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Abstract

We report a vehicle-fleet experiment with an economic incentive given to car drivers for
keeping within speed limits. A pay-as-you-speed traffic insurance scheme was simulated
with a monthly participation bonus that was reduced by a non-linear speeding penalty.
Actual speed was monitored by a GPS in-vehicle device. Participating drivers were
randomly assigned into two-by two treatment groups, with different participation-bonus
and penalty levels, and two control groups (high and low participation bonus, but no
penalty). A third control group consists of drivers with the same technical equipment who
did not participate but whose driving could be monitored. We evaluate changes in
behaviour from twelve-month differences in proportion of driving time per month that the
car was exceeding the maximum allowed speed on the road. We find that the
participating drivers significantly reduced severe speeding violations during the first
experiment month, while in the second experiment month, after having received feedback
reports with an account of earned payments, only those participating subjects that were
given a speeding penalty reduced severe speed violations. We find no significant effects
from the size of the participation bonus (high vs. low), or the size of the penalty (high vs.
low rate).

(JEL codes: H23, 118, K42, R41)

Keywords: Traffic insurance, traffic safety, Intelligent Transport Systems, ITS,

Intelligent Speed Adaptation, ISA



1. Introduction

Traffic insurance contracts provide no direct incentives to car drivers that comply with
maximum speed limits, although speeding is a major accident risk factor that increases
the probability of occurrences and the severity of consequences. In this study, we
evaluate a simulated insurance scheme that gives such an incentive. Voluntary enrolment
to a speed-compliance scheme is encouraged with a monthly participation reward (bonus)
while speed-limit violations are disciplined by a small per-minute charge (penalty). The
penalty is step-wise increasing in the relative magnitude of the difference between actual
speed and the speed limit. This mechanism was tried in a economic field experiment for
two months with 114 cars equipped with “Intelligent Speed Adaption (ISA)” in-vehicle
GPS devices that warn drivers with flashing light and sound when driving faster than the
stipulated maximum-speed limit.

Modern information and communication technologies, together with better digital
maps, has brought a variety of “Intelligent Traffic Systems (ITS)” in-vehicle devices
with a potential of enhancing the performance of traffic systems through navigation,
steering, display of traffic signs, speed control etc. Many such services have a private
goods nature and have been merchandized for years, either as supplementary equipment
or as integrated components of vehicles. However, other such services have a private
bads nature, although they may provide public goods, and are therefore difficult to sell on
a purely commercial basis. ISA services generally belong to the second category.
Although they may be helpful to people with some self-control problem, who therefore
want to be alerted when they drive too fast, in most cases speeding is a deliberate and

conscious choice by the driver, so having for instance a flashing and noisy speeding alert



is just an annoyance. From a social point of view, however, the driver may be ignoring
external effects of speed on safety and pollution, and after all, there normally are good
motives for having speed limits. Our study investigates a method for reconciling the
private and the social interest in using such equipment.

The present study is also related to the prevailing trend in insurance towards
“Usage-Based-Insurance (USI)”. A prominent USI example is “Pay-As-You-Drive”
traffic insurance programmes, where insurance premiums are paid by driven mile (Parry
2005). Such programmes are offered in several countries based on a similar technology as
the one we use in this study. Our scheme is hence another example of USI that can be
called “Pay-As-You-Speed (PAYS)”.

In insurance, USI schemes potentially offer solutions, or at least mitigation, to
various moral hazard and adverse selection problems. Also, the theory of propitious
selection (Hemenway 1990, de Meza and Webb 2001, Cohen 2005, de Donder and
Hindriks 2005, 2009) suggests that there are risk-avoiding personalities who both take
physical precautions and buy insurance. DeDonder and Hindriks (2009), in an analytical
study of insurance market equilibrium, show that under some mild regularity assumptions,
such preferences still do not imply a negative correlation between risk and insurance
coverage at equilibrium. However in another analytical study within a mechanism-design
framework, Arvidsson (2008) shows that a voluntary PAY'S scheme can be designed so
as to attract precautious drivers that already are more prone to compliance with speed
rules. Complementary to this effect, such a scheme will sort out less precautious drivers,
i.e., those drivers who prefer to not join the programme. Thus PAYS can be used to

create propitious, rather than adverse, selection in a separating equilibrium. The intuition



behind this result is that PAY'S reveals otherwise private information on the degree of
cautionary behaviour to the insurance company.

The focus of our study is, however, on moral hazard effects among users, not on
selection effects. We study how some features of a PAYS scheme, the magnitude of the
participation bonus and the penalty fee, affect driving behaviour of those drivers that
have accepted to participate. The car drivers in our experiment had been initially
recruited to another study on a voluntary basis but without any remuneration. Thus, they
can be assumed to be highly motivated for installing the ISA equipment, and probably for
using it. However, since we could monitor driving behaviour of drivers that declined
from participation in the economic experiment, we are able to provide some observations
on self-selection of participants, and also to use non-participants as a control.

Finally, our study is related to the literature on internalization of external cost of
transport. This issue has been at the top of the transport policy agenda for a long time. It
has for long been acknowledged by policy-makers and economists that there is a need for
more differentiated price or tax instruments. For instance, the petrol tax can be used as an
instrument for imposing the external cost of carbon dioxide emission on the individual
motorist, but does not differentiate between driving in densely or sparsely populated
areas that may differ widely with respect to congestion, pollution exposure, etc.

Hitherto, measures have focused on (rough) internalization by driven distance
(Parry 2005). The possibility to provide direct incentives to drivers for speed compliance
was mentioned in this literature already by Boyer and Dionne (1983, 1987) but never
explored because ‘it is usually either very difficult or extremely costly to observe self-

protecting activities of a particular individual’. To handle the externality in speed choice,



most societies instead relies on a combination of regulations (speed limits), enforcements
(fines) and insurance schemes (deductions and bonus/malus). A common problem of all
these instruments is the limited possibility to observe actual behaviour. However, the
development of new technologies, as the Global Positioning System (GPS), mobile
communications and improved information infrastructure (digital maps) now has changed
this.

It should be noticed that incentives based on such improved possibilities of
monitoring individual drivers do not necessarily involve “Big Brother” integrity problems.
This is so only if detailed vehicle positioning information is stored and conveyed, not just
used for instantaneous measurement. What actually is needed to record for incentive
purposes, is summary statistics at an aggregate level.'

Our main finding is that the speeding penalty substantially reduced the frequency of
severe speeding violations. During the second experiment month, after having received
feedback, participating drivers that were not given a speeding penalty did not
significantly reduce severe speeding.

In next section we describe the design of the experiment. We then report results, first
comparing participants and non-participants and then the different treatment groups to

each other. Finally follows a discussion of these results.

1 . . .
For instance, a monthly or annual summary of the number of minutes the vehicle has been used for
driving at a speed exceeding speed limits by a certain percentage.



2. The design of the field experiment

Our field experiment was designed for the purpose of evaluation of a PAY'S insurance
based on ISA equipment. A vehicle-fleet trial is very costly but we were given an
opportunity to use an already existing fleet trial. Vehicles for this trial had been recruited
through an offer to a random sample of 1000 private car owners in a Swedish city
(Borlénge, pop. 48 000) to get ISA equipment installed free of charge. No other
economic incentives were used in this trial. 250 private car owners accepted to have their
vehicles provided with on-board computers with digital maps, GPS positioning and
mobile communication facilities. The technical system informed the driver about the
speed limit on a display in the vehicle while an acoustic signal and a flashing light alerted
him or her if the vehicle was driven faster than the speed limit (Bergea and Aberg 2002).

The original trial was completed in December 2001. Early next year, the car
owners were informed that they could keep the equipment for some time if they wanted.
During the late spring, we invited 114 private car owners that still had these devices
installed to participate in an economic experiment for two months (September and
October 2002).These months were chosen for the main experiment, because they are free
from the two major seasonal “distortions” in this part of Sweden:, i.e., summer vacations
(from mid June to mid August) and winter road conditions (November — March), both
having major effects on aggregate travel and speeding patterns. After the second
experiment month was completed, however, we had not exhausted the project budget so
we offered the participants to continue for a third month. As will be shown later, that

turned out to be of no use since winter came during that month.



In our experiment, car owners were informed that they would receive a monthly
bonus of 250 SEK or 500 SEK to be paid immediately at the end of the month. However
some persons were informed that this bonus would be reduced by a penalty each minute
they drove faster than the speed limit. The size of the penalty varied in four steps between
0 and 1 SEK per minute, or between 0 and 2 SEK per minute, depending on the
magnitude of speed violations®. All participating drivers, also those that would get the
lump-sum bonus without penalty reductions, got individual feedback reports on their total
time of driving and speeding, together with the monthly bonus payment.

Those owners that accepted to participate were randomly assigned to a high or
low initial bonus (250 SEK/month or 500 SEK/month), and to the three penalty
categories (zero penalty; 0 — 1 SEK/minute; and 0 — 2 SEK/minute; respectively). To
always make participation beneficial in monetary terms, there was a cap to the total
penalty charges so that even high offenders would get a net payment of at least 75 SEK
each month. As it later turned out, no one was even near of hitting this ceiling.

A majority of the car owners (95 persons out of 114) accepted to participate in the
experiment, while nine drivers rejected, and ten did not respond. Drivers that accepted
were hence randomly divided into six groups as shown in Table 1. There were 16 drivers
in each of the groups A-E and 15 drivers in group F.

A remaining group (G) consisted of the 19 drivers that rejected or did not respond
to the offer to take part in the economic experiment. These non-participators were still
using the equipment and had been informed that their driving would be continued to be

monitored for research purposes. This give us opportunity both to cast some light on self-

% At this time 1 USD= 1 EURO = 9 SEK, so the highest charge corresponded to roughly 20 cents per
minute.



selection effects and to have a control group, although not randomly selected, with zero

bonus, zero penalty, and no individual feedback reports.

Table 1 here

The four-step penalty scheme is progressive to reflect that accident risk increases
progressively with the speed of the car (Nilsson 2000). The levels of the low penalty
charge were set so as to correspond to the estimated external cost of speed choice,
according to a cost-benefit model used by the Swedish National Road Administration.
Hence, since the technical speeding detection probability is one (or close to one), this
penalty scheme approximates a pure pigovian fee on speeding.’

Those given the low penalty scheme were charged 0.10 SEK per minute when the
actual speed exceeded the speed limit by 0-10 percent, 0.25 SEK per minute when speed
was 11-20 percent above limit and 1.00 SEK per minute for speed offences above 20
percent. Those car owners that were given the high penalty scheme were charged twice as
much.

The experimental design makes it possible to control for a variety of effects. First,
the non-participating group G offers control over effects on speeding evoked by external
factors, such as change of weather conditions. Second, the zero-penalty groups A and B

control for Hawthorn effects from being participator in an experiment, in which every

A comparision to a coarse estimate of the expected cost of speed fines indicates that the penalty fees
levied in our field experiment were much larger, by a 10* order of magnitude, than the expected cost of
speed tickets. Speeding fines in Sweden at this time varied between SEK 600 — SEK 1500. The average
probability of getting a speeding ticket during a car trip in Sweden is approximately 0.2%¥10° (annual
number of speeding tickets divided by annual number of car trips). Studies indicate that 50 percent of
cars on Swedish road are speeding (Forward 2006). Therefore conditional on that a car is speeding, the
expected cost of speeding fines per car trip was SEK 0.24*107 - SEK 0.60*107 . Finally, we assume
that an average car trip lasts 20 minutes.



participant is given feedback information on his/her own driving behaviour. Third, the
two bonus levels control for income effects, or other possible effects from the size of the
participation bonus.* Finally, the two penalty levels make it possible to evaluate both the
effect of penalties vs. no penalties (comparing C and E to A, and D and F to B) and to
effect of the size of penalties (comparing C to E and D to F). However, it must be borne
in mind that the experiment groups are small. Also, unfortunately, due to technical
failures of some equipment the year before our experiment, we lack some reference
driving data, in particular for October 2001.

Data records were automatically collected once a month through mobile
communication. The data contains information on geographical X- and Y-coordinates,
time and date. This information was recorded frequently (every second or every tenth
second) as long as the car engine was running. The data is summarized as individual
speed profiles for each road type (defined as roads with different speed limits). As an
example, Figure 1 presents the speed profile for one participant (car number 58) on roads
with the speed limit 50 km/h in September 2001 and September 2002. This participant
belongs to Group D. In this case, it seems that the driver has reduced severe speeding
frequency, while instead increased the frequency of driving just below the speed limit.

As the technology was known from the technical trial to have some flaws, data

was filtered from outliers to protect drivers from erroneous charging. At the end of each

* In behavioural economics, a general observation is that many people behave in a reciprocal manner
(Rabin 1993) including the phenomenon of “conditional cooperation” (Fehr and Fishbacher 2002), i.e.,
that people contribute (to a common good) contingent upon others contribution. This could imply that
drivers that were given the high participation reward would contribute more (high compliance to speed
rules). Another possible effect of bonus size comes from “corner effects”, i.e., that a driver with low
bonus is more close to the penalty cap (SEK 75) where the marginal cost of further speeding is zero.
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period, the participants received information about their speeding behaviour, the sum of

penalty charges and the remaining net bonus (Figure 2).

Figure 1 here

Figure 2 here

In the individual feedback reports to the participants, speed violations were
divided into three severity classes; Minor (0-10%), Medium (11-20%) and Major (>
21%). The reports stated the total time (minutes) during one month (t) that the car (i) had

been driven faster than the speed limit, in total, Vii, and within each severity class,V;, . By

dividing these variables with the total travel time of the car during the same month, M,

we compute the following speeding frequencies as our main outcome variables for
evaluation of the economic interventions:
Sijt =V

/My,

ijt
and S, = Zsm

The speeding frequency variables thus measure the proportion of total travel time that the
car is used for driving faster than the speed limit, in total and within each severity class.
As it is likely that a reduction of Medium and Major speeding can result in a
increase of Minor speeding, our evaluation will focus on the two most severe categories.
In fact, in preliminary regression analysis, we found only small differences in models for
these two categories, so regression results will be reported for the sum of them, which

will be called Severe speeding.

11



An evaluation of a randomized experiment like ours can be based on paired-
difference tests, comparing across groups the difference of the outcome variable during
one of the experiment months with the level of the same variable during a reference
month, which here will be the same month one year before. Thus, for drivers for which
we have all observations, we compare the levels of the outcome variables in September
and October 2002, respectively, to these levels in September and October 2001,
respectively. However, since our sample is small, and is further reduced by lack of
observations for some drivers in 2001, especially in October, randomization may not be
fully effective as a means of controlling for differences between individuals. Our
evaluation of results will therefore be based on regressions, using observations of all
individuals, and controlling for individual covariates, i.e., not on comparison of group by

group averages.

3. Results

The results of the field experiment will now be reported in three consecutive steps. First,
searching for self-selection effects, we compare descriptive statistics and previous driving
behaviour of the group of drivers that accepted to participate in the economic experiment
to the group of drivers that rejected participation (but remained being monitored). Also,
we discuss tentatively how the participating drivers relate to the general population of
motorists in Sweden. Second, we compare changes in average speeding time between
participants (groups A-F) and non-participants (group G). Third, we compare changes in

average speeding time each month across the six experiments groups (A-F) of drivers that
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took part in the economic experiment. Finally, we report regression results based on

observations on the individual level where we control for some individual characteristics.

3.1 Characteristics of participants and non-participants

As shown in Table 2, the average participating car owner (Group A-F) was 57 years old
and had an annual income of SEK 384 000. The participants were therefore on average
older and had higher income than the car owners in general.’ 26 percent were female
(national average is 31 percent). Non-participants (Group G) were on average 5 year
younger and had even higher income than participants, but only the age difference to
participants is statistically significant.

Table 2 also compares average total and severe speeding frequency of participants
and non-participants during September and October 2001, respectively, i.e., one year
before the economic experiment. According to the evaluation of the technology trial in
2001, the average speed of drivers was reduced by 3 percent when the ISA equipment
was activated (i.e., during the autumn of 2001), compared to a previous reference period
when the equipment was silent (but was used to record driving behaviour).

The table shows that before the experiment, participants on average drove faster
than the speed limit around 14 percent of the driving time, while non-participants were on
average speeding 17 percent of the driving time. This difference is, however, not
significant. For severe speeding, the proportion of driving time was 4 percent for

participants and 6 percent for non-participants. This difference is significant at the five

> The average age of a car owner in Sweden is approximately 46 years (SIKA 2006). The average annual
income of full time employees in 2001 was SEK 295 000.
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percent level. However, the significance disappears in a regression controlling for the

individual covariates (Sex, Age, Age squared, and Income), see Appendix Table Al.

Table 2 here.

As already noticed, both these two samples have emerged by stepwise self-
selection from the original random sample of car-owners in Borldnge that were offered a
possibility to take part in the technical trial. Some indication on how these selections
affect speeding behaviour can be inferred from a recent opinion poll on attitudes to
speeding among 13 000 Swedish citizens’, showing that men, younger persons (age 25-
39) and persons with higher income (increasing across several income levels) tend to
have a more lax attitude towards speeding than women, older person (age 40-69) and
persons with lower income. The high average age in our sample suggest that initial
attitudes before the experiment (and presumably behaviour) leaned more towards
compliance to speeding rules, compared to the national population of drivers’, but the

low female share and high average income may give a tendency in the opposite direction.

® The poll was commissioned by an insurance company (Lansforsdkringar 2008). Respondents were aksed
in telephone interview: “How serious do you regard the following legal violation: speeding”. Response
alternatives were “very serious”, “not so serious”, “nothing to care about” and “no opinion”.
Unfortunately, only cross-tabulations of results were reported.

7 This conclusion is based on the finding in the poll that there is a substantial difference in attitude between
individuals of age 25-39 and of age 40-69. In the younger group, 31 percent regarded speeding as a
serious violation of legal rules (while 67 percent responded “not so serious” or “nothing to care about”).
In the older group, 46 percent considered it serious (while 52 percent responded “not so serious” or
“nothing to care about”).
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3.2 Effects on participants and non-participants

In this section we report results for all treated groups as a whole (participants, i.e., groups
A-F)) and compare to non-participants (group G). Thus we compare two groups in which
all individuals have active in-vehicle devices, but in which one (non-participants) did not
get feed-back reports nor bonus, and another (participants) in which all individuals got

feed-back reports and a bonus, and some also had penalty reductions.

Table 3 here.

Table 3 shows, for September and October, the average 12-month differences in
the proportion of total travel time that drivers were speeding. This is shown for
participants and non-participants, respectively.

First, it can be observed from this table that the non-participants did not reduce
the speeding frequency. This is as expected and gives some support to our approach to
evaluate the results of the experiment from 12-months differences, i.e., there is no
indication that these differences are confounded from changes of external conditions. In
contrast, as shown in Figure 3 below, showing the average total speeding frequency of
participants and non-participants for all three autumn months of 2001 and 2002, non-
participants on average considerably reduced speeding from October to November 2002,
but not from October to November 2001. The explanation is that winter-road conditions

arrived more early in 2002 than in 2001.
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Figure 3 here.

Second, returning to the September and October results shown in Table 3, we see
that in comparison to the same month one year before, participants on average reduced
speeding time by 5-6 percentage units of total travel time (corresponding to around 40
percent decrease of total speeding time both months). The differences between
participants and non-participants in these 12-month differences are significant for all

violation types except for the highest speeding class in October.

3.3 Impacts across treatment groups

We now turn to differences of impacts across the randomly selected treatment
groups among participants. An initial question to be asked in a randomized experiment is
whether the randomization successfully balanced subject’s characteristics across the
different treatment groups. To illuminate that question, Table A2 in Appendix shows the
average values of the three key socio-economic variables sex (female = 1, male = 0), age
(years) and total annual income (1000 SEK) for non-participants (G), the six randomized
treatment groups (A-F), and various aggregates of the treatment groups.

The table indicates some undesired differences in these variables between the
treatment groups, due to the small group sizes. These differences however, as expected,
are reduced when groups are aggregated into larger entities. Anyhow, the upshot is that
the limited sample sizes make it necessary to use regression to control for observable

differences among individuals by regression.
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To get a first tentative overview of the main results, however, Figures 4 and 5
make pair wise comparisons of different aggregates of treatment groups with respect to
one-year differences in speeding frequencies (Minor, Medium, Major and Total) for
September and October, respectively.

Figure 4 compares non-participants (G) with the zero ((A+B), low (C+D), and
high (E+F) penalty levels groups, respectively. We see that all participant groups on
average considerably reduced speeding of all categories in September. In October,
however, this effect remained for Severe speeding (Medium and Major) among groups
with penalty charges, but not in the zero penalty group. For these violations, the relative
difference between the entities without and with penalty charges is substantial (around 50

percentage units).

Figure 4 here.

Figur 5 compares non participants (G) with the low (B+D+F) and high (A+C+E)
bonus groups. The figures indicate that, if anything, effects were larger in groups with the

low bonus level, in particular in October.

Figure 5 here.

3.4 Regression results

As noticed in the previous section, due to small sample size randomization into

experiment groups may be not fully effective in controlling for the effect of differences
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across individuals. We therefore now proceed by OLS regression focusing on the Severe
speeding violations. To gain efficiency, we use a general to specific estimation procedure.
We start by regression of a “base” model in which the one-year differences of each of the
speeding variables are regressed linearly on individual covariates and binary treatment
variables indicating participation (yes/no), penalty (yes/no), high bonus yes/no) and high
penalty rate (yes/no), respectively, where yes is represented by one and no by zero. Then,
a selection of interaction variables are introduced one by one and kept if significant at
lowest (10%) level, otherwise excluded (in fact, all were). Next, the model is step-wise
reduced by elimination of the variable with the lowest t-value, until no t-value is below
the critical value corresponding to the lowest level of significance. Then, finally,
interaction variables are introduced one by one as in the second stage. We report both the
base model and the final parsimonious model.

Tables A3 and A4 in Appendix describe characteristics of the variables of the
September and October samples we use. The sample sizes are mainly restricted by
limited number of observations of driving (speeding) behaviour in 2001, which leaves 66
and 48 observations in the two samples, respectively. There also are a few observations
of the income variable missing.

Table 5 shows the estimated general and specific models estimated for one-year
differences of Severe speeding in the two samples. For the September difference, two
variables, Age and Participation, remain in the reduced model; together explaining 12
percent of the total variation. In the reduced October difference model, the three
remaining variables are Penalty, Sex and Income*Sex; explaining 47 percent of the total

variation.
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Both the reduced and the general models support the conclusion that subjects of
all treatment groups reduced severe speeding during the first experiment month, while
only subjects in groups that were given speeding penalties reduced severe speeding
during the second month. No other treatment variables (or interactions, not shown) were
significant.

Age enters the reduced September model with a negative coefficient but with a
weak significance (p-value 0.096), while it gets a highly insignificant positive coefficient
in the general October model. The summary tables in the Appendix do not indicate any
unbalance in the age variable between the two samples. This effect is therefore difficult
to interpret.

The reduced October model indicates that female subjects on average reduced
their severe speeding, while male subjects with high income increased severe speeding.
Both coefficients are significant. However, the general September model gives no
support to this pattern, revealing highly insignificant coefficients for both Sex and
Income. The summary tables do not indicate that these differences are connected to
missing observations — income averages are quite similar and the differences in female
shares suggest that most missing observations are among men, therefore not aggravating

any possible problem of the data of a low number of female subjects.

4. Discussion and conclusions

We have conducted an economic field experiment with speed alert equipment during two

consecutive months in a medium-sized Swedish city. 114 cars were monitored and of
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them 95 participated in the economic experiment. The participants were divided in six
groups given either a high or a low participation bonus, and either zero, low or high
penalty reduction of this bonus according to a progressive payment scheme reflecting the
social external cost of speed-limit violations. Between the first and the second month,
participants were given a feed —back report on their speeding behaviour during the first
month and an account of how much they would be paid.

Although the drivers were initially selected by a random sample of car-owners in
the city, the sample of 114 drivers is not a representative sample of the general population.
The sample is on average older, has higher income and includes more men than a
representative sample. It is not clear whether that implies that the sample drivers are
likely to violate speeding rules more than the general population, but given that these
subjects have voluntarily accepted to install speed alert devices, our best guess is that
they are more inclined towards safe driving than the general population. We found that
the motorists who accepted the offer to take part in the economic experiment were on
average older that those who rejected or did not respond.

During the economic experiment participants significantly reduced their speed
violations compared to non-participants. The time proportion of speed violations was
reduced from around 15 percent of total driving time prior to the experiment to between 8
percent and 5 percent during the experiment with the lower interval at the end of the
experiment period. Non-participants had almost constant proportion violations during the
experiment.

During the first experiment month the priced participants reduced the speed

violations more than the zero-penalty participants but the difference was not significant.
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However, during the second month priced participants reduced severe violations
significantly more than the zero-penalty group; the former had a reduction of 64 percent
while the latter only had a reduction of 15 percent. Regression analysis gives statistical
evidence of a participant effect in September and a penalty effect in October. This
implies, that a penalty charge is essential for having a lasting effect on severe speeding,
1.e., the “placebo” or “Hawthorn” effects of participation only that seem to be present in
the September sample is not statistically significant in October.

Further, the results do not indicate any difference between the two penalty charge
levels. This suggests that drivers have had a binary decision, either to change or not to
change their regular behaviour, and that, at least for the duration of our experiment, the
low level was high enough to exhaust the potential for that. This further suggests that a
more simple scheme than the four-tier penalty rate we used would suffice, for instance a
flat charge per minute for speed violations exceeding the speed limit by a certain margin.

Finally, there was no significant behavioural difference between groups with
different bonus levels.

Our study thus suggests that economic incentive schemes, in the form of
insurance programmes or otherwise, coupled to the use of speed alter devices may be an
effective way of reducing severe speeding, and thereby increase overall road-traffic
safety. The results imply that even drivers that voluntarily have installed such devices in
their cars may be highly sensitive to such economic incentives.

Needless to say, more research is warranted. Our study was performed at a time
when speed alert systems were a technical novelty. Now, such systems are becoming

common either through supplementary navigation systems or as standard systems in
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premium cars. The quality of digital maps with update information on speed rules has
improved greatly. It should therefore be possible to extend field experiments of the type
we have made to include larger, and perhaps more representative, groups of drivers, and

to study effects during longer periods.
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Table 1. Treatment groups (participants)

Zero Low penalty level |High penalty level
penalty |(0-1 SEK/min) (0-2 SEK/min)
High bonus (500 SEK) A C E
Low bonus (250 SEK) B D F
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Table 2. Average characteristics of participants (groups A-F) and non-participants (group
G): Sex, age, annual income, monthly driving distance and speeding frequency (total
speeding time as percent of total driving time) of operated cars. Standard errors within
parentheses.

No. Female Age Income Total speeding  Severe speeding
share Years SEK/year frequency frequency
Percent Percent Percent

Sept  Oct Sept  Oct

01 01 01 01

Participants 95 26 57 394 13.6 13.8 3.5 4.2
(44) (13) (244) 8.9) (7.1 3.6) (3.9

Non-participants 19 16 52% 465 170 17.0 5.6¥% 6.4

(37) (10) (154 @.1) (7.5 (.1) (5.4

* Difference between participants and non-participants is significant at the 10% level
** Difference between participants and non-participants is significant at the 5% level
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Table 3. 12-months differences in average speeding frequency, percentage units.

Participants

Non-

participants

Difference-in-difference

Std.dev
Mean No. Obs. Mean Std..dev. No. Obs. Mean  Std.dev. t-value
One-year difference September (percentage units)
Speeding frequency,
total -0.05 0.07 72 0.01 0.04 10 0.06 0.07 2,712
Minor -0.03 0.06 72 0.01 0.04 10 0.04 0.06 2111
Medium -0.01 0.02 72 0.00 0.01 10 0.01  0.02 2.230™
Large -0.01 0.01 72 0.00 0.01 10 0.01  0.01 2.816™
One-year difference October (percentage units)
Speeding frequency,
total -0.06 0.06 44 0.00 0.04 6 0.06  0.06 2448~
Minor -0.04 0.04 44 -0.01 0.02 6 0.03  0.04 2.098*
Medium -0.01 0.02 44 0.00 0.01 6 0.02  0.02 2.246™
Large -0.01 0.02 44 0.00 0.02 6 0.01  0.02 1.324

**) Significant on 95% level.
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Table 4. Average socio-economic characteristics (sex, age, income) of non-participants

(group G) , treatment groups (A-F), and aggregates of treatment groups

Group

Bonus
Pernalty
Sex

Age

Income

0,28 0,29 0,28
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Table 5. OLS estimation results for one-year differences of Severe speeding in the
September and October samples, respectively. Base (general) and reduced (specific)
models. Standard errors within parentheses.

Variable September 01-02 October 01-02
Base Reduced Base Reduced
Constant -0.025 0.015 -0.053 -0.001
(0.045) (0.014) (0.070) (0.006)
Participation 0.025%* 0.026%** 0.009
(0.011) (0.009) (0.018)
Penalty 0.004 0.018 0.021**
(0.008) (0.012) (0.008)
High penalty -0.002 0.005
(0.008) (0.013)
High Bonus -0.001 0.004
(0.007) 0.010
Sex 0.0003 0.032%** 0.062%**
(0.0075) (0.011) (0.013)
Age 0.001 0.002
(0.002) (0.003)
Age-squared -0.000015 -0.00002
(0.000015) (0.00002)
Income 0.000005 -0.000037**
(0.000012) (0.000015)
Income*Sex -0.000061 ***
(0.000018)
R-squared 13.8 11.8 43.0 47.2
Numb. Obs. 79 81 47 47
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Figure 1. Speed profile of car #58 on roads with speed limit 50 km/h September 2001
(without penalty charges and September 2002 (with penalty charges)
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m
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Figure 2. Information to owner of car number 58, September 2002

Speed violations (minutes) and speedcharges (SEK)

Speed violations Speed limit Price/minute | Deduction
30 km/h 90 km/h T0km/h | 90km/m | 110 km/h Sum

0% to 10% above speed limit 0 3 0 0 0 0,20 kr .60 kr

11% to 20% above speed limit 0 0 0 0 0 1,00 kr .00 kr

Above 21% above speed limit 0 0 0 0 0 2,00 kr .00 kr

Total 0 min 3 min 0 min 0 min 0 min 60 kr
Fixed monthly payment for the period: 250 SEK
Deduction speedcharges (rounded): -1 SEK
Payment (net before tax): 249 SEK

This payment will be transferred to Your bank account.

In addition, VTII has paid preliminary

on Your account with:

income tax directly

1o

the Taxauthority

107 SEK
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Figure 3Average speeding frequency of participants (Yes) and non-participants (No)
autumn months of 2001 and 2002.
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Figure 4. Effects on speeding frequency of penalties. One-year differences
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Figure 5. Effects of High Bonus (Groups B+D) vs. Low Bonus (Groups A+C). One-year

differences per month.
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Appendix.

Table Al. OLS estimation results of Severe speeding frequency in September and

October 2001, respectively. Standard errors within parentheses.

Variable September 01 October 01
Constant 0.009 -0.022
(0.061) (0.082)
Participant -0.016 -0.015
(0.010) (0.014)
Sex 0.010 0.012
(0.010) (0.012)
Age 0.002 0.003
(0.002) (0.003)
Age-squared -0.00003 -0.00004
(0.00002) (0.00003)
Income 0.000008 0.000018
(0.000016) (0.0000019)
R-squared 12.2 15.2
Numb. Obs. 98 70

Table A2. Average socio-economic characteristics (sex, age, income) of non-participants

(group G) , treatment groups (A-F), and aggregates of treatment groups

Group G C E D F A B ACE BDF EF cb AB

Bonus 0 H H L L H L H L

Pernalty 0 L H L H 0 0 H L 0 H+L
Sex 0,16 044 0,25 0,13 031 025 03 031 025 0,28 0,29 0,28

Age 52 57,7 524 639 52 586 59,7 56,2 585 52,2 608 592
Income 454 420 411 328 454 323 365 385 382 4325 374 344
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Table A3. Summary statistics September sample.

Variable Obs. Mean Std. Dev. Min Max
Sex 81 0.235 0.426 0 1
Age 81 57.6 13.0 25 81
Age-squared | 81 3483 1444 625 6561
Income 79 427 255 67 1929
Participant | 81 0.877 0.331 0 1
Penalty 81 0.593 0.494 0 1
High penalty | 81 0.296 0.459 0 1
High bonus | 81 0.444 0.500 0 1
DiffSevere | 81 0.0167 0.0268 -0.0289 0.1342
Table A4. Summary statistics October sample.

Variable Obs. Mean Std. Dev. Min Max
Sex 48 0.313 0.468 0 1
Age 48 58.9 13.4 29 81
Age-squared | 48 3640 1537 841 6561
Income 47 451 297 167 1929
Participant | 48 0.875 0.334 0 1
Penalty 48 0.583 0.498 0 1
High penalty | 48 0.229 0.425 0 1
High bonus | 48 0.438 0.501 0 1
DiffSevere | 48 0.0190 0.0351 -0.0840 0.1035
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