implies longer durations of in-car glances (e.g., Dobres et al., 2016; J.
Lee et al., 2015; Son & Park, 2012; Wikman & Summala, 2005). However, the studies of Broström et al. (2016) and Ljung Aust
et al. (2015) did not report the ages of the drivers in their manipulated driver samples, and therefore the effects of age cannot
be evaluated in their studies. However, in this study, we had both younger and older drivers (see age range in Tables 4 and 5).
In addition to driver age, we had information on the drivers’ median occlusion distances, and we ensured that each driver
sample contained drivers with varying median occlusion distances (see occlusion distance in Table 4).

A rather interesting observation was the effect of occlusion distance on distraction potential testing: with a driver sample
with median occlusion distance lower than or equal to 16 m, while still including both younger and older drivers (Table 5),
we were able to produce a contrary test result where the task was not considered distracting. This observation supports H2:
The results of the new occlusion distance-based distraction potential testing method change when only participants with low occlu-
sion distance (Mdn � 16 m) are selected. In the sample, there were only drivers who were able to drive less than or equal to
16 m (median) with occluded vision in the occlusion trial, and after 16 m (median) they felt they needed visual information
to maintain safe driving. In other words, participants who had low occlusion distance had less inappropriately long in-car
glances (red in-car glances) during the distraction testing. These drivers could have been insecure regarding their driving
skills and therefore tried to keep their in-car glances as short as possible. In addition, the structure of the tested task may
have allowed the drivers to use subtask boundaries as natural break points during the task completion (Janssen et al.,
2012; J. Y. Lee et al., 2015; J. Y. Lee & Lee, 2019; Salvucci & Kujala, 2016) in order to avoid inappropriately long in-car glances.
However, the glancing behavior of drivers with low occlusion distance resulted in passing the distraction testing – even
when it failed with other randomly mixed samples which had similar occlusion distance distribution as in the original occlu-
sion distance study of N = 97 (Kujala, Mäkelä, et al., 2016). Finally, this observation indicates that it is possible, even likely,
that a distractive in-car task passes distraction potential testing due to the neglection of drivers’ individual differences in
glancing behaviors.

The observation that a task passes the distraction testing with an all-aged driver sample with low occlusion distance is
rather interesting. Previous studies have concluded that in-car glance durations increase with age. In our experiment, the age
range of the driver sample with median occlusion distance lower than or equal to 16 m was 21–76 years, mean age being
35.5 years. That is to say, the sample also included younger drivers. This observation suggests that age is not the only factor
affecting glance durations, and thus including older drivers in the driver samples (as in the NHTSA method) is by itself not a
sufficient approach in taking drivers’ individual glancing behaviors into account.

Overall, these findings suggest that a new distraction testing method (Kujala & Mäkelä, 2015) accounts for drivers’ indi-
vidual glancing behaviors and therefore may produce more robust distraction testing results regarding driver selection.
Based on our results, a participant’s occlusion distance may have an association with inappropriately long in-car glances dur-
ing the distraction testing, and when conducting distraction potential testing, driver samples should be validated with their
occlusion distances to ensure that the individual glancing behaviors have been considered.

It should be noted that the orientation of the smartphone was different between the experiments. In Experiment I, the
smartphone was in portrait mode, and in Experiment II in landscape mode. This was due to the research questions and
research angle this data were initially collected. However, the original results between orientations did not differ signifi-
cantly (as reported in Section 3.3), and previously, it has been discovered that the orientation of the used device does not
affect distraction potential testing (Lasch & Kujala, 2012). It should also be noted that the red in-car glance percentages were
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relatively high in the original experiments of Grahn and Kujala (2020), and this could have affected the results of the mixed
driver samples in this paper despite the individual glancing behaviors. However, despite the high red in-car glance percent-
ages, we were able to produce a result where the task passed the distraction potential testing.

Furthermore, this driver sample mix could be further replicated with tasks that have lower red in-car glance percentages.
Another consideration for future research is a comparison between the results of the new distraction testing method (Kujala
& Mäkelä, 2015) and the NHTSA (2013) method. One possibility for such a research setting is to study a phenomenon first
using the NHTSA scenario, and then using the scenario described in the new method (or vice versa), and finally comparing
the results. Finally, although our results indicate that occlusion distance may be a more accurate validation criterion for dri-
ver sampling than merely age, a number of factors still remain unstudied in this context, for example, the association
between occlusion distances and Attention-Related Driving Errors Scale (Cheyne et al., 2006), as well as Hazard Prediction
Test (Crundall, 2016).

5. Conclusion

In this study, we set out to investigate if by manipulating driver samples we can affect distraction testing results when
using a new, previously reported distraction potential testing method that validates the driver sample based on drivers’
occlusion distances. This validation ensures that the driver sample contains drivers with different glancing behaviors mea-
sured with occlusion distance. Our results indicate that these results obtained with this new method are not affected by
manipulating driver samples when the sample includes all kinds of drivers – from those who are able to drive longer occlu-
sion distances to those who are able to drive shorter occlusion distances. This indicates that the method tested in this study
might account for individual driver differences more accurately than, for example, tests that utilize the NHTSA guidelines,
which are shown to be susceptible to participant sample manipulation. Effectively, this could mean that just leaning on
the assumption that including older drivers in the sample ensures that the sample contains drivers with different glancing
behaviors, and thus considers individual differences, may not be accurate. Hence, without accounting for individual glancing
behaviors validated with occlusion distances, there is a potential for false passing of distraction tests. These empirical find-
ings may be utilized in refining the existing guidelines, thus providing increased scientific rigor in distraction potential
testing.
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