UNIVERSITY OF LEEDS

This is a repository copy of Differences in gap acceptance for approaching cars and
motorcycles at junctions: What causes the size-arrival effect?.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/126985/

Version: Accepted Version

Article:

Lee, YM orcid.org/0000-0003-3601-4191 and Sheppard, E (2017) Differences in gap
acceptance for approaching cars and motorcycles at junctions: What causes the
size-arrival effect? Transportation Research Part F: Traffic Psychology and Behaviour, 50.
pp. 50-54. ISSN 1369-8478

https://doi.org/10.1016/j.trf.2017.07.006

© 2017 Elsevier Ltd. Licensed under the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International
http://creativecommons.org/licenses/by-nc-nd/4.0/

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Title: Differences in gap acceptance for approaching cars atateycles at junctions: What causes the size-
arrival effect?
Author names and affiliations:

First/Corresponding Author:

Given Name: Yee MuHniversity of Nottingham Malaysia Campus

Middle Name: NA

Family name: Lee

Affiliation address: School of Psychology, UniversitiyNottingham Malaysia Campus, Jalan Broga, 43500,

Semenyih, Selangor, Malaysia.

Email YeeMun.Lee@qIyndwr.ac.timlyeemunQO@vahoo.ccm Phone: 01978 293943

Second Author:

Given Name: E|izabetHniversity of Nottingham Malaysia Campus

Middle Name: NA

Family name: Sheppard

Affiliation address: School of Psychology, UniversitiyNottingham Malaysia Campus, Jalan Broga, 43500,

Semenyih, Selangor, Malaysia.

Email]Elizabeth.Sheppard@nottingham.a¢.uk Phone: 0115 74 86279

1. Present address (Yee Mun Lee): Department of PsychdBlggdwr University, Mold Road, LL11 2AW, Wrexhamplted Kingdom.
2. Present address (Elizabeth Sheppard): School of Pggghdlniversity of Nottingham, University Park, NGRR, Nottingham, United
Kingdom.


mailto:YeeMun.Lee@glyndwr.ac.uk
mailto:yeemun90@yahoo.com
mailto:Elizabeth.Sheppard@nottingham.ac.uk

Abstract

This study investigated whether the size-arrival efl@capproaching vehicles, whereby
people judge that approaching motorcycles will arrive later #pgproaching cars, is more
likely to be due to overestimating the distance availablem of motorcycles or
underestimating the speed of approaching motorcycles refatoaas. Approaching
vehicles at junctions (cars and motorcycles) were showrseries of video clips (speed
and distance information was provided) and photographs (oménde information was
provided). DQivers’ judgments about whether it was safe to pull out was investigategl. Th
vehicle effect arose only in the video condition when Jekiwere presented at a far
distance.It was concludedhat drivers’ error in judgment is likely to be due either to the
miss-estimation of the speed of approaching motorcycldsvars making judgments
based on the rate of optical expansion, rather timantanisperceptions of distance.
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1. Introduction

Motorcycles are vulnerable road users and over-representedd accidents and
fatalities in many countries. For instance, althougih@UK motorcycles constitute less
than 1% of road users, in 2015 motorcyclists accounted 869%.bf accidents and 134
of deaths on the roadBf(T, 2015). In Malaysia 29.0% of accidents and 52.6% of road
fatalities involved motorcycles (Sarani, Roslan & Sanifi,0), although Abdul Manan
and Varhelyi (2012) state that only fatalities can be acdynateasured in Malaysia due to
underreporting and unreliable records of accidents withoutifgaay. Similarly high
levels of road injuries and fatalities involving motorcyclesse also reported in other
countries such as New Zealand (Reeder et al., 1999), Norvegyal 1999) and many
more Car drivers’ failures to give way to approaching motorcycles at junctions (kresvn
right-of-way violations, ROWVSs) are one of the most commae$yofcarmotorcycle
collision (Clarke et al., 2004; Abdul Manan & Varhelyi, 201@he explanation for this
failure is that drivers simply do not see the approaching veRibke smaller frontal size of
motorcycles than cars leads to conspicuity problemstirggin difficulties in motorcycle
detection (Crundall et al., 2008; Pai, 2009; Lee et al., 201d)eMer, another factor which
may contribute to the high number of ROWVs involving motadlisi&is drivers making

incorrectgap acceptance judgments (Pai, 2009), whereby they demdaie to pull out



from the junction when there is in fact insufficient rotordo so safely.

A number of previous studies have demonstrated that carsitiypically allow
smaller gaps when pulling out in front of motorcycles thans ¢Hancock et al., 1991,
Hancock & Caird, 1993; Nagayama et al., 1980). In gap acceptanbessparticipants are
typically asked to press a buttatithe last moment when they felt they could safely pull
out from a junction while watching short videos of approachingclehicars, motorcycles
and trucks) travelling from a pre-specified distance froenuinction at a constant speed
Previous studies using this method have revealed that dnweeesmore likely to accejst
smaller gap size in front of motorcycles than trucksaarg and thiswas true especially
when the velocity of approaching motorcycle was high ratter low (Hancock et al.,
1991; in line with Nagayama et al., 1980).

A widely cited explanation for this characteristic patte gap acceptance
behaviour is the size-arrival effect, a perceptual illusiereby people perceive smaller
objects to arrive later than larger objects travellindnatstame speed (DeLucia, 1991he
size-arrival effect has been demonstrated more Hiriectime-to-arrival studies, which
present an observer with a video showing an approaching ¢&jmtt as another vehicle)
which is then occluded and the observer is asked to juddartbeat which the approaching

object would have reached them. Several such studiesdwave that cars were estimated



as arriving earlier at justions than motorcyclists (Caird & Hancock, 1994; Horswill et al
2005), consistent with the suggestion that the acceptdisceatier gaps for approaching
motorcycles may be due to an error in judging the arrival tiftbe approaching vehicle.

While these previous studies suggest that drivers may haredifficulty judging
the arrival time of approaching motorcycles than casyjlting in gap acceptance errors
(see Pai, 2011 for a review; Olson, 1989) the exact exjpdan@mains uncertain. First, the
appraisal error could be due to errors in judging the distainte approaching vehicle
Frontal size may be used as a cue to distance (smakst®bpually are further away) and
drivers might have overestimated the distance of appnog motorcycles compared with
cars, resulting in drivers accepting a gap which is actuallgnaad| for them to pull out
(Olson, 1989). Second, the appraisal error could be due 13 eroidging the speed of the
approaching vehicle (Thomson, 1980). The smaller size ahtitercycle could make
drivers underestimate its speed due to the difficultiesrogpgng movements of
motorcycles in comparison with cars (Lee & Sheppard, 20&8lting in their accepting a
gap which is too small.

These previously mentioned gap acceptance studies were cahdsicig only
videos, which contain both speed and distance informakioerefore, it is not possible to

tell whether drivers are underestimating the speed or stimating the distance, or both.



This question can be answered by comparing gap acceptances@ndamotorcycles in
videos (speed and distance information provided) and photogi@plislistance
information provided). The current study investigadelers’ judgment about the safety of
pulling out at junctiongn photos and video stimuli using the occlusion method. Deiver
were presented with videos or photos depicting a vehicle approazfifggnction viewed
from the point of view of a driver who has stopped atdinetjon and is looking to the

right in the roadway ahead. The approaching vehicle wasr eitbar or a motorcycle and
when occlusion took place the vehicle was located at bifee® different distances from
the junction (near 14 m, intermediate 30 m, far— 46 m). Drivers were required to decide
whether or not they felt it was safe to pull out after estichulus was presented.

If errors in gap acceptance judgments for motorcycleslaedo drivers
underestimating speed, drivers will be more likely to judgetsafeill out in front of
approaching motorcycles than cars in the video stimuli duphoto stimuli. However, if
the differences are due to drivers overestimating stamties of the approaching vehicles,
the vehicle effect in gap acceptance should be preséntlinvideos and photograph
stimuli. Given that Crundall et al. (2008) and Lee et al. (2@icbhot find any effects of
vehicle type a drivers’ judgments about the safety of pulling out using photograph stimuli

only, we predict that the judgment errors made by driversrare likely to be due to



underestimating the speed of motorcyclesamparison to cars, and to a lesser extent in
overestimating the distance/gap.
2. Methods

2.1. Participants

In total 17 drivers were recruited in the experiment (9 neels8 females). Their
average age was 22.12 years (S.D. = 3.16) ranging from 17 t@iZ90fe and they
reported an average of 2.99 years (S.D. = 3.33 years) o alciving experience since
getting their driving license in Malaysia, ranging from 0.172312 years. All reported
normal or correcteti>-normal vision and were not colour blind. All participangsarted
no experience of riding a motorcycle.
2.2. Design

A 2 x 3 x 2 within-subjects design was used. There were thtlependent
variables: type of approaching vehicle (car or motorcyclsjadce of approaching vehicle
(near, intermediate or far); type of stimuli (photographsideos). In addition, the
approaching vehicles were recorded at three different tirayspeeds (30 km/h, 40 km/h,
and 50 km/h). Speed was not included as an independent vamigiecurrent study but

was included to provide speed variability and make the video Istess predictable. The



dependent variable was the participants’ judgments about whether it was safe to pull out
from the junction.

Two hundred and eighty-eight trials were presented to eatbipant across four
blocks (2 blocks of photographs and 2 blocks of videos). The aikdbf photographs
were identical, as were the two blocks of videos. In éaahof the 72-trial video block, an
approaching vehicle was presented. Videos were recorded aiftevent junctions and
each of the stimuli was repeated twice in each block,tmeguh four presentations per
block for each vehicle type/speed/distance combination. pjm@aching vehicle was a car
or a motorcycle (30 km/h, 40 km/h, 50 km/h), which was located at ‘near’, ‘intermediate’
or ‘far’ distances. Counterbalancing was used, whereby participants eitherletadghe
two blocks of videos first followed by two blocks of photographsice versa
2.3. Stimuli
2.3.1. Road measuring phase

A Trumeter Measuremeter® 5500 (Mechanical Metric Dist&heasuring Wheel)
was used for road measuring. Road measuring started fromitihevpere the video
recorder was standing which was located at the junctioreTdistances from the junatio
were measured and they were 14 m, 30 m and 46 m. These thaeeatisvere used as the

near, intermediate and far distances in this experirvénile measuring the road,



photographs were taken as a note to riaekocation of 14 m, 30 m and 46 m. Static
objects (i.e. lamp post, bushes, edge of the roads, t:g¢e¢heit were located at the side of
the roads in those photographs were used as the road nfarkguglance while doing the
video editing.
2.3.2 Video Recording Phase

Two junctions near University of Nottingham Malaysia cam{@emenyih and
Broga) were used for video recordings. They were selected dhanig relatively quiet
resulting in little disruption to the filming process. Videdsapproaching vehicles were
recorded from the viewpoint of a driver (refer to Figure kitgmn C) who was looking
towards the right while approaching the T-junctions. A PanasébiC-SD900 video
camera was used for the filming. The approaching vehicletvéa $ioyota Vios and a
black Honda PCX 150 motorcycle) drove straight (refer to Figuir@dx position A to B)
and travelled at a constant speed from the end of theowaadds the junction and passed
by the video camera. Each recording consisted of only one apjmgavehicle which

either travelled at the speed of 30 km/h, 40 km/h or 50 km/h.



Figure 1. Location of approaching vehicle and video camera. A representstheinitial
location of the approaching vehicle which travelled straight to B. C representsthe
location of the video camera
2.3.3. Stimuli editing phase

Windows Live Movie Maker was used as the video editor. Each &t@ollus
lasted for 1500ms. Videos were cut when the approaching vehislatwiae distance of 14
m, 30 m or 46 m from the junction such that in the fireaine the vehicle was either near,
intermediate or far from the junction. The lastri@of each video was used as the picture
stimulus in the static version of the experiment.tAd stimuli were presented at a
resolution of 1280 x 720 pixels.

2.4. Procedure



Participants were seated approximately 70 cm from thgoutanscreen with
stimuli presented at a visual angle of approximately 28 x B&fructions were presented
on the screen which explained to participants that they al@ret to see a series of stimuli
(photographs or videos depending on the block) depicting theofia vehicle positioned
in a side-road, looking right along the main carriagewdych has the intention to turn
right and cross the contraflow lane. They were fisged to fixate on a fixation cross that
appeared in the middle of the screen (1000ms) before¢kergation of each stimulus
(1500ms). The stimulus was then replaced by a prompt s@semding participants about
the appropriate keys to press in order to make the corrgcingss. They were asked to
press 0 for “safe” to pull out and 2 for “not safe” to pull out. The fixation cross appeared
again in the middle of the screen before the nextlegan. All stimuli were presented in
random sequence within the block. They participated iroaf blocks (two blocks of
videos and two blocks of photographs), the order of which was cbal#eced. There was
a short break between the blocks. The experiment wasa@aut using the PsychoPy

program (Peirce, 2007) and took approximately 30 minutes to ctanple



3. Results
The data for all 17 participants were subjected to a 2 x Bepe&ated measured
Analysis of Variance (ANOVA) comparing percentage of judgmantss safe to pull out
in front of an approaching vehicle for different vehicle g/pear or motorcycle) at different
distances (near, intermediate or far), which were presemteither photographs or videos

(see Figure 2)
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Figure 2. Percentage of judgmentsit was safe to pull out in front of carsand
motor cycles at different distances for photograph and video stimuli (error barsdepict

standard error of the mean)



The ANOVA identified a main effect of distande(2,32) = 213.24, p < .001.
Bonferroni pairwise comparisons showed that it was judgedt sapull out in front of
intermediate (34.44%) as compared to near (6.99%) approaclinindege p < .001; in front
of far (72.98%) than intermediate approaching vehiges.001; and in front of far than
near vehiclesp < .001. There was a two-way interaction between stimypesand vehicle
distance, F(2,32) = 5.53, p < .01. Paired-samples t-tastsl that it was judged safer to
pull out in front of approaching vehicles in photographs (77.82%) videos (68.45%) but
only at the far distance, t(16) = 3.00, p < .01.

There was also a three-way interaction between stiniyhes vehicle distance, and
vehicle type, F(2,32) =5.97, p < .01. To investigate theslwdghis interaction, two further
3 x 2 ANOVAs were conducted separately for each stimyjues ¢tphotographs and
videos). For photographs, there were no effects other hiegoréviously mentioned main
effect of distancegF(2,32) = 192.28, p < .001. For videos, in addition to the maatiedf
distance, F(2,32) =127.47, p < .001; the effect of vehiclewgseapproaching
significarce, F(1,16) = 4.26, p = .056, and interacted with vehicle distd(@32) = 7.69,
p = .005. Paired-samples t-tests revealed that it wasdusifer to pull out in front of
motorcycles (73.53%) than cars (63%a#dr distance, t(16) = 2.84, p < .05; but not at

intermediate, t(16) = 1.14, p > .05, and near distan(&), + 1.22, p > .05. To express this



interaction another wayhére was a main effect of stimulus type, F(1,16) = 9.X,(1
and an interaction between vehicle and stimulus tyge 16 = 8.42, p = .01 at the far
distance only. Paired samples t-tests revealed thasijuslged less safe to pull out in the
videos than the photographs condition for far cars, t(16)L5, p = .001 but there was no
difference for far motorcycles.
4. Discussion

Previous gap acceptance studies have shown that driverst aacaller gaps in
front of motorcycles than cars (Hancock et al., 1991; Han8oCaird, 1993; Nagayama et
al., 1980) which has been proposed to be the result Gfitteearrival effect”, whereby
drivers believe that the smaller vehicle will reach tHatar than the larger (Caird &
Hancock, 1994; DelLucia, 1991; Horswill et al., 2005). This paper askether gap
acceptance errors made by drivers are due to their oveagisiy the distance available in
front of the approaching motorcycle or underestimating itecp®y comparing the video
condition, where speed and distance information is preséh a static photo condition in
which only distance information can be used to make a de@biout whether to accept
the gap, we could determine the probable basis of this veffiett.e

Drivers were more likely to judge it was safe to pull out imffref motorcycles than

cars specifically for video stimuli although only when #pproaching vehicles were



located at a far distanc€&hisis consistent with the idea that video stimuli give tza
vehicle effect (Caird & Hancock, 1994; DelLucia, 1991; Horswidlet2005) while
photographs do not (Crundall et al., 2008; Lee et al., 2015). Thefalifference for the
photograph only stimuli suggests that when drivers can oelaw&hicle's distance to
make their decision, they do not differentiate betwees @ad motorcycles. However,
drivers may find it harder to perceive or process theanaif approaching motorcycles as
compared to cars (Lee & Sheppard, 2016). The appraisal drncgss make about the
safety of pulling out at junctions could be due to drivers eding the speed of
approaching motorcycles to be slower than approaching cars aneich fact travelling at
the same speed.

However, an alternative explanation that may accaurthie findings is that when
presented with video stimuli, rather than directly piming the distance and speed of the
approaching vehicle, drivers make a judgment about its disb@sesl on its rate of optical
expansion in relation to its optic size, a statistiokn as tau (Lee, 1976). Although tau
varies systematically with the distance of a vehialehghat it could be a reliable cue to
judging its distance, it has been pointed out that using tad beybroblematic if the rate of
change in optical size falls below the threshold fac@getion (Horswill et al., 2005).

Because motorcycles have a smaller optical size than(@amy given distance) it may be



thatwhen they appear at some distances, the rate of optieahsion falls below this
threshold. In such videos, the motorcycle may be percawetbse to static in the scene
and its distance could not be judged accurately (Gould, &(dl2a; 2012b). In contrast, for
photographs there is no optical expansion of either \&hsol this cannot be used as a cue
to infer distance.

The above explanation is consistent with the obsenvahat the vehicle effect was
only evident when the vehicles were at the far distanebere the rate of change of topic
size would be lowest for both vehicles. However, it is #igocase that if two vehicles at a
far position are perceived as travelling at different sp&eds one another, the difference
in their perceived timee-arrival would be greater than for two vehicles atraarimediate
or near distance. Hence, it may be that the mispaocept speed merely has a greater
impact when it is at a far distance. Further, it is Waoxiting that the nature of the question
is different when it comes to gap-acceptance and tiimagrival. The former type of study
asks drivers to judge whether it is safe to pull out, whiclotishiacessarily equivalent to
judgments about when the approaching vehicle will arrive. Byin®y perceive two
vehicles as arriving at different times but believe dafe (or not safe) to pull out in front
of both of them. Therefore, this may also contributihéolack of vehicle effect at the near

distance, where drivers tended to say it was not safe toydudicross all conditions.



In conclusiondrivers’ tendency to accept smaller gaps in front of motorcycles than
cars is more likely to be due to underestimation of thedspéapproaching motorcycles
instead of overestimation of the gap/distance availabdi®im of them. The smaller size of
the motorcycles may also cause difficulties for dsver detect the motion especially at
further distances. This could either be due to problemspaitbessing speed itself or the
use of rate of optical expansion as a cue to infer spie&tide falling below perception

threshold for motorcycles (Gould et al., 2012a; Gould et al., 3012b
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