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Abstract
Failure in making the correct judgment about the inbentif an approaching vehicle at a
junction could lead to a collision. This paper investigatedrtipact of dynamic information on
drivers' judgments about the intentions of approachingasatsnotorcycles, and whether a valid
or invalid signal was provided was also manipulated. Partitspaere presented with videoclips
of vehicles approaching a junction which terminated immelyidtefore the vehicle made any
manoeuvre, or images of the final frame of each videoy Waee asked to judge whether or not
the vehicle would turn. Drivers were better in judging theoranre of approaching vehicles in
dynamic than static stimuli, for both vehicle typBsivers were better in judging the manoeuvre
of cars than motorcycles for videdmit not for photograph®rivers were also better in judging
the manoeuvre of approaching vehicles when a valid sigrepvevided than an invalid signal
demonstrating the importance of providing a valid signal wdrileng. However, drivers were
still somewhat successful in their judgments in moshefconditions with an invalid signal,
suggesting that drivers were able to focus on other cuestdion. Finally, given that dynamic
stimuli more closely reflect the demands of real-lifeidg there may be a need for drivers to
adopt a more cautious approach while inferring a motorcyclist’s intentions.

Keywords Car, Intention, Motion, Motorcycle, Predicti@ignalling
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1. Introduction

When two road users meet at a junction, each must estimatthers’ intentions in
order to decide what to do neKtrors in making such predictions about other road users’
actions could result in an accident if the wrong decisganade as a consequence. For instance,
we may be more likely to pull out if we think an approaching vehsclarning off the main road
than if we think the approaching vehicle will keep going, bugraor could result in a collision.
Research suggests that a large proportion of accidentg falkice at junctions are due to right-
of-way violations (Clark, Ward, Bartle & Truman, 2004; Sar&dslan & Saniran, 2011)Vhile
we are not aware of any data on how many of these averaed for by failures to predict
another road user’s behaviour, it is possible that some of these accidents could/éeeal if road
users are properly attuned to the behavioural intentioothefs. The importance of being able
to predict others’ behaviour when making decisions is captured in Situation Awarenessyfheo
(Endsley, 2000), which has been applied to various dynamicxtsimeluding driving There
are three levels within the SA model. Level 1 is theitghib perceive the elements of the sgene
while Level 2 involves comprehension and understanding afddee. In driving, this requires
individuals to understand the set of rules on the roaggiating the perceived items of the scene,
and understanding them. Level 3, which is the most advaaspesgtt of situation awareness,
involves projection and the anticipation of future evefiisexample, being able to anticipate the
manoeuvre of other road users. It has been suggestecitgtalble to predict the movements or
behaviour of other road users is the major antecedesutcobssful decision making, although it
does not necesshr guarantee good decision making about one's own behlg#adsley, 200Q)

Therefore, it is important to understand how accurate rdrizse in making predictions about
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other road users’ behavior, as well as the type of information they rely on to make such
judgments.

The majority of previous researoh judging the intention of other road users has
focused on the judgments of car drivers about the behafvayclists, referred to as Bicycle
Motorist Junction Interactions (BiMJIs). Drury and Pieteaggki (1979) conducted a study
which asked drivers to predicicgclist’s intentions (turning left, turning right, going straight or
stopping) by presenting them with a series of photographstagpan approaching cyclist at
crossroads. It was found that drivers made incorrect judgrabotg 20% of the time when
proper arm signals were provided by the cyclists as a wayntonanicate their intention, but the
accuracy of drivers’ judgments varied when they had to rely on other more informal cue® whil
making judgments (such as different positions on the toating a foot, looking over the
shoulder).

More recently, Walker (2005) conducted a study which aimed thigbtne probability
of collisionsby classifying drivers’ judgments according to the likely consequenPéstos
depicted cyclists who either did not or did turn into the sahad while making one of four
possible signal types (a proper arm signal, no arm sigriajlance in the direction of the
forthcoming turn, glance back over the shoulder or nmatin at all) Participants were told at
the beginning of each trial to execute a specific drivingaeavre, and had to press a button
(braking response) when they judged it to be not safe to petfa manoeuvréValker went on
to categorisdifferent trials to be ‘good outcome’ (managed to stop and prevent collision with
thecyclist) and ‘collision’ (failed to stop a manoeuvre which would hit the cyclist). Collision
occurred on 7% of trailand failures to stop were more likely in the proper armadigondition

as compared to no signal or informal signal. It was falsad that successful stop responses
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were slowest when theyclist signalled correctly. It was suggested that the prayessignal
might have caused participants to invoke extra cognitive psmeesas it was associated with a
communicative acfTherefore, this resulted in participants taking longetanision making and
in some cases failing to do so within the required time fraeseilting in collision.

These studies have demonstrated that drivers are gendaallp auccessfully infer the
intention of cyclists from photograph stimuowever it is possible that the use of static
photographs as stimuli could misrepresent drivers’ decisions in the real dynamic road
environment (Crundall et al., 2008). On one hand, static phatogalow plenty of time for
careful inspection of relevant cues to intention which make it easier for drivers to deduce
what the other road user will do. On the other hand, tinasebe various aspects of motion that
could be useful for determining intention, such as dece@eraf road users planning to make a
turn, the trajectory of road users as they approachuttaipn, changes in body position, and
other antecedent movements.

It has been previously suggested that socio-cognitive proggssiys a role in
information processing which relates to other human bearg$ hence that such processes are
invoked when making decisions about intented maoeuvre<lidtsy(Walker, 2005). This
would be the case for other groups of vulnerable road userspplearaas a visible figure of a
human on the road, such as pedestrians, but perhaps adttdick or a car where no human
figure is visible (Walker & Brosnan, 2007). Tha@ses the question about how people would
make judgments about the intentions of other road user grspesially those where no human
figure is visible. Motorcyclists are also a vulnerable grolumad users and are clearly visible as
a human figure. However, unlike bicycles, motorcycles argopgd with indicators like cars,

andshould use them to signal their intentioffsa motorcyclist is going to turn in@junction,
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one wouldalso expect the motorcyclist to glance in the relevanttitme and decelerate
although it is not as easy to see the eyes of a mota@tgslia cyclist, due to the differing nature
of their headgear.

The current study aimed to create stimuli depicting meaioeuvres as naturally as
possible, comparing two types of approaching vehicle (motocyeld cars). The study also
sought to include dynamic as well as static stimuli for camatibn. Participants were required
to predict the manoeuvre of the approaching vehicles (turninghatmpinction or driving
straight). One particular road configuration was used (gged-1.), which was selected as it has
been identified as a particular source of accidentsahlife (Stone & Broughton, 2002). In this
particular interaction, the participant is located arain road and has the priority of
continuing going straight, while the approaching vehicle orother side of the main road
should stop and give way (if turning). The approaching vehictpsaking behaviour was
manipulated such that there were four kinds of trial: thdsgre the vehicle continued straight
and made no signal, those where the vehicle continuegrgtbaut made a signal, those where
the vehicle signalled and turned and those where the velidctet signal but did turn. This
enabled us to exami the effects of signal validity on drivers’ judgments and evaluate the extent
to which drivers rely on signals versus other, less exglis to make their judgments.

Three hypotheses were made: (1) Participants would beanoueate in predicting the
manoeuvre of approaching vehicles for video stimuli thapfiotograph stimuli due to there
being additional cues which could assist in the judgn{@htTrhere would be an interaction
between stimuistype and vehicle type, whereby dynamic information would be=mseful for
cars than motorcycles. This is due to the car being a bigdpele so movements would be more

obvious in the video stimuli whereas the tilt of a motoleyvhile turning or other body
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language of the motorcycligte. head and body position) might be more obvioustatic
photographs. (3) Overall, drivers would be more accurate inngdgher road users
manoeuvres when a valid signal is provided as compareditwalia signal Note that the
signal was not predictive of the vehicles' actual inb@stin this study.
2. Methods

2.1. Participants

In total 40 drivers were recruited (18 males and 22 femaifeg;priori power analysis
confirmed that 32 participants would be needed for a meditettesize) Participants were all
students studying for degrees at the University of Nottinghataygia Campus. Their average
age was 21.75 years (S.D. = 3.12) ranging from 18 to 33 yeduthay reported an average of
3.02 years (S.D. = 2.68) of active driving experience sinttengeheir driving Icerse in
Malaysia, ranging from 0.17 to 14 years. All participants reyomormal or correctet-normal
vision and were not colour blind. They reported no experiehdding a motorcycle.
2.2. Design

A 2 x 2 x 2 x 2 within-subjects design was used. There veenreifidependent variables:
type of approaching vehicle (car or motorcycle); manoeuiteecapproaching vehicle (turning
into the junction or driving straight); signal validifyalid or invalid); type of stimulus
(photographs or videos). The valid signal condition inaluttials where the approaching vehicle
was turning with a signal provided, or going straight wittsigmal provided. The invalid signal
condition included trials where the approaching vehicle wasrtg with no signal provided, or
going straight with a signal provided. The dependent variabk the judgments about the
manoeuvre of the approaching vehicles i.e. turn or driviragg$tt Two hundred and twenty four

trials were presented across two blocks, one of which presphtgograph stimuli and the other
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presented videogach 112-trial block included 16 stimuli which were repeag¢edis times each.
These 16 stimuli included two different approaching vehiclesaicarotorcycle) which were
either turning into the junction or driving straightthvor without a signal, and were each
recorded at two different junctions. Therefore, eaicihe trial types (i.e. turn with a signal, turn
without a signal, straight with a signal and straiglthout a signal) made up of 25% of the total
number of trials. All participants took pantboth the video and photograph blocks, the order of
which was counterbalaad
2.3. Stimuli

Video Recording Two junctions near the University of Nottingham Malaysimpas
(Semenyih and Broga) were used for video recordings. Videagpobaching vehicles were
recorded from the viewpoint of a driver who was looking shtagpwn the main road (refer to
Figure 1: position A) using a Panasonic HDC-SD900 video cambeaafproaching vehicles (a
silver Toyota Vios and a black Honda PCX 150 motorcycle) liex/a the opposite direction
along the road towards the camera position (refer to Figypesition B) at a constant speed (40
km/hour). The approaching vehicle either continued drivinggtrdFigure 1. position Lor
turned into the junction (Figure 1: position D) in frontleé video camerd rials were recorded
for each of these actions with and without the indich&ing used. fiedriver and motorcyclist
who were both male, were instructed to drive or ride as ntasapossible during the video

recording. The motorcyclist was wearing a white t-shirt witllack jumper and a black helmet.
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Figure 1. Initial location of approaching vehicle (B) which either travelled straight (to C) or
turned into the junction (to D) and video camera (A)

Stimuli Editing Windows Live Movie Maker was used as the video editor. Eatgovi
stimulus lasted for 2000ms and for 'turn’ stimuli, each vidas cut off immediately prior to the
point at which the wheels of the approaching vehicle stéotadn. The 'no turn' stimuli were
then created such that in the final frame the approackhigle was at the same distance from
the junction as in the final frame of the correspondumgp” stimulus. The last scene of each
video was screenshot to make the photograph stimuli in thisieyge. All the stimuli were

presentect a resolution of 1280 x 720 pixels (see examples in Figure 2).
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Figure 2. Four examples of the progressing movement of vehicleswithin video stimuli
(from left to right). (a) An approaching car that wastravelling straight with no signal. (b)
An approaching car that wasturning into thejunction with asignal. (c) An approaching
motorcycle that wastravelling straight with a signal. (d) An approaching motorcycle that
wasturning into the junction with no signal. Photographs on theright asthe final frame of

thevideo stimuli and were used for the static photograph stimuli condition



181 2.4. Procedure

182 Participants were seated approximately 70 cm from thguater screen with stimuli

183 presented at a visual angle of approximately 28 xI%fructions were presented on the screen
184  which explained to participants that they were about to seées of photographs/videos

185 containing an approaching vehicle which was coming from thesmepdirection while they

186 were driving on the main carriageway. Participants were dskidchte on a cross which was
187 located in the middle of the screen for 2000ms prior tgthsentation of each stimulus which
188 lasted for 2000md-ollowing offset of each stimulus, participants were presewith a prompt
189 screen detailing the appropriate keys to press in orderritectly indicate their response. They
190 were asked to judge whether the approaching vehicle’s intention was to continue going straight

191 (by pressing 0 on the numerical keypad) or to turn into thetipn (by pressing 2 on the

192 numerical keypad) as quickly as possible when the prompesevas presented, although no
193 time limit was imposedNo feedback was given to participants. All participants pagtieih in

194 two blocks (videos and photographs), the order of which wadexdnatancedA self-paced

195 break was allowed between the blockke experiment was carried out using PsychoPy (Peirce,
196 2007), and all stimuli were presented in random sequence \etlim block.

197 2.5. Analyses

198 A signal detection analysis was used in this experinizata collected were categorised
199 as‘hits’, ‘misses’, ‘false alarms’ and ‘correct rejections’ as shown in Table 2.

200 Table2. Matrix used for data categorisation

Actual Manoeuvre Drivers' Response

Straight Turn
Straight Correct Rejections False Alarms
Turn Misses Hits

201
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This approach was used for the analysigdeterminairivers’ accuracy in judgment in
different conditions (3§, as well as whether thevgas any bias (c) in making certain predictions
(e.g.judging ‘turn’ too frequently across conditions}. (@erceptual sensitivity) and ¢ (response
criterion) were calculated and analysed following MacMiland Creelman (1991), with the log
linear correction (Snodgrass & Corwin, 1988) (see Equatiord2nZHit and ZFA are the Z
scores for hit rate and false alarm rate. In thisexdnthe hit rate for a particular condition is
equal to the number of trials on which the participant ctiyrstated that the vehicle turned in
that condition divided by the total number of trials on whige vehicle actually did turn in that
condition, which is always 14. The false alarm rateafparticular condition is equal to the
number of trials on which the participant said “turn” when the vehicle in fact did not turn in that
condition divided by the total number of trails on whibl vehicle did not turn in that condition,
which is always 14. This method of analysis effectivelyterga measure of participants' ability
to discriminate between the two trial outcomes (turn andimg across conditions. Criterion ¢
reflects drivers’ overall tendency to make a particular response in a particular condition
regardless of its accuraay; this case, whether drivers tend to judge ‘turn’ more frequently,
resulting values below @y ‘straight’ more frequently resulting in values above 0. Essentially
is a function of the total number of trials on which they say ‘turn’.

Equation 1.
d' = ZHit — ZFA
Equation 2.

¢ = —0.5 x (ZHit + ZFA)



223 3. Reaults

224  3.1. Perceptual Senditivity (d’)

225 d’ was calculated to investigate how accurate drivers areinjudgments

226 (differentiating turn and no turn trials). Eight ore¥gple t-tests were conducted to compare the d
227 of each of the conditions with 0 to investigate drivers’ ability in differentiating turn and no turn
228 trials. A score of O would occur if drivers could not cotisediscriminate between turn and no
229 turntrials. The significance level was adjusted usingBheferroni method to allow for the

230 multiple comparisons (alpha level= 0.00625). Results ftegtghat d in seven out of eight

231 conditions were significantly higher than 0, all p < .@3&ept for motorcycles providiran

232 invalid signal presented in photographs, p = .005; wherefas chrs providing an invalid signal
233 presented in photographs was not significantly different ffom=.029. The data for all 40
234  participants were also subjected to a 2 x 2 x 2 repeatedirasasnalysis of Variance (ANOVA)
235 comparing dfor judging an approaching vehidenmanoeuvre for the two stimuli types

236 (photographs or videos), for different vehicle types ¢zanotorcycle) withavalid (turning with
237 signal and going straight without signal) or invalid sigatning without signal and going

238 straight with signal) (see Figure 3).
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Figure 3. d” for judging an approaching vehicle’s manoeuvre for the two stimulustypes
(photographs or videos), for carsand motorcycleswith avalid or an invalid signal (error

bars depict between-subjects standard error of the mean)

The ANOVA identified two main effects. First; tbr video stimuli (2.30) was
significantly higher than for photograph stimuli (1.36), B@),= 57.65, p <.0Q}?% = .600
Second, twas significantly higher when the vehicle in question provided a valid signal
(2.83)than when it provided an invalid signal (0.82), F(1,392%.18, p <.00In% = .757.

A two-way interaction was found between stimulus type afcle type, F(1,39) =
51.56 p <.001 n?% = .569. Paired-samples t-tests revealed that thasaiction is due to’dor
motorcycles (1.60being higher than for cars (1.11) for photograph stin(@80) = 4.01 p
< .001, d =.634 while the’ dor cars (2.59) was higher than for motorcycles (2.00) for video

stimuli, t(39) = 5.31p <.001 d =.840 A two-way interaction was found between stimulus type
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and signal validityF(1,39) = 15.91, p <.00%?% = .29Q Paired-samples t-tests revealed that d
was significantly higher when a valid signal was providedoaspared to when an invalid was
provided, for both photographs, t(39) = 9.10, p <,@02 1.440 (valid: 2.63 vs invalid: 0.08)
and videos, t(39) = 9.21, p <.Q@lL= 1.458 (valid: 3.03 vs invalid: 1.5@)aired-samples t-tests
also revealed that dvas significantly higher for videos than photographs, when avalid signal
was madet(39) = 3.17, p <.005 = .502 (videos: 3.03 vs photographs: 2.63) and when an
invalid signal was mad&(39) = 6.47, p <.00Md = 1.023 (videos: 1.56 vs photographs: 0.08)
was provided. A closer inspection revealed this interasi@ms to be due to the difference
between dfor videos and d’ photographs being higher when an invalid signal was provided
(1.48) than when a valid signal was provided (0.4). A two-wsgraction was also found
between vehicle type and signal validity, F(1,39) = 46.04,G9% n?, = .541. Paired-samples t-
tests revealed that this interaction is due’tédcars (3.03) being higher than for motorcycles
(2.63) when a valid signal was provided, t(39) = 3.87, p <.0016d2 while the dfor
motorcycles (0.97) was higher than for cars (0.67) whanwatid signal was provided, t(39) =
2.87, p <.001d = .454.

These two-way interactions were subsumed by a three-weradation, F(1,39) = 50.28,
p <.001n% =.563 This interaction appears to be a result of there begigréficant interaction
between vehicle type and signal validity for photograph stjrR(i,39) = 87.77p < .001 n%
=.692, but not for videq$(1,39) = 2.74p > .05 1% = .066 For photograph stimuli,’dvas
significantly higher for cars (2.81) than motorcycles (2wena valid signal was provided,
t(39) = 2.45p < .05 d = .387 while d was higher for motorcycles (0.75) than for cars (-0.59

when an invalid signal was provided, t(39) 28 p <.005,d = 1.288



275 3.2. Response Criterion (c)

276 c is a measure of level of response bias of drivers kingpgudgments across conditions.
277 A positive c indicates that drivers had a tendeoeyy ‘straight” too much whereas negative €

278 indicates that drivers had a tendebgyay ‘turn’ too much. Eight one-sample t-tests were

279 conducted to compare the c for each of the conditiortsib investigate whethdrivers’ were
280 biasdtowards judging ‘turn’ or ‘straight’. A score of O would occur if drivers were not leids
281 towards judging ‘turn’ or ‘straight’ while making their judgments. The significance level was
282 adjusted using the Bonferroni method to allow for the mleltgomparisons (alpha level=

283 0.00625). Results revealed that c in three out of four inealidiitions were significantly lower
284 than 0, all p <.001 except for motorcycles providing an in&gidal presented in videos

285 p > .05; whereas c for all valid conditions were non-sigaiftly different from 0. Three out of
286 four valid conditions have p value of p05 except for cars providing a valid signal presented in
287 photographs, p = .031. The data for all 40 participants werecsedjw a 2 x 2 x 2 repeated
288 measures Analysis of Variance (ANOVA) comparing the respaeniterion (c) for judging an
289 approaching vehicle’s manoeuvre for the different stimuli types (photographs or videos),

290 different vehicle types (car or motorcycle) witkalid (turning with signal and going straight
291 without signal) or invalid signal (turning without signal arirgg straight with signal) (see Figure

202 4).
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Figure 4. c for judging an approaching vehicle’s manoeuvre for the two stimuli types
(photographs or videos), different vehicle types (car or motorcycle) with valid or invalid

signal (error barsdepict between-subjects standard error of the mean)

The ANOVA identified three main effects. First, ¢ fodeos (-0.09) was significantly
higher than for photographs (-0;2Bivers were more likely to judge ‘turn’ for photographs than
videos) F(1,39) = 7.03p < .05 n% = .153 Second, c for approaching motorcycles (-0.09) was
significantly higher than for cars (-0.2drivers were more likely to judgeurn’ for cars than
motorcycles)F(1,39) = 13.15, p 001, n%, = .252. Third, ¢ was significantly higher whan
valid signal was provided (-0.02) than when an invalidadigras provided (-0.3HMrivers were
more likely tojudge ‘turn’ when an invalid signal was provided than a valid signgl)1,39) =

38.83, p < .001n? = .499.




306 A two-way interaction was found between stimulus type and vetyple, F(1,39) =

307 15.15p <.001n% = .280. Paired-samples t-tests revealed that ¢ wasicamtly higher for
308 approaching motorcycles (0.06) than cars (-0.23) for vidddsers were more likely to ‘turn’
309 for cars than motorcycles for videpgB9) = 5.68 p <.001, d = .898, but not for photographs
310 (39) =0.29p > .05d =.046 c was also significantly higher for videos (0.06) than phaiplgs
311 for motorcycles (-0.22drivers were more likely to judge ‘turn’ for photographs than videos for
312 motorcycles)t(39) = 4.32p <.001 d = .684, but not for cars, t(39) = 0,18> .05 d =.020.
313 A three-way interaction between stimulus type, veltgbe and signal validity was
314 found F(1,39) = 7.58, p <.Q}? = .163.This interaction appears to be due to there being a
315 two-way interaction between vehicle type and signal iglidr videos F(1,39) =25.26p

316 <.001 n?% =.221 but not for photographs, F(1,39) = 0% .05 n? = .023. For the video
317 stimuli, ¢ was significantly higher when a valid signal wasvided (-0.03) than an invalid
318 signal (-0.43for carst(39) =5.75p <.001 d =.907, but no difference was found for

319 motorcycles, t(39) = 1.4p >.05,d = .233.

320 4. Discussion

321 Consistent with findings of previous researchers (D& Bjietraszewski, 1979; Walker
322 2005), this study demonstrated thaalimost all conditions, drivers were able to systematically
323 discriminate between situations where another road ussdied to make a turn and situations
324 where the intention was to continue straight on. Thevident in the fact that across most
325 conditions, d' was positive and significantly differéotm 0. However, d' for photographs of
326 approaching cars making an invalid signal were significantly b8losuggesting that in this
327 particular condition, drivers are actually misled and inatlyedentify turning and non-turning

328 trials. As previous studies have focused exclusively on the abilitydgg cyclists' intentions,
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the current reseeh extends the field to show that drivers have the albdijydge intentions for
both motorcyclists and other cars.

As expected, drivers were more accurate in their judgr(eat they were better at
discriminating turn from no turn trials) for video tharopdgraph stimuli and this appears to be
true for both vehicle types. Therefore, the first hypsiheas supported. It seems that the
approach to the manoeuvre of the vehicle as shown in vioheoliprovides additional
information (e.g. deceleration of the vehicles while apphing the junction before turning, the
progression of the vehicles’ location while getting closer to the junction, the movements of head
turn for motorcyclists) compared with the static photograpere only the last scene was
shown.

The second hypothesis that drivers would be more acaarataking judgments about
the intention of approaching cars than approaching motexyol videos was also supported
This may be because the movement of the cars mayteahvious than of the motorcycles in
the video stimuliPrevious research has shown that motorcycles are hardecéwpeas
compared to cars due to their smaller size (e.g. Crundalll, &008; Gershon et al., 2012; Lee et
al., 2015,) For photographdrivers were better in making judgments about the interttiather
car drivers than motorcyclists when a valid signal was piadehe reverse was true when an
invalid signal was madé his was also the only condition where drivessse systematically
wrong in making judgments, perhaps suggesting that there arberacats that drivers can
depend on when judging the intention of other car drivers fromtographs, resulting in their
being misled by the signal. An approaching car does not titbfiytslightly changes its
orientation in relation to the junction depending on wheitheill turn or not. On the other hand,

the approaching motorcycle slightly faces towards the junetioen turning but the vehicle



352 itself also tils and the rider may also orient his head towards the idinezt motion. Hence

353 drivers have a much wider variety of relevant cues oghvia base their judgments for

354 motorcycles, resulting in less reliance on an invalidadighdevertheless, as the dynamic stimuli
355 more closely reflect our experience when actually driviing,poorer performance of drivers in
356 judging the intention of motorcycles than cars in thisdibon may better capture how these
357 processes operate in daily life. If this is the case ithavuld perhaps contribute to the higher
358 tendency of drivers to collide with motorcycles than erginctions observed both in the UK
359 and Malaysia (e.g. DETR, 2000; IRTAD, 2011).

360 Thirdly, it was hypothesised that generally drivers would besraocurate in judging
361 manoeuvres when a valid signal is provided. The hypothesisupported and this was found
362 consisterty across conditiond hese findings demonstrate the importance of vehiclesding
363 valid signals to indicate their intended manoeuvre. Howealrerers were also able to

364 systematically discriminate turning and non-turning trialsnevben an invalid signal was

365 provided in most conditionsuggesting that drivers can use some of the other cue®nszht
366 abovewhenmaking judgments.

367 Response bias (c) revealed that drivers adopted differitegia for judgments when a
368 valid and invalid signal was provided. When a valid signal wasiged,drivers’ response was
369 not biagdtowards judging ‘turn’ or ‘straight’ regardless of vehicle type and stimulus type (i.e.
370 response criterion was not significantly different frOinWhen an invalid signal was provided,
371 drivers’ responses were significantly biadtowards judging ‘turn’ for three of the conditions (i.e.
372 both vehicle types presented in photographs, and carsj@dse videos) while no bias was

373 found for judging motorcycles in videos.



374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

When considering possible reasons for this bias it neayseful to consider differences
in the outcome for the driver if an error in judgment is made. If a driver judges ‘turn’ when a
vehicle actually considers straight, there may be d swst in relation to the driver slowing
down or perhaps even stoppiffpwever, if a driver judges ‘straight’ when the other vehicle is
actually turning then a collision could occur. Therefollehangs being equal, it is better to
judge ‘turn’ incorrectly than to judge ‘straight’ incorrectly. Perhaps, then, drivers scruitinize
approaching vehicles for any cues which might indicater¢hécle will turn, and it is possible
that identifying the presence of any one of these cuedfisient to induce the driver to state the
vehicle will turn. On invalid trials, therefore, driversyrtend to respond turn when they either
see a turn signal being made or when they detect otherstindsas slowing down, a change in
head movement, vehicle tilt and so on. Overall, this would result in a bias towards saying ‘turn’
across trials for invalid trials.

Finally, it is worth stressing that in this experimerm signal was not actually predictive
of the vehicle’s movement. The experiment was designed this way in order to have equtivale
numbers of valid and invalid trials. However, these propastioay not reflect the frequency
with which we encounter validly and invalidly signalled manaes\n everyday life. For
example, it seems rather unlikely that an approaching velhald provide a turn indication but
continue to travel straight, and this is almost certdesg likely to happen than any of the other
eventualities: a driver travelling straight without ansifj turning into the junction with the signal,
or turning into the junction without a signal. Having sam@ttin Malaysia, where the study was
conducted, it has been reported that motorcycles are patlizing the turning indicator in
some contexts (Abdul Manan & Varhelyi, 2015) so invalidly sigdamanoeuvres may be

relatively common. Future research could manipulate theopiop of trials on which a valid
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signal is made to matche conditions observed on the road to predict the errors drivers’ make in
daily driving.
4.1. Conclusion and Implications

This paper investigated drivémsbility to predict the manoeuvre of approaching cars and
motorcycles by comparing information provided in photographs atebsi The first hypothesis
was supported whereby drivers were more accurate in predicinganoeuvre of approaching
vehicles for video stimuli than photograph stimiilhe second hypothesis was also supported,
whereby drivers were more accurate in judging the intewti@ars for video stimuli while
results for photograph stimuli varied according to the valilitthe signal. The third hypothesis
was also supported whereby generally drivers were more actujadigingother vehicles’
manoeuvres when a valid signal was provided.

It is worth noting that as participants in this study atengodrivers with a little driving
experience, the findings might not be generalisable tolenalgked or older drivers with more
experienceWhile the results here demonstrate considerable congeeilemaking these kinds
of judgment even amongst young, relatively new drivers,naigét expect this competence to be
further enhanced through experience, and in particulanigiet expect more experienced
drivers to use the more reliable cues to make their judgmEunture studies could investigate
the effects of experienceandrivers’ ability to predict the intentions of other road users.

Another limitation of the current study is that only ayye of road configuration was
used for investigation. In real life, there are manyedéht ways that vehicles can interact at
junctions (cf. Walker, 2005). In contrast to the set-up used/alker (2005), in the
configuration presented here the driver habtr@f-way and if the other road user turns, this

would be a violation. It is possible that different processay be invoked in other situations
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where the driver does not have right of way and must judge other road users’ intentions.
Nevettheless, the ability of drivers to monitor other road users’ behaviour effectively and detect
the intention to make a riglat-way violation is an important part of safe driving. This is
particularly important given that this study was conductddafaysia,asit was previously
found that Malaysian drivers are more likely to judge iswafe to pull out in front of
approaching vehicles at junctions than UK drivers, suggestepdssibility of greater
willingness to engage in risk taking behaviour (Lee et al., 2015)

The ability to judge accurately others' intentions coutdease the efficiency of traffic
flow and help prevent collisions to enhance the safetgad users. The current research
suggests that for dynamic stimuli, which more closely ceflee demands of real-life driving, it
is harder to judge the intentions of motorcyclists thas. CHnis suggests that drivers should
therefore adopt a more cautious approach when a motoisymlesent. Finally, in terms of
application, the recent invention of autonomous vehigeser-less cars) has led some
researchers to speculate whether such vehicles are capaideting the social demands of
driving. For instance, it was reported that self-driving ¢ack social skills, such as the ability to
interpret gaze as a signal of intention (Sleek, Miéh®likulak, 2016). Given the socio-
cognitive interaction between road users is such a cortges, more research should be
conducted to identify the cues that drivers use to make judgrabaut other road userow
and how well drivers predict what other road users intend tardbhow drivers use such
predictions to guide their own behavioliris important for researchers to answer these
guestions in order to teach autonomous vehicles what to doimtbescting with others.
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