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ABSTRACT

Usage-Based Insurances (UBI) enable policyholders to actively reduce the impact of vehicle insurance
costs by adopting a safer and more eco-friendly driving style. UBI is especially relevant for younger
drivers, who are a high-risk population. The effectiveness of UBI should be enhanced by providing
in-car feedback optimised for individual drivers. Thirty young novice drivers were therefore invited
to complete six experimental drives with an in-car interface that provided real-time information
on rewards gained, their driving behaviour and the speed limit. Reward size was either displayed
directly in euro, indirectly as a relatively large amount of credits, or as a percentage of the maximum
available bonus. Also, interfaces were investigated that provided partial information to reduce
the potential for driver distraction. Compared to a control no-UBI condition, behaviour improved
similarly across interfaces, suggesting that interface personalisation after an initial familiarisation
period could be feasible without compromising feedback effectiveness.
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Practitioner Summary: User experiences and effects on driving behaviour of six in-car interfaces
were compared. The interface provided information on driving behaviour and rewards in a UBI
setting. Results suggest that some personalisation of interfaces may be an option after an initial

familiarisation period as driving behaviour improved similarly across interfaces.

1. Introduction

Vehicle insurers traditionally determine what insurance
premium to charge by assigning the insured vehicle and
the driver to a set risk category, based on the character-
istics and behaviours of aggregate groups. Depending
on the jurisdiction, the assigning criteria may include the
vehicle’s age and model along with the driver’s age, marital
status, gender, place of residence, number of moving vio-
lations and self-reported annual mileage (see e.g. http://
en.wikipedia.org/wiki/Vehicle_insurance). In contrast, a
Usage-Based Insurance (UBI) or Pay-As-You-Drive insur-
ance is based on a dynamic premium set via the in-car
monitoring of driving behaviour. In this way, under a UBI,
adriver’s premiumiis tailored to indications of risky behav-
iour at an individual level.

Many existing UBIs are purely mileage based. For
instance, a customer may accept a general per-mile rate
for driving that is set via a prepaid mile limit. Although
publicly available investigations into the effects of UBIs are
rare, it has been estimated that mileage-based insurance
could lead to a reduction in mileage up to 8-10%, which

could subsequently reduce the number of accidents by
12-18% due to the link between mileage and accident
rate (Evans 2004; Bordoff and Noel 2008; Litman 2011).
The positive effects of UBI could be further enhanced by
linking insurance premiums to a wider range of driving
behaviours than simply mileage, such as when, where and
how a person drives. In this way, a driver could reduce the
costs of vehicle insurance by adopting a safer and more
eco-friendly -‘smart’ - driving style (Adkins 2004; Litman
2005, 2011; Bordoff and Noel 2008; Bolderdijk et al. 2011;
Lahrmann et al. 2012; Dijksterhuis et al. 2015).
Forinstance, in field trials by Lahrmann et al. (2012) and
Bolderdijk et al. (2011) drivers reduced speeding behaviour
substantially when being either penalised for speeding or
rewarded for keeping within the speed limit. In a simulator
study by Dijksterhuis et al. (2015), rewards and penalties,
based on driver behaviour, were combined and resulted
in a reduction of the number of speeding events by over
90%. The same study also demonstrated the effectiveness
of the implemented UBI system to encourage smooth
driving, as time spent on harsh cornering, accelerating,
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braking and speeding were all reduced by over 50%. This
is relevant because, in general, smooth driving can be
taken as an indication of a safe driving style (Dingus et al.
2006; Af Wahlberg 2008; Barkenbus 2010; Young, Birrell,
and Stanton 2011; Simons-Morton et al. 2013; Dorn 2014).

Encouraging a smooth driving style may be especially
important for young, novice drivers, who are over-repre-
sented in accident statistics; especially if male (OECD-ECMT
2006; Clarke et al. 2010; Lewis-Evans 2010). Young drivers
tend to over-estimate their driving skills and tend to run
more risks (OECD-ECMT 2006; Hatfield and Fernandes
2009). In addition to driving more at night, driving under
the influence of alcohol, driving without a seatbelt and
behaving more recklessly when driving with teenage pas-
sengers, young drivers show a greater tendency to speed
(Williams 2003; Groeger 2006; Clarke et al. 2010; Lahrmann
etal. 2012). Moreover, this group has been associated with
larger longitudinal and lateral accelerations, and with
maintaining shorter headways (Simons-Morton, Lerner,
and Singer 2005; Dingus et al. 2006; Simons-Morton et
al. 2011). A UBI, especially when coupled to an optimised
in-car feedback strategy and interface design, may help
to reduce driving behaviours that are associated with this
high risk, young driver, population and this group will
therefore be the focus of this study.

As mentioned above, a UBl is in essence a mechanism for
delivering rewards and penalties. The behavioural effects of
rewards and penalties may be mediated by many factors,
such as the tendency to conform to authority, to conform
to similar others, goal setting, loss aversion, or presenting
benefits in reference to safety or environmental impacts
(Kahneman and Tversky 1979; Cialdini 2001; Lehman and
Geller 2005; Delhomme et al. 2010; Bolderdijk et al. 2013).
However, according to the literature, the effectiveness of
incentives depends on three main factors, namely the swift-
ness and certainty that a reward or penalty follows behav-
iours, and the size of the rewards or penalties (e.g. Skinner
1974; Abrahamse et al. 2005). Luckily, for the viability of UBI
products, where monthly financial savings are likely to be
relatively small, rewards size may be the least important
factor (Skinner 1974; Bjornskau and Elvik 1992; Zaal 1994).
Forexample, in an online survey of over 200 Dutch non-UBI
car insurance policyholders, it was indicated that a monthly
reward of 10 euro or more would already make a UBI attrac-
tive (Lewis Evans et al. 2013A). In addition, UBIs, as they
are based on driver monitoring, can deliver rewards and
penalties immediately and with almost absolute certainty
- suggesting that they could be quite effective.

However, the financial consequences of a UBI, and its
link to driving behaviour, may not be immediately clear
for a driver. Indeed, the most popular option for providing
feedback is through a website, which is usually not vis-
ited frequently (e.g. Bolderdijk et al. 2011). A low website
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viewing frequency and the resultant delayed feedback
also imply a low involvement with the product, as drivers
may simply forget about it until they see the insurance
bill several weeks later. As such, Dijksterhuis et al. (2015)
compared the provision of immediate feedback through
an in-car interface to delayed feedback, of maximally one
week, through a website interface which participants
viewed at least once. In these conditions of feedback
certainty, behavioural improvements of both groups as
compared to a control group were similar, suggesting that
the swiftness with which an in-car interface delivers feed-
back may not be strictly necessary for an effective UBI.
Nevertheless, the positive changes were slightly more pro-
nounced for the in-car feedback group. In addition, since
in-car devices may be better suited to maximise feedback
certainty compared to web-based feedback, these are
worth considering for future use in UBI products.

The design of in-car information systems is a particu-
larly important factor given its potential to distract and
overload the driver and has been investigated in various
research efforts aimed at optimising safe and eco-friendly
driving behaviour for more than a decade (Jamson and
Merat 2005; Horberry et al. 2006; Young, Birrell, and
Stanton 2011; Rouzikhah, King, and Rakotonirainy 2013;
Birrell, Fowkes, and Jennings 2014; Hibberd, Jamson, and
Jamson 2015). The guiding principles include a good fit of
the provided information, whether this is visual, auditory
or haptic, with the driver’s mental model and actions (e.g.
Stanton and Young 2005). An intuitive interface requires
less resources to process, leading to less potential for
conflict with primary task of safely controlling the vehicle
(Jamson and Merat 2005). Similarly, simplicity is preferred
over more complicated designs, also by drivers themselves
(e.g. Fors, Kircher, and Ahlstrom 2015). In Dijksterhuis et al.
(2015), the design of the UBI visual interface was aimed at
optimising clarity, ease-of-use and minimising the distrac-
tion of several interface elements, assessed through an
online survey (n = 119; Lewis-Evans et al. 2013B). One of
the aims of the current study was to investigate if further
simplification of the in-car feedback s still effective in alter-
ing driving behaviour. Feedback elements from the inter-
face, namely up-to-date monetary progress, behavioural
information and the current speed limit, were therefore
deleted or altered in various combinations from the base
interface to form six different interfaces.

Money is a medium for acquiring desired outcomes (e.g.
consumer products). Therefore, in addition to informing
drivers directly about the financial consequences of their
driving behaviour, other reward mediums could also be
considered, such as providing points (see e.g. Lahrmann et
al. 2012).The advantage of using a non-monetary medium
is that its magnitude may be varied more freely, notwith-
standing the consideration that reward size is considered
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less important than reward swiftness and certainty in the
literature (e.g. Skinner 1974; Zaal 1994) which are already
optimised when delivering immediate information through
an in-car device. A large reward medium has been shown
to affect an individual’s inference of the actual impact of
the rewarded behaviour on the desired outcome. In other
words, consumers overvalue the importance of a reward
medium of high numerical value, and could therefore
invest more effort into the pursuit of receiving it (Hsee et
al.2003; Van Osselaer, Alba, and Manchanda, 2004; Bagchi
and Li 2011). Since large numbers are usually associated
with other large outcomes, we hypothesise that substitut-
ing feedback on monetary rewards with a large number of
points will enlarge UBI effects. Finally, since the difference
between the current earnings and the (maximum) reward
is an important piece of information in investigations into
the effects of loyalty programmes (Bagchi and Li 2011),
we looked into the effects of providing participants with
a percentage of the maximum amount that they could
earn during driving.

2. Method
2.1. Participants

A total of 33 participants were recruited through social
media and poster announcements throughout the
University of Groningen. Given the focus of this study on
young and novice drivers, and to avoid including very
inexperienced drivers, participants were required to be
18-25 years of age and to have held their driver’s licence
from one to a maximum of five years. Upon examining
driving experience, it turned out that three participants
had reported unusual high total mileages of 50.000, 80.000
and 300.000 km, representing a distance to the group’s
median mileage of more than twice the interquartile
range. Since such high total mileages indicate experi-
enced rather than novice drivers, these participants were
not further analysed, leaving 30 participants (12 male) in
the data pool. The average age of these 30 participants
was 21.3 years (SD = 1.7), and they had held their driv-
er’s licence for 2.8 years (SD = 1.1) on average. Fourteen
participants reported driving less than 100 km per month
and 12 participants reported driving around 100-300 km
per month. The remaining four participants reported a
monthly mileage between 500 and 900 km. The median
reported total mileage across the group was 4000 km
(IQR =9500).

2.2. Procedure and instructions

Upon arrival at the experimental site at the University of
Groningen, a participant was informed in general terms of

the experimental design, asked to sign an informed con-
sent,and tofillin a survey that collected basic demographic
data. In addition, participants were informed in full detail
of the monetary rewards system and told that they would
receive €10 plus €3 depending on how they drove, with a
maximum of €0.50 being available per experimental drive.
The participants then completed eight relatively short,
identical, drives, all within one experimental session. In
this session participants completed a practice drive, drove
with each of six different user interfaces (Uls), and drove
with an empty control interface. During the first practice
drive, the participants were given the opportunity to get
used to the simulator and to get used to receiving in-car
information via the UBI system, but did not yet receive
rewards for complying with the set UBI driving thresholds
(Ul type A; see Figure 2(A)). The order of the remaining
seven drives was balanced across participants according
to a randomised Latin square. During the practice drive
and the control drive, participants were informed that their
driving behaviour would not be linked to rewards and pen-
alties. After each drive, participants were requested to rate
several items with respect to the drive and the interface
they were exposed to during that drive. Once the partic-
ipants had finished all the drives, they were asked to fill
out a final brief questionnaire in reference to their pref-
erences, in terms of the different interfaces, before being
fully debriefed and receiving the full €13 despite being
told that they would have to earn the extra three euro.
The experimental session lasted for about 90 min. Ethics
approval to conduct the experiment was granted by the
University of Groningen Psychology Ethics Committee.
Before each drive participants were instructed to
drive as they would drive in their own vehicle and were
reminded of the UBI system and the driving behaviours
linked to this system. In addition, the particular Ul version
for each drive was explained to them. One way for par-
ticipants to earn the maximum monetary reward would
be to drive very slowly, since the reward increased with
each second of smooth driving. Therefore, some time pres-
sure was applied by asking the participants to complete
each drive within 6 min, although participants were not
informed whether or not they had actually completed the
drive within this period of time at any point, nor was a
timer visible to the participants within in the simulator.

2.3. Material

2.3.1. Thedriving simulator

The experiment was completed with the University of
Groningen STSoftware®© driving simulator, which consists
of a fixed-base car mock-up with functional steering wheel,
indicators and pedals. The road environment and traffic
were displayed on three 32-inch screens, which provide a
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Figure 1. The Groningen driving simulator, with the UBI device (the iPod) mounted on the simulator frame.

viewing angle of 210° in total. In addition, an extra screen
mounted to the side provided the participants with an
extra 70° and allowed them to shoulder check the blind
spot on the left side of the car (See Figure 1).

During each of the eight simulated drives, the partici-
pants drove through the same village, which took around
7.6 min to complete on average. During each of these iden-
tical drives, the participant interacted with other trafficand
navigated ten intersections. Intersections could either be
with or without intersecting traffic, with or without right
of way as indicated by traffic signs and road markings, or
with or without traffic lights. Traffic at the fifth encoun-
tered intersection was specifically programmed to result
in a gap-acceptance task, as participants had to navigate
through a stream of vehicles intersecting from both direc-
tions (see e.g. Brookhuis, de Waard, and Samyn 2004). The
intersecting traffic started with a gap time of one second
that then increased by one second with every gap. The
accepted gap time and the distance to the approaching
cars during that accepted gap was recorded automatically
by the simulator. Other traffic consisted of a stream of
medium density oncoming traffic and a car that followed
the participant’s vehicle during most of the drive, in order
to create some feeling of pressure. The task of navigat-
ing the route was simple and identical for each drive.
Participants drove straight on during most of the drive,
and route instructions were verbally given once per drive
(i.e."Turn Right’) via a small navigation device located on
top of the virtual dashboard (see Figure 1).

2.3.2. Rewards, penalties and thresholds

The UBI system ran in a Node.js Server-Side JavaScript
environment on the simulator computer. During the
drives, participants could earn extra money or lose it
again, based on their driving behaviour. Participants were
rewarded with €0.0015 per second if they drove smoothly

and stayed within the speed limit. However, passing
thresholds for unsafe driving for at least 0.5 s resulted
in a penalty of €0.03 per second. When the participant’s
vehicle was not in motion, rewards or penalties were
not administered by the UBI system. Four behavioural
thresholds for unsafe driving were defined. To start with,
speeding was defined as driving at least 5 km/h faster than
the current speed limit. Next, harsh cornering and harsh
braking were defined as a lateral acceleration or decel-
eration of over 3.0 m/s2 This threshold of 3.0 m/s? was
taken from the 2.5 m/s? limit used by Ullberg (2009) and
then adjusted so it felt appropriate for car modelled by the
driving simulator (see e.g. Bonsall, Liu, and Young (2005)
for other threshold value suggestions). While this does
mean that the 3.0 m/s? limit is somewhat subjective and
specific to the driving simulator software used, it is also
a somewhat conservative limit with other research sug-
gesting that around 1.5 m/s? acceleration or deceleration
corresponds to smooth driving (Bonsall, Liu, and Young
2005). In addition, the baseline threshold for harsh accel-
erations was decreased with a factor of 0.0112 at speeds
below 60 km/h and decreased with an additional factor
of 0.0112 for speeds above 60 km/h, based on an investi-
gation on a similar system for trucks by Ullberg (2009; see
also Dijksterhuis et al. 2014, 2015).

2.3.3. Feedback delivery

Real-time behavioural and monetary feedback was pro-
vided through one of six versions of a Ul. The Ul ran a
HTML5 web platform communicating with the control
software over web sockets and was presented to the par-
ticipants on a dash mounted 5th-generation iPod touch
via a‘Kiosk Pro Lite"application (see Figure 1). In addition,
at the end of each of the six experimental drives, a sum-
mary of received rewards, penalties and related driving
behaviours was displayed on the same device.
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Figure 2. lllustrations of all interface types in ‘reward’ mode (A—F), the control interface (G) and an example of the interface’s ‘penalty

’

mode (H). (A-E, H) All text on the interfaces were translated from Dutch for the readers’ convenience.

All versions of the UBI interface are shown in Figure 2.
To start with, Ul A is identical to the interface as used for
a previous study (Dijksterhuis et al. 2015). The top pane
of Ul A shows the continuously updating total amount
of earned money and a green/red arrow pointing up/
down indicating if money is currently being earned/lost.
The middle pane provides real-time feedback on corner-
ing (lateral acceleration in either direction), braking and
acceleration behaviour. In addition, a vertical dashed line
in each bar indicates the threshold value of that particu-
lar behaviour and the bar changes colour from green to
red when this value is exceeded. In the bottom pane, the
current speed limit was shown which flashed red in case
the speed limit was broken, acting as an intelligent speed
advisor. On Ul B, instead of the total amount of earned
money, a large number of points were shown, using a
simple multiplication factor of 5000. For Ul C, a percentage
of the maximum amount (which was €0.50 per drive) was
shown in the top pane. Next, the upper pane of Ul D was
blocked from view. On interface E, both the upper and
lower pane was blocked from view, leaving only the three
bars indicating current driving behaviour values in view.
UI F only showed the speed advisor and Ul G represented
the control interface when participants received no feed-
back, nor could they earn or lose rewards. Finally, Ul H in

Figure 2 illustrates the Ul elements in penalty mode, when
two thresholds are passed simultaneously (speeding and
rapid acceleration). Multiple thresholds being crossed still
resulted in the normal rate of decrease (€0.03 per second).

2.3.4. Questionnaires

The questionnaire (in Dutch) used for the experiment was
carried out online via an ASUS Transformer Pad TF300T
tablet running the Android operating system, version
4.1.1.The questionnaire contained the instructions about
the experiment, explained the monetary and behavioural
details of the UBI system emphasising that smooth driv-
ing behaviour was important (i.e. which behaviours it was
linked to, and how much reward or penalty per second it
could result in), and basic demographic questions about
the participant’s age and driving experience. The question-
naire then further introduced the idea of UBI and asked
participants if they would be interested in setting their
insurance premium based on driving data collected by a
UBI system (exactly half of the participants answered that
they were indeed interested).

After each drive, except for the practice drive, par-
ticipants were asked to rate the difficulty risk, and level
of distraction experienced on a scale running from one



to seven, where one indicated the complete absence of
experienced distraction/risk/difficulty and seven indicated
extreme levels. In addition, for all six experimental inter-
face types, ratings of perceived clarity, ease of use, accu-
rateness and distraction were requested on the same one
to seven point scale. Finally, after experiencing all of the
interfaces, participants’ personal preferences were further
probed by providing them with a‘forced choice’question
where they were asked to pick what they considered to be
the best (or least-worst) and the worst interface (or least-
best). The terms worst and best were not further defined
to the participants.

2.4. Data sampling and analysis

Three data sources may be discerned. Firstly, subjective
measures: ratings for the Uls and the drives in general, and
the outcome of the forced choice question. As mentioned
above, these were acquired after each drive and after
completing all drivers. Secondly, parameters that were
directly related to the UBI system were sampled at a rate
of 10 Hz: accelerating, braking, cornering and speeding
behaviour in addition to the monetary performance that
resulted from these behavioural measures. To account for
differences in the time it took participants to complete
a particular drive, the monetary results per minute were
analysed, rather than the total amount of earned money.
Furthermore, for these UBI parameters, the percentage of
the total driving time that participants spent exceeding
the threshold values was analysed. Finally, the effects on
driving behaviours that were not directly related to the
UBI rewards were also analysed, namely, the average total
driving speed, the standard deviation of the driving speed
(with speed being sampled at a rate of 10 Hz by the sim-
ulator) and the accepted gap time when navigating the
fifth intersection on route.

To test differences in the number of most liked and the
most disliked interfaces, chi-square tests were used. Next,
before testing differences between the various interface
conditions, the distribution for each dependent variable
in each of the seven Ul conditions was visually inspected
and further checked through the Shapiro-Wilk test for nor-
mality. Since significant deviations from normality were
found in most conditions for subjective ratings, UBI-related
parameters, and accepted gap time, the non-parametric
Friedman test was employed for these variables. However,
for mean driving speed and the mean of the standard devi-
ation of driving speed, the number of normality deviations
was limited to one and two respectively, and therefore,
parametric repeated measures MANOVA's were employed
to test these driving behaviours.

If appropriate, differences in outcome variables were
further investigated using pairwise comparisons. In case
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of the nonparametric variables, a Wilcoxon Signed Ranks
Test was used to compare each Ul pair. Similarly, mean
differences (t-tests) were tested in case of parametric
variables. To compensate for familywise error rate, the
p-values of all pairwise comparisons were corrected
according to the Bonferonni method by multiplying it
with the number of pairs. In this way, alpha could be set
to 5% for all tests, which were carried out using IBM SPSS
Statistics 22.

3. Results
3.1. Subjective measures

To start with, Figure 3 shows all mean subjective ratings
as acquired directly after each drive. As can be seen on
the left-hand side of Figure 3, both perceived driving
difficulty and risk were low for all interfaces (median rat-
ings of 1 or 2) and did not differ much between interface
types (see Table 1 for the statistical results and Figure 2
for an illustration of all the interfaces). Ratings of ease of
use and perceived accuracy were also similar across inter-
faces, mostly relatively high, and did not significantly differ
between drives. However, tests for the other ratings did
reveal some differences.

Firstly, even though the mean ratings on perceived
distraction were relatively low (see Figure 3; also for defi-
nitions of the rating items), post hoc analyses revealed
several differences, mainly pointing to the fact that the
control drive (Ul G), during which an empty interface was
shown, was perceived as less distracting than most other
drives (a median rating of 1 vs. a median rating of 2 or 3
forthe Ul A, B, Cand D; seeTable 1). Secondly, driving with
UI F, which only contained the maximum speed limit, was
rated as less distracting than all the other Uls (a median
rating of 2 vs. a median rating between 3 and 4 for the
other Uls).

Finally, Ul type affected clarity ratings, even if all median
scores were in the high to very high range, between 5
and 7. Post hoc analyses confirm that Ul A was perceived
as clearer (median of 7, which was the maximum score)
than all other interfaces (see Table 1). Also, the percent-
age-based Ul (C) was rated as clearer than the credit/
points-based Ul (C).

Upon completing all drives, participants were asked
to pick the best and worst interface after the experiment
(‘forced choice) see Section 2.3.4) and differences were
found for both (best design: ¥(5) = 15.18, p = .010; worst
design: y2(5) =23.21, p <.001). Zooming in on those differ-
ences, interface type F was clearly most often picked as the
worst by the participants (45%). Votes for the best design
were distributed across more interfaces, as interface type
A, Cand D, were all picked relatively often (27, 18 and 27%).
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Figure 3. Median ratings for all questions and interface types. Interface type (A, B, C, D, E, F and G) correspond to Figure 2.

Notes: Participants could rate from 1-7, where one was ‘not at all’ and seven was ‘very’ The difficulty, risk and distraction 1 ratings
were requested with respect to the drive in general. Clarity, Ease of Use, Accurateness and Distraction 2 ratings were aimed at the
user interface. Translated from Dutch for the readers’ convenience, the horizontal categories below the x-axis represent the following
questions. Difficulty; How difficult did you find this drive? Risk: How much risk did you experience during this drive? Distraction 1: How
distracted did you feel during this drive? Clarity: How clear was the information presented? Ease of Use: How easy did you find it to
use the interface? Accurateness: How accurate did you feel the presented information was? Distraction 2: How distracting did you feel
the interface was? The whiskers represent the interquartile range. The upper end of each whisker represents the third quartile, while the

lower end of each whisker represents the first quartile.

Table 1. Friedman test results and pairwise Wilcoxon Signed Ranks tests comparisons (Figure 3). Only if Friedman’s test yielded a
significant result were pairwise comparisons performed, and only significant pairwise test results are shown in the bottom of the table.
Ul = User interface type (A-G correspond to Figure 2), G = the control (empty) interface.

Friedman test

Drive in general (interface A-G)

User interface (interface A-F)

Rating df X2 p Rating df X p

Difficulty 6 6.036 419 Clarity 5 35.945 <.000

Risk 6 6.407 379 Ease of use 5 7.532 184

Distraction 1 6 35.651 <.000 Accurateness 5 2.389 793

Distraction 2 5 39.418 <.000

Significant pairwise comparisons (Wilcoxon Signed Ranks Test)

Distraction 1 Clarity Distraction 2

Pair V4 p Pair V4 p Pair Z p

Avs.G -3.227 .026 Avs.B -3.69 .003 Avs. F -3.801 .002

Bvs.G -3.461 011 Avs.C -3.450 .008 Bvs.F -4.107 .001

Cvs.G —3.453 .012 Avs.D —3.587 .005 Cvs. F —4.036 .001

Dvs.G -3.112 .039 Avs.E -3.476 .008 Dvs.F -3.450 .008
Avs. F -3.776 .002 Evs.F -3.994 .001
Bvs.C —3.008 .039

3.2. Objective measures

Performance in terms of monetary rewards and losses and
the underlying driving behaviours are shown in Figure 4.
To start with, a main effect of interface type on earnings
was found (Figure 4(A) and Table 2). This was mainly caused
by the relatively low median net earnings during the con-
trol drive (€0.045/min), while the net earnings as a result of
driving with any of the experimental interface types (A-F)
were more similar, ranging between €0.059 and €0.061
per min.

Directly reflecting the monetary earnings are the per-
centages of time that any of the penalty criteria were

exceeded (Figure 4(B)). As can be seen in Figure 4(B), the
largest contributor to monetary losses for Ul types A-F was
harsh acceleration behaviour, as the median percentage
of the time that drivers exhibited this behaviour ranged
from 0.18% for Ul C to 0.90% for Ul G. In contrast, median
values for penalised cornering and speeding behaviour
were 0.0% for most conditions. Only when driving with
the empty control Ul (G) did the median of the time spent
on harsh cornering increase to 0.16%. Moving on to harsh
braking behaviour, which varied between 0.0 and 0.45%, it
is again clear that the main effect is largely caused by the
high median percentage in during the control ride, as all
significant pairwise comparisons involved Ul G.
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Figure 4. Median monetary earnings and the underlying monitored driving behaviours. (A) Median net monetary earnings per minute,
gains minus losses. (B) The median percentage of time that each of the driving behaviour criteria were passed. (A-B) Interface type (A-G)
correspond to Figure 2.

Notes: To be clear, during drive G, the participants did not actually earn or lose money. The whiskers represent the interquartile range.
The upper end of each whisker represents the third quartile, while the lower end of whisker represents the first quartile.

Table 2. Friedman test results and pairwise Wilcoxon Signed Ranks tests comparisons (Figure 4). Only if Friedman’s test yielded a
significant result were pairwise comparisons performed, and only significant pairwise test results are shown in the bottom of the table.
Ul = User interface type (A-G correspond to Figure 2), G = the control (empty) interface.

Friedman test

Rating df X2 p
Monetary earnings 6 24.929 <0.000
Speeding 6 4.503 0.609
Braking 6 26.667 <0.000
Accelerating 6 20.690 0.002
Cornering 6 15.977 0.014
Significant pairwise comparisons (Wilcoxon Signed Ranks Test)
Monetary earnings Braking Accelerating
Pair Z p Pair Z p Pair V4 p
Avs.G —4.227 <0.000 Avs.G —3.587 0.007 Avs.G —3.848 0.002
Cvs.G —3.445 0.012 Cvs.G -3.215 0.027 Cvs.G -3.579 0.007
Evs.G —3.281 0.022 Dvs.G -3.750 0.004 Dvs.G —-3.460 0.011
Evs.G -3.250 0.024 Evs.G -3.189 0.030
0,10
0,08 *A
0,06 oB
0,04 4
0,02 AC
0,00 xD
-0,02
XE
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Figure 5. Net monetary earnings per participant and interface type (A-G).

Inter-individual differences are explored in Figure 5, which participants were losing money, out of a total of
showing that there were a total of eight drives during 7x%30 = 210 drives (about 4% of all drives). Six of these



1166 e C. DIUKSTERHUIS ET AL.

(A)*

42

40 1

38 -

km/h

36

34 T T T T T T 1

(B),,

16 -

15 -

km/h

13 T T T T T T 1

(C)o .

=]
L

H (3] (<] ~
L

Cc D
Interface type

Figure 6. Mean driving speed (A), mean standard deviation of
driving speed (B) and the median accepted gap time (C). In (A,
B) the whiskers represent standard error. In (C) the whiskers
represent the interquartile range.

Notes: The upper end of each whisker represents the third
quartile, while the lower end of whisker represents the first
quartile. Interface type (A-G) corresponds to Figure 2.

were in the control condition (Ul G). It also shows that for
the majority of participants (approx. 21), monetary earn-
ings while driving with interface type G were in a similar
range as the other drives, indicating that a small subgroup
was in fact responsible for the low monetary score as show
in Figure 4(A).

Next, when driving with interfaces A-F, participants
drove, on an average, at a speed of about 38.4 km/h which
increased to 40.8 km/h on average during the control con-
dition (Figure 6(A) and Table 2). Consequently, pairwise
comparisons only revealed differences with the control
interface (Ul G). The standard deviation of driving speed
(Figure 6(B)) shows a somewhat different pattern as driv-
ing with the Ul that only showed the maximum speed
limit (type F), lead to somewhat less variation in driving
speed as compared to the empty control interface (Ul G;
15.21 km/h). Also, the differences between Uls in median
accepted gap times (Figure 6(C)), which varied between
6.5 and 8.0 s, turned out to be significant. Pairwise compar-
isons however did not reveal specific differences, although
the largest contributors to the main effect were the rela-
tively low median gap time (6.0 s) when driving with Ul
E (which only showed driving behaviour) and the high
median gap time (8.0 s) when driving with Ul F (which
only showed the current speed limit) (Table 3).

4. General discussion

A Pay-As-You-Drive or UBI premium is determined by the
driving behaviour of the individual policyholder. Several
studies have suggested that UBIs may have substantial
economic, environmental and safety benefits for both
the individual driver and for society at large (Adkins 2004;
Litman 2005, 2011; Bordoff and Noel 2008; Bolderdijk et
al. 2011; Lahrmann et al. 2012; Dijksterhuis et al. 2015).
The effectiveness of a UBI may be affected by the way that
feedback on driving behaviour and monetary rewards is
delivered to the driver. A previous study by the authors
demonstrated that a continuously updating in-vehicle
interface is a good way of making sure that drivers see and

Table 3. Test results for mean driving speed, standard deviation of the driving speed and accepted gap time (Figure 6). For the speed var-
iables, repeated measures MANOVA's were employed, for accepted gap time the Friedman test was employed. Only if the main test yield-
ed a significant result were pairwise comparisons performed, and only significant pairwise test results are shown in the bottom of the
table. np2 (partial eta-squared) represents the effect size. Interface type (A-G correspond to Figure 2), Ul G is the control, empty interface.

2

Multivariate test results (main effects) df1,2 F P n,
Mean driving speed 6,27 2.538 .023 361
Standard deviation driving speed 6,27 2.889 .026 391
Friedman test (main effects) df p

Accepted gap time 6 14.113 .028

Significant pairwise comparisons (t-tests)

Mean driving speed (km/h) Standard deviation driving speed (km/h)

Pair t df p Pair t df p
Gvs. A 3.359 32 0.043 Gvs.F 0.901 32 0.050
Gvs.C 3.827 32 0.012

Gvs. F 3.361 32 0.042




use this feedback immediately (Dijksterhuis et al. 2015).
However, in-car information provision may potentially lead
to driver distraction (Jamson and Merat 2005; Horberry
et al. 2006). The current study therefore expanded on the
previous study by exploring if the original interface could
be simplified. In addition, a UBI system may capitalise on
medium maximisation, suggesting that people may be
affected by the substitution of relatively small amounts of
monetary reward with a larger amount of points (Hsee et
al. 2003; van Osselaer, Alba, and Manchanda 2004). Finally,
UBI effectiveness may be enhanced by showing drivers the
distance to the maximum available reward (Bagchi and
Li2011).

To begin with, participants earned more money, mainly
as aresult of displaying less longitudinal and lateral accel-
erations when driving under UBI conditions as compared
to the control condition. In addition, average driving speed
was reduced under UBI conditions. These behavioural data
confirm other research suggesting that an in-car UBI inter-
face may positively influence driving behaviour (Adkins
2004; Litman 2005, 2011; Bordoff and Noel 2008; Bolderdijk
etal. 2011; Lahrmann et al. 2012; Dijksterhuis et al. 2015).
To put it differently, since most participants had already
experienced driving with one or more interfaces when the
control condition occurred, this observation may also be
taken as an indication that changes in driving behaviour
are partly reversed when the UBI system is removed. This
reversal is in line with both our previous study (Dijksterhuis
et al. 2015) and field investigations during which partici-
pants were exposed to a UBI for several months (Bolderdijk
etal. 2011; Lahrmann et al. 2012).

Taken together, this suggests that the potential of
UBIs for permanently changing driving behaviours may
be relatively low, unless shown to the driver frequently.
One way of achieving this is through in-car feedback.
However, maximising feedback certainty outside the
car can already be effective, indicating that continu-
ous feedback may not be necessary (Dijksterhuis et al.
2015). In addition, effective UBI implementation in terms
of shaping safer driving habits, may require a broader
multidimensional approach, including interventions
aimed at changing driving attitudes, e.g. through social
marketing and training, similar to what is suggested in
eco-driving literature (Barkenbus 2010; Harvey, Thorpe,
and Fairchild 2013; Lauper et al. 2015).

When looking at specific changes of driving behaviours
as a result of driving with UBI, it turned out that the time
that participants exhibited harsh braking was reduced
most notably (about 93% as compared to the control
drive). Also, harsh accelerating behaviour occurred less
(about 69%). Cornering behaviour, while pairwise compari-
sons did not reveal a difference with the control condition,
hardly occurred at all during the UBI drives. This pattern of

ERGONOMICS (&) 1167

sizable changes is roughly comparable to Dijksterhuis et
al. (2015). However, in the previous study, speeding behav-
iour was the largest contributor to monetary losses, while
in the current study, this behaviour was hardly shown at
all by the majority of the participants. This difference in
results can be explained by the longer route used in the
previous study, which included rural and highway driving
conditions. Especially when driving on the highway, par-
ticipants seemed more inclined to set a fixed speed, occa-
sionally above the speed limit, for relatively long periods
of time during the control drives. Since the UBI system in
both studies was time based, this lead to larger penalties
in the previous study.

Interestingly, a large part of the UBI effects was caused
by a relatively small number of participants. As it turned
out, about two-thirds of the participants did not show a
decrease in monetary rewards during the control drive. On
the one hand, this could suggest that the positive influ-
ence of driving with a UBI system was transferred to‘with-
out-UBI'driving. On the other hand, it could indicate that
the personal driving style of most participants is already
largely corresponding with the UBI system. Put differently,
a UBI may especially affect a relatively small subset of driv-
ers whose normal driving style fall outside the bandwidth
of safe driving behaviour as established by a UBI system.
This is an interesting finding and more elaborate investi-
gations aimed at identifying individuals for whom a UBI is
likely to have a large impact could help to further optimise
design and effectiveness.

Differences between the interfaces, in terms of driv-
ing behaviour, were limited to Ul F (which only showed
the speed limit and is discussed later) and could be an
indication that participants were not really affected by
the substitution of feedback on monetary rewards with
a percentage of the maximum, or with a relatively large
amount of points. This could imply that the conversion fac-
tor as used for the current study, was not high enough. On
the other hand, it may simply imply that participants were
aware of the conversion factor, since they drove with all six
interfaces in a relatively short time. The link between an
indirect medium such as points and a more direct medium
such as money is usually not as clear for participants in
the literature on medium maximisation (Hsee et al. 2003;
van Osselaer, Alba, and Manchanda 2004; Bagchi and Li
2011). Speculatively, since individuals may be more averse
to losing what they already have than to not attaining a
reward, framing the reward system somewhat differently
may have yielded larger effects (Kahneman and Tversky
1979). For example, by giving drivers the highest score to
begin with and then subtracting points in case of deviant
behaviour. On the other hand, since the current set-up
entailed both gaining points and the risk of losing them
again, loss aversion may have already been a salient factor
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while driving with the UBI system. It would however be a
very interesting topic for future research.

Omitting information elements from the Ul did not
have a substantial impact on monetary performance and
the underlying driving behaviours, except when driving
with the Ul that functioned as an intelligent speed advisor.
As it turned out, the standard deviation of driving speed
decreased and accepted gap time increased somewhat
when driving with this interface, indicating a safer driving
style, perhaps as a result of a stronger focus on monitor-
ing driving speed. Maintaining the general positive effect
of driving with UBI also implies that the information flow
from the original interface could be simplified into just an
intelligent speed advisor without negative consequences
forimproving behaviour. That is, a simplified interface may
act as a reminder that a UBI system is active, once driv-
ers have also practised with the full system, as was the
case during this experiment. It also indicates that high
awareness of the connection between driving behaviours
and the reward system is a necessary condition of a UBI's
effectiveness. For future studies, it would be worthwhile
to further investigate ways of simplifying feedback while
maintaining high awareness of the system. For example,
whether a simple reminder of UBI while driving, com-
bined with more detailed feedback just prior or after a
drive could be just as effective as a richer, constant, flow
of information.

The experiences of driving with the various interface
types indicate that driving with the majority of interfaces
was perceived as more distracting than driving with the
empty interface. It should be noted that these drives were
still not rated as very distracting, with ratings averaging
between 1.8 and 2.8 on a seven point scale. Given that a
rating of one was ‘not distracting at all’ these ratings are
not particularly high. While the difference may have been
significant, it unsurprisingly indicates that the presence
of any feedback is more distracting than no feedback at
all. Of course, while subjective ratings of interfaces pro-
vide a starting point for assessing the potential for driver
distraction, people generally tend to underestimate how
distracted they are, and therefore, other proxies of driver
distractions, such as glance time off road should be con-
sidered for future research (Sodhi, Reimer, and Llamazares
2002; Victor, Harbluk, and Engstrom 2005).

Having said that, the interface that only showed the
intelligent speed advisor was rated as the least distract-
ing, which is in line with the general ergonomics rule that
providing less information is usually better. Other subjec-
tive measures tended to be less favourable for this inter-
face, e.g. it was selected most often as the worst interface
design. Perhaps, this can be explained by the relatively
large discrepancy between the provided information and
the actual rewarded behaviours, and indicates that not

providing all performance indicators was not the pre-
ferred design from the user’s point of view. Then again,
driving with this interface had a somewhat larger safety
effect on driving behaviour than the other interfaces, as
drivers picked larger gaps between cars before intersect-
ing a stream of cars and longitudinal driving behaviour
was somewhat smoother. In short, the various subjective
and objective effects of the intelligent speed advisor are
somewhat contrasting.

Preferences for ‘best design’” were more distributed
across interface designs, although the interface that only
showed feedback on acceleration behaviour was favoured
the least and the original full interface was favoured the
most. The original interface, displaying all information ele-
ments, was also rated to be clearer than all other interfaces.
This may be contributed to a training effect, since partic-
ipants practised with this interface, which is a possibility
that cannot be ruled out given the experimental design. In
general, however, ratings tended to be favourable across
interfaces, as perceived driving difficulty and risk was usu-
ally low and ratings of accurateness and ease of use high.
Taken together, the subjective data seem to imply that,
while the original interface is preferred in terms of clarity
and the speed advisor interface is preferred in terms of
being perceived as least distracting, the offering of some
degree of personalisation of in-car interfaces to drivers
under UBI schemes may be feasible.

The limitation of exposing participants to several inter-
faces in close temporal proximity was already discussed
above in terms of potential carry-over effects and empha-
sise the need to assess generalisability and sustainability
of behavioural effects of driving with a UBI system in real-
world conditions. The relatively small sample size should
also be acknowledged, as should the relatively short driv-
ing times. It may have been that over longer driving times
and with more participants, different results may or may
not have been obtained. Another potential limitation of
the current experiment is that the amount of money that
participants could earn per second (€0.0015) is rather large
compared to what can be expected in real UBI. However,
given that the total amount of money that could be earned
was relatively small, this may not be an issue. Finally, unlike
with a real UBI, participants of the experiment never had to
pay any costs, which is a necessary restriction due to ethi-
cal concerns for most experimental research, and empha-
sises the need to study effects of a UBI system with real
insurance products.

4.1. Conclusion

The results presented in this paper confirm the general
potential of UBIs for stimulating driving behaviour that
is rewarded by an in-car feedback system, although the



set-up of the experiment somewhat hinders drawing clear
conclusions on behavioural differences between inter-
faces. Nonetheless, simplifying behavioural and mone-
tary feedback did not lead to less safe driving behaviour
and usability ratings on most interfaces were favourable
and comparable. The experimental set-up ensured that
drivers were aware of the complete reward system all the
time, also when part of the information was hidden. Since
behavioural differences between interfaces were small,
although slightly favouring the Ul that only showed the
current speed limit, in these conditions of consequence
awareness, the results of this study can be seen as an indi-
cation that personalisation to some extent of the inter-
face’s design may be an option, assuming that drivers are
first familiarised with the full system.
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