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ABSTRACT

Accident statistics show that transitions from rural to urban areas are accident prone locations.
Inappropriate speed and mental underload have been identified as important causal factors on
such transitions. A variety of traffic calming measures (TCM) near rural-urban transitions has
been tested in field experiments and driving simulator studies. Simulator experiments where
drivers are exposed a single TCM in one session are well reported in the literature. However, the
extents to which drivers’ behavior will be consistent over time when exposed to the same
treatment over time are relatively scare and unclear.

This study examined drivers behavior when exposed to the same treatment (a gate construction
located at a rural-urban transition). Over a period of five successive days, seventeen participants
completed a 17 km test-drive on a driving simulator with two thoroughfare configurations (gates
present or absent) in a within-subject design. Results indicate that gates induced a local speed
reduction that sustained over this five-day period. The effect on standard deviation of
acceleration/deceleration and lateral position was rather limited.

Overall we conclude that gate constructions have the potential to improve traffic safety in the
direct vicinity of rural-urban transitions, even if drivers are repeatedly exposed. Notwithstanding,
we advise policy makers to appropriately use this measure. Best is to always carefully consider
the broader situational context (such as whether the road serves a traffic- rather than a residential
function) of each particular location where the implementation of a gate construction is one of
the options.

Keywords: traffic calming measures, gates, rural-urban transitions, driving simulator, repeated
exposure.

INTRODUCTION

Experimental research shows that the transition from rural to urban areas is a serious problem in
terms of traffic safety (Charlton et al., 2002; Galante et al., 2010; Taylor and Wheeler, 2000). It
is hypothesized that accidents are largely caused by inappropriate speed and mental underload
(Charlton, 2007). Insufficient driver alertness and the (unconscious) tendency to speed in turn,
could be related to the combination of a changing road environment (the spatial and structural
properties of rural areas are typically less complex than those of urban areas and probably
generate less mental arousal) and a suddenly changing speed limit (i.e., typically from 70 kph to
50 kph) (Arién et al., 2013; Forbes, 2011). Appropriately designed transition zones are therefore
of crucial importance.

Previous field experiments and driving simulator studies examined the effect of a variety of
traffic calming measures (TCM) on major cross-town roads. TCMs are treatments that intend
traffic calming. The Institute of Transportation Engineers (Ewing, 1999) defined traffic calming
as: “the combination of mainly physical measures that reduce the negative effects of motor
vehicle use, alter driver behavior, and improve conditions for non-motorized street users”.
Forbes (2011) grouped the transition zone treatments into four categories: geometric design (e.g.,
chicanes or central islands), traffic control devices (e.g., variable message signs or speed
cameras), surface treatments (e.g., speed humps or transverse rumble strips) and roadside
features (e.g., as gateways or landscaping). In this study we focus on a gate construction with
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non-parallel axis displacement and central island which is located at a rural-urban transition (see
Figure 1b).

In general, the surrounding context and the type of TCM have a large influence on the
established results (Forbes, 2011). The County Surveyor’s Society (1994) analyzed 24 village
traffic calming schemes and obtained mean speed reductions between 2 kph and 16 kph, which
resulted in a decrease of all injury accidents and fatal/serious injury accidents by about 25% and
50% respectively. The Federal Highway Administration (2009) reported speed reductions up to
24 kph in France, Denmark and the UK. However, speed reductions of 8-10 kph appear to be
more typical (Department of Transport, 1993). Hallmark et al. (2007) examined seven low-cost
TCMs in a before-after field experiment (data collection at 1-, 3-, 6-, 9- and 12-month intervals)
and obtained changes in 85" percentile speed from -14 kph to +6 kph. However, a detailed look
at the results showed that, while the speed reduction effect of some TCMs sustained over time or
even increased, other speed reductions diminished under repeated exposure. This ‘habituation’
effect is also reported by Charlton et al. (2002).

Various driving simulator studies (e.g., Arién et al., 2013; Dixon et al., 2008; Galante et al.,
2010; Molino et al., 2010) reported speed reductions from 3 kph to 17 kph for TCMs in the
transition zone. It is noteworthy that the results of Dixon et al. (2008), Galante et al. (2010) and
Arién et al. (2013) all indicate that these speed reductions are limited in terms of distance.
Generally, speed reductions stretch out from 97 m before to 400 m after the TCMs studied, thus
covering not much more than the nearby vicinity. Overall, transition zone treatments
complemented with measures further along the through route are most effective (Forbes, 2011;
Harkey and Zegeer, 2004; Taylor and Wheeler, 2000).

Although the main purpose of a TCM is the reduction of driving speed, we aim to investigate
both longitudinal (mean speed, standard deviation of acceleration and deceleration (SDAD)) and
lateral (standard deviation of lateral position (SDLP)) driving parameters because we want to
approach driving behavior as a multi-dimensional, rather than a single-dimensional concept
(Rosey et al., 2008). Although little is known about the influence of TCMs on SDAD and SDLP,
Arién et al. (2013) found that both parameter values increased in the near vicinity of a gate
construction located at a rural-urban transition.

The advantage of field experiments is that they collect speed measurements for a large number of
vehicles over an extended period of time. However, they are costly and not without
methodological constraints such as for control over factors like weather and traffic conditions.
On the other hand, driving simulators provide researchers extensive control over the various
driving conditions that matter. In addition, simulator experiments are safe and cost efficient and a
variety of driving performance data can be collected at a continuous high rate (Nilsson, 1993;
Rudin-Brown et al., 1999). However, according to Jamson and Lai (2011) “the simulator
community should — amongst the usual challenges of simulator validity, participant self-selection
and simulator sickness — also consider the potential influence of novelty effects on driving
performance data”.

Evidently, novelty effects do not only apply to the simulator systems themselves, but also to the
specific treatments (for instance TCMs) being tested. Interestingly however, most of the
simulator experiments carried out exposed participants only once to the treatment under
investigation. Authors often acknowledge this as an important limitation to their results since
indeed, it remains unclear what would happen with the treatment effects found in case
participants would be exposed repeatedly to the same treatment (e.g., Arién et al., 2013;
Charlton, 2007; Comte and Jamson, 2000; Jamson et al., 2010; Kircher, 2007). To the best of our
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knowledge, there is only a handful of simulator experiments exposing subjects multiple times to
an identical treatment. Roughly, these can be subdivided into two groups.

A first group of studies exposed participants several times to the same treatment by means of one
single simulator session. For example, Brown (2001) and Lewis-Evans and Charlton (2006)
exposed subjects quite intensively to a new in-vehicle lane departure warning system (30 min)
and to different road widths (25 km) respectively in order to find out if ‘getting used’ to these
treatments would induce so-called ‘behavioral adaptation’ effects. A comparable setup was used
by Jamson and Lai (2011). In this study each participant passed the same TCM four times in a
single session.

A second collection of studies also exposed participants several times to the same treatment but
by means of multiple simulator sessions spread over different days, instead of only one single
session. For instance, Manser and Creaser (2011) investigated the effect of a rural intersection
support system on drivers’ behavior and made participants drive 12 times a day for a period of
five days with the system turned on at days 2, 3 and 4. Jenssen et al. (2007) examined an
adaptive front light system within a study design where each test- and control participant had to
complete one driving session per day for a period of six consecutive days. We are aware that
more simulator studies have been published where participants had to complete multiple driving
sessions and thus were repeatedly exposed to a (highly) identical driving scene (Akerstedt et al.,
2010; Charlton and Starkey, 2011; Domeyer et al., 2013; Lenné et al., 1997; Martens and Fox,
2007). Yet, the focus of interest in these studies is too different from ours which is to test the
impact of road infrastructural treatments on drivers’ behavior. Since they fall outside the scope
of this paper we limit ourselves to just mentioning them.

To summarize, when it comes to testing the impact of infrastructural and/or technological
treatments on drivers’ behavior under conditions of repeated exposure, the literature available is
rather scarce. Turning more specifically to road infrastructural TCMs, the study by Jamson and
Lai (2011) is the only reference we are knowledgeable of. Their main conclusion is that the
observed behavioral effect after familiarization depends on the type of TCM. Participants’
behavior in relation to countdown signs and hazard marker posts didn’t change after multiple
exposure, whereas for pedestrian refuges and rumble strips future behavior could not be
predicted by initial behavior because the initial behavior showed a stronger (or weaker) effect.
This brings us to the main objective of this paper and the more specific research questions being
addressed.

OBJECTIVE & RESEARCH QUESTIONS

The present study is investigating the effect of gate constructions at rural-urban transitions on the
driving behavior of a sample of participants that is repeatedly exposed to this specific type of
TCM. We formulate the main research questions as follows:
1. Are gate constructions at a rural-urban transition influencing driving behavior?
2. How far is the influence of gate constructions at a rural-urban area reaching?
3. Is the effect of gate constructions at a rural-urban transition changing when the same
subjects are repeatedly exposed?

5

Arién C., Brijs K., Ceulemans W., Vanroelen G., Jongen E.M.M., Daniels S., Brijs T., Wets G.



International Conference Road Safety and Simulation RSS2013 23-25 October 2013 Rome, Italy

METHODOLOGY
Participants

Twenty-nine volunteers with a full driver’s license participated in the study. They were recruited
via e-mail at Hasselt University and at XIOS University College. Twelve participants were
excluded: three did not finish the experiment due to simulator sickness, eight participants could
not complete the five experimental days due to technical problems and one participant was
identified as outlier (drove during more than 25% of the analysis section faster than three inter-
quartile distances from the group’s mean). Thus, 17 participants (9 men) remained in the sample
(mean age: 27.2; SD age: 11.6). All gave informed consent and had (corrected to) normal vision.
Age and gender were not taken into account as between-subject factors in the statistical analysis.

Apparatus

The experiment was conducted on a medium-fidelity driving simulator (STISIM M400; Systems
Technology Incorporated). It is a fixed-based (drivers do not get kinesthetic feedback) driving
simulator with a force-feedback steering wheel, brake pedal, and accelerator. The simulation
includes vehicle dynamics, visual and auditory feedback and a performance measurement
system. The virtual environment was presented on a large 180° field of view seamless curved
screen, with rear view and side-view mirror images and depiction of the speedometer. Three
projectors offer a resolution of 1024 x 768 pixels and a 60 Hz refresh rate. The sounds of traffic
in the environment and of the participant’s car were presented. Data were collected at a 60 Hz
frame rate.

Simulation scenario

The 17 km driving scenario contained two thoroughfares, alternated with filler pieces. One rural-
urban transition contained a gate construction while the other had no additional treatments to
mark the transition zone. Figure 1 gives an overview plan of the scenario and a screenshot of the
simulator view.

Both thoroughfares had a length of 1270 m and were equipped with signs marking the beginning
of the urban area and the 50 kph speed limit. In each thoroughfare, four intersections with right
of way and accommodated by zebra crossings were alternated with four horizontal curves (40°
left curves and 30° right curves with a curve length of 100 m). The ribbon development
(Albrechts, 1999), present 200 m before and after the thoroughfare, merged into a stretch of
continuous buildings inside the urban area. The road approaching to and inside the urban area
was divided in two lanes (3.25 m width) with one lane per travel direction. The cycle lanes were
separated from the traffic lanes by a parking strip inside the urban area and by a green strip
outside the urban area.

Gate constructions with non-parallel axis displacement and central island were located just after
and before the border signs of the urban area in the thoroughfare with gates. According to
CROW (2004, p. 812) this type of gate construction is the best alternative besides a roundabout
and a parallel axis displacement.
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Standardized rural area

Urban area Filler piece
1000 m; 70 kph |

1270 m; 50 kph

4 analysis zones 4 analysis zones
after entrance

[40m; 440m]

before entrance
[-400m; Om]

O Gate gonstiviction 0 40im]

Figure 1 Plan view of (a) the scenario and (b) the gate construction; and (c) simulator view of a
rural road section, the rural-urban transition with gate construction and an urban area section
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The two thoroughfares were alternated with rural filler pieces of 4 km and 7 km long. They were
different from the thoroughfares with respect to design, speed limit (variations of 70 kph and
90 kph and a short segment of 30 kph and 50 kph) and surrounding environment and provided
some variation while driving. In addition, the filler pieces were used to provide some variety in
the driving scene as well as in the interaction with other road users. In order to prevent
interference from these small day-to-day variations the last kilometer before the urban area was
always standardized. Weather conditions were sunny and dry.

Procedure

Subjects agreed to participate for a period of five consecutive weekdays. In order to minimize
effects of time of day variations (Lenné, Triggs, & Redman, 1997; Reimer, D’ Ambrosio, &
Coughlin, 2007), each participant presents oneself daily at the same time, however the start time
between different participants varied. On the first day, participants were asked for their informed
consent and to fill out a form with their personal data (e.g. date of birth, gender). After a general
introduction to the driving simulator, a practice session with two scenarios (4 km rural road with
some slight curves; 7 km with successively a motorway, a 70 kph rural road and an urban area
equipped with a gate construction at the rural-urban transition) followed in order to get
participants acquainted with the simulator. Afterwards, participants drove the 17 km test drive in
which they passed two thoroughfares (i.e., with or without the gate construction) in a
counterbalanced order. During the next four days, participants drove the same 7 km practice
scenario followed by the 17 km test drive.

Subjects were instructed to drive as they normally would in their own car and to apply the traffic
laws as they would (or would not) do in reality. A GPS voice gave the necessary route guidance
instructions.

Data collection and analysis

Measures for longitudinal and lateral control were recorded by the simulator. Mean speed [kph]
is a typically selected indicator for safe driving (Safetynet, 2009) as well as standard deviation of
longitudinal acceleration/deceleration (SDAD) [m/s?] which gives a good indication for the
extent to which drivers are able to keep speed variations under control (Marchesini and
Weijermars, 2010). Lateral trajectory control is analyzed by means of the standard deviation of
the lateral position (SDLP) [m].

Data analysis for these three dependent measures were based on 8 successive analysis zones of
100 m (4 outside and 4 inside the urban area), starting at 400 m before the entrance of the urban
area and ending at 440 m after the entrance (see Figure 1). The 40 m road segment containing the
gate construction itself (i.e., [0 m; 40 m]) was excluded from the analysis. Therefore, a 2 (gate) x
5 (day) x 8 (analysis zone) within-subject multivariate analysis of variance (MANOVA) was
conducted on mean speed, SDAD and SDLP. Additional post-hoc univariate tests and ANOVA’s
were performed and p-value was set at 0.05 to determine statistical significance.
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RESULTS
The multivariate and univariate statistics are reported in Table 1.

Table 1 Multivariate and univariate statistics

Variable F (dfs) p
MANOVA (Wilks’ Lambda)
Gate 1.7 (3,14) 0.214
Day 1.2 (12, 164) 0.260
Analysis zone 69.3 (21, 316) <.0005
Gate x Day 1.0 (12, 164) 0.419
Gate x Analysis zone 5.3 (21, 316) <.0005
Day x Analysis zone 2.0 (84, 1335) <.0005
Gate x Day x Analysis zone 1.1 (84, 1335) 0.198
Univariate statistics (Greenhouse-Geisser)
Mean speed
Analysis zone 400.5 (2, 35) <.0005
Gate x Analysis zone 16.1 (3, 47) <.0005
Day x Analysis zone 1.7 (7, 118) 0.120
SDAD
Analysis zone 37.0 (1, 24) <.0005
Gate x Analysis zone 1.0(2,31) 0.408
Day x Analysis zone 3.6(4,71) 0.007
SDLP
Analysis zone 8.8 (3, 55) <.0005
Gate x Analysis zone 2.2 (4,59) 0.079
Day x Analysis zone 1.0 (8, 122) 0.631

Mean speed

Besides a main effect of Analysis zone subsidiary univariate analyses for mean speed resulted in
an interaction of Gate x Analysis zone. Since there was no significant interaction between the
factors Day and Gate or between the three factors, we can conclude from the interaction of Gate
x Analysis zone that mean speed varied across the different analysis zones in function of the
presence or absence of a gate construction, but not in function of the day. This means that the
effects generated by a gate construction on a certain day were not significantly different from the
other four days.

Figure 2 shows values for mean speed in each of eight analysis zone, separated for the condition
with or without gate but irrespective of the day. As can be seen, drivers started to decelerate from
300 m before the entrance urban area until the first 100 m after the entrance after which they
continued close to the speed limit (50 kph). Post-hoc analysis showed that mean speed was
1.2 kph to 4 kph lower from 200 m before the entrance of the urban area to 100 m after the
entrance when a gate was present ([-200 m; -100 m]: Fq, 16 = 7.9, p =0.012; [-100 m; O m]:
Fa, 16) = 20.8, p <.0005; [40 m; 140 m]: F@ 16 = 7.4, p =0.015). In spite of this major speed
reduction, participants slightly accelerated again between 100 and 200 m after the gate to a mean
speed which was higher than when there was no gate construction present (F, 16 = 7.8,
p = 0.013). From 200 m after the entrance of the urban area, there were no significant differences
in mean speed between the condition with or without gate.
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Figure 2 Mean speed for the interaction of Gate x Analysis zone
(Gate construction was located between 0 m and 40 m)

Standard deviation of longitudinal acceleration/deceleration (SDAD)

A main effect of Analysis zone and an interaction of Day x Analysis zone was revealed by the
univariate tests for SDAD, resulting in values for SDAD which varied across the different

analysis zones in function of the day.

Figure 3 contains one plot per day, representing values for SDAD that where first averaged over
the absence or presence of a gate and subsequently set out over the eight analysis zones. Post-hoc
analysis showed a general increase of the SDAD during the ultimate 100 m before the entrance
of the urban area. However, this increase was significantly higher on the first day compared to

the other four days (F, 35y = 5.9, p = 0.005).
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Figure 3 SDAD for the interaction of Day x Analysis zone
(The entrance of the urban area was located at 0 m)
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Standard deviation of the lateral position (SDLP)

Subsidiary univariate tests for SDLP revealed only a significant main effect of Analysis zone. An
overview of the SDLP per analysis zone can be found in Figure 4. It is important to note that
these values were averaged over the five days and are irrespective of the presence or absence of a
gate. Post-hoc analysis showed that the values for SDLP varied significantly between the
successive analysis zones, except in the last two (i.e., between [240 m; 340 m] and [340;
440 m]).

A N —
Y A
50.07 / \ / \/

/ \/ V4

[-400; | [-300; | [-200; | [-100; | [40; | [140; | [240; | [340;
-300] | -200] | -100] 0] 140] | 240] | 340] | 440]
|SDLP .065 | .098 | .061 | .077 | .102 | .066 | .094 | .092

Figure 4 SDLP for the main effect of Analysis zone
(The entrance of the urban area was located at 0 m)

DISCUSSION

Mean speed, SDAD and SDLP were analyzed to find out (1) whether a gate construction located
at a rural-urban transition influences driving behavior; (2) how far the influence reaches and (3)
whether the effect would change when the same subject is repeatedly exposed during a period of
five days.

Results for mean speed showed that the gate only had a local speed reduction effect from 200 m
before to 100 m after the entrance of the urban area with speed reductions between 1.2 kph and
4 kph. For speed reductions of that size, Elvik’s Power Model for urban roads (Elvik, 20009,
p. 58) estimates a decrease in fatal accidents and injury accidents up to 12% and 8% respectively.
The established speed reductions are in line with the 3 kph speed reduction obtained by Arién et
al. (2013). The different speed limits used in the studies by Galante et al. (2010) and Taylor and
Wheeler (2000) (i.e., from 90 kph to 50 kph instead of from 70 kph to 50 kph) might by an
explanation for the fact that the size of the speed reductions in their gateway studies (i.e.,
reductions between 5 kph and 24 kph) is larger than in our study. The speed reductions generated
by the TCMs (e.g. transverse pavement markings, a speed feedback sign, a speed table, lane
narrowing with centre island etc.) investigated by Hallmark et al. (2007) are closer to our results.
The fact that the speed reduction effect of the gate is restricted to the direct vicinity of the
entrance of the urban area is in line with previous field and simulator experiments in which speed
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reductions did not reach beyond 97 m (Arién et al., 2013), 250 m (Charlton et al., 2002) or 400 m
(Galante et al., 2010, only in the base scenario with low speeds) after the gate.

Because the speed reduction effect established in this experiment was independent of the day, we
can conclude that the speed reduction will preserve over a time period of at least five days. This
is in line with the results of the longitudinal driving simulator experiment by Jamson and Lai
(2011) where “initial behavior is predictive of future behavior” for countdown signs and hazard
marker posts.

After the speed reduction generated by the gate, participants slightly accelerated again between
100 and 200 m after the gate to a mean speed that was higher than when there was no gate
present. However, after this slight acceleration, participants continued at the same speed than
when there was no gate present (i.e., close to the speed limit of 50 kph). The fact that drivers
accelerate after the gate resembles a so-called ‘kangaroo’ effect which also has been discovered
near the treatment zones of speed cameras (Safetynet, 2009; Thomas et al., 2008). The driving
simulator study of Molino et al. (2010) also showed that mean speed increased again in the
middle of the town after passing a chicane at the beginning of the city center. According to
Safetynet (2009), there is however no scientific evidence that such a ‘kangaroo’ effect leads to
(more) dangerous situations or accidents.

Even though not influenced by the gate construction, SDAD increased during the last 100 m
before the entrance of the urban area, and this rise was significantly larger on the first day
compared to the other four days. It is highly probable that the increased SDAD relates to drivers
having to decelerate from 70 kph to 50 kph when entering the urban area. The fact that variations
in acceleration and deceleration where significantly higher during the last 100 m before the
entrance on the first day compared to the other days might suggest that participants were not yet
fully adapted to handle the brake and gear pedals very precisely on the first day. Yet, participants
were given the opportunity to familiarize with the simulator controls by means of a 10 min
practice session (two trips of 4km and 7km respectively), which is in line with numerous other
driving simulator studies (e.g., Bella, 2007; Calvi et al., 2012; Charlton, 2007; Galante et al.,
2010; Montella et al., 2011).

Finally, we found variations in SDLP across the successive analysis zones which were
independent neither of the day, nor of the presence or absence of the gate. The first and final
peak values in SDLP can be explained by the presence of two slight curves. The increased values
nearby the rural-urban transition can be related to multiple factors such as the increased
complexity of the road environment and the presence of parked vehicles on the parking lane.

LIMITATIONS AND FUTURE RESEARCH

Although we are unable to pronounce upon the long term effect of this gate construction as in a
before-after field experiment, this experiment provided the opportunity to examine driving
performance during five successive days. Based on these results, we tried to anticipate the
potential influence of novelty effects of a gate construction on driving performance data and find
out whether the effect of gate constructions change when the same subjects are repeatedly
exposed. In addition, it is worth mentioning that this experimental setup is — besides the study of
Jamson and Lai (2011) — quite unique compared to the ‘common practice’ in driving simulator
research in which each participant is exposed only once to the treatment under investigation.

External validity is an issue that often arises when discussing the results of a driving simulator
experiment. Although moving base simulators provide a more correct rendering of real driving
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behavior and a greater degree of realism (Bella, 2009), there are strong indications that geometric
design issues are examinable in fixed-base driving simulators in a perfectly adequate way (e.g.,
Bella, 2007, 2008; Calvi et al., 2012; Charlton, 2004; Federal Highway Administration, 2007). In
addition, the seamless curved screen with a 180° field of view used in this study satisfies the
prescribed minimum of 120°field of view for the correct estimation of longitudinal speed
(Kemeny and Panerai, 2003).

Future research about gate constructions could focus on different geometric design
configurations or the influence of complementary TCMs along the thoroughfare. In addition, a
naturalistic driving experiment in which a sample is observed during a longer time period might
also reveal interesting results. Furthermore, novelty effects in driving simulator research should
receive more attention. To gain more insight in this effect, one could compare the results of this
experiment with a driving simulator experiment in which each participant will be exposed
several times in a single simulator session to the TCM, thus comparable with the study of
Jamson and Lai (2011).

CONCLUSION AND POLICY RECOMMENDATATIONS

In conclusion this study overall indicates that gate constructions have the potential to improve
traffic safety in the direct vicinity of rural-urban transitions, even if drivers are repeatedly
exposed. The central island with non-parallel axis displacement examined in this simulator
experiment generated a significant speed reduction (i.e., 1.2 kph to 4 kph) between 200 m before
to 100 m after the entrance of the urban area. Even though participants were inclined to
accelerate again once passed by this gate configuration, they always kept driving at an
appropriate speed, i.e., close to the imposed limit of 50kph. We did not find any negative side
effects on SDAD or SDLP.

Based on this outcome we advise (local) policy makers to at least consider gate constructions
such as the one examined in this study as a potential traffic calming measure at rural-urban
transitions with an increased accident risk. It goes without saying that with regard to the
installation of such a gate, different aspects have to be taken into account in order to make this
measure effective. For instance, in order to avoid frontal collisions, gate constructions should
always be clearly visible and marked if necessary. Also, it should be avoided that drivers are
required to execute (too) difficult steering wheel movements when they come along gates.
Finally, the implementation of additional TCMs along the through route might help in further
extending the speed reducing effect triggered by the gate. This is especially worthwhile to
consider in thoroughfares with a residential function because vulnerable road users benefit even
more from these speed reductions (Elvik, 2009, p. 50).
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