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Abstract

Credibility of speed limits is a key factor affecting drivers’ compliance with speed
limits. Two experiments were conducted to investigate howlategiof speed limits affects
judgments of appropriate speed. The first experimentcatmestablish speeds deemed
appropriate by investigating Malaysiadsvers’ judgments of the appropriate speed to drive
based on photographs of roads with the speed limit sigacerBsivers chose speeds which
correlated with but were higher than the actual speedslmfithe roads. Analysis of road
characteristics suggested they based their decisions roairi@atures of the road itself rather
than of the roadside. The second experiment testeidniact of credibility of speed limit
information on the speed drivers judged appropriate. Driverggutige appropriate speed to
drive for the same photographs as in Experiment 1 \pigkd limit information provided
Four conditions were included: two conditions where the sleddoosted was 10% higher
or 10% lower than the appropriate speed established in Egril (credible speed limits),
and two conditions where the posted speed limit was 50% higlt% lower than the
appropriate speed (non-credible speed limits). Posted speexddithiffect drivers’
judgments about the appropriate speed to drive. Credidgityiafluenced judgments
whereby drivers selected appropriate speeds consistent eisppeled limits for the 10%
lower condition, but not for speed limits that deviated hiditdyn the appropriate speed
judged in Experiment.1

Keywords appropriate speed, credibiliydgment, Malaysian, drivers
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1. Introduction

Speed is one of the most important factors which affecsafety of a driver (Elliot et
al., 2005; Master, 1998; Nilsson, 2004). A number of studies hawersthat increases in
speed lead to increases in crash rates and crash severigxkample, Maycock et al. (1999)
and Quimby et al. (1999) measured the traveling speed of v@biglmads in the UK;
Kloeden et al. (1997) used a case-control method to investigateash rate of 60km/h
roads in Australia; and Kloeden et al. (2001) investigatedrdmh rate of 80km/h and
120km/h roads in Australia, all finding that increases iedpgead to increases in crash rates
and severity. It has also been found that increasing speed decreases the available time to
react to sudden changes on roads; it reduces manoeuvrailitestopping distance is
larger (Aarts & van Schagen, 2006).

Speed limits are regarded as a crucial part of effectivelspaeagement as they
should prescribe speeds that are safe for drivers undealtgpnditions. It has been found
that drivers whose speed deviates to a large extent frospéael limit set are most likely to
be involved in accidents. Solomon (1964) investigated relstips between vehicle speed
and collision ratesn main rural highways in the USA usiagase-control method. Vehicles
that were moving 10km/h faster than the modus speed hémintest collision rate and
vehicles that were moving much slower or much faster timmbdus speed were more
likely to be involved in accidents. A recent review alsovetd that greater speed dispersion
is associated with increased crash rate (Aarts &amagen, 2006). These findings suggest
that some degree of compliance with speed limits is impbibamaximise safety, yet studies
typically indicate that speed limits are not the solédfiawhich affects speed choice.

Perceptions oh safe speed to travel are affected by the environriemgeometry of

the road, weather conditions and adjoining land use (Wiéiridhanal, 1999). Travelling
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speed choice was found iterease with wider roads, roads without cuyveads with a
smooth surface, with the presence of road markings (Elial., 2003; Martens et al997)
and with fewer buildings, trees and vegetation along thasr(iEliott et al., 2003). Itds

been suggested that the credibility of the speed limitaffeatsdrivers’ speed choice
(OECD/ECMT, 2006; van Schagen et al., 2004). Goldenbeld and Yag&t (2007) argued
that it is generally assumed people will comply with sperddiif they regard them as being
reasonable or "credible". Conversely, if the limit is cohsistent with what they deem to be
reasonable based on the road characteristics, theménewell ignore that limit. Goldenbeld
and van Schagen (2007) further speculated that if the speeslifimitsystem appear
consistently unreasonable, road users may questiartilibe of and perhaps disregard the
entire system. In support of this suggestion, they citecegudmdings which suggest that
drivers tend to rely on their own judgments of appropriatedspather than the speed limit
shown when driving past construction (Gardner & Rockwell, 1983agteement with thjs
Kanellaidis et al. (1995) asked drivers why they violate speetsland their most frequently

reported answer was that they do not regard the speed linbisrasreliable.

While survey studies indicate that people cite credibikity &ey reason for
compliance with speed limits, few studies have aimed totfirassess the impact of speed
limit credibility on speed judgment§&oldenbeld and van Schagen (2007) investigated
whether different characteristics of the road affedgments of the credibility of 80km/h
rural roads in the Netherlands. Different photographs off0lspeed limit rural roads were
shown to Dutch road users and they were required to judgeptbérred speed and the safe
speed limit of those roads. The credibility of the spee Viras operationalised as the
difference between the actual speed limit (which was always 80km/h) and the participants’
preferred speed and perceived safe limit. It was found thatslpveferred to drive at about

8km/h faster than the actual speed limliile they judged the safe speed to be 4km/h higher



122 than theactual speed limit. It was also found that a numberftdrént environmental

123  features affecdirivers’ judgments. Preferred speed was decreased with the preseiace of
124  curve,ashort sight distance, presence of buildings alongiteeof the road and when there
125  was little view to the right; whereas the absence of wedbe right hand side of the road
126  increased perceived safe limit but not preferred speed (Goldefabvan Schagen

127  2007). Van Nes, Houtenbos, and Van Schagen (2008) found that partgedected lower
128 speeds and engaged in less speeding for road sectionsghity driedible speed limits

129 compared to road sections with less credible speedli®@imilarly, Van Nes, Brandenburg
130 and Twisk (2010) reported that simulator participants drogpegds closer to those which

131  had previously been rated as reasonable for the roadghtiewhich had not.

132 In the current study, we aimed to investigate how modifyingtedibility of the

133 speed limit of roads influences drivers’ judgments of an appropriate speed to drive. The term
134  ‘appropriate speed’ was used in both studies we report here because we aimed to elicit

135  drivers’ genuine views on a suitable speed for the road, rather than for them to try and guess
136  the speed limit, and it has previously been suggested thatitiisular term emphasises the
137 importance of participants using judgment based on their ovenia (Nunes & Recarte,

138  2005). In the first experiment, we aimed to establish thedspewhich drivers judged it was
139  appropriate to drive by viewing photographs of roddgs was done in order to establish a
140  baseline for manipulations of speed limit informationhie second experiment. Consistent
141  with previous studies (e.g. Fleiter & Watson, 2006; Goldenkeldn Schagen, 2007), we
142  predicted that the drivers would deem a speed appropriatghas than the actual speed
143 limits of the roads. In the second experiment, for ed¢he roads shown in the first

144  experiment speed limit credibility was either manipulated t@¥eolr high. The low

145  credibility was generated by a large discrepancy betweguoied speed limit and the mean

146  appropriate speed judged in Experiment 1; the high credibiéis/generated by a small
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discrepancy between the posted speed limit and the mean apjgrepeed judged in
Experiment 1. New groups of drivers were again asked to judggthepriate speed to

drive on the roadsf assumptions about credibility are correct, we would expeeteto s
judgments that are consistent with the displayed speddnimbad scenes where the speed
limit was close to the previously identified appropriate speedthie speed limit appears
credible) but not when the limit displayed was a much lawenuch higher speed (i.e. the
speed limit shown is not credibléjurthermore, in conditions where there is a large digparit
between the appropriate speed and the speed limit pdstezts may disregard speed limit
information entirely in making their judgments and make juelgts that are very similar to

those made in Experiment 1.

2. Experiment 1:

2.1 Methods

2.1.1 Participants

Twenty-nine Malaysian drivers were recruited (19 femaleldnchales). Their mean
age was 21.21 years old (S.D. = 3.11) ranging from 17 y@&% old and they had a mean of
2.74 years (S.D= 1.93; ranging from 0.17 to 6 years) of active driving expedesince
getting their provisional driving license in Malaysia. All repdrtermal or correctetb-
normal vision.

2.1.2 Design

A within-participants design was used whereby all participaete presented with
all stimuli.

2.1.3 Stimuli

A Panasonic SDC-900 video camera was mounted on the windsér@ear using a

Manfrotto Suction Pump mouri¥ideos were recorded from a driver’s point of view while



172 driving on a variety of highways around Malaysia. Thirty-five imagesoads where the

173 speed limit sign was clearly visible were extracted frobenideos to be used in the

174  experiment. These pictures contained a range of speesd lmiuding 40km/h (5 images),
175  50km/h (4 images), 60km/h (6 images), 70km/h (5 images), 80@rimages), 90km/h (5
176  images), 110km/h (5 images). The speed limit which was writteheosign was erased

177  using Paint software. Pictures were presented with th&utiesoof 800x450 pixels. Figure 1

178  shows examples of the photograph stimuli.

{c)

(a)

179

180 Figure 1. Examples of road images with actual speed lerétsed on the signs.

181  Actual speed limits as follows: (a) 40km/h; (b) 50km/h; (c) 60kruhi7Okm/h; (e) 80km/h;
182  (f) 90km/h and (g) 110km/h.

183

184 2.1.4 Procedure
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The 35 images were presentedandom sequence using E-prime software.
Participants were required to judge the appropriate speed toodreach road. Images were
presented for an unlimited time and participants could usenleethey wanted to key in the
appropriate speed in the unit of km per ha@ufixation point ‘+’ appeared in the middle of
the screen between trials for 500ms. Participants vegjuired to complete five practice trials
before the 35 experimental trials in order to familiarisén\the task. They were seated
approximately 70cm from the screen with visual angle of@pprately 28 x 21 degrees
2.2 Results

A paired-samples t-test was carried out in order to contpareean speed limit of
the roads with the mean judged appropriate speed. This réwbateoverall, the judged
appropriate speeds (83.04kiiere significantly higher than the actual speed limits
(71.71km/h) of the roads, t(35) = 3.24, p < .005. Next we @itmeee whether there was any
relationship between the actual speed limit and the judged@gie speed. There was a
significant positive correlation between the actual speeitl df the roads and the judged

appropriate speed(35) = 0.45, p < .01, displayed in Figure 2
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Figure. 2Actual Speed Limit vs Judged Appropriate Speed in km/h (iddalipoints

represent each roadjhe dotted line indicates the actual speed limit of eaati.ro

Seven one-sample t-tests were carried out in ordembpae the actual speed limit
of the roads with the judged appropriate speed for each Bpeedategory, with a
Bonferroni corrected alpha level of .007. This revealadl tie judged appropriate speed was
significantly higher than the actual speed limit of thedspdor 40 km/h roads, t(28) = 10,52
p <.001 50km/h roads, t(28) = 5.8f < .001; 60km/h roads, t(28) = 4,%l< .001
70km/h roads, t(28) = 10.5p < .001; and 80km/h roads, t(28) = 3.4 .001. Judged
appropriate speed (86.93km/h) was not significantly differenbagpared to the actual speed
limits of the 90 km/h roads, t(28) = 1.52, p > .05. Judged appte@peed (88.76km/h) was
significantly lower than the actual speed limits of the 1ddhkroads, t(28) = 8.4% < .001.

The mean judged appropriate speed for each participant &lceo3S images was
calculated in order to identify whether there wereuiatlial differences in the judgments
made by the participants. The lowest mean judged approppidd svas found to be 58km/h,
whereas the highest mean judged appropriate speed was 103.14kbhér. &oalyses were
conducted to investigate whether male and female drivers asedswith varying levels of
experience differed in mean judgments. An independent sarmpdst revealed that there
was no difference betwathe judgments of male (82.92km/h) and female participants
(76.72km/h), t1(27) =07, p > .05. Also, there was no significant correlatiotwieen driver
experience in years and mean judged appropriate speed r(27)=>.225.

Besides the association between the actual speed and giEpxt] we also
investigated the association between individual road characteristics and drivers’ judged
speed. The 35 images were coded independently by five juddésroad characteristics, the

first 14 of which were taken from Goldenbeld & van Schagen (2008 .16 road



226  characteristics include (1) Presemdea curve: yes/no; (2) Road width: average/wider than
227  average; (3) Sight distance: average/more than aveiggelarity of situation: average/more
228 than average; (5) View to the right: little/average/largeMiéyv to the left:

229 little/average/large; (7) Presenctbuildings alongside the road: none/few; (8) Preseice
230 lighting poles: yes/no; (9) Presence of trees at the: ygistno; (10) Presence of trees at the
231  left: yes/no; (11) Presencd vegetation at the right: yes/no; (12) Presence ofta¢iga at

232 the left: yes/no; (13) Presence of traffic on sameagaway: yes/no; (14) Presence of traffic
233  on opposite carriageway: yes/no; (15) Presence of @ugosis (junctions, exits, emerging
234  lane): yes/no; (16) Number of lanes. Presence of int@esand number of lanes were

235 added for this study because they are other featuresat@pheviously been suggested to
236  affect speed choice (e.gdquist, Rudin-Brown & Lenne, 2009; Elliot et al., 2D03

237 Paired-samples t-tests and one-way ANOVAs (for vargabiegh more than two

238 levels) along with Bonferroni post hoc testsre carried out to compare drivers’ judged

239  speeds on each characteristic. Results are showatbie T

240 Table 1 Mean appropriate speeds and associated inferential tegisided speed according

241  to road characteristics; significant results in bold (p5).

Road Characteristics Mean appropriate speed Appropriate speed
(km/h) d.f. FIt p

Road width Ave, 80.41; >ave, 84.94 28 231 0.028

Presence curve Yes, 80.17; no, 85.90 28 3.27 0.003

Sight distance Ave, 78.03; >ave, 90.72 28 6.12 <0.001

Clarity of situation Ave, 88.46; >ave, 79.09 28 530 <0.001

View to the right <Ave, 86.12; ave, 81.09; >ave, 2,56 2.86 0.066
83.63

View to the left <Ave, 77.35; ave, 83.86; >ave, 256 44.77 <0.001*
97.79

Buildings alongside the

road Yes, 83.01; no, 83.39 28 0.15 0.885

Presence of lighting poles Yes, 82.02; no, 94.71 28 6.83 <0.001

Presence trees right Yes, 83.03; no, 83.58 28 0.38 0.706

Presence trees left Yes, 82.66; no, 86.86 28 0.69 0.496

Presence vegetation right Yes, 83.46; no, 82.95 28 0.26 0.795
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Presence vegetation left  Yes, 84.61; no, 82.45 28 1.11 0.276

Traffic same carriageway Yes, 84.02; no, 82.26 28 0.81 0.425
Traffic opposite

carriageway Yes, 85.03; no, 81.86 28 191 0.066
Presence of intersections Yes, 74.96; no, 85.89 28 7.39 <0.001
Number of lanes One, 63.25; two, 80.98; three, 4,112 15.90 <0.001*

88.69; four, 82.06; five, 87.59

* Bonferroni Post Hoc for view to the left revealedfeliénces between all three pairs. Bonferroni Postfetoc

number of lanes revealed differences between onectanpared to all others; and between three lanes and four

2.3 Discussion

The purpose of this experiment was to determine the mean judgezpaate speed
for each road photograph as a basis for the manipulat@woried out in Experiment 2.
However, general analyses conduaiagarticipants’ responses produced a few results for
comment. There was a moderate positive correlatibmean the actual speed limit of the
roads and the appropriate speed to drive that was judged by dAippesently, the
photographs provided sufficient visual information about reabesnvironmental features to
enable drivers to make appropriate speed judgments that systdimaaried with actual
speed limits.

To identify which environmental features participants usedl lzesis for their
judgments, a series of analyses was conducted to invesimatthese characteristics
affecteddrivers’ judged speed. Results suggest that drivers are more affected by the
characteristics of the road (such as road width, presefincurve, sight distance, clarity of
situation, presence of lighting poles, presence ofsetgions and number of lanes), than
features of the road side (such as buildings alongsid® #ug presence of trees and
vegetation on the right and left). This may be bectheséeatures of the road have a more
direct impact on driver safety, although it could alsabe to the road side features in the

pictures being relatively uniform, limiting thmpact on drivers’ judged speed. As we did not
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match the stimuli for variability in road versus road sitlaracteristics it could be that the
greater impact of features of the road is a consequédnbe particular stimuli chosen.

Traffic on the same and opposite carriageway did not affect drivers’ judgments about the
appropriate speed, which concurs with the findings of Goldemreld/zan Schagen (2007).
Perhaps this is because drivers consider the statefaf sifation as temporary and
therefore not relevant to general judgments about approppasta to driveAlthough we
asked drivers about the appropriate speed to drive insteheiopteferred speed or safe
speed as was done in Goldenbeld and van Schagen (2007), oeeeéiietits of road(side)
characteristics on drivers' judged speed are very similarkéJ@oldenbeld and van Schagen
(2007), the current study did not fiad effect of the ‘view to the right” and instead found an
effect of ‘view to the left’, but this is presumably due to the differing traffic systam
Malaysia there is left hand traffic as compared to ringintd traffic in the Netherlands. Future
studies could use eye tracking to investigate what informaltivers focus on while making
judgments.

The judged appropriate speed tended to be higher than thésgeed limit of the
roads, a finding which is consistent with previous reseaitich suggests people prefer
speeds faster than the actual speed limit of roads whgndrance of the actual speed limit
(e.g. Fleiter & Watson, 2006; Goldenbeld & van Schagen, 200 did not prove to be the
case for the roads with the highest actual speed limitgyHah participants either selected a

speed similar to or lower than the actual speed limit of thd.rbhis suggests that
drivers saw the appropriate speeds as forming a narrowertrengthe actual speed limits of
the roads, with the majority of their judgments havingeamfalling in the 70-100 km/hr
range One possible explanation for this is that the photogragtuethe roads look more

uniform than the actual roads do in real life, leadingigpénts to choose a narrower range
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of speeds. Another possibility is that drivers genuinely dewelihat speedwithin a certain
range are preferable for driving and hence claim speeds agpaaavithin that range.

Males and females did not differ in their judgments of appate speed. This finding
is consistent with earlier findings of Stradling et(2D03) and Goldenbeld and van Schagen
(2007) who found no gender differenagesreferred speed to drive, although it should be
noted that those studies asked for one’s own preferred speed rather than general views on
appropriateness. Other studies have reported that matrssddaster than females (SIRC,
2004; McKenna et al., 19%8lthough gender differences in preferred speed may have
decreased over time (Stradling et al., 2003). Goldenbeld andchagéh (2007) argued that
in their study quiet roads with fewer vulnerable road usere shown and this reduced
females' safety perspective. A similar explanationatperhaps be applied in our study
where all of the photographs were taken on highways.

There was also no correlation between driver experiendgudged appropriate
speed, at least with drivers in this sample, who hadgerahless than one year to six years
of driving experience. The results suggest that driverseo¥arying levels of experience
considered in this study utilise similar cues to inform thedigiens on how fast it is
appropriate to driveNevertheless, the drivers’ age range in the current study was much
narrower than in Goldenbeld and van Schagen (2007) who foungréfatred speed
decreased with age (and presumably experiemteyefore, we may have found effects of
experience if a wider age range had been considered.

3. Experiment 2:

The previous experiment established what judgments drivers ahadd appropriate
speeds to drive when they were not given any speed limit iaf@m This experiment
aimed to investigate how the credibility of speed limit infation affects judgments about

the appropriate speed to drive. The same photographs from Egpetinwvere presented to
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new groups of drivers, thteme with speed limits posted on traffic signs. Posteddspedts
were either 10% lower or higher than the appropriate speedExperiment 1 or 50% lower
or higher than the appropriate speed. 10% was chosen bagezlfaat that a tolerance of
around 10% deviation from speed limits is frequently regardedceptable (Ng, 2012)
hence, a speed limit 10% from the judged appropriate speed kpenient 1 would likely
appear fairly credible. The 50% value was selected as engtd&ntrast, and thus likely to be
perceived as not credible. Based on Goldenbeld and van Sdl28§510), we predicted that
drivers would be more likely to suggest an appropriate speeis thdine with the posted
speed limit if it is credible, that is, close to the ajppiate speed indicated in Experiment 1
(i.e. 10% lower or 10% higher) than if it substantially degarom the appropriate speed
(i.e. 50% lower or 50% higher). Furthermore, we predictathilinere the speed limits
consistently and substantially deviate from the appropspeed (i.e. the 50% lower and 50%
higher conditions), drivers would disregard the speed linormétion altogether and make
judgments consistent with those in Experiment 1 (whergpeed limit information was
available).
3.1 Methods

3.1.1 Participants and Design

In total, 109 Malaysian drivers were recruited. Although Expent 1 suggested
driver experience has no impact on judgments of apprepised within the range of driver
experience selectedarticipants in each of the four conditions were maiatiesely with
those in Experiment 1 in terms of driving experience. Avben-participants design was
used whereby participants were assigned to one of thedoditions on an alternating basis
(displayed in Table while ensuring the conditions were balanced in their gender

composition and driver experience since getting their driveense in Malaysia
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Table 2 Demographic details of participants in each condition.

Number of Age Active driving
drivers (years) experience (years)
Condition (female, males)
Range Mean Range Mean
(s.d.) (s.d.)
10H 26 18-26 21.27 0.17-6.17 2.8
(10% higher) (13,13) (2.39) (2.77)
10L 28 18-25 20.14 0.08-7.00 241
(10% lower) (15,13) (2.17) (2.00)
50H 28 18-25 20.93 0.17-7.00 2.64
(50% higher) (15,13) (2.39) (2.00)
50L 27 18-27 20.70 0.25-6.17  2.63
(50% lower) (13,14) (2.22) (1.81)

All participants reported normal or correctednormal vision. A one-way ANOVA
was conducted to compare the experience level for thectoditions and the drivers in
Experiment 1.This found no differene between conditions in number of years of active
driving experienceF(4,133) = 0.16p > .05. Similarly a one-way ANOVA was conducted to
compare the driver age for the four conditions and tiverdrin Experiment 1. The test found
no difference between conditiomsdrivers’ age F(4,133) = 0.93, p > .05.

3.1.2 Stimuli

The mean judged appropriate speeds for each of the image&kmeriment 1 were
used as baseline for creating the stimuli for Experiment 2. Shee set of 35 photographs
from Experiment 1 was usedowever, these images were edited to display variousrdiit
speed limits on the speed limit sign. Four conditions wezated which included a condition
where the speed limit display was 10% higher than the judgedmjgie speed (10H), a
condition where the speed limit display was 10% lower thdggd appropriate speed (10L),

a condition where the speed limit display was 50% higleer fidged appropriate speed
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(50H), and a condition where the speed limit display was 50%rlthanjudged appropriate
speed (50L)For each individual photograph the mean judged appropriate speedll
participants in Experiment 1 was subjected to an increase obt@%%, or a decrease of
10% or 50%. Due to the implausibility of a speed limit sigpldigng a number which is not
a multiple of 10, the calculated values were rounded toghgest 10These whole numbers
for each image and each condition were edited onto the $ipgesign using Paint software.
To determine the effect of the rounding of the individuahbars on the
manipulations created for the four conditions, the npsanentage difference between the
mean judged appropriate speed from Experiment 1 and the meted gpeed was calculated

for each condition (displayed in Table 3)

Table 3. The mean percentage difference between mean jytigeg@date speed from

Experiment 1 and the mean posted speed for each condition

Condition Adjusted Percentage
10H 10.23% higher
10L 9.31% lower
50H 50.69% higher
50L 48.49% lower
3.1.3 Procedure

Participants experienced the exact same procedumeExperiment 1. They were
required to judge the appropriate speed to drive on each rdael 3% tmages. Images were
presented randomly for an unlimited time and participantslameé the time they wanted to

key in the appropriate speed in the unit of km per hadixation point ‘+’ appeared in the
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middle of the screen between trials for 500/articipants experienced 5 practice trials
before the 35 experimental trials. They were seated appabcedy 70cm from the screen with

visual angle of approximately 28 x 21 degrees

3.2 Results
140
120 é
100 /
80 00 0000606OC6O0COCFOFS
Speed (km/h)

posted speed

judged speed

® @ o e cxperimentl

10L 10H 50H
Conditions

Figure 3 Mean posted speed and judged appropriate speed for eachasofidié

dotted line indicates the average judged appropriate speed irrgapel.

Figure 3 shows the mean posted speed and judged appropriatecsadieit dir
conditions (50L, 10L, 10H and Bl), and Table 4 offers a summary of the analyses carried
out. A one-way ANOVA revealed that there was a signiticiffererce between conditions
in judged speed, F(3,136) = 16.32, p <.001. Bonferroni post-hecstesived the judged
appropriate speed was significantly higher foH%05.77km/h) than 50L (71.00km/h)p <
.001; judged appropriate speed was significantly higher fbir(86.77km/h than 10L

(77.61km/h) p <.001; judged appropriate speed was significantly higher for 1081(&&/h)
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than 5Q (71.00km/h) p =.001. The mean judged appropriate speed did not differ between
50H and 10H; 50L and 10L; and 10H and 10L, all p > .05.

The next analysis investigated whether the judged speedediéggnificantly from
the speed posted. In order to do this, for each trial the@ageed was subtracted from the
judged speed, creating difference scores. A positiverdifte score would reflect a tendency
to judge a higher speed than the posted speed while a negativevsataréndicate a
tendency to judge a lower speed than posted. Mean differem@s sgere calculated for each
participant and then four one-sample t-tests were cordiabe for each condition)
comparing the mean difference scores with O (with e@ooni-corrected alpha level of
.0125) Difference scores were significantly less than 0 forsid, t(34) = 14.97p <.001
(M =-29.37, S.D=11.61), and 10H conditiong34) = 7.54, p <.001 (M =523 S.D.=
4.17), The difference scores were significantly larger thaor@He 50L conditiont(34) =
19.66 p <.001 (M = 28.43, S.D. = 8.55), whileetdifference scores did not differ from 0 in
the 10L conditiont(34) = 1.81p >.05 (M = 2.50, S.D. = 8.18)

The next analysis aimed to determine how participants' jedtgwelated to the
appropriate speed for the roads, as determined in Experim&he dotted line in Figure 5
shows the mean appropriate speed for the roads from Exgrerintour paired-sampled t-
tests were carried out comparing the judged appropriate speedkperiment 1 with
judged appropriate speed in Experiment 2 in each conditioh &Btonferroni-corrected
alpha level of .0125). These revealed that for all fomd#@ns, the judged appropriate speed
in Experiment 2 was different from in Experiment 1. The jud@goropriate speed in
Experiment 2 was significantly lower than the judged apjmtgospeed in Experiment 1
(83.04km/h) for the 50L condition (71km/h{34) = 11.12, p <.001 and the 10L conditions
(77.61km/h n, t(34) = 4.26, p <.001. The judged appropriate speed in Experimeas 2

significantly higher than the judged appropriate speed in Bxrpetil for the 10H condition



415  (86.1km/h), t(34) = 4.26p <.001 and the 50H conditions (95.77kmif34) = 12.65, p
416  <.001.
417

418  Table 4. Summary of results of statistical tests comdlict Experiment 2

Comparisons Statistic

F(3,136) = 16.32p <.001,
Bonferroni post-hoc tests as folloy

judged speed 50H vs judged speed 50L <0.001
judged speed 50H vs judged speed 10L <0.001
judged speed 50H vs judged speed 10H > 0.05
judged speed 10H vs judged speed 50L 0.001
judged speed 10H vs judged speed 10L > 0.05
judged speed 50L vs judged speed 10L > 0.05

difference between 50H judged and posted speed vs | t(34) =14.97, p <.00:

difference between 10H judged and posted speed vs | t(34) = 7.54, p <.001
difference between 50L judged and posted speed vs ( t(34) = 19.66, p <.00:
difference between 10L judged and posted speed vs ( t(34) =1.81, p >.0¢t
judged speed from Experiment 1 vs 50H t(34) =12.65, p <.00:
judged speed from Experiment 1 vs 10H t(34) = 4.26, p <.001
judged speed from Experiment 1 vs 50L t(34) =11.12, p <.00:
judged speed from Experiment 1 vs 10L t(34) = 4.26, p <.00:

419

420 It may be the case that for those conditions whergalséed limits lack credibility,

421  the participants gradually learned that the speed limits vegreredible and therefore

422 initially judged speeds consistent with the posted limitschuate to disregard them over time.
423 A further analysis was conducted to address this possifihig analysis focused on the 50H
424  and 50L conditions only, as these conditions involvechthvecredible posted limits. The

425 average judged speed and average posted speed for the fitgalvand last five trials each
426  were calculated for each participant. The average pspestl was subtracted from the

427  average judged speed for the first and last five trialedch participant. Again, this yielded
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difference scorewhere a positive value reflected a tendency to judge @hgyeed than the
posted speed while a negative value indicated a tendency toguolyer speed than posted.
Four one-sample t-tests (50H and 50L for first five trdald 50H and 50L for last five trials)
were conducted to compare the differences to zero (a differscore of O reflects judged
speeds being equivalent to the posted spéexghe first five trials, the difference between
judged and posted speed was significantly different from O inthetBOH condition, t(27) =
9.28, p <.001 (M = -24.92; S.D. = 14.21) and the 50L condit{@6) t 6.68, p < .001 (M =
24.15; S.D. = 18.79%imilarly for the last five trials, the differencetbveen judged and
posted speed was significantly different from 0 for the 50kti¢ion, t(27) = 10.28, p <.001
(M =-30.96; S.D. = 15.93) and the 50L condition, t(26) = 8008,.001 (M = 29.90; S.B=
19.24) Two paired-samples t-tests were conducted to compareffinence scores for the
first and last five trials in each condition. There wassignificant difference for the 50L
condition, t(27) = 1.48, p > .05 or the 50H condition, altftothere was a trend towards the

difference score becoming increasingly negative for the &fidition t(26) = 1.80, p = .084.

3.3 Discussion

The information displayed on speed limit signs doesaat i® some extent modify
drivers' judgments of the appropriate speed. This is suppoytde finding that in all four
conditions, drivers' judgments of the appropriate speéeredf from thosenade in
Experiment 1 - in all cases consistent with the dioectif the displayed speed limit. This is
further corroborated by the fact that there were diffeesrbetween some of the conditions in
the judged appropriate speed. Taken together these findingsénttiaadrivers do take the
information displayed on the speed limit sign into actavhen deciding about the

appropriate speed to drive.
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However, it was clearly not thease that drivers always selected the speed shown on
the speed limit signs as for three of the four condstibre mean judged appropriate speed
differed from the speed displayed on the signs. Focoheitions where the limit posted was
50% lower or 50% higher than the appropriate speed as iddntifExperiment 1, people
did not give speed judgments in line with the speed on gime(8iey selected higher and
lower speeds respectively). This was also the casedaramdition where the speed limit
signs displayed a speed only 10% higher than the approgpe¢e chosen in Experiment 1
wherein people tended to select lower speéttsvever, in 10% lower condition, where the
displayed speed limit was 10% below that identified as apptepn&xperiment 1, there
was no differene between judged appropriate speed and posted speed. This suggests th
when the speed limis similar to but slightly lower than a speed drivers belisvbe
appropriate in the absence of speed limit informaticey thill modify their judgments about
appropriate speed in line with the speed limit provided. Tfiedings are broadly consistent
with previous simulator studies which found that driversanaore likely to comply with
speed limits rated as credible (van Nes et al., 2008; 2010).

In order to compare results of Experiment 1 and Experi@ehis important to know
whether possible sample differences may have playele.aRarticipants in both studies were
recruited from the same population, and none of the gmitfpsed significantly in age or
experience. There was a slightly larger number of fesrthlen males in Experiment 1 but not
Experiment 2; however, Experiment 1 showed no gender differm judgments about
appropriate speed. Therefore, it is highly unlikely any diffees in performance between the
two experiments could be accounted for in this way. Itbeaasked whether these effects are
driven by performance of just a few drivers in the sanipleould be the case that some
drivers always judge the speed displayed on the speed limiasiappropriate, while others

disregard the speed limit entirely. If this were the cdsemeans for the conditions would
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reflect the combination of these two distinesponse strategies. However, this interpretation
seems unlikely because no driver in any of the four tiondi consistently picked the speed
shown on the speed limit signs throughout the thirty-filzst

There are two further points which should be noted. Firdtiver's judgments of
appropriate speed did not differ between the 10% higher and 508 lmgnditions, and did
not differ between the 10% lower and 50% lower conditionss 3inggests that drivers may
only adjust their judgments of appropriate speed to a cerxéémt in light of speed limit
information. This would imply that setting speed limits thffedigreatly from the speed
which drivers think is appropriate for the road is unlikely sufein dramatic changes in
their views on the right speed. Second, while drivers idkl §peeds consistent with the
speed limits in the 10% lower condition (i.e. their clmoseeed was not significantly
different), they did not in the 10% higher condition.sTasymmetry might imply that drivers
are more prone to adjusg their judgments towards a lower speed than towards a higher
speed when faced with speed limit information. This perhaps stsydpat drivers are more
comfortable revising their judgments to a safer speedalspeed that could be seen as more
risky. Although this might appear to contradict other redeanggesting that drivers are
happy to exceed the speed limit and/or speeds they conslaestde (Goldenbeld and
Schagen, 2004), this may not be the case. In this stadspted limits posted were
deliberately chosen to be above speeds the participeligsdd to be appropriate (not just
above the actual speed limit), and this may explaingletance to pick the speeds posted. It
could also be argued that the asymmetry could be due toah desirability bias. If social
desirability bias was a major factor in responding one nagpéect participant® judge
appropriate speeds consistent with the speed limits aaitdbs conditions, which did not
happen. On the other hand it could still be argued that drivigis think that they ought to

pick speeds below and not above the posted limits, which cantialy be ruled out.
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However, previous research suggests that drivers are fregualhitig to say that they would
exceed the speed limit (e.g. Goldenbeld, van Schagen, & Drup2@f5) SARTRE 3, 2004
and indeed they chose speeds well above the posted liratisne conditions of this study
raising doubt over the role of social desirability here.

A further analysis investigated whether participants inwgeconditions with non-
credible speed limits (the 50% higher and 50% lower conditgtasied off by judging
speeds consistent with the limits posted but gradually disded the limits over time due to
their persistent lack of credibility. Participants did n@ake judgments consistent with the
limits posted in the first five trials in either conditi The magnitude of the discrepancy
between the posted speed limit and the participgudgments of appropriate speed did not
change significantly over time for the 50% lower conditi the 50% higher condition.
However, for the 50% higher condition there was a trendristiae discrepancy between
posted and judged speeds increasing achesxperiment. This is potentially consistent
with a slightly greater tendency to disregard the postedispes time in this particular
condition.

4. General Discussion

Previous researchers have argued that one of the lsgynsewhy drivers speed is
because they do not regard the speed limits which aes $eting credible (Goldenbeld &
van Schagen, 2007; Kanellaidis et al., 1995). Two related suggestie that a) drivers are
more likely to be influenced by speed limits which are credilda those which appear
unreasonable and b) if speed limits are frequently nonkdeettien drivers may doubt the
entire system and no longer consider speed limit infoomathen selecting an appropriate
speed (Goldenbeld & van Schagen, 2007)

In the first experiment, drivers' judgments of the appabe speed to drive in the

absence of any provided speed limit information were higherttieactual true speed limits



527  of the roads. Although our study recruited Malaysian driversfitkdengs in this respect are
528 broadly consistent with previous studies conducted irr gitiets of the world regarding

529  speed choice whereby participants on average preferred aspaed 0% higher than the
530 actual speed limit of the roads (Fleiter and Watson, 200Bte@beld & van Schagen, 2007)
531  This similar trend in speed choice across studies is integegiven that Malaysia has a much
532  higher crash and fatality rate than countries wheseareh has previously taken place (23.8
533 deaths per 100,000 inhabitants in 2009, IRTAD, 2011). In additianexpieriment found

534 that some characteristics of the environment (e.g. rodihwpresence curve, sight distance,
535  clarity of situation, presence of intersections, nundféanes, view to the left, presence of
536 light pole9 have an effect on drivers’ judged speed but not others (e.g. view to the right,

537  buildings alongside the road, presence of trees and viegevat both sides of the road,

538 traffic on the same and opposite carriageway). Whilepbssible that this particular pattern
539 of results is a consequence of the magnitude of variabilithese features within the

540 particular stimulus set, the features that did affect juelgewere overall similar to those
541 identified in Goldenbeld and van Schage{2007) study in the Netherlandghis suggests
542  that in some domains drivers’ decision-making processes may be fairly similar across

543  cultures, contrasting with previous research which imphiese are cultural effects on

544  drivers’ judgments (Lee et al., 2013.im et al., 2013; 2014).

545 In Experiment 2, we also find support for point a) abovamely that if a posted

546  speed limit is close to but 10% lower than the speed drietiesvb to be appropriate for the
547  road (i.e. the speed limit is credible) this can leadktecsion of speeds consistent with the
548 limit posted In contrast, when the speed limit shown was 50% higher or lthaarthe

549  appropriate speed, drivers' judgments about appropriate dperded from the speed limit
550 posted However, our data appear to contradict point b). If bpisect then we would expect

551 that in conditions where the speed limits differ grefthyn the appropriate speed (the 50%
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higher and 50% lower conditions) drivers would disregard theslialibgetheand should
consequently make judgments consistent with the judged apgippeed from Experiment
1. This does not appear to be the case. Instead, drivensigatigare of appropriate speeds of
similar magnitude to the 10% higher and 10% lower conditionsctgply. If b) is correct
we might also have expected drivers’ judgments to change over time for the non-credible
speed limit conditions, as drivers experience persistentredible limits and increasingly
disregard them. Our findings concerning this are somewhatmaseeven within the first
five trials of the 50% higher and 50% lower conditions, ds\#d not select speeds
consistent with the posted limits. However, there wasralttowards the discrepancy
between the judged appropriate speed and posted speeds increasiimge which could
reflectanincreasing disregard of the posted limits with greatposure to non-credible
speed limitsAs mentioned previously, it seems reasonable to suggest ¢hataite certain
limits within which drivers will modify their judgments ohappropriate speed to drive
based on speed limit information provided. At the very Jahstfindings here suggest that
people do take account of speed limit information when chgasi appropriate speed to
drive. However, those who determine speed limits shouldaed®unt of what drivers regard
as appropriate and understand that it may be difficultadifjwdrivers' views on how fast
one should drive beyond certain limits.

In summary, our findings suggest that drivers' views ofpgmagpriate speed are
influenced by characteristics of the road itself. Drivers’ views can be modified in light of
speed limit information but they are unlikely to select speedsistent with speed limits
which are radically different from the speed they deppr@priate in the absence of speed
limit information. This suggests that speed limit credibiktyikely to be a crucial factor in
speed limit compliance and those responsible for settingl dipeies may need to consider

the match between the road characteristics and thd §peeset
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