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Summary

In our everyday lives we often have to respondlduito events in the world around us.
This thesis examined whether task-irrelevant, mgvauditory stimuli facilitated
context-appropriate motor responses. The expergnéritowed the same general
methodology: participants responded to a visugletafa box on the screen) which was
sometimes accompanied, or preceded, by a movingdbend auditory stimulus. For
the experiments in Chapter 2 the auditory stimsghasted in one hemifield and moved
to the other. The results indicated motor respomgae facilitated when the auditory
stimulus was moving azimuthally, to a greater deghen when it was static, but only
when the direction of the auditory stimulus was age to that of the response
(incongruent) and only for Experiment 2. Chaptduher examined this facilitation,
whilst restricting the movement of the auditorynsili to either the left or right
hemifield. The results indicated facilitation frobimodal presentations, particularly
when responses were towards the hemifield the @aydgtimulus was presented in.
Experiments 3 - 6 indicated responses were fa@titavhen the auditory stimulus and
the required motor response moved in the sametidined=inally, Chapter 4 utilised
looming auditory stimuli to test whether they ledl greater facilitation than that
observed in Chapter 3. The results indicated logmawditory stimuli facilitated
responses relative to receding or static stimutieré was also facilitation from bi-
modal presentations over their uni-modal countespgarticularly when the responses
were towards the hemifield the auditory stimulusswaresented in. There was
facilitation when the auditory stimulus moved ire thpposite direction to the required
response, compared to static, though only in Erpants 7 and 11. This thesis suggests
that motor responses can be facilitated by tagtewant, moving, particularly looming,
auditory stimuli and may be of benefit in tasks tthaquire quick responses.



CHAPTER ONE

1.0 INTRODUCTION

In a person's everyday life there are times inctvithey have to make a quick
physical reaction to changes in their environmsuath as a person driving a car having
to react to the vehicle ahead of them braking dhamgr an air traffic controller
responding to the warning of an imminent mid-ailtis@n. Many factors can influence
the time it takes a person to make these reactions. such group of factors are the
properties of the stimulus conveying the environtakchange. For instance, if the tail
lights of the car braking in front of the driveeatim it may take longer for the driver to
see them come on than a bright set, which could teaa crash. If the impending
collision alarm for the air traffic controller waso quiet it may be missed if the
controller was in an environment with large amouwftbackground noise. To improve
the chances of a stimulus leading to faster regmnshanges can be made to its
properties, such as increasing the brightness lagfh& or increasing the volume of a
sound. Another way in which reaction times can improved is by presenting a
stimulus with properties that facilitate the regdirmotor response. ‘Facilitate’ in this
sense would be to improve the ease and speed alh \&hinotor response is executed.
Thus if a stimulus naturally conveys the requiredton response, this could lead to
faster reaction times than a stimulus that doesaatiain this information.

Before going any further it may be helpful to m#lthis chapter's structure.

First, a review of the literature on the facilitatiof motor responses by visual stimuli is
presented. From this the focus of attention wileto the automatic facilitation of
motor responses by visual stimuli. The term ‘autbches defined as a pre-attentive
process, i.e., one that takes place before corsaittention has been directed at it.
Therefore ‘automatic facilitation’ is the proceaswhich a pre-attentive stimulus
improves the ease and speed at which a motor respsexecuted.

From the visual domain the next section of thisradtction will cover
facilitation by auditory stimuli, as well as autaicaauditory facilitation. There will be
a review of the effects of bi-modal stimuli follod/dy task-irrelevant, bi-modal stimuli.
Once these areas of previous research have beeussisl the final section of the



chapter will outline the experiments that will ported in more detail in Chapters 2 to
4,

1.0.1 Visual Facilitation

Moving visual stimuli have been shown to faciiatotor movements in a
choice task. Michaels (1988) had participants redpg to a moving visual stimulus, a
square, by manipulating two joysticks, one in ehahd. The visual stimulus moved
either from the left to the right of a computeresor or vice versa. Participants were
required to move either the left or the right jagistdepending on which visual stimulus
was presented. The results suggested that partisipaere significantly faster to
respond when the visual stimulus was moving tow#ntdsresponding hand rather than
away from it. This suggested that the moving viss@mulus facilitated a faster
response in the hand that could be consideredesating with the visual stimulus.

Other research investigating the use of visuainugii to facilitate motor
responses has been conducted using more ecolggiedilll stimuli to see if these also
have a beneficial effect on motor responses. TuakdrEllis (1998) asked participants
to judge the orientation of objects that a persauld likely interact with during a
normal day, such as saucepans and teapots. Thesglay objects were presented to
the participant either in their normal orientationin an inverted orientation, i.e., a
teapot sitting on its base or inverted to be gton its lid. In each of these presentations
the handle of the object was either pointing to thght or pointing to the left.
Participants responded to the object with eitheirtleft or right hand depending on its
orientation. The results showed that participangsewfaster when the task-irrelevant
handle of the object was pointing towards the redpay hand than if it was pointing in
the opposite direction. This was taken to show thatcongruency between hand and
handle facilitated a participant's response tmthject.

Phillips and Ward (2002) expanded upon these tesahd showed that
facilitation was not limited to motor responses diwng the hand. They had
participants perform a left/right response task atovisual target, but before the
presentation of the visual target the participamese exposed to a visual prime. This
prime was a frying pan with its handle orientatedeither the left or the right. The



manner in which the participants responded was Bptiveen three different methods.
In the first method the participants pressed adefight button with the corresponding

hand, i.e., the left button was pressed with tlieHand. The second method required
them to press the buttons with their hands crossed the left hand pressed the right
button. The final method involved them respondirithwheir feet, i.e., a left response

required the left foot to press a left foot peddie results showed that the participants
were faster to respond to the visual target if hlaedle on the visual prime pointed

towards the side of the body that was making tepaese, irrespective of the manner in
which the participants responded. This indicateat the facilitation acted as a lateral
response facilitation, rather than facilitationaapecific limb. Also, this showed that

the facilitatory stimulus did not need to be thenstus to which the response was
required. This indicates that a facilitatory stiomilneed not be limited to a specific
motor response, and that it does not need to keopdhe stimulus that requires the

motor response.

Motor response facilitation by visual stimuli doest appear to be limited to just
one side of the body either: there is evidenceisatal stimuli can be used to facilitate
whole body motor movements as well. In a navigaggperiment Warren and Whang
(1987) created 'doorways' of variable width betwtem movable partitions that could
be moved closer or further away from each otheeddmg on the desired width of the
‘doorway'. Participants were then placed in frdrthe partitions at a distance of no less
than 2.2 meters and asked if the doorway in frdrthem was wide enough to allow
them passage without having to turn their should@ise results indicated that
participants were capable of making such width @mgnts and this was taken to
suggest that the participants could indeed percéive width that visual stimuli
conveyed and thus the suited motor movement. Tésslr indicated that facilitation
arising from visual stimuli is not limited to juatsingle appendage or a single side of
the body, these facilitatory effects can be useglide movements involving the whole

human body if necessary.

1.0.2 Automatic Visual Facilitation

In some of the research discussed above it has $femvn that the feature of a



stimulus that leads to a motor facilitation maytéek-irrelevant. This is useful in a real-
world context as it means it could be possible tesent a stimulus that facilitates a
response yet not need specific attention be paitdastimulus. For example, a pilot of
an aircraft that has to perform a specific dirawtio manoeuvre. To perform the
manoeuvre the pilot could be presented with visaatlitory or haptic cues informing
them which direction the aircraft needs to gohi§tinformation could be presented in a
manner in which the pilot did not need to attendittget still be facilitated by it, this
would be a desirable effect. This facilitation agk-irrelevant stimuli would be even
more useful if the facilitation provided by therstili arose automatically. However,
there is evidence that this task-irrelevant featiiin may not always arise,
automatically.

Tipper, Paul and Hayes (2006) presented partitspanith pictures of door
handles to which they had to respond either tostiepe or to the colour of the door
handle. The handles were, as with Tucker and EL898) and Phillips and Ward
(2002), either orientated to the left or the rigParticipants made their response to the
visual target by pressing either the 'a' or th&el on a keyboard depending on the
properties of the target they were to monitor. Thoiie participants pressed the 'a’ key
if the handle was square shaped and the 'I' kiéwifs round shaped. Other participants
pressed the 'a’ key if the handle was green antl Key if it was blue. In the shape task
participants were faster to respond to the visaigedt when the handle was pointing in
the direction of the responding hand while in tlodoar task there was no effect of
handle orientation. This was taken to mean thaisaal stimulus conveying motor
movements did not always lead to automatic fatitite but rather facilitation was
determined by which aspects of the stimulus théqgyaants were attending to.

There are other studies that have indicated tiaffdcilitating component of a
stimulus may still have an effect even if it iskaselevant. Grézes and Decety (2002)
recorded participants' neurological activity usiagPositron Emission Tomography
(PET) scanner while they were shown a series ofyeeg objects, such as a stove-top
espresso maker, colander or frying pan. There Wixedasks that the participants were
required to perform. The first required indicatinbether the object's orientation was up
or down. The second involved mentally simulatingasging the object, before
indicating if the orientation of the object wasttee left or the right. The third task



involved silently naming the object before decidiafi/right orientation, and the fourth
task required silently saying the use of the objpfbre indicating its orientation. The
final task involved being shown a non-object fosddane comparisons to the other four
tasks; in this task the participant stated whethemon-object was larger on the left- or
the right-hand side. It should be noted that intta@ing section of the experiment the
behavioural data replicated the findings of Tucked Ellis (1998). The main result of
the experiment revealed a common pattern of negiedb activity in the parietal and
pre-motor regions of the brain in all the tasksoiming the everyday objects. This is
evidence that objects activate the relevant actibeyg facilitate even if the part of the
object is task-irrelevant.

This was supported by Fischer and Dahl (2007) idmb participants respond to
the change in colour of a visual target with a-leftright-hand motor response. During
this task participants were presented with a coatlg rotating cup with a single
handle. The results indicated that when the hawdke pointing in the direction of the
responding hand participants were faster to respgonithe colour change than if the
handle was pointing to the opposite hand. Thisciauis that the handle of the cup was
facilitating motor responses even though the cup task-irrelevant.

On a final note regarding facilitation via taskeievant visual stimuli there is
evidence that the stimuli may not even need to é&reqived to still have an effect.
Fellows, Tabaza, Heumann, Klotz, Neumann et al0Z20had participants perform a
lifting task involving an object whose weight coute changed between light and
heavy. Prior to lifting, participants were cuedtaghe weight of the object. When this
cue was masked so participants were unable toiperiteparticipants still adjusted the
amount of force needed to lift the object as dextdty the masked cue. This finding is
supported by Mattler and Fendrich (2007) who hatiggpants perform a task in which
they had to discriminate the direction of rotatioha moving ring of dots. Before
participants were presented with the visual tasly there flashed a rotating ring whose
speed of rotation was so great they only perceasedlid static ring with no rotation.
However, if this rapidly rotating ring was rotatiingthe same direction as the ring the
participants had to make a discrimination abowgy twere faster to respond than if the
ring was rotating in the opposite direction. Boflihese studies indicate that a stimulus
can be presented subliminally, yet still facilitatenotor response.



So far, it has been shown that visual stimuli camtain information that
facilitates an observer's motor responses, berthisgating a passage (Warren and
Whang, 1987) or responding to simple moving stinfMichaels, 1988) or everyday
objects (Tucker and Ellis, 1998). These sensoryamédcilitations have also been
shown to take place when the facilitating stimué task-irrelevant (Fischer and Dabhl,
2007).

1.0.3 Auditory Facilitation

From the day a person is born they are surroubgesbunds, and these sounds
can be used to understand and interact with theaement on many different levels.
These can range from the sound of a kettle's vehistlicating that the water is boiled
and the kettle needs to be taken off the heahegsound of a telephone ringing. Both of
these sounds help the listener to decide what tiegir course of action may be: whether
to remove the kettle from the hob, or deciding tsveer the caller or not. So while
auditory information can inform listeners about #hevironment it can also illuminate
possible ways in which to interact with it.

It is possible to extract from sound alone the §@essi, 2005), speed (Houben,
Kohlraush and Hermes, 2004), length (Carello, Asderand Kunkler-Peck, 1998),
composition (Giordano and McAdams, 2006) and textaf an object (Lederman,
1979). This information is useful from the point\aéw of facilitation as by knowing
these properties of an object it can help a pedsmide what actions are possible. For
example being able to tell the speed of an objeghtihelp the listener to decide if it is
possible to safely interact with the object oit vould be safer to get out of its way. An
example would be the textural auditory warning usedwarn a driver they are
wandering from their lane on a motorway, i.e., sioeind of the road changes from a
smooth sounding surface to a rough sounding omieegscross the rumble strip.

Grassi (2005) tested whether it was possible ® the sound of one object
impacting on another to estimate the size of tret @bject. This was accomplished by
having participants listen to the sound of varisiged wooden balls dropped onto a
baked clay plate. The participants' task was terdido the ball striking the plate then
make a size judgement from only the sound it méideas shown that the participants
were able to supply reasonable estimates of tleeddithe ball just from the sound of its



impact.

As well as size, sound has been shown to conwegpbed of an object. Houben
et al. (2004) presented to participants pairs obrgings of wooden balls rolled across
wooden plates. The size and speed of the balls veered to give pairs that were either
different in size, or different in speed, dependomgwhich property was being tested.
The results indicated that participants were ablandicate which of the two balls was
larger in the size task, and which of the two baits faster in the speed task.

Carello et al. (1998) produced evidence to shaat #m object's length can also
be inferred from the sound it makes when impacéingther object. They achieved this
by having participants listen to the sound of woodewels of differing lengths being
dropped onto the floor. Participants were able soneate the length of the wooden
dowel from its impact sound alone.

Giordano and McAdams (2006) showed that it wassiptes to identify the
material from which an object was constructed by slound it made when struck.
Participants were presented with the sound of eighpiece of plexiglass, soda-lime
glass, steel or Tanganyika walnut being struck witpendulum. The participants' task
was to state whether the struck object was maddastic, glass, steel or wood. The
results indicated that participants could perfeatlgntify the material of the struck
object.

Along with sound being able to convey the matesfahn object, it can also be
used to communicate the texture of an object. ladar(1979) presented participants
with the sound of a finger running back and forthoas metal plates that had grooves
cut into them that were positioned at varying dis&s from each other. The greater the
distance between the grooves the smoother thepgiencef the plate. Participants were
able to use the sound alone to make judgementst dbeuroughness of the plate
indicating they were able to extract the textun&bimation without coming into contact
with the actual object.

Along with judging the properties of an objectrfraéhe sounds it emits, it is also
possible to judge whether an object is within dasise that would allow a listener to
interact with it, i.e., the sound conveys whethgrhgsical interaction is possible with
the source of the sound. Rosenblum, WuestefeldAzuaigrson (1996) had participants

judge whether a box that produced a rattling sozodd be reached by the participant



if they stretched their arm out from where they ®articipants could not see the box,
thus had only the acoustical information to relypmpParticipants were tested with the
box at varying distances from their seated positsmme reachable others not, and the
results indicated that using only the sound of rdtding they could accurately judge
reachability.

As mentioned previously it is possible to use aisstimuli to facilitate
navigation of the environment (Warren and Whand@7)%nd it appears that auditory
stimuli may allow the same motor facilitation. Hegh(2001) conducted a similar study
to that of Warren and Whang (1987) in which paptcits were asked to pass through
two panels that could be adjusted to make a pasdageiable width. Unlike the visual
task, however, participants were blindfolded soytheever saw the two panels.
Participants were fitted with an echolocation dewvihich they had to use to determine
whether the passage in front of them was passabietoThe results indicated that the
participants were able to use the acoustical in&tion alone to judge passage
passability. This indicates that stimuli do indesdist in the auditory domain that can
facilitate motor movements, and people are ablectaupon them accordingly. Adding
support to this is a study by Gordon and Rosenl2®94) similar to that of Hughes
(2001). Again participants were brought blindfoldedo a room that contained a
passage of adjustable width. However, instead ofinlga participants use an
echolocation system, a noise-producing loudspewker placed behind the passage.
Participants were to use the acoustical shadowrgeteby the panels to judge passage
passability. The results suggested that particgpamére indeed able to use this
acoustical information to judge whether the passage passable or not. Russel and
Turvey (1999) showed similar results, however iadtef using two panels they used a
loudspeaker and a wall. This loudspeaker was plat&drying distances from the wall
and blindfolded participants had to judge if theyld walk between the speaker and the
wall. The results showed that participants couldhléy use the auditory stimulus to
judge whether this action was possible. It appdaasthis use of sound to navigate an
environment is not limited to only adult participgnVan der Meer, Ramstad and Van
der Weel (2008) conducted a study using six to mimoath old infants. In their task,
infants were presented with an auditory stimuludoat different locations, and the
researchers monitored how the infants went aboebiating themselves to the sounds.



The results showed that the infants would move thailies in the manner that required
the least amount of motor movement to orientatetfedves towards the location of the
sound source. This indicates that even from anyesgk people are able to utilise
auditory stimuli to facilitate motor responses.

In relation to being able to use sound to navigate environment there is
research that shows it is also possible to usedstuperform other motor tasks such as
the adjustment of a person's gait. Studies by b@imandez de Olmo and Cudeiro
(2003) and Baram and Miller (2007) indicated thattigipants with neurological
disorders leading to walking difficulties could ingpe their walking ability through the
use of auditory stimuli. This was done by providpagticipants with a steady rhythm to
walk to (Fernandez de Olmo and Cudeiro, 2003) ofdagling back the participants'
walking pattern as an auditory stimulus (Baram &mider, 2007). Both of these
manipulations allowed the participants to adjusirtgaits in a beneficial manner.

Other compelling evidence that auditory stimulh dacilitate motor responses
comes from Cabe and Pittenger (2000). Participaaise required to fill vessels of
different sizes with water while blindfolded. Paipiants were able to complete this task
again using only the acoustical information of thater filling the vessel. It could be
stated that the facilitation here was the partitipdeing able to extract the properties
of the remaining air space in the vessel and amrdngly to stop it from overflowing.

So far it has been shown how auditory stimuli banused to facilitate such
motor tasks as navigating an environment, or juglgmether an object is within reach
or not. However, when looking at the literature aneling visual stimuli facilitating
motor movements there appears to be evidence tmdicthat facilitatory effects in
certain situations may arise automatically from shienuli. If there is indeed a form of
automatic facilitation by visual stimuli there mighe a similar effect in the auditory

domain.

1.0.4 Automatic Auditory Facilitation

Evidence supporting the possibility that there rhayautomatic facilitation from

auditory stimuli comes from a variety of sourcesstly, there is the neuronal evidence

that indicates there are direct inter-cortical @xtions between the primary auditory
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areas and the motor cortex in a cat's brain (Erevalaand Borgest, 1980). While this
study was limited to cats, if a similar patterncohnections exists in humans this could
indicate that the human auditory system may harertaccess to the motor system.

This is supported by examples of auditory stintinéit may use these possible
pathways, for example the acoustic startle refsofnans and Frankland, 1995). The
startle reflex is where the body stiffens to proieself, and loud sudden onset auditory
stimuli have been shown to produce this effect.tlds startle reflex appears to be
generated in an automatic manner, it could be tasean indication of a direct link
between an auditory stimulus and the motor sysiEms startle effect has also been
shown to facilitate reaction times in a motor reg@task in a study by Walsh and
Haggard (2008), in which participants' reactionesto simple visual targets were
recorded. On some of the trials the visual targes wreceded by a loud auditory
stimulus. The results indicated that when the Visaiget was preceded by the startle
stimulus participants were faster to respond thamei visual target was presented on its
own.

While the auditory startle reflex is an interegtiffect, it is easy to see how this
would not be the preferred manner of facilitatingperson's motor responses. The
auditory stimuli used to generate the startle respoare loud, over 100 dB, and
constant exposure would be detrimental to a pesyswdring. However it appears that it
is not only loud and sudden onset auditory stirthdt interact with the motor system.
Chen, Penhune and Zatorre (2008) conducted a @ummadtMagnetic Resonance Imaging
(fMRI) study in which they played participants aiss of musical rhythms. Participants
were unaware that they would later be asked tortéime to these rhythms. The results
showed that there were similar areas of activationthe motor cortices when
participants listened to the rhythms and when ttegped in time. These findings
indicate that there could be a link between thdtaydand motor systems, at least for
rhythmic sounds.

In this section it has been shown that, as invisaal modality, the auditory
modality appears to facilitate motor responses.s@&hicilitatory effects range from
helping people to navigate their environment tooinfing them if possible motor
actions will be successful, such as reaching fastgact. These facilitations by auditory
stimuli appear to work at a similar neurologicaldeas for visual facilitation, and there
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is evidence that some auditory stimuli may worlamautomatic manner as with some
visual stimuli.

However it is rare that information is presentedat person in only a single
modality. The human body has a number of sensefablato it, including vision,
hearing, touch, olfaction, etc. Many things in #revironment will have a presence in
more than one of these modalities. It may be thatifating stimuli could also be cross-
modal. Therefore, in the next section the focud &l on bi-modal stimuli and their

facilitatory effect on people's reaction times.

1.0.5 Bi-modal Facilitation

It has been shown that bi-modal stimuli reducetiea times compared to uni-
modal stimuli (Hershenson, 1962; Bernstein, Clarél &delstein, 1969; Hecht, Reiner
and Karni, 2008). The general paradigm of thesdiesuis that participants had to
respond as quickly as possible to auditory onlsuai only or combined auditory/visual
targets. Overall the results indicated that pgréints were significantly faster to respond
to the bi-modal audio/visual targets than the undai, auditory or visual only targets.

It has been suggested that this facilitation ¢ffeises from the reduction in time
taken for bi-modal stimuli to be processed compéaoeahi-modal stimuli. Alpert, Hein,
Tsai, Naumer and Knight (2008) conducted an expmitmwhere participants'
neurological activity was monitored via fMRI whilbey were passively presented with
visual, auditory or audio/visual stimuli. The adyvthat these three sets of stimuli
generated in the participants' brains was then epetpagainst each other. The results
revealed that the audio/visual trials led to shol#encies in the blood-oxygen-level
dependent (BOLD) response than either of the visuauditory trials on their own.
This was taken as an indication that the bi-modeaidi had facilitated early sensory

processing.

1.0.6 Task-irrelevant Bi-modal Facilitation

One finding that has arisen from research intotimmubdal stimuli is the

suggestion that when there is more than one chafneicoming information, other
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channels can be treated as task-irrelevant yeapfear to have an effect on responses.
This is a beneficial finding as it means that atipgnant's attention can be kept on a
single modality, thus not requiring attentionalfshiyet information presented in that
modality can still facilitate responses.

This facilitation by a task-irrelevant stimulus anmodality different to the one
where a target stimulus is being presented has &le@nn in a study by Miller, Franz
and Ulrich (1999). Participants performed eith@o#no-go or a choice task in response
to a set of visual targets. In the go/no-go tagly ttesponded to the presentation of one
visual target with a key press while the other¢amgquired no response. In the choice
task both targets required a response and thensspa left or right key press, was
determined by the visual target. During both taskesparticipants were also presented
with a task-irrelevant auditory stimulus. The résuhdicated that when the visual
targets were presented in conjunction with the -taskevant auditory stimulus the
participants responded with greater force than vthervisual targets were presented on
their own.

Task-irrelevant auditory stimuli have also beevam to have an effect on
reaction times. Doyle and Snowden (2001) reportedeides of experiments they
conducted in which participants had to respond ¥saal target that pointed either left
or right. On some trials the visual target was agganied by a task-irrelevant auditory
stimulus. Participants were faster to respond ® \fsual targets when they were
presented in conjunction with the auditory stimullisis facilitation also appeared to be
present irrespective of the location of the augitstimulus in relation to the visual
target. This is useful from the point of view tHatilitation may still occur when the
location of a task-irrelevant auditory stimulusrisongruent to the position of the target
requiring the response.

These findings were supported by a similar setesults in an experiment
conducted by Kiesel and Miller (2007). In their Kasarticipants were required to
perform a simple go/no-go task in which they hadegpond to any presentation of a
visual target. On some of the trials where a respomas required, i.e., a target was
present, as well as in some trials where a respw@se not, the participants were
presented with a task-irrelevant auditory stimultise results indicated that participants
were faster to respond to the visual target if asvpresented in conjunction with the
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auditory stimulus than if it was presented on soThere was also a replication of the
increase in the force of the response that wasisddiller et al. (1999).

A way in which task-irrelevant auditory stimuli Wld lead to this effect is
reflected in the body of research indicating thmetse stimuli may work via exogenous
attentional capture. This is an automatic proceswhich a participant's attention is
drawn or pushed to an area of interest (Posnef)1@8has been shown that even in a
focused state, task-irrelevant auditory cues cdh lgtve an exogenous attentional
effect. Van der Lubbe and Postma (2005) perfornmedxperiment using three displays
side by side in which participants were requiredetgpond to a visual target as fast and
as accurately as possible. The participants westeuicted to keep their eyes focused on
the central display throughout each trial; this wasked, and the results of any trials
where the participants moved their eyes were rechotach trial started with the
presentation of either a symbolic cue or a warningjcating the location of the
upcoming visual target. This cue or warning was@néed to the central display of the
set of three. On some trials this was followed hysaial or auditory stimulus that was
presented equiprobably to the left or right displagarticipants were told to ignore
these presentations. The participant was then pregevith the visual target, to either
the left or right display, which was a trianglettpainted either up or down. Depending
on its orientation the participant pressed eithiftaor a right button. The main finding
was that the auditory stimuli showed exogenousntateng effects, as trials in which
the auditory stimulus was presented at the sanaitocas the visual target led to faster
responses than if it was presented to the opptmitgion. However, the results also
indicated that participants were faster to respnthe visual target if it was preceded
by an auditory stimulus than if it wasn't.

This indicates that even if participants are faogison another task their
attention can be shifted using task-irrelevant tawgi stimuli. This has positive
connotations for use in such contexts as warnirsiesys where participants can have
their attention reliably drawn to an urgent sitaativhen they are possibly engrossed in
another task. This appears to be the case even pdrénipants are performing tasks
that are considered to have a high perceptual(®adtangelo, Ho and Spence, 2008).

As well as facilitating hand-based motor respongask-irrelevant auditory
stimuli have been shown to facilitate eye saccdadesrds a visual target (Arndt and
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Colonius, 2003). It has been suggested that tfestefat least in regard to eye saccades,
facilitates responses at the motor level rathen thathe stimulus processing level
(Khan, Heinen and McPeek, 2010). This would pdralieely the other research

discussed here relating to motor response fadditat

1.1 CONCLUSION AND THESIS INTENTIONS

It has been shown that motor responses can betieffly facilitated by
changing the properties of the stimulus. This ranfyfem making it so that stimuli
convey the required motor response, to presentinmk to more than one modality. It
has also been shown that a stimulus that faciitatetor responses does not need to be
the stimulus that is being responded to, i.e., @tiwan still facilitate responses even
though they are task-irrelevant. Participants hasen shown to be able to perform a
range of motor responses from these manipulatioriset stimuli, from making simple
button presses to navigating unknown environmdntsgas previously been shown that
responses can be facilitated by auditory stimuliewhthey indicate what motor
responses are possible, even when the stimulaakeifrelevant, as detailed above.

The aim of the first experimental chapter of tthiesis, Chapter 2, is to test the
hypothesis that task-irrelevant, moving auditorynsti can facilitate a participant's
motor response to a visual target. This will beoagglished by having the participant
respond to the location of a visual target thateapp to either the left or right of a
central fixation cross. On some trials the visaafjét will be accompanied by a moving
auditory stimulus that crosses both of the parictis hemifields, while on others the
auditory stimulus will be static directly in froaf the participant.

Chapter 3 will be a continuation of Chapter 2 witlchange to the auditory
stimuli, limiting the moving auditory stimuli tosingle hemifield.

The final experimental chapter, Chapter 4, withishe the auditory stimuli again
so while they still move they should be perceived edther laterally looming or
receding. The aim for Chapter 4 is the same athother two experimental chapters:
to determine whether a task-irrelevant, lateradignhing or receding auditory stimulus

can facilitate a participant's motor response \tsaal target.



15

CHAPTER TWO

2.0 INTRODUCTION

The aim of the two experiments described in Cha@tewas to test the
hypothesis that a task-irrelevant, moving audit@ymulus could facilitate a
participant's motor response to a visual targee ftethods for the two experiments
were very similar; see below for further detaildieTparticipants performed motor
responses with either hand, according to the looatif a visual stimulus. On some
trials the visual target was accompanied by antanydstimulus that was either moving
or static; the hypothesis tested was that the resptatency would be shorter when the
auditory stimulus was moving towards the respondizugd than when it was stationary.

As discussed in Chapter 1, auditory stimuli hagerbshown to facilitate motor
responses. Hughes (2001) showed that it is poséiblgarticipants to navigate a
passage using sound only while Rosenblum et adg)1@dicated that participants were
able to use sound to detect if an object was rddehar not. Both of these can be
considered examples of sensory-motor facilitat@msing from auditory stimuli.

It has also been shown, at least in the visualaionhat moving stimuli may
facilitate motor responses. Michaels (1988) showedt a moving visual target
facilitated making responses with two joysticksrtiegants were significantly faster to
respond with a left hand joystick movement if auaistarget was moving towards their
left hand than if it was moving towards their rigtand. This indicated that the moving
visual stimulus was facilitating a motor responsehie hand towards which the visual
stimulus moved towards.

One of the features of these experiments is tiet tequired the participants to
pay attention to the facilitating stimuli. Howeukere is evidence that participants are
not required to attend to a stimulus for it to hawe effect on subsequent motor
responses. Miller et al. (1999) showed that innapée reaction time task, participants'
responses to a visual target were significanthecéfd by a task-irrelevant auditory
stimulus. This ties in with the evidence that bigabstimuli generate faster responses
than uni-modal stimuli (Hershenson, 1962), evenrwbee of the stimuli in the bi-

modal pairs is task-irrelevant. Taking into accotimht auditory, visual, bi-modal,
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moving and task-irrelevant stimuli can facilitatetor responses, it seems likely that a
task-irrelevant, moving auditory stimulus may fdate participants' motor responses to
a visual target.

The hypothesis of the first experiment reported this chapter was that
participants' responses to a static visual targetldvbe facilitated by a task irrelevant,
moving auditory stimulus. The expected results wohk that when the auditory
stimulus was moving towards the responding hantiggaants should respond faster

than when the auditory stimulus was moving away.

2.1 EXPERIMENT ONE

2.1.1 Method

2.1.1.1 Participants

Thirty students participated in the experimentwdfom 23 were female. The
mean age of the participants was 23.4 years (SOy&ags). No participants were left-
handed, and all participants had normal hearindy witrmal or corrected to normal
vision. All participants gave their informed conseifhey were paid £5 for their
participation and were unaware of the purpose @ftkiperiment except that they would
be performing a left/right visual localisation ta3ie experiment was approved by and
conducted under the guidelines of Cardiff Universtbchool of Psychology Ethics
Committee, the QinetiQ Ethics Committee and the Me&search Ethics Committee
(MoDREC).

2.1.1.2 Materials & Design

Stimuli, both visual and auditory, were presentedhe participants using a
computer running Visual Basic; participants' regamwere collected via a keyboard.
Auditory stimuli were delivered to the participartger a pair of Sennheiser HD 280
Pro headphones driven by a Yamaha DS1x native scantd Visual target presentation
was via a GNR TG700H 17” TFT Screen running atsaligion of 1280 x 1024.

The auditory stimuli were created using AUDIS aRgpeWave (|[WAVE)
(Culling, 1996). AUDIS is a multi-purpose auditorgisplay for 3-D hearing
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applications; it can generate 3-D sound sequensig) yparameters specified by the
user. |WAVE is a Unix program which is used for fpatating sounds. For this
experiment AUDIS was used to create a set of aryddiicks at azimuth points 45°, 35°,
259, 15°, 59 355°, 345°, 335°, 325°, 315° arobachead, all at elevation 0° with each
click being 5 milliseconds (ms) in duration. Whéege ten separate clicks were linked
together using |WAVE they created a click traint tvas 365 ms long. Some of these
trains were designed to give rise to the percepifastarting on the left-hand side of the
listener. They then proceeded to move to the tgimd side passing in front of the
listener's face. If the order of the clicks wasemed then listeners perceived the sound
moving from their right-hand side to their left.rRbe static stimulus a single click was
generated at azimuth position 0°; |[WAVE was thexdus create ten repetitions of this
single click. The auditory stimuli were tested avefparticipants to see if they could
correctly distinguish between the three differentlitory stimuli and, for the moving
auditory stimuli, correctly identify the directioof movement. The participants could
always correctly identify which sound they weradrsng to.

The visual target used was a light grey box thas¢ wresented at a visual angle
of 6.65° to the left or the right of a central fixé cross depending on the trial
condition. This visual angle was measured fromctrgre of the box to the centre of the
fixation cross. These boxes were presented agaisigghtly different grey background;
thus there was a low contrast difference betweenvibual target and the background.
This was done with the aim of making the participfotus more on performing the

visual task so they were less likely to pay attamnto the auditory stimuli.

2.1.1.3 Procedure

The participant started the experiment by presairgfart’ button that appeared
on the screen. There was a 250 ms interval betweerstart of each trial and the
presentation of the auditory stimulus and (if nat&ch trial in which there was only an
auditory stimulus) the visual target. This meanatthhere was a stimulus onset
asynchrony (SOA) of 0 ms between the auditory dtiswand the visual target. The
auditory stimulus was presented for 365 ms, wiigeisual target lasted for 1000 ms.
From the start of the target presentation the @péant had 1000 ms to make a response;
after 2000 ms the next trial automatically began.
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The participant was asked to fixate on the crasind the presentation of the
auditory stimulus and visual target; this fixationoss was present on the screen for the
whole of the experiment. The participant's task weadicate on which side of the
fixation cross the visual target appeared and tkenzaresponse via the keyboard. The
participant was asked to press the 'Z' key if thve &ppeared to the left of the cross and
to press the '2' key on the numeric keypad if ttve dppeared to the right of the cross.
The participant was asked to make this judgemenquakly as possible, and to ignore
the auditory stimuli during the task and responly ¢émthe boxes.

The experiment consisted of 360 randomised tfaseach participant which
included breaks every 50 trials for the participtmthave a rest. Of these 360 trials,
there were 108 trials in which an auditory stimuilngved from the participant's left-
hand side to their right-hand side; 108 trials imal the auditory stimulus moved from
the participant's right-hand side to their left-thad side, and 108 trials where the
auditory stimulus was static. Within each set o liials the visual target was
presented half the time to the left and half timeetito the right of the central fixation
cross. Finally there were 36 catch trials in whtiolre was only an auditory stimulus, 12
each of left, right and static, but no visual tardgéis was to ensure that the participant
was responding to the visual target and not thet@ydstimulus. The first 30 trials
were practice trials, which consisted of 8 witht lef right auditory stimuli, 8 right to

left auditory stimuli and 8 with static auditorymstli, plus 6 catch trials.

2.1.2 Results

Reaction Times (RTs) that were faster than 15@nsower than 1000 ms, and
responses that were incorrect, were removed belata analysis was performed.
Responses faster than 150 ms were classified aspaidry and those slower than 1000
ms were classified as misses. On average partisipagponded correctly 98.4% of the
time, thus there was no analysis of participantere. None of the participants had to
be removed for responding over 50% of the time dtcle trials. The results were
obtained by running a Repeated Measures Analysiganfance (ANOVA) utilising
Bonferroni-corrected Pairwise Comparisons.

The analysis focused on participants' RTs to theal target as a function of the



19

direction of movement of the auditory stimulusthis analysis, Congruent Trials were
those in which the auditory stimulus moved towaitds responding hand, Incongruent
Trials were those in which the auditory stimulusvenb in the opposite direction to the
responding hand, and Static Trials were those imchwithe auditory stimulus was
perceived as being directly in front of the papgant. A Repeated Measures ANOVA
using Trial Type (Incongruent, Congruent and Sja#is the within-subjects factor
indicated that there was not a significant effeclToal Type, F(2, 58) = 1.96¢) >
0.05. Figure 1 shows the mean RTs for each trd tyith error bars.

400 -

wol| [ ] j J

Mean Reaction Times (ms)

300 . . .
Incongruent Congruent Static

Trial Type

Figure 1. Mean Reaction Times for ‘Incongruent’, ‘Congrueatid ‘Static' trials when

congruency was defined by the direction of the mugistimulus. Error Bars represent Standard Error.

2.1.3 Discussion

The results of Experiment 1 did not support thpdtlgesis that task-irrelevant,
moving auditory stimuli facilitated motor responsas there was no significant effect of
Trial Type. Several issues were identified with Esiment 1 that Experiment 2 was
designed to address, such as the possibility theicgpants had already made their
left/right choice before the auditory stimulus hédished being presented. Thus
Experiment 2 reduced the overall time of the auglitstimulus. It also incorporated
multiple levels of SOA to test if presenting thelaaory stimulus at varying times before
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the visual target had any effect on the participaRils. Also, due to the nature of the
response method used in Experiment 1, participanms not have to make any
movement greater than a finger press. This movemegthave been too small for any
facilitation to significantly improve RTs. This wasldressed in Experiment 2 by using
a custom keyboard that forced the participants d@artheir whole lower arm, either to

the left or the right, when making their resporséh visual target.

2.2 EXPERIMENT TWO

Experiment 2 made several changes to the methediinsExperiment 1. These
were the manner in which the participants responidede visual target, the duration of
the auditory stimulus, the introduction of multipearels of SOA, and the visual angle
between the fixation cross and visual target. Ipdfdnent 1 the participants pressed
either one of two keys, upon which their fingergavalways resting, depending on the
location of the visual target. To make the requinedtor response larger, a custom
keyboard was used for Experiment 2 that requirediggaants to move their whole
lower arm when responding to the visual target. née keyboard had only four keys,
two centrally and two peripherally located, allaarged on the same axis. The distance
between each centre key and its correspondinglprapkey was 16.5cm.

The change to a custom keyboard and participaggbnse method allowed the
RTs collected to be divided into two types. Instefdecording merely the time from
visual presentation to the participants pressiegZhor '2' key, the interval between the
visual target being presented and participantsdiftheir fingers off the two central
keys was recorded, this was defined as the 'Liit' Fhe second reaction time recorded
was the time between lifting off the central keysl dhe pressing of either the left or
right peripheral key, which was defined as the 'BIGRT.

The length of the auditory stimulus was reducednfr365 ms to 265 ms to
investigate whether faster moving stimuli had aatge effect. Also three levels of
audio/visual SOA, 0, 60 and 100 ms, were introducedee what effect changing the
times between the onset of the auditory stimulub\asual target had. These levels of
SOA were chosen so participants were exposed tgingalevels of the auditory
stimulus before the onset of the visual targetsMaas unlike Experiment 1, where the
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onset of both the auditory stimulus and the visaajet, were at exactly the same time.
There was also an increase in the visual angledstwhe central fixation cross and the
visual target to mirror the increase in distancéhefmotor movement.

The hypothesis was that with the change in reparethod, participants would
now be faster in trials where the auditory stimutugved in the same direction as the

motor response.

2.2.1 Method

2.2.1.1 Participants
Thirty students participated in the experimentwdfom 27 were female. The
mean age of the participants was 19.5 years (SD/&€aps), and no participants were

left-handed. All other details were as for Expening.

2.2.1.2 Materials & Design

Stimuli, both visual and auditory, were preserttethe participants in the same
manner and using the same systems as utilised periexent 1. However there was a
change in presentation software from Visual Basic B-prime (version 1.2).
Participants' responses were also no longer celleasing a standard keyboard; instead
a custom keyboard was employed, as described above.

The auditory stimuli were the same as Experimemtith the exception of a
reduction in their length from 365 ms to 265 msisTwas accomplished by shortening
the periods of silence between each click. The tandistimuli were tested on five
participants as they were in Experiment 1 with $hene results (all participants being
able to successfully distinguish between the diffiélauditory stimuli). The angle of the

visual target from the central fixation cross was2B°.

2.2.1.3 Procedure

The participant performed the same task that wsesl un the Experiment 1,
making a left/right decision as to where a box appe in relation to the fixation cross.
The participant started each trial by pressing lolding the two central keys on the
custom keyboard; after a random interval of betwéeand 2 seconds, the auditory
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stimulus was presented, followed by the visual gtiifj it was not a catch trial. The
timing of the visual presentation depended uponSB&A used. If a visual target was
presented, the participant released the two celkiegs and made their response
according to where the box had appeared. If thedppeared to the left the participant
was to press the left-hand peripheral key on thddard; if the box appeared to the
right the participant was to press the right-haadgheral key. If no box appeared (in a
catch trial), the participant was instructed to (kelee two central keys pressed down
until a message on the screen prompted them taseeléhe central keys and press and
hold them again, starting the next trial.

The experiment consisted of 465 randomised tf@sach participant. There
were breaks every 50 trials for the participanh&we a rest. Of these 465 trials, there
were 150 trials including an auditory stimulus thabved from the participant's left-
hand side to their right-hand side; 150 trials imch the auditory stimulus moved from
the participant's right-hand side to their left-lad side; and 150 trials where the
auditory stimulus was static. There were also 1bhctiials in which there was only an
auditory stimulus, 5 each of left, right and staliat no visual target. Within each set of
150 trials the visual target was presented haltithe to the left and half the time to the
right of the central fixation cross. Unlike Expeant 1, which had only a single SOA of
0 ms, Experiment 2 had three levels of SOA: 0 mshaBxperiment 1, 60 ms (the
auditory stimulus presented 60 ms before the vitarglet), and 100 ms (the auditory
stimulus presented 100 ms before the visual tar@éthin the set of 150 trials for each

auditory stimulus there were equal numbers of lineet SOAs.

2.2.2 Results

Data preparation and analysis were essentiallysdme as for Experiment 1,
with the removal of incorrect responses and regmfaster than 150 ms or slower than
1000 ms. However due to the design of the custoybdaad and its ability to collect
two different types of RTs this culling of resposgdeelow 150 ms and above 1000 ms
was only applied to the Lift RTs. This was due lte fact that anticipatory responses
and misses should only affect the participants Rifs; they should have not had an
effect on the Move RTs. On average, participanspaaded correctly 98.4% of the
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time, thus there was no analysis of participamtsre. Of the 30 participants tested, five
were removed for responding over 50% of the timeatah trials.

As with Experiment 1 the analysis focused on pgrdints' RTs to the visual
target as a function of the direction of movemehthe auditory stimulus. In this
analysis, Congruent Trials were again those in wtitee auditory stimulus moved
towards the responding hand, Incongruent Trialsewnse in which the auditory
stimulus moved in the opposite direction to thg@oesling hand, and Static Trials were
those in which the auditory stimulus was perceiasdbeing directly in front of the
participant. All results were obtained by runnin@ a 3 Repeated Measures ANOVA
with Bonferroni-corrected Pairwise Comparisons WB®A (0, 60 and 100 ms) and
Trial Type (Incongruent, Congruent and Static)reswithin-subjects factors.

For Lift RTs the results indicated that the assuomg of sphericity had been
violated for SOAx3(2) = 6.523,p < 0.05. This was corrected for using Greenhouse—
Geisser estimates of sphericity. The correctedlteesudicated that there was a main
effect of SOA, F(1.604, 38.495) = 92.849x 0.01, Trial Type, F(2, 48) = 13.207 <
0.01 and a significant interaction between SOA @ndl Type, F(4, 96) = 4.155 <
0.01. Pairwise comparison for SOA indicated thatigipants were significantly faster
at SOA 100 ms than at 60 ms or 0 ms, they werefatger at SOA 60 ms than at 0 ms,
p < 0.05. Pairwise comparison for Trial Type indicatdtht participants were
significantly faster in Incongruent Trials than @owment or Static Trialsp < 0.05.
Pairwise comparisons for the interaction betwee &@d Trial Type indicated that for
SOA 0 ms participants were significantly fastergepond to the visual target when the
auditory stimulus was Incongruent or Static tharewit was Congruenp < 0.05. For
SOA 60 ms participants were significantly fasterespond to the visual target when
the auditory stimulus was Incongruent than whemas Congruentp < 0.05. At SOA
100 ms there was no significant effect of Trial @yp> 0.05. Figure 2 shows the mean
RTs for each Trial Type with error bars when coregicy was defined by the direction
of the auditory stimulus.
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Figure 2. Mean Lift Reaction Times for ‘Incongruent’, ‘Congnt' and ‘Static trials for SOA 0,
60 and 100 ms when congruency was defined by trectéin of the auditory stimulus. Error Bars

represent Standard Error.

The analysis for Move RTs indicated there weresigmificant main effects of
SOA or Trial Type and no significant interactiops; 0.05.

In summary the results of Experiment 2 indicateat participants were fastest
to respond at SOA 100 ms, i.e., when the auditonyusus had started 100 ms before
the onset of the visual target. Participants wése generally faster to respond in trials
where the direction of the auditory stimulus wasving away from the responding
hand, i.e., incongruent, than when it was eitheving towards the responding hand,
i.e., congruent, or static. This indicates that theving auditory stimuli may have
facilitated the participants’ motor responses ly avhen the auditory stimuli were

moving in the opposite direction.
2.2.3 Discussion
The results of Experiment 2 indicated that, unksgeriment 1, there appeared

to be an effect of task-irrelevant, moving auditetyimuli on the participants’ motor
response times. While this was partially in linghathe hypothesis outlined at the start
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of the experiment, the direction of the effect wasposite to that which had been
predicted. Participants were not faster when thditaty stimulus was moving in the

same direction as the responding hand; the oppasitein fact true: participants were
faster when the auditory stimulus was moving in dpgosite direction. Regarding the
facilitation by the moving auditory stimuli, it malgave been that rather than the
facilitation arising from the movement of the stion it may have been the stimulus
position of onset that was leading to the obsemesdilts. This is discussed in more
detail in the general discussion section of thesptér.

The results indicated that there was also an teffethe manipulations made to
the level of SOA between the auditory stimulus #relvisual target. Participants were
faster to respond to the visual target the gretitertime between the onset of the
auditory stimulus and the onset of the visual targenay have been that the onset of
the auditory stimulus was acting as some form ahing that a visual target was going
to appear. As participants were told to ignoreahditory stimuli, as well as there being
trials where there were auditory stimuli followeg o visual target, this should have
acted as a counterbalance to the auditory stimmuking as a warning.

Finally, while there was an effect of the expentad manipulations on the Lift
RTs there appeared to be no effect on the Move Rfis.indicates that facilitation was
occurring between the onset of the auditory stimudund participants lifting their
fingers from the central keys rather than facilitgtany process that started when the

participants lifted off the central keys to pregseaipheral key.

2.3 GENERAL DISCUSSION

The results of Experiment 1 showed no differenoesveen any of the Trial
Types indicating that the task-irrelevant, movingligory stimuli in this experiment did
not facilitate motor responses. Several changes weade to the methodology used in
Experiment 1 for Experiment 2. These changes lgghtticipants being faster when the
auditory stimuli were moving in the opposite dirent to the responding hand.
Participants were also faster the greater the twemveen the onset of the auditory
stimulus and the onset of the visual target. Wtk results could be taken to indicate
that moving stimuli facilitated the participantsbtar responses there is an alternative
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explanation that the results were a product of $iaon effect (Simon and Rudell,
1967; Craft and Simon, 1970). The Simon effect k@ the congruency between a
task-irrelevant feature of a stimulus and the raspao the stimulus has an effect on
RTs, i.e., if a participant responds to an auditstiynulus with either a left- or right-
hand response, depending on whether it is low g fiiequency, they will be faster
responding to the side of the body the stimulwgeis/ered to even though its location is
task-irrelevant. In Experiment 2 it may have belea onset location of the auditory
stimulus the participants were being facilitatedr@éper than its direction of movement.
This would explain why responses were faster whenauditory stimulus was moving
in the opposite direction to the response, asasitipn of onset was on the same side of
the body as the motor response.

As it stands even though there appeared to b&eaatice between moving and
static auditory stimuli the level of the facilitati effect was only an improvement in the
order of approximately 10 ms. While the results aveignificant, an increase in the
magnitude of the facilitation effect would be beaiel to applying the results in real-
world applications. Therefore the next Chapterhis thesis describes experiments that
attempted to improve upon this facilitation whilenerolling for possible issues with the

Simon effect.
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CHAPTER THREE

3.0 INTRODUCTION

The results of Experiment 2 showed that a tagtewant, moving auditory
stimulus may have facilitated participants’ motesponses, although the facilitation
appeared to go in the opposite direction to thatlisted. Participants were faster when
the auditory stimulus moved in the opposite digactio the motion of the responding
hand, though the effect amounted to a differencentf 10 ms. A possible explanation
for the results of Experiment 2 was that facilaatiarose from the Simon effect rather
than from the movement of the auditory stimuluse Bimon effect (Simon and Rudell,
1967) occurs when a task-irrelevant feature of imudus and the corresponding
response to the stimulus are congruent, thus t&ailg faster reaction times (RTs) than
if the feature of the stimulus and response arengaent. In Simon and Rudell's
(1967) experiment participants responded to antawydstimulus presented to either
their left or right ear. The auditory stimulus vtas word 'left' or 'right', and depending
on which word was spoken the participant had tegie left or right button, i.e., the
word 'left’ required a left button press, the wairght' a right button press. The results
showed that when the verbal command was deliveredet side of the body on which
the participant was to make the button response,the word 'left' to the left ear, the
participant was significantly faster to respond nthi& the auditory stimulus was
presented to the opposite ear, i.e., the word tethe right ear. This was the case even
though the ear to which the verbal command wasveleld was task-irrelevant. In
Experiment 2 the starting position of the auditstiynulus in the Incongruent Trials was
presented to the same side of the body as thensspbat the participants had to make
to the visual target. Therefore there was congrybetween the position of onset of the
auditory stimulus and participants' responses, wvmay have been the factor leading to
faster RTs.

The aim of the series of experiments reportednis ¢thapter was to continue to
test for facilitation by task-irrelevant, movingditory stimuli, while controlling for the
possible influence on the results of the Simonceff€o achieve this it was necessary to
change the properties of the auditory stimuli.Ha previous experiments the auditory
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stimulus, when moving, always crossed the partitipanid-line, so the sound moved
fully from one auditory hemifield to the other. Thauditory stimuli used in the
following experiments, while still moving, were litad to one hemifield, thus not
crossing the participant's mid-line. This meantt thalike the previous experiments
where there were two different moving auditory siinand one static stimulus, there

were now four moving auditory stimuli, two for eaabmifield, and one static stimulus.

3.1 EXPERIMENT THREE

There were several significant changes betweerelirgnts 2 and 3, the first
being a substantial change in the auditory stinused. Unlike the previous two
experiments where the moving auditory stimuli ceasthe participants' mid-line, the
auditory stimuli for Experiment 3 did not. This clyg to the auditory stimuli was to
address the possibility that any significant eSewft auditory motion may have been due
to the Simon effect rather than facilitation by rament. The auditory stimuli were also
changed in length from 265 ms to 250 ms. A new WHon8 Trial was also included in
the experiment, where only the visual target wasgmted. This was so a comparison
could be made between RTs from presenting bothudiicay stimulus and visual target
against the presentation of a visual target onbrti€pants were now individually
tested to see if they could correctly distinguigtween the five different auditory
stimuli and, for the moving auditory stimuli, coctly identify their direction of
movement. The auditory stimuli were delivered oveudspeakers instead of
headphones, this was done to enforce the exteamtiahsof the auditory stimulus so
they would not be perceived as being localisechen garticipants head. Finally there
was a change to the levels of stimulus onset asgngh(SOA), from 0, 60 and 100 ms
to 0, 125 and 250 ms. In other words, the onsétetisual target was at the same time
as the auditory stimulus, the target's onset wisvéna through the presentation of the
auditory stimulus, or it was presented at the teation of the auditory stimulus

respectively.
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3.1.1 Method

3.1.1.1 Participants

Twenty-six students participated in the experimeftwhom 18 were female.
The mean age of the participants was 22.0 years3(Spears). Three participants were
left-handed, and all participants had normal heawith normal or corrected to normal
vision. All participants gave their informed conseiihey were paid £5 for their
participation and were unaware of the purpose @ftkperiment except that they would
be performing a left/right visual localisation ta3ke experiment was approved by and
conducted under the guidelines of Cardiff Universtbchool of Psychology Ethics
Committee, the QinetiQ Ethics Committee and the M®&search Ethics Committee
(MoDREC).

3.1.1.2 Materials and Design

The experiment took place in a sound attenuatexthbof which the height,
width and length were 198 cm, 193 cm and 183 cmpeds/ely. Stimuli, both visual
and auditory, were presented to the participanbgus computer running Eprime
(version 1.2); the participant's responses weredeld via the custom keyboard used in
Experiment 2. The visual targets were presentedgusil9” VideoSeven L19PS TFT
Screen running at a resolution of 1280 x 1024. fawdistimuli were presented over
two loudspeakers positioned 57 cm in front of thetipipant and 97 cm to the left and
right. The participant used a custom chin restgitesi with only a resting cup for the
chin. The chin rest therefore did not have barerkhg over the participant's ears,
which might have interfered with the presentatibthe auditory stimuli.

The auditory stimuli were created using Cool Bditand |Wave (Culling, 1996).
Cool Edit 96 was used to create a series of 10 moadband clicks; these were then
edited into five different click trains by |Wavehd amplitude of the left and right
channel of each click was adjusted so the partitiparceived the click as either being
located to left of their mid-line, right of theiridaline or directly in front of them. Each
click train was 250 ms long and contained a tot&leven clicks.

The separate clicks when combined in a specifaeomwere designed to be
perceived in one of three ways; a) moving from pleticipant's mid-line to either the
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left or right of them; b) from the participant'sftler right to their mid-line or c)
stationary at the participant's mid-line
The visual target was a black box that was preskat a visual angle of 11.96°

to the left or right of a central fixation cross.

3.1.1.3 Procedure

The participant started the experiment by pressing holding down the two
central keys on the custom keyboard; they used th&i hand index finger to hold
down the left key while the right hand index fingeais used to hold down the right key.
After a random interval of between one and two Bdspthe participant was presented
with an auditory stimulus plus visual target paidpne visual target or a lone auditory
stimulus. The participant's task was to resporahty the visual target.

In a trial where a visual target was presentetheeialone or paired with an
auditory stimulus, the participant was instructedift both of their index fingers off the
central keys and make a response via one of thhgeal keys depending on where the
visual target was located. If the visual target Voasited to the left of the fixation cross
then the participant pressed the peripheral kethereft hand side of the keyboard with
their left hand. If its location was to the rigtittbe fixation cross the participant pressed
the peripheral key on the right hand side of thgbkard with their right hand. Once the
participant had made a left or right key peripheesbonse they started the next trial by
pressing and holding down both the central keysaga

Trials in which only an auditory stimulus was pmeted to the participant were
defined as Catch Trials. These were used to testhghthe participant was responding
to only the visual target and not responding todhset of the auditory stimulus. In a
Catch Trial the participant kept the central keyssped down until a message was
displayed on the screen that prompted them to seltfae central keys and press and
hold them again. This started the next trial.

When the trial consisted of an auditory stimulod a visual target, the auditory
stimulus was either static or one of the four mgwtimuli. For the audio stimulus plus
visual target trials there were three levels of SDhese were SOA 0, 125 and 250 ms:
for SOA 0 ms the audio and visual targets weregotesl concurrently; for SOA 125
ms and 250 ms the onset of the auditory stimulasqated the visual target. This meant
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that for SOA 125 ms the participant had heard dfdhe auditory stimulus before being
presented with the visual target. At SOA 250 me,ghrticipant had heard the auditory
stimulus fully before being presented with the aisiarget.

There were a total of 747 trials for each partaip In 168 of the trials only the
visual target was presented; there was a 50/50 lsgtliveen left side presentations and
right side presentations of the target. There Wérdrials in which only an auditory
stimulus was presented, 15 of each sound type.eTlwese used as Catch Trials to test
whether the participant was waiting for the visteiget to appear before making a
response, as instructed, rather than responditigetauditory stimulus.

The remaining 504 trials were evenly split betwélea three levels of SOA,
with each level having 168 trials. Of these 16&l$ri 56 contained a static auditory
stimulus. The other 112 trials were evenly disti#oubetween the four moving auditory
stimuli, meaning that there were 28 of each mowuditory stimulus. For each level of
SOA there was an equal number of left- and rigmehside presentations of the visual
target. Hence the auditory stimulus was not predicas to the location of the visual
target.

After the participant had completed all 747 tridigy were tested on their ability
to distinguish between the five different types afditory stimulus using a five
alternative forced choice (5-AFC) test. The papaait was presented 50 randomised
presentations of the auditory stimuli, 10 of eagbet mid-line to left, left to mid-line,
mid-line to right, right to mid-line and static. @participant's task was to indicate after

each presentation which of the five auditory stinthey thought they had heard.

3.1.2 Results

Lift RTs that were faster than 150 ms or slowanti000 ms, and responses
that were incorrect, were removed before data arsalyas performed. Responses faster
than 150 ms were classified as anticipatory andeahslower than 1000 ms were
classified as misses. This removal procedure was applied to Move RTs as
anticipatory responses and misses should not htigeted these RTs. On average,
participants responded correctly 97.9% of the titineis there was no analysis of
participants' errors. None of the participants bade removed for responding over
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50% of the time to catch trials. The results of TRAFC test revealed that participants
were able to correctly identify which auditory stilus they heard 87% of the time. Two
different sets of analyses were conducted: fatoiaby hemifield location of the

auditory stimulus, and facilitation by directionmbvement of the auditory stimulus.

3.1.2.1 Facilitation by hemifield location of the auditory stimulus

The first series of analyses defined congruen@edéent on the hemifield to
which the auditory stimulus was presented, irrespeof its direction of movement.
Congruent Trials were those in which the auditotinglus was presented to the
hemifield corresponding to the responding hand, left hemifield presentation - left
hand response; Incongruent were those in whichh#dmifield and responding hand
were on opposite sides of the participant, i.dt, Hemifield presentation - right hand
response; and Static when the auditory stimulus pvasented directly in front of the
participant. Finally, No Sound Trials were whenyothle visual target was presented.

A Repeated Measures ANOVA of Lift RT using Triaype (No Sound,
Incongruent, Congruent and Static) as the withinjestis factor showed that the
assumptions of sphericity had been violatgd{s) = 32.791,p < 0.01. This was
corrected for using Greenhouse—Geisser estimataspharicity. The corrected results
indicated that there was a significant effect aallType, F(1.607, 40.181) = 109.8§8,
< 0.01. Pairwise comparisons showed that partitgpaere significantly faster in the
Incongruent, Congruent and Static Trials than the Sbund Trials,p < 0.05.
Participants were also significantly faster in 8tatic Trials than in the Incongruent and
Congruent Trialsp < 0.05. Figure 3 shows the mean Lift RTs for eadhl Type with
error bars when congruency was defined by the helohito which the auditory

stimulus was presented.
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Figure 3. Mean Lift Reaction Times for No Sound, Incongrugbgngruent and Static Trials
when congruency was defined by the hemifield toclwhihe auditory stimulus was presented. Error Bars

represent Standard Error

Lift RT was further analysed using a 3 x 3 Repadfkeasures ANOVA using
SOA (0, 125 and 250 ms) and Trial Type (Incongru@ungruent and Static) as the
within-subjects factors. The results indicated ttieg assumptions of sphericity had
been violated for SOA?(2) = 7.256,p < 0.05, Trial Type?(2) = 7.229p < 0.05 and
SOA and Trial Type?(9) = 22.299p < 0.01. This was corrected for using Greenhouse—
Geisser estimates of sphericity. The correctedlteesudicated that there was a main
effect of SOA, F(1.586, 39.654) = 27.848,< 0.01, Trial Type F(1.587, 39.680) =
17.345,p < 0.01 and a significant interaction between SOW drial Type, F(2.632,
65.807) = 11.965p < 0.01. Pairwise comparison for SOA indicated thatticipants
were significantly faster at SOA 250 ms and 125then 0 msp < 0.05. Pairwise
comparison for Trial Type indicated that particifsarwere significantly faster in
Congruent and Static Trials than Incongruent Trials 0.05. Pairwise comparison for
the interaction between SOA and Trial Type indidaa SOA 0 ms participants were
significantly faster in Congruent Trials than Ingoment or Static Trialgy < 0.05. For
SOA 125 ms participants were significantly fastefStatic Trials than Incongruent and
Congruent Trialsp < 0.05. At SOA 250 ms participants were signifibariaster in

Static Trials than the Incongruent or Congruengal$rip < 0.05. Figure 4 shows the
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mean Lift RTs for each Trial Type at each level ® DA with error bars when

congruency was defined by the hemifield to whiah alnditory stimulus was presented.
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Figure 4. Mean Lift Reaction Times for Incongruent, Congruantl Static Trials at SOA 0, 125
and 250 ms when congruency was defined by the fedhtb which the auditory stimulus was presented.

Error Bars represent Standard Error

A Repeated Measures ANOVA of Move RT using Trialp& (No Sound,
Incongruent, Congruent and Static) as the withinjestis factor indicated that the
assumptions of sphericity had been violatgd{s) = 12.278,p < 0.01. This was
corrected for using Greenhouse—Geisser estimataspharicity. The corrected results
indicated that there was a significant effect aallType, F(2.354, 58.844) = 11.306,
< 0.01. The Pairwise comparison indicated thatigpents were significantly faster in
the No Sound Trials than they were in the Incongtu€ongruent and Static Trialg<
0.05. Figure 5 shows the mean Move RTs for eachl Tiype with error bars when

congruency was defined by the hemifield to whiah dlnditory stimulus was presented.
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Figure 5. Mean Move Reaction Times for No Sound, Incongru@atngruent and Static Trials
when congruency was defined by the hemifield toclwhihe auditory stimulus was presented. Error Bars

represent Standard Error

A 3 x 3 Repeated Measures ANOVA using SOA (0, 488 250 ms) and Trial
Type (Incongruent, Congruent and Static) as thaimasubjects factors for Move RTs
indicated there were no significant effeqs; 0.05.

Thus when congruency was defined by hemifieldtiggpants were faster when
the visual target was presented in conjunction aittauditory stimulus for Lift RTs but
the opposite was true for Move RTs. Furthermoreattadysis of Lift RTs revealed that
participants were also faster when the auditonygtis was static or presented to the
same side of the body to which the motor resposetb be made. Participants were
also at their fastest when the auditory stimulud haen fully or partially presented

before the visual target.

3.1.2.2 Facilitation by direction of movement of the auditory stimulus

The second set of analyses focused on participBiits to the visual target in
relation to the direction of movement of the auditstimulus. This was irrespective of
the hemifield to which the auditory stimulus wasganted. Congruent Trials were

those in which the auditory stimulus was movinghe same direction as the motor
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movement the participant had to make in relatiothéoposition of the visual target, i.e.,
a leftward moving auditory stimulus with a left lobkey press. Incongruent Trials were
those in which the auditory stimulus was movingha opposite direction to the motor
movement the participant had to make, i.e., a EftWwnoving auditory stimulus with a
right hand key press. Static Trials were those tmctv the auditory stimulus was
presented directly in front of the participant. &lg, No Sound Trials were where only
the visual target was presented.

A Repeated Measures ANOVA of Lift RT using Triaype (No Sound,
Incongruent, Congruent and Static) as the withinjestis factor indicated that the
assumptions of sphericity had been violatgy{5) = 39.631,p < 0.01. This was
corrected for using Greenhouse—Geisser estimataspharicity. The corrected results
indicated that there was a significant effect aallType, F(1.492, 37.291) = 105.319,
< 0.01. Pairwise comparisons showed that partitgpavere significantly faster in
Incongruent, Congruent and Static Trials than NaroTrials,p < 0.05. Participants
were also significantly faster in the Static Triséiflen the Incongruent or Congruent
Trials, p < 0.05. Figure 6 shows the mean Lift RTs for eddal Type with error bars

when congruency was defined by the direction ofalngitory stimulus.
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Figure 6. Mean Lift Reaction Times for No Sound, Incongrugbgngruent and Static Trials
when congruency was defined by the direction ofdbditory stimulus. Error Bars represent Standard

Error
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Lift RT was further analysed using a 3 x 3 Repadfkeasures ANOVA using
SOA (0, 125 and 250 ms) and Trial Type (Incongru€ungruent and Static) as the
within-subjects factors. The results indicated amnedfect of SOA, F(2, 50) = 35.874,
< 0.01, Trial Type, F(2, 50) = 14.25p0,< 0.01 and a significant interaction between
SOA and Trial Type, F(4, 100) = 11.427F,< 0.01. Pairwise comparison for SOA
indicated that participants were significantly &asat SOA 250 ms and 125 ms than
SOA 0 ms,p < 0.05. Pairwise comparison for Trial Type indezhtthat participants
were significantly faster in Static Trials than émgruent or Congruent Trialg,< 0.05.
Pairwise comparison for the SOA and Trial Typeriatéon indicated at SOA 0 ms no
significant differencesp > 0.05. At SOA 125 ms participants were signifibamaster
in Static Trials than Incongruent or Congruent [Btigp < 0.05. For SOA 250 ms
participants were significantly faster in Statidals than Incongruent and Congruent
Trials, p < 0.05. Participants were also significantly faste Congruent Trials than
Incongruent Trialsp < 0.05. Figure 7 shows the mean Lift RTs for e@dhl Type at
each level of SOA with error bars when congrueneyg wefined by the direction of the

auditory stimulus.
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Figure 7. Mean Lift Reaction Times for Incongruent, Congruantl Static Trials at SOA 0, 125
and 250 ms when congruency was defined by thetdireof the auditory stimulus. Error Bars represent
Standard Error
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A Repeated Measures ANOVA of Move RT using Trialp& (No Sound,
Incongruent, Congruent and Static) as the withinjestts factor indicated that the
assumptions of sphericity had been violatgd{5) = 15.019,p < 0.05. This was
corrected for using Greenhouse—Geisser estimataepharicity. The corrected results
indicated that there was a significant effect aallType, F(2.326, 58.146) = 11.0235,
< 0.01. The Pairwise comparison indicated thatigpents were significantly faster in
No Sound Trials than Incongruent, Congruent andicStrials, p < 0.05. Figure 8
shows the mean Move RTs for each Trial Type witlorebars when congruency was

defined by the direction of the auditory stimulus.
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Figure 8. Mean Move Reaction Times for No Sound, Incongru@uengruent and Static Trials
when congruency was defined by the direction ofdbditory stimulus. Error Bars represent Standard

Error

A 3 x 3 Repeated Measures ANOVA using SOA (0, 488 250 ms) and Trial
Type (Incongruent, Congruent and Static) as th@imasubjects factors for Move RTs
indicated there were no significant differenges, 0.05.

In summary, when congruency was defined by heldifilne analysis revealed
that participants were faster when the visual tanges presented in conjunction with an
auditory stimulus for Lift RTs, but the opposite sMaue for Move RTs. Furthermore
the analysis of Lift RTs revealed that participawesre also faster when the auditory

stimulus was static or presented to the same siddeobody to which the motor
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response had to be made. Participants were alsbemt fastest when the auditory
stimulus had been fully or partially presented betbhe visual target.

When congruency was defined by direction, paréictp were faster when the
visual target was presented in conjunction witlaaditory stimulus for Lift RTs but the
opposite was true for Move RTs. Further analysighef Lift RTs indicated that the
participants were faster in trials containing distauditory stimulus than either of the
moving auditory stimuli. Participants were also their fastest when the auditory
stimulus had been fully or partially presented befthe visual target. These findings
indicate that bi-modal presentations facilitatedtonaesponses with respect to uni-
modal, though only for the Lift response. Facilaatof response also appeared to be
present when the auditory stimulus was on the ssiohe of the body as the motor
response. There appeared to be facilitation fogaently moving auditory stimuli over
their incongruent counterparts, but this was orftgrahe auditory stimulus had been
fully presented before the onset of the visual éargrinally participants’' responses
appeared to be facilitated to a greater degregrbater the period of time between the
onset of the auditory stimulus and the onset ofvtheal target.

3.1.3 Discussion

The aim of Experiment 3 was to test whether taskavant, moving auditory
stimuli facilitated motor responses to a visualgédy while controlling for possible
facilitation from the Simon effect (Simon and Rudel967). The employed
methodology allowed participants’ RTs to be analyse two different dimensions,
hemifield and direction. If the previous resultsrfr Experiment 2 were indeed due to
the Simon effect it would be expected that therelldi@nly be significant differences
between Trial Types when congruency was definechdéyifield and no significant
differences when defined by direction. If howevbke tirectionality of the auditory
stimuli were having an effect on participants' Rfiare would be significant differences
between Trial Types when congruency was defineddiogction. The first set of
analyses, in which congruency was by hemifieldeeded that participants were indeed
faster in Congruent Trials than Incongruent. Thesant that participants were faster to

respond to the visual target when the auditorytisiand the required motor response
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were on the same side of the body. This leads @éoctimclusion that the results may
indeed have been a product of the Simon effects Titerpretation of the results is
supported by the fact that when congruency waseeéfiby direction there were no
consistent facilitatory effects, as the observaiilifation arose at only a single level of
SOA.

This was also the first experiment in which thesre trials in which only the
visual target was presented, unlike Experimentsid 2 which contained only trials
where the visual target was accompanied by an@ydstimulus. This inclusion of the
No Sound Trials meant that it was now possible ¢ongare bi-modal stimulus
presentations to uni-modal stimulus presentation€hapter 1 it was reported that bi-
modal presentations have often been shown to reguartieipants' RTs in comparison to
uni-modal presentations (Hershenson, 1962; Bemsteal., 1969; Hecht et al., 2008).
The results of Experiment 3 indicated that, in lin&h this previous research,
participants' RTs to the visual targets were fatdd by the presence of the auditory
stimuli. However this only appeared to be the das¢he participants' Lift RTs. For the
Move RTs the reverse was true, participants weseifan the uni-modal trials than they
were in the bi-modal trials. It could be that tlfe dection of the experiment involved
some component of decision making that the moveasedid not, though it should be
noted that the difference between the uni-modalasdodal trials was on average only
10 ms for the Move RTs compared the average of S0fanthe Lift RTs. In other
words, the bi-modal stimuli led to a faster initreaction (Lift RT), but the uni-modal
stimuli, while having a slower initial reaction (LRT) led to slightly faster movement
in then making the response (Move RT). Howevee, birmodal stimuli led to an
overall improvement in total RT (Lift RT plus MoyRT) from presentation of the
visual target to pressing one of the response keys.

An issue with the design of Experiment 3 was ttaner in which participants
responded to the visual target. The experiment dessgned in such a way that each
trial began with the participant pressing and hadddown the two central keys on the
custom keyboard. To respond to the visual targey trad to lift both hands from the
central keys even though only one hand had to pupkripheral key. By having the
participant lift both hands they were in effect nmgka dual motor response to the

presentation of the target. To address this passiBlue Experiment 4 was designed so
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only the responding hand was lifted off the cerkegls during a trial.

3.2 EXPERIMENT FOUR

Experiment 4 followed the same basic methodolag¥xperiment 3, however
there was a change to how the participants' reggsowere executed. In the previous
experiments the participant had to lift both thkands off the central keys when
responding. Experiment 4 was changed so that theipant lifted only a single hand
to respond to the visual target, leaving their nesponding hand resting on one of the

central keys.

3.2.1 Method

3.2.1.1 Participants
Forty-seven students participated in the experimainwhom 32 were female.
The mean age of the participants was 21.4 years4(SOQyears) and three participants

were left-handed. All other details were as for &xment 3.

3.2.1.2 Materials and Design

The experiment took place in the same sound-atedubooth as used for
Experiment 3. Stimuli, both visual and auditory revpresented in the same manner and
using the same systems as utilised in Experimeex&pt that visual presentation was
no longer via a TFT screen; instead visual targeise presented using a Sanyo PLC
XU75 projector, which displayed onto a matt screBme participants' responses were
collected via the custom keyboard from Experiment 3

Two loudspeakers were placed 84cm in front ofgheicipant and 65cm to the
left or right of the participant's mid-line This arg that there was an angle of 37.7
degrees between the participant's mid-line and spebker.

The visual target was a 2 €ralack box that appeared to either the left or the
right of the central fixation cross. The visual Engetween the central fixation cross
and the visual target was 18.12 degrees. The ayditnuli were the same as used in
Experiment 3. The participant used a chin resteepktheir head in a fixed location in

relation to the speakers for the duration of theeexnent.



42

3.2.1.3 Procedure

The patrticipant followed the same procedure aSxperiment 3 except for the
change in how they responded to the visual tailgetrials containing a visual target
where its location was to the left, the participaais instructed to lift their left hand off
the left-hand central key and press the left-hamipperal key. If the target was located
to the right, the participant was instructed to fifeir right hand from the right-hand
central key and press the right-hand peripheral Réer making their response to the
location of the visual target, the participant red their responding hand to the central

key, and pressed and held it to start the next tria

3.2.2 Results

RTs were prepared for analysis using the sameadeth utilised in Experiment
3. On average, participants responded correctl298&f the time, thus there was no
analysis of participants' errors. Of the 47 pagpacits tested one was removed for
responding over 50% of the time to the Catch Tridlse results of the 5-AFC test
revealed that participants were able to correatntify which auditory stimulus they
heard 82% of the time. Two different sets of anedysiere conducted: facilitation by
hemifield location of the auditory stimulus andiféation by direction of movement of

the auditory stimulus.

3.2.2.1 Facilitation by hemifield location of the auditory stimulus

The first series of analyses defined congruen@edéent on the hemifield to
which the auditory stimulus was presented, irrespeof its direction of movement.
Congruent Trials were those in which the auditotinglus was presented to the
hemifield consistent with the responding hand, ileft hemifield presentation - left
hand response; Incongruent were those in whichh#dmifield and responding hand
were inconsistent, i.e., left hemifield presentatiagight hand response; and Static when
the auditory stimulus was presented directly imfrof the participant. Finally, No
Sound Trials were when only the visual target wasgnted.

A Repeated Measures ANOVA of Lift RT using Triaype (No Sound,
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Incongruent, Congruent and Static) as the withinjestis factor indicated that the
assumptions of sphericity had been violatgd{s) = 66.302,p < 0.01. This was
corrected for using Greenhouse—Geisser estimataspharicity. The corrected results
indicated that there was a significant effect aallType, F(1.541, 69.323) = 420.95%¥,

< 0.01. Pairwise comparisons showed that partitgpavere significantly faster in
Incongruent, Congruent and Static Trials than NarSoTrials,p < 0.05. Participants
were also significantly faster in the Congruen@l&ithan Incongruent and Static Trials,
p < 0.05. Participants' responses in Static Triaésewalso significantly faster than
Incongruent Trialsp < 0.05. Figure 9 shows the mean Lift RTs for eaghl Type with
error bars when congruency was defined by the helohito which the auditory

stimulus was presented.
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Figure 9. Mean Lift Reaction Times for No Sound, Incongrugbgngruent and Static Trials
when congruency was defined by the hemifield toclwhihe auditory stimulus was presented. Error Bars

represent Standard Error

Lift RT was further analysed using a 3 x 3 Repeadikeasures ANOVA using
SOA (0, 125 and 250 ms) and Trial Type (Incongru@ungruent and Static) as the
within-subjects factors. The results indicated tthet assumptions of sphericity had
been violated for SOA?(2) = 19.201p < 0.01, and Trial Typeg?(2) = 6.762p < 0.05.
This was corrected for using Greenhouse—Geissienadsts of sphericity. The corrected
results indicated that there was a main effect@ASF(1.478, 66.488) = 219.83p,<
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0.01, Trial Type F(1.751, 78.778) = 175.430< 0.01 and a significant interaction
between SOA and Trial Type, F(4, 180) = 15.12% 0.01. Pairwise comparison for
SOA indicated that participants were significaritlgter at SOA 250 ms than SOA 125
ms and 0 msp < 0.05. Participants were also significantly fagteSOA 125 ms than
SOA 0 ms,p < 0.05. Pairwise comparison for Trial Type indezhtthat participants
were significantly faster in Congruent Trials tHatatic or Incongruent Trialg, < 0.05.
Participants were also significantly faster in Btahan Incongruent Trialgy < 0.05.
Pairwise comparison for the SOA and Trial Typerat&on indicated that at SOA 0 ms
participants were significantly faster in Congrud@mtals than Incongruent or Static
Trials, p < 0.05. Also Static Trials were significantly fasthan Incongruent Trialp, <
0.05. For SOA 125 ms participants were significamdister in Congruent Trials than
Incongruent or Static Trial@ < 0.05. Also Static Trials were significantly fasthan
Incongruent Trialsp < 0.05. At SOA 250 ms participants were signifibafaster in
Congruent Trials than Incongruent or Static Triglss 0.05. Also Static Trials were
significantly faster than Incongruent Tria|s,< 0.05. Figure 10 shows the mean Lift
RTs for each Trial Type at each level of SOA withoe bars when congruency was

defined by the hemifield to which the auditory stios was presented.
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Figure 10. Mean Lift Reaction Times for Incongruent, Congruant Static Trials at SOA 0,
125 and 250 ms when congruency was defined by émifield to which the auditory stimulus was

presented. Error Bars represent Standard Error
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A Repeated Measures ANOVA of Move RT using Trialp& (No Sound,
Incongruent, Congruent and Static) as the withinjestts factor indicated that the
assumptions of sphericity had been violatgy{5) = 23.551,p < 0.01. This was
corrected for using Greenhouse—Geisser estimataepharicity. The corrected results
indicated that there was a significant effect aallType, F(2.252, 101.326) = 12.445,
< 0.01. The Pairwise comparison indicated thatigpents were significantly faster in
No Sound Trials than Incongruent, Congruent andicStaials, p < 0.05. Figure 11
shows the mean Move RTs for each Trial Type witlorebars when congruency was

defined by the hemifield to which the auditory stios was presented.
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Figure 11. Mean Move Reaction Times for No Sound, Incongru€angruent and Static Trials
when congruency was defined by the hemifield toclwhihe auditory stimulus was presented. Error Bars

represent Standard Error

A 3 x 3 Repeated Measures ANOVA using SOA (0, 488 250 ms) and Trial
Type (Incongruent, Congruent and Static) as th@imasubjects factors for Move RTs
indicated there were no significant differenges, 0.05.

Thus when congruency was defined by hemifieldtigipants were faster when
the visual target was presented in conjunction aittauditory stimulus for Lift RTs but
the opposite was true for Move RTs. Furthermoresttadysis of Lift RTs revealed that

participants were also faster when the auditomgtis was presented to the same side
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of the body on which the motor response had to &demParticipants were also at their
fastest when the auditory stimulus had been preddntly before the visual target was

presented.

3.2.2.2 Facilitation by direction of movement of the auditory stimulus

The second set of analyses focused on participBiits to the visual target in
relation to the direction of movement of the auditstimulus. This was irrespective of
the hemifield to which the auditory stimulus wasgented. Congruent Trials were
those in which the auditory stimulus was movinghe same direction as the motor
movement the participant had to make in respongbedocation of the visual target,
l.e., a leftward moving auditory stimulus with dt lband key press. Incongruent Trials
were those in which the auditory stimulus was mguimthe opposite direction to the
motor movement the participant had to make, i.éeftawvard moving auditory stimulus
with a right hand key press. Static Trials weresthm which the auditory stimulus was
presented directly in front of the participant. &lg, No Sound Trials were where only
the visual target was presented.

A Repeated Measures ANOVA of Lift RT using Triaype (No Sound,
Incongruent, Congruent and Static) as the withinjestis factor indicated that the
assumptions of sphericity had been violatgd{s) = 71.527,p < 0.01. This was
corrected for using Greenhouse—Geisser estimataepharicity. The corrected results
indicated that there was a significant effect aallType, F(1.482, 66.697) = 361.669,
< 0.01. Pairwise comparisons showed that partitgpavere significantly faster in
Incongruent, Congruent and Static Trials then tlkeSdund Trialsp < 0.05. Figure 12
shows the mean Lift RTs for each Trial Type witlhoerbars when congruency was

defined by the direction of the auditory stimulus.
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Figure 12. Mean Lift Reaction Times for No Sound, Incongrueddngruent and Static Trials
when congruency was defined by the direction ofdbditory stimulus. Error Bars represent Standard

Error

Lift RT was further analysed using a 3 x 3 Repeadikeasures ANOVA using
SOA (0, 125 and 250 ms) and Trial Type (Incongru@ungruent and Static) as the
within-subjects factors. The results indicated tthet assumptions of sphericity had
been violated for SOA¥?(2) = 29.536,p < 0.01. This was corrected for using
Greenhouse—Geisser estimates of sphericity. Theated results indicated that there
was a main effect of SOA, F(1.343, 60.446) = 236,fl< 0.01 and a significant
interaction between SOA and Trial Type, F(4, 182596,p < 0.01. There was no
significant main effect of Trial Typg > 0.05. Pairwise comparison for SOA indicated
that participants were significantly faster at S@80 ms than SOA 125 ms and SOA 0
ms, p < 0.05. Participants were also significantly fastieSOA 125 ms than SOA 0 ms,
p < 0.05. Pairwise comparison for the SOA and TFigbe interaction indicated that at
SOA 0 ms participants were significantly fasterlmncongruent and Static Trials than
Congruent Trialsp < 0.05. At SOA 125 ms participants were signifibariaster in
Incongruent than Congruent Trialp, < 0.05. For SOA 250 ms participants were
significantly faster in Congruent Trials than Ingoment or Static Trialsp < 0.05.
Participants were also significantly faster in Btdtrials than Incongruent Trialg, <
0.05. Figure 13 shows the mean Lift RTs for eadhl Tiiype at each level of SOA with
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error bars when congruency was defined by the titreof the auditory stimulus.
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Figure 13. Mean Lift Reaction Times for Incongruent, Congruant Static Trials at SOA 0,
125 and 250 ms when congruency was defined by itteetibn of the auditory stimulus. Error Bars

represent Standard Error

A Repeated Measures ANOVA of Move RT using Trialp& (No Sound,
Incongruent, Congruent and Static) as the withinjestis factor indicated that the
assumptions of sphericity had been violatgd{s5) = 26.825,p < 0.01. This was
corrected for using Greenhouse—Geisser estimataspharicity. The corrected results
indicated that there was a significant effect aallType, F(2.088, 93.972) = 13.786,
< 0.01. The Pairwise comparison indicated thatigpents were significantly faster in
the No Sound Trials than the Incongruent, Congroertatic Trialsp < 0.05. Figure
14 shows the mean Move RTs for each Trial Type etitbr bars when congruency was

defined by the direction of the auditory stimulus.
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Figure 14. Mean Move Reaction Times for No Sound, Incongru€angruent and Static Trials
when congruency was defined by the direction ofdbditory stimulus. Error Bars represent Standard
Error

A 3 x 3 Repeated Measures ANOVA using SOA (0, 488 250 ms) and Trial
Type (Incongruent, Congruent and Static) as th@imasubjects factors for Move RTs
indicated there were no significant effeqs; 0.05.

In summary, when congruency was defined by heMdifiee results indicated
that participants were faster when the visual tanges presented in conjunction with an
auditory stimulus for Lift RTs but the opposite wasge for Move RTs. Furthermore the
analysis of Lift RTs revealed that participants eveso faster when the auditory
stimulus was presented to the same side of the todyhich the motor response had to
be made. Participants were also at their fasteginwhe auditory stimulus had been
presented fully before the onset of the visualdarg

When congruency was defined by direction, paréictp were faster when the
visual target was presented in conjunction witlaaditory stimulus for Lift RTs but the
opposite was true for Move RTs. Further analysighef Lift RTs indicated that the
participants were generally faster when the augigirmulus moved in the opposite
direction to the responding hand, though this patteversed itself when the auditory
stimulus had been fully presented before the oofsttte visual target. Participants were

also at their fastest when the auditory stimulud baen fully presented before the
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visual target. These findings indicate that bi-mlogdeesentations facilitated motor
responses in comparison to uni-modal, though amlyttfe Lift response. Facilitation of
response appeared to be present when the auditonyliss was on the same side of the
body as the motor response. There also appeateel facilitation for moving auditory
stimuli over their static counterparts, though tkas with slight caveats. Finally
participants' responses appeared to be facilittded greater degree the longer the
period of time between the onset of the auditonpdus and the onset of the visual
target.

3.2.3 Discussion

Experiment 4 aimed to address the possible isgemified in Experiment 3 of
participants having to lift both their respondingdanon-responding hand when
indicating the location of the visual target. AstwiExperiment 3 participants' RTs were
recorded and analysed in two different ways: LittiM RTs and congruency defined by
both hemifield and direction. Again if there waSianon effect it would be expected for
there to be differences between trial types whergagency was defined by hemifield.
If there was a facilitatory effect of directionglithere would be significant differences
when congruency was defined by direction. As witkp&iment 3 the analysis by
hemifield showed that participants were faster on@uent Trials than Incongruent
Trials. When congruency was defined by directioeré¢hwere mixed results with
participants being faster in Incongruent TrialsS&A 0 and 125 ms, while they were
faster in Congruent Trials at SOA 250 ms. This sufgpthe hypothesis that there is
facilitation arising from the Simon effect and imststent facilitation by the direction of
movement of the auditory stimulus.

The analysis of bi-modal trials compared to unidaddrials, for congruency by
both hemifield and direction, for Lift and Move Riallowed the same pattern as in
Experiment 3. For Lift RTs this meant that partesips were significantly faster in the
bi-modal trials (Incongruent, Congruent and Statitdn the uni-modal trials (No
Sound). For Move RTs the reverse was true as ftits were significantly faster in
uni-modal trials than bi-modal trials. The resufsthe Lift RTs analysis support the
previous bi-modal facilitation results while theveese of these results for Move RTs
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seems once again to go against previous findingardeng bi-modal facilitation

(Hershenson, 1962). As with Experiment 3 it coukel that the lift section of the
experiment involved some component of decision ngknat the move section did not.
Also as for Experiment 3 the differences betweenttrals for Lift RTs compared to
those of Move RTs were markedly different. For IRTs the difference between uni-
modal trials and bi-modal trials was around 70 nmslevthe difference for Move RTs
was only 5 ms. In other words, as for Experimenth®, bi-modal stimuli led to an
overall improvement in total RT (Lift RT plus MoVRT) from presentation of the
visual target to pressing one of the response keys.

However the interaction for when congruency wdsedd by direction indicates
that there might have also been some form of fatiliy effect of directionality. At
SOA 0 ms and 125 ms participants were faster iorigouent Trials than Congruent
Trials, indicating that participants were fasteramwhhe auditory stimulus was moving in
the opposite direction to the motor response ppédits made. However at SOA 250
ms participants were faster in the Congruent Triaémn the Incongruent Trials. This
pattern of results would suggest that there is séone of facilitation of moving
auditory stimuli on participants' responses. Howetvenay also be possible to explain
this pattern of results using the Simon effect. FOA 0 ms and 125 ms the short period
of time between the presentation of the auditomdus in relation to the visual target
might have meant that the most salient featurehefauditory stimulus was its onset
position. For Incongruent Trials the onset positdithe auditory stimulus was near the
position of both the visual target and the locatdrthe response the participant had to
make. Conversely at SOA 250 ms, as the participadtheard the auditory stimulus in
its entirety the most salient feature might haverbthe position of the termination of
the auditory stimulus. For Congruent Trials the ifp@s of the termination of the
auditory stimulus was near the position of both\iseial target and the location of the
response the participant had to make. If partidpawere using the onset and
termination positions of the auditory stimuli inglmanner it would produce the pattern
of results noted here.

While Experiment 4 addressed the possible issuleeoparticipants making dual
motor responses there may have also been an issuenow the visual target was
presented. In Experiments 1 to 4 the visual tanges randomly presented to the left or
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right of the central fixation point. There is eune that eye saccades affect the
perception of auditory stimuli. Pavani, Husain abdiver (2008) conducted an
experiment where participants were presented wRBGms auditory stimulus over an
array of loudspeakers, followed 2.5 seconds layearibther 250 ms auditory stimulus.
The patrticipant was then required to state whetiertwo auditory stimuli came from
the same or different locations. On some of thaldrthe participant was required to
keep their eyes static throughout each trial wbileothers they were required to move
their eyes between the presentation of the firdtssatond auditory stimulus. The results
showed that when the participants moved their bpéseen the presentation of the two
auditory stimuli they were significantly worse atlging location than when their eyes
were static. This was taken as an indication tlyat movements could significantly
affect the perceived location of an auditory stiasulln order to mitigate any influence
of this effect, Experiment 5 changed the mannemwirnch the visual target was
presented: instead of appearing randomly to thteokefight of the fixation cross the
visual target now appeared in the same positidhefixation cross. This controlled for
both eye saccades and the possible issue of thet/tensiination of the auditory

stimulus interacting with the position of the vistaget.

3.3 EXPERIMENT FIVE

Experiment 5 followed the same general methododsgkxperiment 4, however
there was a change to the position of the visugkta. In the previous experiments the
visual target was a box that appeared randomlyeetiit the left or right of a central
fixation cross. This meant participants might haveved their eyes from the central
fixation point which in turn could have affectectperception of the auditory stimulus.
To control for this the visual targets for Experith® were presented at the position of
the central fixation point. The visual target waseoof two different colours and
dependent on the colour of the visual target ppeits made either a leftward or

rightward motor response.
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3.3.1 Method

3.3.1.1 Participants

Thirty-seven students participated in the expenimef whom 33 were female.
The mean age of the participants was 19.3 year2(8ears) and one participant was
left-handed. They were informed they would be p@nfag a visual discrimination task.
All other details were as for Experiment 4.

3.3.1.2 Materials and Design

The experiment was conducted in the same souadestted booth that was
used in Experiment 4. Presentation of the visudl anditory stimuli was the same as
before and the participant's responses were cetlaesing the same custom keyboard.
Again, each participant used the chin rest througtiwe entirety of the experiment.

The auditory stimuli were the same as used in BExygats 3 and 4. The only
change was to the visual target to which the ppgid responded. The visual target was
a green or red coloured box that appeared at thitigpo of the central fixation point.
The luminance levels of the coloured boxes werecheat to control for possible

confounds of differences in luminance levels.

3.3.1.3 Procedure

The patrticipant followed the same procedure aSxperiment 4 except for the
change in how they responded to the visual tatged. trial where a visual target was
presented the participant had to make a responsndent on its colour. The response
was counterbalanced across participants: for lidHeoparticipants if the target was red,
the participant was instructed to lift their lefarid off the left-hand central key and
press the left-hand peripheral key; a green targppired them to lift their right hand
from the right-hand central key and press the figrtd peripheral key. For the other
half of the participants, this requirement was regd. After making their response to
the colour of the visual target, the participartuneed their responding hand to the
central key, and pressed and held it to start the trial. Participants were randomly

assigned to each group.
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3.3.2 Results

RTs were prepared for analysis using the same adeths utilised in
Experiments 3 and 4. On average, participants relgab correctly 96.3% of the time,
thus there was no analysis of participants’ errbiacme of the participants had to be
removed for responding over 50% of the time to ltat@ls. The results of the 5-AFC
test revealed that participants were able to ctiyedentify which auditory stimulus
they heard 80% of the time. Two different sets mdlgses were conducted: facilitation
by hemifield location of the auditory stimulus aadilitation by direction of movement

of the auditory stimulus.

3.3.2.1 Facilitation by hemifield location of the auditory stimulus

The first series of analyses defined congrueng@edéent on the hemifield to
which the auditory stimulus was presented, irrespeof its direction of movement.
Congruent Trials were those in which the auditotiynslus was presented to the
hemifield consistent with the responding hand,, ileft hemifield presentation - left
hand response; Incongruent were those in whichh#mifield and responding hand
were inconsistent, i.e., left hemifield presentatiagight hand response; and Static when
the auditory stimulus was presented directly imfrof the participant. Finally, No
Sound Trials were when only the visual target wasented.

A Repeated Measures ANOVA of Lift RT using Triaype (No Sound,
Incongruent, Congruent and Static) as the withinjestts factor indicated the
assumptions of sphericity had been violatgd{5) = 14.961,p < 0.01. This was
corrected for using Greenhouse—Geisser estimataepharicity. The corrected results
indicated that there was a significant effect aallType, F(2.483, 89.386) = 197.671,
< 0.01. Pairwise comparisons showed that partitgpavere significantly faster in
Incongruent, Congruent and Static Trials than NaroTrials,p < 0.01. Participants
were also significantly faster in the Congruen@l&ithan Incongruent and Static Trials,
p < 0.05. Figure 15 shows the mean Lift RTs for eaghl Type with error bars when
congruency was defined by the hemifield to whiah dalnditory stimulus was presented.
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Figure 15. Mean Lift Reaction Times for No Sound, Incongrueddngruent and Static Trials
when congruency was defined by the hemifield toclwhihe auditory stimulus was presented. Error Bars

represent Standard Error

Lift RT was further analysed using a 3 x 3 Repadfkeasures ANOVA using
SOA (0, 125 and 250 ms) and Trial Type (Incongru@ungruent and Static) as the
within-subjects factors. The results indicated ttieg assumptions of sphericity had
been violated for SOA?(2) = 9.601p < 0.05, and Trial Type@(2) = 25.228p < 0.05.
This was corrected for using Greenhouse—Geissienasts of sphericity. The corrected
results indicated that there was a main effect@ASF(1.613, 58.069) = 105.25p,<
0.01, Trial Type, F(1.321, 47.568) = 21.038< 0.01, and a significant interaction
between SOA and Trial Type, F(4, 144) = 6.98% 0.01. Pairwise comparison for
SOA indicated that participants were significarfdgter at SOA 250 ms and SOA 125
ms than SOA 0 msp < 0.05. Pairwise comparison for Trial Type indezhtthat
participants were significantly faster in Congrudmtals than Static or Incongruent
Trials, p < 0.05. Participants were also significantly faste Static than Incongruent
Trials, p < 0.05. Pairwise comparison for the SOA and TTigbe interaction indicated
that at SOA 0 ms participants were significantlgtéa in Congruent and Static Trials

than Incongruent Trialg < 0.05. For SOA 125 ms participants were signifibafaster
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in Congruent Trials than Incongruent or Static [Bfigp < 0.05. At SOA 250 ms
participants were significantly faster in Congrudmtals than Static Trialgp < 0.05.
Figure 16 shows the mean Lift RTs for each Trighdwat each level of SOA with error

bars when congruency was defined by the hemifeeMtiich the auditory stimulus was

presented.
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Figure 16. Mean Lift Reaction Times for Incongruent, Congruant Static Trials at SOA 0,
125 and 250 ms when congruency was defined by émifield to which the auditory stimulus was

presented. Error Bars represent Standard Error

A Repeated Measures ANOVA of Move RT using Trialp& (No Sound,
Incongruent, Congruent and Static) as the withinjestts factor indicated there was no
significant effect of Trial Typep > 0.05.

A 3 x 3 Repeated Measures ANOVA using SOA (0, 488 250 ms) and Trial
Type (Incongruent, Congruent and Static) as thaimasubjects factors for Move RTs
indicated there were no significant effeqs; 0.05.

Thus when congruency was defined by hemifieldtigpants were faster when
the visual target was presented in conjunction withauditory stimulus for Lift RTs.
Furthermore the analysis of Lift RTs revealed fheaticipants were also faster when the

auditory stimulus was presented to the same sidthefbody on which the motor
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response had to be made. Participants were alsbemt fastest when the auditory

stimulus had been fully or partially presented bethe visual target.

3.3.2.2 Facilitation by direction of movement of the auditory stimulus

The second set of analyses focused on participBiits to the visual target in
relation to the direction of movement of the auditstimulus. This was irrespective of
the hemifield to which the auditory stimulus wasganted. Congruent Trials were
those in which the auditory stimulus was movinghe same direction as the motor
movement the participant had to make in relatiothéocolour of the visual target, i.e., a
leftward moving auditory stimulus with a left hakdy press. Incongruent Trials were
those in which the auditory stimulus was movingha opposite direction to the motor
movement the participant had to make, i.e., a Eftwnoving auditory stimulus with a
right hand key press. Static Trials were those tmctv the auditory stimulus was
presented directly in front of the participant. &lg, No Sound Trials were where only
the visual target was presented.

A Repeated Measures ANOVA of Lift RT using Triaype (No Sound,
Incongruent, Congruent and Static) as the withinjestis factor indicated the
assumptions of sphericity had been violatgd{5) = 15.327,p < 0.01. This was
corrected for using Greenhouse—Geisser estimataspharicity. The corrected results
indicated that there was a significant effect aallType, F(2.352, 84.669) = 222.830,
< 0.01. Pairwise comparisons showed that partitgpavere significantly faster in
Incongruent, Congruent and Static Trials than NarSoTrials,p < 0.05. Participants
were also significantly faster in Congruent Trigh&n Incongruent Trialgp < 0.05.
Figure 17 shows the mean Lift RTs for each Trialp@ywith error bars when

congruency was defined by the direction of the ugistimulus.
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Figure 17. Mean Lift Reaction Times for No Sound, Incongrueddngruent and Static Trials
when congruency was defined by the direction ofdbditory stimulus. Error Bars represent Standard

Error

Lift RT was further analysed using a 3 x 3 Repgadikeasures ANOVA using
SOA (0, 125 and 250 ms) and Trial Type (Incongru@ungruent and Static) as the
within-subjects factors. The results indicated tthet assumptions of sphericity had
been violated for SOAy3(2) = 7.214,p < 0.01. This was corrected for using
Greenhouse—Geisser estimates of sphericity. Theeated results indicated that there
was a main effect of SOA, F(1.686, 60.695) = 96,804 0.01 and Trial Type, F(2, 72)
= 8.971,p < 0.01. There was no significant interaction bemw&OA and Trial Type
> 0.05. Pairwise comparison for SOA indicated tpatticipants were significantly
faster at SOA 250 ms than SOA 125 ms and SOA (p®g).05. Participants were also
significantly faster at SOA 125 ms than SOA 0 ms; 0.05. Pairwise comparison for
Trial Type indicated that participants were sigrafitly faster in Congruent and Static
Trials than Incongruent Trialg, < 0.05. Figure 18 shows the mean Lift RTs for each
Trial Type at each level of SOA with error bars whmngruency was defined by the

direction of the auditory stimulus.
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Figure 18. Mean Lift Reaction Times for Incongruent, Congruant Static Trials at SOA 0,
125 and 250 ms when congruency was defined by itteetibn of the auditory stimulus. Error Bars

represent Standard Error

A Repeated Measures ANOVA of Move RT using Trialp& (No Sound,
Incongruent, Congruent and Static) as the withinjestts factor indicated no significant
effect of Trial Typep > 0.05.

A 3 x 3 Repeated Measures ANOVA using SOA (0, 488 250 ms) and Trial
Type (Incongruent, Congruent and Static) as thaimasubjects factors for Move RTs
indicated no significant effectp,> 0.05.

In summary when congruency was defined by herdifigarticipants were faster
when the visual target was presented in conjuncaiith an auditory stimulus for Lift
RTs. Furthermore the analysis of Lift RTs revedleat participants were also faster
when the auditory stimulus was presented to theessine of the body on which the
motor response had to be made. Participants weoeaaltheir fastest when the auditory
stimulus had been fully or partially presented betbhe visual target.

When congruency was defined by direction, pardictp were faster when the
visual target was presented in conjunction withaamitory stimulus for Lift RTs.

Further analysis of the Lift RTs indicated that therticipants were generally faster
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when the auditory stimulus moved in the same doecas the responding hand.
Participants were also at their fastest when théiteny stimulus had been fully
presented before the visual target. These findindgate that bi-modal presentations
facilitated motor responses in comparison to undahatimuli. Facilitation of response
also appeared to be present when the auditory lsthwias on the same side of the
body as the motor response. There also appearéd tacilitation for congruently
moving auditory stimuli over their incongruent coemparts. Finally participants'
responses appeared to be facilitated to a greatped the greater the period of time

between the onset of the auditory stimulus andtiset of the visual target.

3.3.3 Discussion

The changes in methodology in Experiment 5 melaat the only movement
participants needed to make during testing washefiiand that was responding to the
visual target.

As with the previous experiments, when congruenag defined by hemifield
there was a significant effect of Trial Type witlor@@ruent Trials being faster than
Incongruent. As with the previous results thisvgence that there was facilitation of
motor response by the Simon effect. When congruemayg defined by direction,
participants were significantly faster to respoadtte visual target when the auditory
stimulus was moving in the direction of the reqdirend movement.

Again there was evidence of bi-modal facilitatisith participants' Lift RTs
being significantly faster in Incongruent, Congruand Static Trials than No Sound
Trials for both definitions of congruency. Unlikexieriments 3 and 4, the reverse was
no longer true for Move RTSs.

While Experiment 5 indicated that there may hawerb facilitation of
participants' responses when the auditory stimwaved in the same direction as the
required motor response, in reality this facildatiwas small: around 7 ms. For the
facilitation to be beneficial in a real-world cortehe size of the effect would need to
be increased. To attempt to bring about this irsgdéavo changes were implemented for
Experiment 6. The first was how the auditory stinwés presented to the participant:
this involved presenting the stimuli over headplsomestead of loudspeakers. This
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change allowed for greater control over the apgdmmation of the auditory stimulus
than could be obtained with the loudspeakers. Thage was enacted on the basis of
the findings of Rosenblum et al. (1996) that pgydats are able to deduce from sound
alone whether or not an object is within their redt may have been that presenting the
auditory stimuli over loudspeakers placed the pmsibf the auditory stimuli outside
the participants' perceived motor action area.ds Wwoped by moving the presentation
of the auditory stimulus to headphones that evethef stimuli were now 'within the
head' that they would be perceived as within theigieant's motor action area. Also
while participants were told to use the chin restthe duration of the experiment they
were not monitored throughout. Thus it is possibley may have moved their head
during the experiment. As the auditory stimuli weeing delivered over loudspeakers
any movement of the head would have led to chaimgttee interaural level differences
(ILD) and interaural time differences (ITD) of tkémuli. As ILDs and ITDs are used
to determine the location of an auditory stimultdartmann, 1999), changes in their
properties from trial to trial may lead to changeshe perception of the location of the
auditory stimulus.

Both of these possible issues were addressedebgrésentation of the auditory
stimulus over headphones for Experiment 6. Alsdewtie issue of participants making
dual motor responses had been addressed by alltkengto make responses with only
one hand, they still had to prepare to make regsomsth either hand. So while they
made only a single lift and move response theytbguepare responses for both hands.
So that participants only had to plan responsesafsingle hand, Experiment 6 had

participants responding to the visual target usipgystick.

3.4 EXPERIMENT SIX

Two fundamental changes were implemented in Erpant 6; these related to
the presentation method of the auditory stimuli #mel method by which participants
responded to the visual target. Presentation o&tlutory stimuli reverted to using the
headphones from Experiments 1 and 2. This shifk hacheadphones allowed more
control over the apparent location of the auditignuli by controlling the ILDs of the
auditory stimuli. Secondly the participant's resggmwere no longer collected using the
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custom keyboard, instead the participant respotmlék visual target using a joystick.

3.4.1 Method

3.4.1.1 Participants

Twenty-four students participated in the experimeh whom 15 were female.
The mean age of the participants was 20.7 years3(3®ears) and no participants were
left-handed. All other details were as for Expemt®.

3.4.1.2 Materials and Design

The experiment was completed in the same souedtsted booth that was
used in Experiments 3 to 5. Presentation of thé&@uydstimuli was once again over the
headphones used for Experiments 1 and 2. The visugéts were also once again
presented via the 19” VideoSeven L19PS TFT screen.

The participant's responses were no longer celleasing the custom keyboard
utilised in Experiments 2 to 5. Responses wereeatsicollected using a Saitek X45
Joystick placed in front of the participant at theid-line.

Due to the presentation of the auditory stimuleofieadphones the participant
was no longer required to use the chin rest emplaydxperiments 3 to 5. There was
no other change to the auditory stimuli apart ftbeir method of presentation.

The visual target was a blue or yellow coloured that appeared at the position
of the central fixation point. The luminance levefsthe coloured boxes were matched

to control for possible effects of differencesuminance levels.

3.4.1.3 Procedure

The patrticipant followed the same procedure aSxperiment 5 except for the
change in how they responded to the visual target.

In Experiments 3 to 5 the participant started ekperiment, and subsequently
each trial, using the custom keyboard. As Experindeutilised a joystick this required
a different starting method. Thus the experimegiabewhen a button on the top of the
Joystick was pressed. In a trial where a visuajetawas presented the required
response was counterbalanced across the partisigantalf of the participants, a blue
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target required a leftward joystick movement, angebow target required a rightward
joystick movement. For the other half of the pap@ats, this requirement was reversed.
Participants were randomly assigned to each group.

3.4.2 Results

RTs were prepared for analysis using the same adetlis utilised in
Experiments 3 to 5. On average, participants redpdrcorrectly 97% of the time, thus
there was no analysis of participants' errors. Nafrtee participants had to be removed
for responding over 50% of the time to catch tridlke results of the 5-AFC test
revealed that participants were able to correabntify which auditory stimulus they
heard 88% of the time. Two different sets of anedysiere conducted: facilitation by
hemifield location of the auditory stimulus andiféation by direction of movement of

the auditory stimulus.

3.4.2.1 Facilitation by hemifield location of the auditory stimulus

The first series of analyses defined congruen@edéent on the hemifield to
which the auditory stimulus was presented in refatio the participants' response
irrespective of its direction of movement. Congitu&nals were those in which the
auditory stimulus was presented to the hemifielascsient with the side of the body the
joystick was moved towards, i.e., left hemifieldddary presentation - leftward joystick
movement; Incongruent were those in which the hefdifand responding side were
inconsistent, i.e., left hemifield auditory pressidn - rightward joystick movement;
and Static were those in which the auditory stimukias presented directly in front of
the participant. Finally, No Sound Trials were #has which only the visual target was
presented.

A Repeated Measures ANOVA of hemifield RTs usin@iMType (No Sound,
Incongruent, Congruent and Static) as the withinjestts factor indicated a significant
effect of Trial Type, F(3, 69) = 75.35p,< 0.01. Pairwise comparisons showed that
participants were significantly faster in IncongmtieCongruent and Static Trials than
No Sound Trialsp < 0.05. Participants were also significantly fastethe Congruent
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Trials than Incongruent and Static Trigtss 0.05. Figure 19 shows the mean hemifield
RTs for each Trial Type with error bars when coregy was defined by the hemifield
to which the auditory stimulus was presented.
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Figure 19. Mean Reaction Times for No Sound, Incongruent, @eewgt and Static Trials when
congruency was defined by the hemifield to whick #Huditory stimulus was presented. Error Bars

represent Standard Error

Hemifield RTs were further analysed using a 3Repeated Measures ANOVA
using SOA (0, 125 and 250 ms) and Trial Type (Imgaent, Congruent and Static) as
the within-subjects factors. The results indicateat the assumptions of sphericity had
been violated for SOAy¥?(2) = 10.274,p < 0.05. This was corrected for using
Greenhouse—Geisser estimates of sphericity. Theated results indicated that there
was a main effect of SOA, F(1.457, 33.500) = 40,966 0.01 and Trial Type F(2, 46)
=19.435p < 0.01. There was no significant interaction bemw&OA and Trial Type
> 0.05. Pairwise comparison for SOA indicated tpatticipants were significantly
faster at SOA 250 ms and SOA 125 ms than SOA (Qored).05. Pairwise comparison
for Trial Type indicated that participants werersigantly faster in Congruent Trials
than Static or Incongruent Trialg,< 0.05. Participants were also significantly faste
Static than Incongruent Trialp,< 0.05. Figure 20 shows the mean hemifield RTs for
each Trial Type at each level of SOA with errorsbahen congruency was defined by

the hemifield to which the auditory stimulus wasganted.
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Figure 20. Mean Reaction Times for Incongruent, Congruent Static Trials at SOA 0, 125
and 250 ms when congruency was defined by the fedhtb which the auditory stimulus was presented.

Error Bars represent Standard Error

Thus when congruency was defined by hemifieldtigipants were faster when
the visual target was presented in conjunction vaithauditory stimulus than when
presented on its own. Furthermore participants wase faster when the auditory
stimulus was presented to the same side of the twvdgrds which the motor response
had to be made. Participants were also at theiegasvhen the auditory stimulus had

been fully or partially presented before the vidaajet.

3.4.2.2 Facilitation by direction of movement of the auditory stimulus

The second set of analyses focused on participBiits to the visual target in
relation to the auditory stimulus direction of mowent. This was irrespective of the
hemifield to which the auditory stimulus was prdedn Congruent Trials were those in
which the auditory stimulus was moving in the satirection as the motor movement
the participant had to make in relation to the aolof the visual target, i.e., a leftward
moving auditory stimulus with a leftward joystickorement. Incongruent Trials were

those in which the auditory stimulus was movinghe opposite direction to the motor
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movement the participant had to make, i.e., a EftWwnoving auditory stimulus with a
rightward joystick movement. Static Trials were ¢adn which the auditory stimulus
was presented directly in front of the participdfinally, No Sound Trials were where
only the visual target was presented.

A Repeated Measures ANOVA of direction RTs usim@lTType (No Sound,
Incongruent, Congruent and Static) as the withinjestis factor indicated a significant
effect of Trial Type, F(3, 69) = 69.54p, < 0.01. Pairwise comparisons showed that
participants were significantly faster in IncongmtieCongruent and Static Trials than
No Sound Trialsp < 0.05. Figure 21 shows the mean direction RT®é&mh Trial Type

with error bars when congruency was defined bydihection of the auditory stimulus.
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Figure 21. Mean Reaction Times for No Sound, Incongruent, @eergt and Static Trials when

congruency was defined by the direction of the mugistimulus. Error Bars represent Standard Error

Direction RTs were further analysed using a 3Repeated Measures ANOVA
using SOA (0, 125 and 250 ms) and Trial Type (Imgaent, Congruent and Static) as
the within-subjects factors. The results indicateat the assumptions of sphericity had
been violated for SOAy3(2) = 6.441,p < 0.01. This was corrected for using
Greenhouse—Geisser estimates of sphericity. Theated results indicated that there
was a main effect of SOA, F(1.595, 36.688) = 40,585< 0.01 and significant
interaction between SOA and Trial Type, F(4, 923.898,p < 0.05. There was no
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effect of Trial Typep > 0.05. Pairwise comparison for SOA indicated feticipants
were significantly faster at SOA 250 ms and SOA t#&bthan SOA 0 mg < 0.05.
Pairwise comparison for the SOA and Trial Typeratdon indicated at SOA 0 ms and
SOA 250 ms there were no significant differences> 0.05. At SOA 125 ms
participants were significantly faster in Congru@nls than Incongruent Trials. Figure
22 shows the mean direction RTs for each Trial Tgpeach level of SOA with error

bars when congruency was defined by the directfdheoauditory stimulus.
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Figure 22. Mean Reaction Times for Incongruent, Congruent Static Trials at SOA 0, 125
and 250 ms when congruency was defined by thetdireof the auditory stimulus. Error Bars represent
Standard Error

In summary, when congruency was defined by heldifiparticipants were
faster when the visual target was presented inuoetipn with an auditory stimulus
than when presented on its own. Furthermore ppaiits were faster when the auditory
stimulus was presented to the same side of the tmvdyrds which the motor response
had to be made. Participants were also at theiegasvhen the auditory stimulus had
been fully or partially presented before the vidaagjet.

When congruency was defined by direction, paréictp were faster when the
visual target was presented in conjunction withaaditory stimulus. Further analysis

indicated that participants were faster when thditaty stimulus moved in the same
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direction as the responding hand, but this was fareonly one level of SOA.
Participants were also at their fastest when thditeny stimulus had been fully or
partially presented before the visual target.

These findings indicated that bi-modal presentatifacilitated motor responses
in comparison to uni-modal stimuli. Facilitation relsponse also appeared to be present
when the auditory stimulus was on the same sidin@fbody as the motor response.
There also appeared to be facilitation for congtlyenoving auditory stimuli over their
incongruent counterparts, with slight caveats. Ignzarticipants' responses appeared to
be facilitated to a greater degree the longer @@ of time between the onset of the

auditory stimulus and the onset of the visual targe

3.4.3 Discussion

Experiment 6 made several changes to the desigixpériment 5, the first
being the method of presentation of the auditomdus and the second being the
method in which participants responded to the Vigarget.

As with Experiments 3 to 5, when congruency wafndd by hemifield the
results indicated that participants were signifibarflaster in Congruent Trials than
Incongruent or Static Trials. This, as with the imes experiments, supports the
presence of the Simon effect. As with Experimerihére appeared to be facilitatory
effects of auditory motion, as participants wergdawhen the auditory stimulus moved
in the same direction as the required motor resoH®wever this facilitation only
arose for a single level of SOA, 125 ms.

When comparing the uni-modal presentations tobihmodal presentations the
results were in line with Experiments 3 to 5 imat&ln to the Lift RTs. Participants were
significantly faster in the Incongruent, Congruand Static Trials than they were in the
No Sound Trials. The difference between the No 8otinals and the Incongruent,
Congruent and Static Trials was on average 40 nasimg that the RTs recorded in this
experiment followed the same pattern as the Lifs Rifthe previous experiments.

The results of Experiment 6 with its change todpé@nes and joystick did not
produce any major changes from the results of tegigus experiments. Participants
still produced results that could be attributedh® Simon effect; they were faster with
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bi-modal presentations, faster to respond the grdht difference between onsets of
the auditory stimulus and visual target but stil dot show a consistent directional
facilitation effect.

3.5 GENERAL DISCUSSION

The overall pattern of results for Experiment® $tindicated that there did not
appear to be a consistent facilitatory effect ofving auditory stimuli on participants'
motor responses. There were several changes maatetlow course of these four
experiments to control for possible issues suctiuas hand movements, position of the
visual target, the method in which the auditorynsii were presented and a major
change in how participants responded to the visarget. However even with these
changes in place there still appeared to be tittleo facilitation from moving auditory
stimuli. What effects were noted in the experimergported in this chapter were
relatively small and appeared not to be very coesis There was however facilitation
from other factors, with participants' responsesd faster when the auditory stimulus
was in the same hemifield as the side of the bodyhich the participant made a motor
response. Participants were generally faster foores to the visual target when it was
accompanied by an auditory stimulus than when & wasented on its own. Also, in
the bi-modal trials, participants were faster tepend the greater the period of time
between the onset of the auditory stimulus andoimget of the visual target. These
facilitatory effects were consistent across allékperiments discussed so far.

While this replication of previous findings indiea that the current
methodology was working to produce significant hessuit would seem that there
needed to be a fundamental change if any consifaeititation from moving auditory
stimuli was to be observed. Thus for the next seoné experiments there was a
substantial change to the auditory stimulus: irdstgfausing auditory stimuli that moved
left to right and right to left, the auditory stitnwere changed to laterally looming or

receding.
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CHAPTER FOUR

4.0 INTRODUCTION

When a ball is thrown towards a person the imaxgt on their retina increases
in size as the ball draws closer, this change egensize gives rise to the perception of
the ball 'looming' or approaching the catcher. pheeception of looming is not limited
to the visual domain: the phenomenon also existhenauditory domain. A common
example of a looming auditory stimulus in a reald@oenvironment could be the
increasing intensity of the sound of a car or motole approaching a person as they
walk down the street. Thus looming stimuli could deen as behaviourally important
signals as they generally indicate that an obgetpproaching, to which some form of
response may be needed (Graziano and Cooke, 2006).

Previous work has shown that neuronal cells inkif@ns of locusts, pigeons,
monkeys and humans react specifically to, or gr&aigr response to, looming stimuli
than static or receding stimuli, in both the visaald auditory domain (Fotowat and
Gabbiani, 2007; Sun and Frost, 1998; Lu, Liang Afahg, 2001; Maier and Ghazanfer
2007; Seifritz, Neuhoff, Bilecen, Sheffler, MustoyBSchachinger et al., 2002). Lu et al.
(2001) performed a series of single cell recordimgshe auditory cortices of awake
Marmoset monkeys. While recording the activity bége cells, the monkeys were
presented with either ramped (looming) or dampede@ing) auditory stimuli. The
results from the recording sessions indicated tiatmajority of the cells from which
they extracted data had a significant bias towaedponding only to either the ramped
auditory stimuli or the damped auditory stimuli.€fé also appeared to be more cells
that responded to the ramped auditory stimuli teathe damped auditory stimuli.

Further evidence for the special properties ofrlom auditory stimuli in non-
human primates can be seen in the work of Maier @mézanfer (2007). They
presented looming auditory stimuli to Rhesus moskefnose auditory cortices had
been implanted with electrode recorders. The reegsdindicated that there were cells
in the monkey's auditory cortex that appeared tee lzabias in response to the looming
auditory stimuli over the receding auditory stimibth of these primate studies show
that for at least the non-human primates, thera [sological bias towards looming
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auditory stimuli.

There is also evidence that this bias is not imtett to non-human primates.
Seifritz et al. (2002) conducted an fMRI experimantvhich human participants were
scanned while they were asked to judge the iniessitf looming, receding and static
auditory stimuli. The scans revealed that the pigdnts' right temporal plane had a
larger response to both the looming and recedid@y stimuli than it did to the static
auditory stimuli. There was also a greater levellisfributed neuronal activity, such as
in the pre-motor cortices, when the participantsan@esented with looming rather than
receding auditory stimuli.

A possible advantage of these special properfiégoming stimuli can be seen
in the behavioural responses to such stimuli, aghédrd by avoidance motor responses
in primates (Schiff, Caviness and Gibson, 1962;| Bad Tronick, 1971; Freiberg,
Tually and Crassini, 2001). Schiff et al. (1962g#nted both looming and receding
visual stimuli to Rhesus monkeys. This was accaoshplil by placing the monkey in
front of a screen on which the shadow of a ball wagected. This shadow could be
manipulated in such a fashion as to give the viggateption of an object rapidly
looming towards the monkey or rapidly receding. iBgreach trial the monkey's
behaviour was monitored for any reactions to theuadi stimulus. The behaviour
exhibited by the monkeys to the looming stimuli wiagrkedly different to the receding
stimuli. When they were presented with a loomingnstus the monkeys would rapidly
withdraw from it, while when presented with the eding stimulus, they showed an
inquisitive behaviour by staying in place and obser it.

Similar patterns have also been shown in humaantaf Ball and Tronick
(1971) presented infants aged from two to eleveeke®ld with a visual stimulus that
either loomed or receded. As an extra dimensiorsane of the looming trials the
visual stimulus was on a trajectory that would phgsthe infant rather than make
contact with it. As with the Rhesus monkeys theam$ had distinctly different
responses to the visual stimulus depending on heathwas on a collision or non-
collision trajectory. When the stimulus was loomilogvards the infant on a collision
trajectory they displayed characteristic defensoreavoidance behaviours such as
stiffening, moving their head back or bringing theims up in front of their face. When

the visual stimulus was looming but on a non-cihstrajectory or was receding the
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infant did not perform these defensive movements rather appeared to track the
visual stimulus with their head and eyes.

This defensive behaviour is not limited to loomwigual stimuli, infants have
also been shown to react defensively when presemitbda looming auditory stimulus.
Freiberg et al. (2001) conducted a similar expeninte Ball and Tronick (1971) in
which infants, this time aged four to six month&revpresented with a varying set of
auditory stimuli with changing sound pressure IsM&@PL). The stimuli's SPLs were
manipulated to give rise to the perception of eithédooming or receding object; they
were also constructed to be perceived as eithev slo fast moving. When these
auditory stimuli were presented to the infantsrésults indicated that, as with looming
visual stimuli, they induced evasive patterns ofids@our. The infants tried to move
away from the auditory stimulus if it was loomingtmot when it was receding. There
were also greater levels of attempted avoidandbearfast looming trials than the slow
looming trials.

This defensive pattern of behaviour has also Isfenvn to be present in adult
humans when they are performing a distracting t&skg, Dykeman, Redgrave and
Dean (1992) tasked participants with playing a igame that required high levels of
attention. While they were playing they were sudgl@nesented with a looming visual
stimulus which approached from the edges of thenipperal vision. This looming
stimulus had variable approaching speeds and stopgistances; being either fast or
slow to move and stopping either close to the ggent or far away. The looming
stimulus also had a varied trajectory, either smh or non-collision. The findings
indicated that when the participant's attention emagaged in playing the video game
and they were presented with a fast looming vistiahulus on a collision trajectory
they performed defensive head movements similathtse of the infants in the
experiments of Ball and Tronick (1971) and Freibetgal. (2001). This defensive
response was absent when the looming stimulus was ran-collision trajectory, and
there were minimal defensive movements when tmeustis was fast looming but the
stopping point was far from the participant.

The results of King et al. (1992) are of interastthey show that even when
attention is directed to another task looming slimppear to have the ability to capture
attention, allowing other motor movements to befqraered not related to the original
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task. This is supported by the findings of Francoaed Simons (2003) whose research
indicated that task-irrelevant, looming visual stimcapture attention. In their task
participants performed a visual search task in Wwhlwey looked for a target letter
interspersed within several distracter letters.oBefthe search array was presented to
participants the target letter, plus the distragterere briefly masked. On some trials the
mask over the target letter either loomed or redelefore the target letter was
presented. The results suggest that the looming mas significantly more effective at
capturing participants' attention than the recediagk.

There is a possibility that this capturing of atien can take place without the
participant being aware of the looming stimulus,lMurray and Boynton (2009) had
participants perform a visual search task involMogating an oval target interspersed
within circular distracters. The search array weeceded by a visual looming stimulus
that was either on a collision trajectory with fherticipant or a non-collision trajectory.
When the target was preceded by a looming visuraléis on a collision trajectory the
participant was significantly faster to respondtie following visual target than when
the looming stimulus was on a non-collision trapegt Participants were subsequently
tested on their ability to differentiate betweer tollision and non-collision trajectory
looming stimulus but were unable to do so. This bantaken to indicate that the
looming stimuli on a collision trajectory were alite effectively facilitate responses
without participants' awareness of it doing so.

Apart from the difference in the direction of nwoti of looming and receding
auditory stimuli there are other special propertétooming auditory stimuli that may
influence participants' responses. In a series »xgeements by Neuhoff (2001)
participants were asked to judge the relative l@gsdnonset, and termination positions
of both looming and receding auditory stimuli. TBetimuli were matched for changes
in loudness and had the same onset and terminpgisitions irrespective of whether
they were looming or receding. However when paéinois were asked to make
judgements on these properties they rated the logpstimuli as having both a greater
change in loudness and closer onset and terminpgisitions than the receding stimuli.
This is a further example of the special properiekoming stimuli, which could be a
factor in the behavioural responses that they geeer

Another reported special property of looming stintibiat differs to receding or
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static stimuli, and that may influence behaviouedponses, is that looming auditory
stimuli appear to be subjectively more unpleashanhtother stimuli. Bach, Neuhoff,
Perrig and Seifritz (2009) presented participanith vboth looming and receding
auditory stimuli while recording their skin condaote reaction (SCR), which they
used as a measure of autonomic orienting. After gresentation of the auditory
stimulus the participant was asked to make ratofgts potency, arousal and intensity.
Participants were further asked to judge how likelyas that the sound was going to
be followed by a significant event, and how likélyvas that the sound was going to be
followed by a threatening event. When comparingpheicipants' SCR for the looming
trials to the receding trials the data revealed thay were producing a significantly
greater physiological response to the looming awuglistimuli than they were to the
receding auditory stimuli. This indicated that laom auditory stimuli led to the
mobilisation of energetic resources. The findinfshe emotional ratings revealed that
participants thought looming stimuli were more wgdant, had greater potency, were
more arousing, and of greater intensity than rexeditimuli. The participants also
reported that a looming auditory stimulus was mbkely to be followed by a
significant or threatening event. This indicateatths well as the purely biological
responses to looming stimuli there is also a stroognitive response to them as well
which may feed into the behavioural responses @bddn other studies.

The findings of Bach et al. (2009) are supported Tajadura-Jimenez,
Valjamae, Asutay and Vastjall (2010) who condu@esimilar experiment and reported
that looming auditory stimuli were considered agenanpleasant than receding stimuli
as well as generating greater physiological respoisthe participant.

As noted previously in Chapter 1, bi-modal stinsupresentations led to faster
reaction times (RTs) than uni-modal stimulus prestgons. This facilitatory effect of
multi-sensory combinations is also present withmow visual and auditory stimuli.
Moreover it appears that there is bias towards lognstimuli pairs over receding or
static pairings. Cappe, Thut, Romei and Murray @Qffesented participants with uni-
modal or bi-modal visual and auditory stimuli tisauld be looming, receding, static or,
for bi-modal presentations, any combination of theee. Participants were asked to
make judgements on the strength of movement onpairg- Likert scale of each
stimulus presentation. This was followed by a sdoexperiment where the task was to
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respond as quickly as possible to indicate whethepresented stimulus was in motion
or not. Unlike the first experiment the bi-modahsilus presentations always contained
pairs of stimuli that were moving in the same di@t In the judgement experiment

participants rated the strength of movement toreatgr for the looming stimulus pairs

than for any of the other multi-sensory pairingsr the second experiment the results
showed that participants were significantly fagterespond in the bi-modal stimulus

trials when the stimuli were looming than when thesre receding. Participants were
also faster to respond in bi-modal trials than ahthe uni-modal trials.

This apparent bias towards looming bi-modal stinsisupported by a similar
bias observed in Rhesus monkeys in a study by M#&euhoff, Logothetis and
Ghazanfar (2004). The monkeys were presented withvisual display screens, one to
their left and the other to their right, one of ahiwould present a looming visual
stimulus while the other presented a receding stimmBehind each display screen was
a speaker that played a looming or receding auydighimulus. The results of the
experiment showed that when presented with oneesespeaker pair playing looming
stimuli and the other pair receding stimuli the h@y paid more attention to the
looming presentation. If however both the speakmesented receding stimuli the
monkey showed no preference to either the loomingrezeding visual display
indicating that it was the combination of both artong visual and auditory stimulus
that was linked to where the monkey focused th&anéon.

In conclusion it has been shown that looming sli&nd to engender stronger
reactions compared to receding or static stimuld is appears to be true for both the
visual and the auditory domain. This bias is eviderthe behavioural reactions made
by both humans and other animals in response tgl@esented with looming stimuli.
Looming stimuli capture attention more effectivéfyan receding or static stimuli and
this capture of attention arises even when the iogratimuli are task-irrelevant, or in
some situations not perceived.

The previous experimental chapters of this theSimpters 2 and 3, tested the
hypothesis that task-irrelevant, moving auditorynsti would facilitate participants'
motor responses to a visual target. The resukéxpériments in these two chapters were
that while participants’ motor responses were itatéld by the auditory stimuli, this
facilitation arose from factors other than the siins movement. Participants' responses
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appeared to be facilitated by the location of thditry stimuli, the presentation of bi-
modal stimuli compared to uni-modal as well as awstimulus/visual target stimulus
onset asynchrony (SOA) greater than 0 ms. Howdweretappeared to be no consistent
results of the movement of the auditory stimuluslitating motor responses. Given the
special properties of looming stimuli, as discussledve, it may be that these properties
could lead to the facilitation of responses.

Thus the aim of this final experimental chapteoisise the special properties of
looming stimuli, specifically looming auditory stuh, to test the hypothesis that task-
irrelevant, looming auditory stimuli will facilitat motor movements when responding

to a visual target.

4.1 EXPERIMENT SEVEN

The core difference between Experiment 6, fromp@dra3, and Experiment 7
was the change in the auditory stimuli presentethéparticipants. In Experiment 6
participants were presented with auditory stimbkttgave rise to the perception of
movement from the participants' mid-line to eitliee left or right-hand side of their
body or vice versa. A possible issue with how tr&gauli were created and presented
to the participants was that while there was mowveme the auditory stimulus,
participants may have localised this movement sidi their head. To control for this
potential effect, Experiment 7 used laterally longuiauditory stimuli which were
designed to be perceived as being outside the hdssl.auditory stimuli were also
changed from 250 ms to 1000 ms in length. Partitgppperformed the same task that
was utilised in Experiment 6, moving a joystickiwedrd or rightward depending on the

colour of the visual target.

4.1.1 Method

4.1.1.1 Participants

Twenty-five students participated in the experimafitwhom 20 were female.
The mean age of the participants was 21.1 years3(80Qyears). No participants were
left-handed, and all participants had normal heawith normal or corrected to normal
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vision. All participants gave their informed conseifhey were paid £5 for their
participation and were unaware of the purpose @ftkperiment except that they would
be performing a visual discrimination task. The expent was approved by and
conducted under the guidelines of Cardiff Universtbchool of Psychology Ethics
Committee, the QinetiQ Ethics Committee and the Me&search Ethics Committee
(MoDREC).

4.1.1.2 Materials and Design

The experiment took place in a sound attenuatedhbob which the height,
width and length were 198 cm, 193 cm and 183 crpedssely. Stimuli, both visual
and auditory, were presented to the participanbgus® computer running Eprime
(version 1.2). Auditory stimuli were delivered tbet participant over a pair of
Sennheiser HD 280 Pro headphones driven by a Yam8ia native sound card. The
visual targets were presented using a 19” VideoS&I®PS TFT Screen running at a
resolution of 1280 x 1024.

The responses were collected using a Saitek X¥&idk placed in front of the
participant at their mid-line.

The auditory stimuli were created using |Wave [i6g) 1996), Matlab and Cool
Edit 96. |Wave was used to create Impulse RespdiRgswith sources at 300 cm and
25 cm, 90 degrees to the left of the mid-line, arduded the effects of the head by
using Head-related transfer functions (HRTFs), nalkem the MIT measurements of a
KEMAR mannequin (Gardner and Martin, 1994). All IR®re generated using an
adapted version of the room impulse response prognd WAVE, which filtered each
echo in the room impulse response by the HRTF spamding to the direction of the
incident ray. Matlab (Version R2008a) convolvedd@d ms long broadband noise with
those IRs to create auditory stimuli perceived ¢oab300 cm and 25 cm to the left of
the participant's head. Cool Edit 96 was then ueddde between the 300 cm and 25
cm auditory stimuli to create the perceptual effédateral looming. This was mirrored
to create another auditory stimulus that was peeckto be laterally looming towards
the right hand side of the head. Finally to crehte receding sounds both looming
auditory stimuli were reversed, while the statiarss was a 1000 ms long broadband

noise perceived as directly in front of the paptit.
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The visual target was a coloured box, blue oroyellwhich appeared at the
same location as the central fixation cross. Theuali targets were matched on
luminance to control for possible confounds thatyrhave arisen from differences in

luminance levels.

4.1.1.3 Procedure

The participant started each trial by focusing ba fixation cross. After a
random interval of between one and two secondspéngcipant was presented with
either the visual target alone; the visual targed an auditory stimulus; or just an
auditory stimulus.

In a trial where a visual target was presentetheeialone or paired with an
auditory stimulus, the participant made a respalegendent on the colour of the visual
target. The response to the visual target was edogianced across the participants: for
half of the participants, a blue target requiretefward joystick movement, and a
yellow target required a rightward joystick movermeRor the other half of the
participants, this requirement was reversed. Rpatnts were randomly assigned to each
group.

When the trial consisted of an auditory stimulisfal target presentation, the
auditory stimulus was either static or one of therfmoving stimuli. For the auditory
stimulus/visual target trials there was a singlelef SOA of 1000 ms. This meant the
participant heard the auditory stimulus fully befdseing presented with the visual
target.

There were a total of 450 trials for each paraaip In 100 of the trials only the
visual target was presented; there was a 50/50 lsglween blue visual targets and
yellow visual targets. There were 50 trials in whionly an auditory stimulus was
presented, 10 of each sound type. These were $s€atah Trials to test whether the
participant was responding only to the visual taegel not to the auditory stimulus.

The remaining 300 trials were distributed betwdéle® four moving and one
static auditory stimuli. There were 50 of eachhw tnoving auditory stimuli and 100 of
the static auditory stimulus. For each auditorgnstus type, there was an equal number
of blue and yellow presentations of the visual @éar¢gdence the auditory stimulus was
not predictive as to the colour of the visual taayad thus the required motor response.
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After the participant completed all 450 trialseyhwere tested on their ability to
distinguish between the five different types of ity stimulus using a five alternative
forced choice (5-AFC) test. The participant wasspreed with 50 randomised
presentations of the auditory stimuli, 10 of eagset(looming from the left, receding to
the left, looming from the right, receding to thght and static). The task was to

indicate after each presentation which auditompgliis they thought they had heard.

4.1.2 Results

RTs that were faster than 150 ms or slower th&0 Iis, and responses that
were incorrect, were removed before data analysis performed. Responses faster
than 150 ms were classified as anticipatory andeahslower than 1000 ms were
classified as misses. On average, participant®onegal correctly 96% of the time, thus
there was no analysis of participants' errors. Nafrtee participants had to be removed
for responding over 50% of the time to catch tridlbe results of the 5-AFC test
revealed that participants were able to correabntify which auditory stimulus they
heard 92% of the time. The same statistical armlyss applied to all the results
reported here; this was a Repeated Measures Asafarariance (ANOVA) utilising
Bonferroni-corrected Pairwise Comparisons. Thredemint sets of analyses were
conducted: facilitation by hemifield location ofettauditory stimulus, facilitation by
direction of movement of the auditory stimulus afadilitation by looming of the
auditory stimulus. The first two sets of analysesrevconducted to integrate the
findings across the experiments of Chapter 3 wthiéethird analysis was to investigate
the effects of looming auditory stimuli.

4.1.2.1 Facilitation by hemifield location of the auditory stimulus

The first series of analyses defined congruen@edéent on the hemifield to
which the auditory stimulus was presented in retato the response, irrespective of its
direction of movement. Congruent Trials were thiosehich the auditory stimulus was
presented to the hemifield consistent with the sidthe body the joystick was moved

towards, i.e., left hemifield auditory presentatienleftward joystick movement;
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Incongruent were those in which the hemifield aesbonding side were inconsistent,
l.e., left hemifield auditory presentation - riglare joystick movement; and Static were
those in which the auditory stimulus was preseuwlieectly in front of the participant.
Finally, No Sound Trials were those in which orilg tvisual target was presented.

As in the experiments of Chapter 3 the effect minbdal presentations was
compared to that of uni-modal trials. A Repeatechdlees ANOVA of hemifield RTs
using Trial Type (No Sound, Incongruent, Congruamd Static) as the within-subjects
factor indicated the assumptions of sphericity hadn violated for Trial Type?(5) =
22.617,p < 0.05. This was corrected for using Greenhousgss@e estimates of
sphericity. The corrected results indicated tharéhwas a main effect of Trial Type,
F(1.900, 47.491) = 89.83p < 0.01. Pairwise comparisons showed that parintga
were significantly faster in Incongruent, Congruani Static Trials than No Sound
Trials, p < 0.05. Participants were also significantly fastethe Congruent Trials than
Incongruent and Static Trialp,< 0.05. Figure 23 shows the mean RTs for eacH Tria
Type with error bars when congruency was definedth®y hemifield to which the

auditory stimulus was presented.
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Figure 23. Mean Reaction Times for No Sound, Incongruent, @aewgt and Static Trials when
congruency was defined by the hemifield to whick #uditory stimulus was presented. Error Bars

represent Standard Error

So for congruency defined by hemifield, RTs wexstér when the visual target
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was preceded by an auditory stimulus than if tiseiai target was presented on its own.
Participants were also faster when the auditorgudtis was presented to the same side
of the body as the motor response was to be madeds.

4.1.2.2 Facilitation by direction of movement of the auditory stimulus

The second set of analyses focused on particip@itsto the visual target as a
function of the direction of movement of the audjtetimulus irrespective of it looming
or receding. This was also irrespective of the lieidito which the auditory stimulus
was presented. In this analysis, Congruent Triadsewthose in which the auditory
stimulus was moving in the same direction as theommovement the participant made
in relation to the colour of the visual target,,i.@ leftward moving auditory stimulus
with a leftward joystick movement or a rightward vimg auditory stimulus with a
rightward joystick movement. Incongruent Trials wahose in which the auditory
stimulus was moving in the opposite direction te thotor movement the participant
made, i.e., a leftward moving auditory stimulushwa rightward joystick movement.
Static Trials were those in which the auditory sfins was perceived as being directly
in front of the participant. Finally, No Sound Tidavere those in which only the visual
target was presented.

A Repeated Measures ANOVA of directional RTs usinigl Type (No Sound,
Incongruent, Congruent and Static) as the withinjestis factor indicated that the
assumptions of sphericity had been violated foalTTiype,y2(5) = 30.056p < 0.05.
This was corrected for using Greenhouse—Geissienadsts of sphericity. The corrected
results indicated that there was a main effectr@ Mype, F(1.634, 40.856) = 103.785,
p < 0.01. Pairwise comparisons showed that partitgoavere significantly faster in
Incongruent, Congruent and Static Trials than NaroTrials,p < 0.05. Participants
were also significantly faster in Incongruent Tsi#than they were in Static Trials,<
0.05. Figure 24 shows the mean direction RTs foh&aial Type with error bars when

congruency was defined by the direction of the ugistimulus.
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Figure 24. Mean Reaction Times for No Sound, Incongruent, @aeeigt and Static Trials when

congruency was defined by the direction of the mugistimulus. Error Bars represent Standard Error

For congruency by direction, the results indicatieat again RTs were faster
when the visual target was preceded by an audstomulus than when the visual target
was presented by itself. Participants were alstefam trials where the auditory
stimulus direction of movement was Incongruenthe tequired motor response than

when the auditory stimulus was Static.

4.1.2.3 Facilitation by looming of the auditory stimulus

The final analysis defined trials as Receding, how or Static dependent on
the auditory stimulus in relation to the body. Réng Trials were those in which the
auditory stimulus was laterally moving away frome tbody on either side of the
participant's head; Looming Trials were those inicwhthe auditory stimulus was
laterally moving towards the body on either sidéhaf head and Static Trials were those
in which the auditory stimulus was presented diyaatfront of the participant.

A Repeated Measures ANOVA of Looming RTs usinglTfiype (No Sound,
Receding, Looming and Static) as the within-sulgjetdctor indicated that the
assumptions of sphericity had been violated foalTTiype,y?(5) = 21.056p < 0.05.
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This was corrected for using Greenhouse—Geissenaes of sphericity. The
corrected results indicated that there was a nféecteof Trial Type, F(2.009, 50.214) =
82.037,p < 0.01. Pairwise comparisons showed that partntgpavere significantly
faster in Receding, Looming and Static Trials tHda Sound Trials,p < 0.05.
Participants were also significantly faster in LaogTrials than they were in Receding

and Static Trialsp < 0.05. Figure 25 shows the mean RTs for each Tgpe with

error bars.
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Figure 25. Mean Reaction Times for No Sound, Receding, Loonand Static Trials. Error

Bars represent Standard Error

In summary for trials defined by whether the amgitstimulus was looming or
not the results indicated that, as with the otwer sets of analyses, when the visual
target was preceded by any auditory stimulus ppétits were faster to respond than
when the visual target was presented on its owsoAparticipants were faster to
respond when the auditory stimulus was looming tf@nwas receding or static. This
indicated that the looming auditory stimuli fagléd participants' motor responses to a
greater degree than receding or static auditommuditi The results of the other two
analyses revealed that participants were alsorfest@spond to the visual target when
the auditory stimulus was presented to the herdiftelvards which the participants
were required to make their motor response. Finalthgn the auditory stimulus was

moving in the opposite direction to the requiredtenanovement this facilitated the
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response to the visual target.

4.1.3 Discussion

The aim of Experiment 7 was to test the hypoth#sas that motor responses
can be facilitated by task-irrelevant, looming aodi stimuli. This hypothesis was
based on previous research that looming stimuégisigally looming auditory stimuli,
appeared to have special properties compared txirer or static auditory stimuli.
Such properties were defensive motor response#(ffgeet al., 2001) and neurological
activation bias towards looming stimuli (Maier a@tazanfer, 2007).

The present experiment demonstrated the abilitytask-irrelevant, looming
auditory stimuli to facilitate participants’ motogsponses to visual targets. The main
finding was that participants were significantlgtier to respond in Looming Trials than
Receding or Static. This supports the hypothesistiotor responses can be facilitated
by looming auditory stimuli and that this facilitat occurs even where the stimulus is
task-irrelevant.

In a complementary series of analyses to onesumbed in Chapter 3, the
results were that participants were always fastéhé bi-modal trials than they were in
the uni-modal trials, and faster when the requineator response was to the same
hemifield to which the auditory stimulus was presen

As the previous experiments reported in this thdgve shown there were
significant differences in participants’ motor respe times when SOA was
manipulated, thus Experiment 8 re-introduced thieels of SOA. This was to
investigate whether these significant differencesenreplicable when using looming
auditory stimuli. Also by having varying levels 8DA it was possible to see if any one
level was consistently more effective than anothdanipulations to SOA were
important because by changing the time betweenbket of the auditory stimulus and
the onset of the visual target it was possible htange how much of the auditory
stimulus was presented, and thus processed, bigtieer before they made their motor

response to the visual target.
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4.2 EXPERIMENT EIGHT

Experiment 8 re-introduced multiple levels of SOAthis case SOA 500, 1000
and 1500 ms. SOA 500 ms and 1000 ms were chosaepl@ate the previous
experiments in Chapter 3 where the visual target prasented half way through the
presentation of the auditory stimulus and at thenitgation of the auditory stimulus.
SOA 1500 ms was chosen because in the previousriexgres of Chapter 3
participants' responses were at their fastest vilnerauditory stimulus had been heard
in its entirety before the onset of the visual ¢&drdt was hypothesised that participants’
responses would be faster the greater the timedestwnset of the auditory stimulus

and the onset of the visual target.

4.2.1 Method

4.2.1.1 Participants
Thirty students participated in the experimentwdfom 19 were female. The
mean age of the participants was 21.2 years (SDela6s). All other details were as for

Experiment 7.

4.2.1.2 Materials and Design

The experiment was conducted in the same sounauatted booth that was
used for Experiment 7. The visual targets and anggtimuli were the same as used in
Experiment 7. Presentation of the visual and awgigtimuli was the same as before
and the responses were collected using the sansticloin the same position at the

mid-line, as utilised in Experiment 7.

4.2.1.3 Procedure

The participant performed the same task as destcitbExperiment 7. However
there was a change to three levels of SOA; 5000 1&@d 1500 ms in which the
auditory stimulus always preceded the visual tar§leis meant that for SOA 500 ms
the participant heard half of the auditory stimube$ore being presented with the visual
target. At SOA 1000 ms, the participant had heaed duditory stimulus fully before
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being presented with the visual target. At SOA 15tX) the participant had heard the
auditory stimulus fully followed by 500 ms of silem before the visual target was
presented.

There were a total of 747 trials for each partaip In 168 of the trials only the
visual target was presented; there was a 50/50 lsgtween blue visual targets and
yellow visual targets. There were 75 trials in whionly an auditory stimulus was
presented, 15 of each sound type. These were gs€atah Trials to test whether the
participant was waiting for the visual target tqpegr before making the response, as
instructed, rather than responding to the auditingulus.

The remaining 504 trials were evenly split betwélea three levels of SOA,
with each level having 168 trials. Of these 16&l$ri 56 contained a static auditory
stimulus. The other 112 trials were evenly disti@oubetween the four moving auditory
stimuli, meaning that there were 28 of each mowuditory stimulus. For each level of
SOA there was an equal number of blue and yellaggntations of the visual target.
Hence the auditory stimulus was not predictivecagé colour of the visual target and
thus the response required.

4.2.2 Results

RTs were prepared for analysis using the sameadeth utilised in Experiment
7. On average, participants responded correctlg%86of the time, thus there was no
analysis of participants’ errors. None of the pgréints had to be removed for
responding over 50% of the time to catch trialse Bame statistical analysis was
applied to all the results reported here; this \maRepeated Measures Analysis of
Variance (ANOVA) utilising Bonferroni-corrected Paise Comparisons. Three
different sets of analyses were conducted: fatiitaby hemifield location of the
auditory stimulus, facilitation by direction of mewent of the auditory stimulus and
facilitation by looming of the auditory stimulush@ first two sets of analyses were
conducted to integrate the findings across the raxeats of Chapter 3 while the third

analysis was to investigate the effects of loonanditory stimuli.
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4.2.2.1 Facilitation by hemifield location of the auditory stimulus

The first series of analyses defined congruen@edéent on the hemifield to
which the auditory stimulus was presented in retato the response, irrespective of its
direction of movement. Congruent Trials were thiosehich the auditory stimulus was
presented to the hemifield consistent with the sifdthe body the joystick was moved
towards, i.e., left hemifield auditory presentatienleftward joystick movement;
Incongruent were those in which the hemifield aesbonding side were inconsistent,
i.e., left hemifield auditory presentation - riglare joystick movement; and Static were
those in which the auditory stimulus was preseuwlieectly in front of the participant.
Finally, No Sound Trials were those in which orile visual target was presented.

As with Experiment 7 the effect of bi-modal presgions was compared to that
of uni-modal trials. A Repeated Measures ANOVA withial Type (No Sound,
Incongruent, Congruent and Static) as the withiojestts factor indicated that there was
a significant effect of Trial Type, F(3, 87) = 4810 p < 0.01. Pairwise comparisons
indicated that participants were faster to resptinthe visual target in Incongruent,
Congruent and Static Trials than No Sound Trigls; 0.01. Participants were also
significantly faster in Congruent Trials than Ingoment Trials. Figure 26 shows the
mean hemifield RTs for each Trial Type with errardwhen congruency was defined

by the hemifield to which the auditory stimulus waesented.
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Figure 26. Mean Reaction Times for No Sound, Incongruent, Qe and Static Trials when
congruency was defined by the hemifield to whick #Huditory stimulus was presented. Error Bars

represent Standard Error

Hemifield RTs were further analysed using a 3Repeated Measures ANOVA
with SOA (500, 1000 and 1500 ms) and Trial Typedmgruent, Congruent and Static)
as the within-subjects factors. The results inéidathere was a significant effect of
SOA, F(2,58) =17.17(@h < 0.01 and Trial Type, F(2, 58) = 6.156< 0.01. There was
no significant interaction between SOA and Triap&yp > 0.05. Pairwise comparison
for SOA showed that participants were significaritlgter at SOA 1000 ms than SOA
500 ms or 1500 mgy < 0.01. Pairwise comparisons for Trial Type intkchthat
participants were faster in Congruent Trials thacohgruent or Static Trialp,< 0.01.
Figure 27 shows the mean hemifield RTs for eachl Tiype at each level of SOA with
error bars when congruency was defined by the helohito which the auditory

stimulus was presented.



89

-©-Incongruent -S-Congruent -“-Static

625 -
)
E
wn
Q
E
|_
& 575 -
k3
(1]
@
(1
c
(1]
D
=
525 . i |
SOA 500 ms SOA 1000 ms SOA 1500 ms
Level of SOA

Figure 27. Mean Reaction Times for Incongruent, Congruent@tadic Trials at SOA 500, 1000
and 1500 ms when congruency was defined by the fisdahito which the auditory stimulus was

presented. Error Bars represent Standard Error

Thus for congruency defined by hemifield, partips were at their fastest to
respond when the onset of the visual target coattidith the termination of the
auditory stimulus. Participants were also fasteremvithe auditory stimulus was

presented to the same side of the body towardswhe motor response was made.

4.2.2.2 Facilitation by direction of movement of the auditory stimulus

The second set of analyses focused on particip@itsto the visual target as a
function of the direction of movement of the auditastimulus, irrespective of it
looming or receding. This was irrespective of themifield to which the auditory
stimulus was presented. In this analysis, Congrdeials were those in which the
auditory stimulus was moving in the same directas the motor movement the
participant made in relation to the colour of theual target, i.e., a leftward moving
auditory stimulus with a leftward joystick movemehtcongruent Trials were those in
which the auditory stimulus was moving in the opgmodirection to the motor

movement the participant made, i.e., a leftward imgpvauditory stimulus with a
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rightward joystick movement. Static Trials were ¢ban which the auditory stimulus
was perceived as being directly in front of thetipgrant. Finally, No Sound Trials
were those in which only the visual target was @né=d.

A Repeated Measures ANOVA with Trial Type (No Sourincongruent,
Congruent and Static) as the within-subjects faictdicated that there was a significant
effect of Trial Type, F(3, 87) = 41.988,< 0.01. Pairwise comparison indicated that
participants were faster to respond to the visaaddt in Incongruent, Congruent and
Static Trials than No Sound Trials,< 0.01. Figure 28 shows the mean RTs for each

Trial Type with error bars when congruency wasrtkdiby the direction of the auditory

stimulus.
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Figure 28. Mean Reaction Times for No Sound, Incongruent, @eergt and Static Trials when

congruency was defined by the direction of the mugistimulus. Error Bars represent Standard Error

Directional RTs were further analysed by a 3 xép&ated Measures ANOVA
using SOA (500, 1000 and 1500 ms) and Trial Typedhgruent, Congruent and
Static) as the within-subjects factors. This intBdathat there was a significant effect of
SOA, F(2, 58) = 14.58( < 0.01. There was no significant effect of Trigip€ and no
significant interaction between SOA and Trial Type; 0.05. Pairwise comparison for
SOA showed that participants were significantlydast SOA 1000 ms than SOA 500
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ms or 1500 msp < 0.01. Figure 29 shows the mean RTs for eacH Tyipe at each
level of SOA with error bars when congruency waéngel by the direction of the

auditory stimulus.
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Figure 29. Mean Reaction Times for Incongruent, Congruent@iadic Trials at SOA 500, 1000
and 1500 ms when congruency was defined by thetdireof the auditory stimulus. Error Bars reprdsen
Standard Error

For congruency by direction, the results indicatieat again RTs were faster
when the visual target was preceded by an audstomyulus than when the visual target
was presented by itself. Also participants weréhair fastest to respond at SOA 1000
ms, i.e., when the onset of the visual target ¢dew with the termination of the

auditory stimulus.

4.2.2.3 Facilitation by looming of the auditory stimulus

The final analysis defined trials as Receding, how or Static dependent on
the auditory stimulus in relation to the body. Réng Trials were those in which the
auditory stimulus was laterally moving away frome tbody on either side of the
participant's head; Looming Trials were those inicwhthe auditory stimulus was

laterally moving towards the body on either sidéhaf head and Static Trials were those
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in which the auditory stimulus was presented diyaatfront of the participant.

A Repeated Measures ANOVA with Trial Type (No SouReceding, Looming
and Static) as the within-subjects factor indicateat there was a significant effect of
Trial Type, F(3, 87) = 55.03p < 0.01. Pairwise comparison indicated that paodiots
were faster to respond to the visual target in Biacg Looming and Static Trials than
No Sound Trialsp < 0.01. Participants were also significantly fasteLooming Trials
than Receding Trial§ < 0.01. Figure 30 shows the mean RTs for eacH Tyjpe with

error bars.
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Figure 30. Mean Reaction Times for No Sound, Receding, Loonand Static Trials. Error

Bars represent Standard Error

Looming RTs were further analysed by a 3 x 3 ReggkdMeasures ANOVA
using SOA (500, 1000 and 1500 ms) and Trial Typec@ding, Looming and Static) as
the within-subjects factors indicated there wasgaificant effect of SOA, F(2, 58) =
16.283,p < 0.01, Trial Type, F(2, 58) = 13.318,< 0.01 and a significant interaction
between SOA and Trial Type, F(4, 116) = 2.5p0x 0.05. Pairwise comparison for
SOA showed that participants were significantlydast SOA 1000 ms than SOA 500
ms or 1500 ms,p < 0.01. Pairwise comparisons for Trial Type intkch that
participants were faster in Looming Trials than &#og or Static Trialsp < 0.01.
Pairwise comparison for the interaction between SA Trial Type indicated that at
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SOA 500 ms participants were faster in Looming [§rthan Receding Trialg, < 0.01.
At SOA 1000 ms participants were significantly &ash Looming Trials than Receding
or Static Trials,p < 0.01. At SOA 1500 ms there were no significarifetences
between Trial Types. Figure 31 shows the mean RiTedch Trial Type at each level
of SOA with error bars.
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Figure 31. Mean Reaction Times for No Sound, Receding, Loonging Static Trials at SOA
500, 1000 and 1500 ms. Error Bars represent Stdrtaor

In summary, for trials defined by whether the &mgi stimulus was looming or
not the results indicated that, as with the otwer sets of analysis, when the visual
target was preceded by an auditory stimulus ppeitdis were faster to respond than
when the visual target had been presented on its 8¥go participants were faster to
respond when the auditory stimulus was looming thanwas receding or static. This
was true for SOA 500 ms and 1000 ms but not 1500Ats® participants were at their
fastest to respond at SOA 1000 ms. This indicabted the looming auditory stimuli
facilitated participants’ motor responses. Theltesaf the other two analyses revealed
that participants were also faster to respond o wisual target when the auditory
stimulus was presented to the hemifield the magsponse was towards. However the
direction of motion of the auditory stimulus to trexjuired response direction did not

affect performance.
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4.2.3 Discussion

Experiment 8 was designed to test whether martipglahe levels of SOA
between the auditory stimulus and visual targettte@n effect on participants’ RTSs.
Secondly if the manipulation of SOA did have areeff was there an optimal level of
SOA for looming auditory stimuli to facilitate parpants' motor responses.

The main finding of this experiment was that thes&s a significant effect of
SOA manipulation on participants' RTs. The periddtime the participant was
presented with the looming stimulus before the bokéhe target did affect the amount
of time it took them to respond to the target. iegréants were at their fastest to respond
at 1000 ms, meaning that the onset of the visugétavas at the point of termination of
the auditory stimulus. As it is possible to tellaflooming stimulus is on a collision
trajectory or not (King et al., 1992; Lin et alQ@®), for 500 ms it could have been that
the mechanism for determining if a looming stimuhess on a collision trajectory may
not have had sufficient time to make this judgemé&u the behavioural bias for
looming stimuli on a collision trajectory may noave been present. Alternatively for
1500 ms it may have been the case that this bidsahisen but in the time from the
termination of the auditory stimulus to the onséttlee visual target the level of
facilitation had decayed. This could have been tuthe period of time between the
auditory stimulus and the visual target being gre#fttan 300 ms meaning it was no
longer in the short term auditory store (Cowan,4)98

So far all the experiments reported in this théiseé utilised looming auditory
stimuli, indeed the majority of experiments repdria this thesis, the participants’
responses had been on the same axis as the awlitonjus, i.e., the moving auditory
stimuli travelled in line with the participant'saiiders and the responses the participant
had to make were also in line with the particigastioulders. However people do not
operate in a single axis environment, the majarftgeople's interactions take place in a
3D environment. This means a stimulus that maylifai@ a response does not always
present itself on the same axis as the responseextample, the best response to a
looming object may not be to move back but to movie side.

Thus Experiment 9 tested whether the observed iluprfacilitation of the
previous experiments was still present when thaired response the participant made
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was orthogonal to the auditory stimulus. If thenfoog facilitation was still present
even when the response was not on the same a#ie asuditory stimulus this would
speak to the robustness of the facilitation. It idaalso mean that responses would not
need to be limited to the same axis as the auddtmyulus. This could be beneficial in
a real-world context as looming auditory stimuliuttb be used to facilitate any

directional motor response rather than just respoog the same axis.

4.3 EXPERIMENT NINE

Experiment 9 was designed to replicate the fingliog Experiment 8 with
several changes to the methodology. The most fuadthchange was to the required
response to the visual target. Unlike in the presiexperiments where the participant
moved the joystick to the left or right depending the visual target, they instead
moved the joystick forward or backward, making thresponse orthogonal to the axis
of the auditory stimuli. There was also a changée position of the joystick from a
‘Centre Stick' to a ‘Side Stick' position. This wdsne to make the participant more
comfortable, as the arm's natural position is tanbkne with the shoulder, not in line
with the centre of the chest. Finally there wasyankingle level of SOA, 1000 ms, as

this was where looming auditory stimuli facilitatiappeared to be at its strongest.

4.3.1 Method

4.3.1.1 Participants
Eighteen students participated in the experimaintyhom 10 were female. The
mean age of the participants was 23.3 years (SQehfs). All participants were right-

handed. All other details were as for Experiment 8

4.3.1.2 Materials and Design

The experiment was conducted in the same sounauatted booth that was
used for Experiments 7 and 8. The visual targetsaarditory stimuli were the same as
used in Experiments 7 and 8. Presentation of teeaviand auditory stimuli followed

the same pattern as before and the responses wleted using the same joystick as
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utilised in Experiments 7 and 8. However there wahange to the positioning of the
joystick from the Centre Stick position, at the rirte, to the Side Stick position, to the
right hand side of the participant. Figure 32 shdtes joystick and required motor

response in non-orthogonal and orthogonal settings.

&
(©]
Response
N
< Audio_ > Q’j\ﬁj‘:ﬁ) < Ao > < Ao > L > Ao >

Figure 32. Joystick and required motor response in Non-orthag@eft) and Orthogonal (right)

settings.

4.3.1.3 Procedure

The participant performed the same task as wasridedcin Experiment 7.
However there was a change in how the participaad vequired to respond to the
visual target. The response to the visual targes waunterbalanced across the
participants: for half of the participants, a btaeget required the joystick to be pushed
forward, and a yellow target required the joysticle pulled back. For the other half of
the participants, this requirement was reversedidfgamnts were randomly assigned to
each group.

There were a total of 450 trials for each paraaip In 100 of the trials only the
visual target was presented; there was a 50/50 lsglween blue visual targets and
yellow visual targets. There were 50 trials in whionly an auditory stimulus was
presented, 10 of each sound type. These were gs€atah Trials to test whether the
participant was waiting for the visual target topepr before making a response, as
instructed, rather than responding to the audistingulus. There was only a single level
of SOA of 1000 ms.

The remaining 300 trials were distributed betwdéle® four moving and one
static auditory stimuli. There were 50 of eachhwdf tmoving auditory stimuli and 100 of

the static auditory stimulus. For each auditorgnstus type, there was an equal number
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of blue and yellow presentations of the visual ear¢gdence the auditory stimulus was

not predictive as to the colour of the visual taayad thus the required motor response.

4.3.2 Results

RTs were prepared for analysis using the sameadeth utilised in Experiment
7 and 8. On average, participants responded chyri@6% of the time, thus there was
no analysis of participants' errors. None of thetigipants had to be removed for
responding over 50% of the time to catch trialse ®ame statistical analysis was
applied to all the results reported here; this waRepeated Measures Analysis of
Variance (ANOVA) utilising Bonferroni-corrected Paise Comparisons. Only a single
analysis was conducted for Experiment 9: facilatiby looming of the auditory
stimulus. This was due to the design of the expeminfwith movement of responses
being in an orthogonal direction to the movementtlud auditory stimuli) being

unsuitable to conduct hemifield and directionallgses.

4.3.2.1 Facilitation by looming of the auditory stimulus

The analysis defined trials as Receding, Loomindgtatic dependent on the
auditory stimulus in relation to the body. Recedifgals were those in which the
auditory stimulus was laterally moving away frome tbody on either side of the
participant's head; Looming Trials were those inicwhthe auditory stimulus was
laterally moving towards the body on either sidé¢haf head and Static Trials were those
in which the auditory stimulus was presented diyaantfront of the participant.

As in Experiments 7 and 8 the effect of bi-moda&sentations was compared to
that of uni-modal trials. A Repeated Measures ANOW#h Trial Type (No Sound,
Receding, Looming and Static) as the within-sulgjetdctor indicated that the
assumptions of sphericity had been violatgd{s) = 21.839,p < 0.01. This was
corrected for using Greenhouse-Geisser estimateplodricity. The corrected results
indicated that there was a significant effect aallType, F(1.910, 32.472) = 53.013,
< 0.01. Pairwise comparison indicated that pardictp were faster to respond to the
visual target in Receding, Looming and Static Briddan No Sound Trialg < 0.01.
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Participants were also significantly faster in LoogTrials than Receding and Static

Trials,p < 0.01. Figure 33 shows the mean RTs for eacH Tyige with error bars.
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Figure 33. Mean Reaction Times for No Sound, Receding, Loonand Static Trials. Error

Bars represent Standard Error

In summary, participants were faster to respontthéovisual target when it was
preceded by an auditory stimulus, and participamese faster when the auditory
stimulus was looming rather than when it was raugadir static. This indicates that RTs
were facilitated by bi-modal stimulus presentatiams! that looming auditory stimuli

facilitated motor movements to a greater degree teeeding or static auditory stimuli.

4.3.3 Discussion

The results of Experiment 7 and 8 had already doewidence for looming
auditory stimuli facilitating participants’ motoesponses to a visual target when
compared to receding or static auditory stimuliisTtvas the case even though the
auditory stimuli were task-irrelevant and participawere specifically asked to ignore
them during the experiment. Previous research haddy shown that looming stimuli
led to motor responses on the same axis as theirlgostimulus, i.e., a monkey or

human presented with a stimulus looming in fronttleéfm would move backwards
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(Schiff et al., 1962; Ball and Tronick, 1971; Fnaeif et al., 2001). The results of
Experiment 9 revealed that task-irrelevant, loomimgditory stimuli appeared to
facilitate motor responses even when the respoaseowthogonal to the direction of the
auditory stimulus. This suggests that looming aarglistimuli facilitate motor responses
in any direction, not just responses on the sanseasxthe auditory stimulus.

The implication of this in a real-world setting fsat any looming auditory
stimulus, irrespective of where it approaches fraould facilitate a person's motor
responses rather than having to create a sepa@tarlg stimulus for every possible
direction of motor response. It may even be posdibpresent looming auditory stimuli
to a single ear to facilitate responses, though #Wuld mean losing the hemifield
facilitation noted in some of the previous expemtsereported in this thesis.

While the experiments reported here so far hawewshthat the looming
facilitation effect appears to be a largely comsisteffect they have not done much to
illuminate the possible locus of this effect. Inetlturrent paradigm participants
performed a defined motor movement based on thegepties of the visual target, be it
the location or the colour. The use of this 'Chdiesk’ meant that the possible locus of
the effect could have been in one or more of tpassible places: the looming auditory
stimulus may have reduced the time participantk togerceive the onset of the visual
target; it may have reduced the time it took pgréints to process the properties of the
visual target such as its location or colour; omdy have in some way facilitated the
preparation or execution of the participants' moésponses.

If the looming auditory stimuli were acting asanh of warning that a motor
response would soon be required there is evidenteei literature indicating that it is a
decrease in the time taken to reach the thresloolgdrforming the motor movement
that is being facilitated. Fecteau and Munoz (20&f)ducted an experiment in which
Rhesus monkeys performed a visual localisation. sk task required the monkeys to
stare at a central fixation point and wait for swsal target to appear and then move their
eyes to the target's location. On some trials theal target was preceded by a visual
warning stimulus. During the experiment visuomo#md motor neurons in the
monkeys' superior colliculus were recorded. Theltesndicated that when the visual
target was preceded by a warning stimulus the m@lkRTs were faster than when no
warning was presented. Secondly, and more impdytahe results indicated that it was
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the variable rise to threshold, i.e., the rate hictv information accumulates to trigger
an action, that best predicted the monkeys' RT&s Jtady shows that it is possible to
disentangle at least facilitation of either detattof the visual stimulus or facilitation of
the response.

Experiment 10 was designed to attempt to disetgahgse possible hypotheses
from each other via the implementation of both &ebgon and a separate Choice Task.
The Detection Task involved participants makingrale defined response to a visual
target irrespective of its properties, while theolck Task was the same task as
completed by participants in Experiment 9. Howeegen with this change to the
methodology it would only be possible to separatglifation of visual detection/motor

response from facilitation of visual discrimination

4.4 EXPERIMENT TEN

In Experiments 1 to 9, participants were askegddorm a Choice Task: they
were presented with a visual target and they clwsesponse dependent on the
properties of that target, either the locationha& ¢olour. This meant that it was difficult
to define the locus of the facilitation of motospenses being observed in the results of
these experiments. It may have been that the t&in arose from improving
participants' detection of the onset of the vigaadet, improved discrimination of the
visual target's properties or possibly some fornfaoflitation of the participants' motor
system. To try and disentangle these possibilftie@s each other Experiment 10 was
comprised of two different tasks, a Detection Taskl a Choice Task. The Detection
Task involved participants making the same resptmsee visual target irrespective of
the target's properties and the Choice Task indbparticipants performing the same
task as in Experiment 9. There were three levelS@A as opposed to the single level
in Experiment 9, as the effect of manipulating Skl not been investigated when the
motor response was orthogonal to the auditory dtisaurhe three levels of SOA were
1000, 1250 and 1500 ms. 1000 ms was chosen forrdbhestness of results of
facilitation when the visual target's onset wasxactly the point of the termination of
the auditory stimulus. 1500 ms was chosen to aonfirat a 500 ms gap between the
termination of the auditory stimulus and the onskthe visual target negated the
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facilitatory effect of looming auditory stimuli. 52 ms was chosen to see if a shorter
period of time between termination and onset ofstirauli than that for 1500 ms would
lead to greater facilitation than 1000 ms. The ligpsis of Experiment 10 was that if
looming auditory stimuli were facilitating procesgi of the visual target's properties
there would only be facilitation from the loomingditory stimuli in the Choice Task
and not in the Detection Task. If however there vaslitation from the looming
auditory stimuli in both the Detection and the @aolasks this would indicate that the
looming auditory stimuli were facilitating the det®n of onset of the visual target or

facilitating the preparation or execution of thetaraesponse.

4.4.1 Method

4.4.1.1 Participants

Sixty-eight students participated in the experimaftwhom 65 were female.
The mean age of the participants was 18.8 yearsO(8Qears). All other details were
as for Experiment 9.

4.4.1.2 Materials and Design

The experiment was conducted in the same sounauatted booth that was
used for Experiments 7 to 9. The visual targets aumitory stimuli were the same as
used in Experiments 7 to 9. Presentation of thaeabiand auditory stimuli were the
same as before and the responses were collecteg tiid same joystick, in the Side

Stick position as utilised in Experiment 9.

4.4.1.3 Procedure

The participant started each trial by focusing ba fixation cross. After a
random period between one and two seconds, thieipartt was presented with either
the visual target; the visual target and an augistimulus; or just an auditory stimulus.

In the Detection Task, for a trial where a vistetiget was presented, either
alone or paired with an auditory stimulus, the ipgrant responded only to the
detection of the target irrespective of its cololine response to the visual target was
counterbalanced between participants: half wereuaed to push the joystick forwards
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on detection of the visual target while the othaif kvere instructed to pull the joystick
backwards on detection of the visual target. Afteaking their response to the visual
target, the participant returned the joystick soatiginal position, which started the next
trial. Participants were randomly assigned to egolp.

In the Choice Task, for a trial where a visuabé&drwas presented, either alone
or paired with an auditory stimulus, the participarade a response dependent on the
colour of the visual target. Responses to the Visrget were counterbalanced across
participants: for half the participants, a blueg&rrequired the joystick to be pushed
forward, and a yellow target required the joysticle pulled back. For the other half of
the participants, this requirement was reversedidfgamnts were randomly assigned to
each group. Participants were randomly assigneithier the Detection or Choice Task
group.

For the auditory stimulus/visual target trialsftb@etection and Choice Tasks,
there were three levels of SOA. These were SOA 10280 and 1500 ms for which the
auditory stimulus always preceded the visual tar§etSOA 1000 ms, the participant
had heard the auditory stimulus fully before bemgsented with the visual target. At
SOA 1250 ms and 1500 ms, the participant had h#adauditory stimulus fully
followed by either 250 ms or 500 ms of silence betbe visual target was presented.

There were a total of 747 trials for each paraiaip In 168 of the trials only the
visual target was presented; there was a 50/50 lsglween blue visual targets and
yellow visual targets. There were 75 trials in whionly an auditory stimulus was
presented, 15 of each sound type. These were $s€atah Trials to test whether the
participant was waiting for the visual target tqpegr before making the response, as
instructed, rather than responding to the audistiniulus.

The remaining 504 trials were evenly split betwélea three levels of SOA,
with each level having 168 trials. Of these 16&l$;i 56 contained a static auditory
stimulus. The other 112 trials were evenly disti@oubetween the four moving auditory
stimuli, meaning that there were 28 of each mowauditory stimulus. For each level of
SOA there was an equal number of blue and yellaggntations of the visual target.
Hence the auditory stimulus was not predictivecathé colour of the visual target and
thus the response required.

After the participant had completed all 747 trialsach participant was
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administered the same 5-AFC test as given in Expaei 7.

4.4.2 Results

RTs were prepared for analysis using the same adetlis utilised in
Experiments 7 to 9. On average, participants redpdrcorrectly 96% of the time, thus
there was no analysis of participants' errors. Nafrtee participants had to be removed
for responding over 50% of the time to catch tridlke results of the 5-AFC test
revealed that participants were able to correabntify which auditory stimulus they
heard 88% of the time. The same statistical armlyss applied to all the results
reported here; this was a Repeated Measures Asafarariance (ANOVA) utilising
Bonferroni-corrected Pairwise Comparisons. Onlyngle analysis was conducted for
each task type (Detection and Choice): namelyifatdn by looming of the auditory
stimulus. This was due to the design of the expaminbeing unsuitable to conduct
hemifield and directional analyses. All analyseBndel trials as Receding, Looming or
Static depending on the auditory stimulus in relatio the body. Therefore Receding
Trials were those in which the auditory stimulusswaterally moving away from the
body on either side of the participant's head; LimgnTrials were those in which the
auditory stimulus was laterally moving towards boaly on either side of the head and
Static Trials were those in which the auditory stins was presented directly in front of

the participant.

4.4.2.1 Detection Task: Facilitation by looming of the auditory stimulus

The first series of analyses was centred on the&edben Task that was
completed by half of the participants. As in Expegnts 7 to 9 the effect of bi-modal
presentations was compared to that of uni-modallstrA Repeated Measures ANOVA
with Trial Type (No Sound, Receding, Looming andtf8) as the within-subjects factor
indicated that the assumptions of sphericity haghbaolated?(5) = 54.439p < 0.01.
This was corrected for using Greenhouse-Geissenasts of sphericity. The corrected
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results indicated that there was a significantaeftef Trial Type, F(1.414, 41.018) =
159.660,p < 0.01. Pairwise comparison indicated that parénts were faster to
respond to the visual target in Receding, Looming &tatic Trials than No Sound
Trials, p < 0.01. Participants were also significantly faste Looming Trials than

Receding Trialsp < 0.01. Figure 34 shows the mean RTs for eacH Tyipe with error

bars.
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Figure 34. Mean Reaction Times for No Sound, Receding, Loonand Static Trials. Error

Bars represent Standard Error

A 3 x 3 Repeated Measures ANOVA using SOA (10@30land 1500 ms) and

Trial Type (Receding, Looming and Static) as ththinisubjects factors indicated there
was a significant effect of SOA, F(2, 58) = 25.9F% 0.01 and Trial Type, F(2, 58) =
8.406,p < 0.01. There was no significant interaction betw&OA and Trial Typegy >
0.05. Pairwise comparison for SOA showed that gigeints were significantly faster at
SOA 1250 ms than SOA 1000 ms or 1500 ms,0.01. Pairwise comparisons for Trial
Type indicated that participants were faster inrbhowy Trials than Receding Trialg,<
0.01. Figure 35 shows the mean RTs for each TiygeTat each level of SOA with

error bars.
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Figure 35. Mean Reaction Times for No Sound, Receding, Loonaing Static Trials at SOA
1000, 1250 and 1500 ms. Error Bars represent Stafitteor

In summary for the Detection Task the resultsdatid that participants were
faster to respond when the visual target was pestdoy an auditory stimulus.
Participants were faster when the auditory stimwhas looming rather than when it
was receding. Participants were also significafaster at SOA 1250 ms than 1000 ms
or 1500 ms.

4.4.2.2 Choice Task: Facilitation by looming of the auditory stimulus

The second series of analyses was centred onhbieeCTask completed by the
other half of the participants. A Repeated MeasuBOVA with Trial Type (No
Sound, Receding, Looming and Static) as the wishibjects factor indicated that the
assumptions of sphericity had been violatgd{5) = 40.041,p < 0.01. This was
corrected for using Greenhouse-Geisser estimateplodricity. The corrected results
indicated that there was a significant effect aallType, F(1.746, 66.349) = 112.2G8,
< 0.01. Pairwise comparisons indicated that paicis were faster to respond to the
visual target in Receding, Looming and Static Briddan No Sound Trialg < 0.01.

Participants were also significantly faster in Looghand Static Trials than Receding
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Trials,p < 0.01. Figure 36 shows the mean RTs for eacH Tyjge with error bars.
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Figure 36. Mean Reaction Times for No Sound, Receding, Loonand Static Trials. Error

Bars represent Standard Error

A 3 x 3 Repeated Measures ANOVA using SOA (10@30land 1500 ms) and
Trial Type (Receding, Looming and Static) as ththinisubjects factors indicated there
was a significant effect of SOA, F(2, 76) = 34.4f% 0.01, and Trial Type, F(2, 76) =
14.940,p < 0.01, and a significant interaction between SADA Trial Type, F(4, 152) =
2.686, p < 0.05. Pairwise comparison for SOA showed thattigpants were
significantly faster at SOA 1250 ms and 1500 ms tB&A 1000 msp < 0.01. Pairwise
comparisons for Trial Type indicated that particifzawere faster in Looming and Static
Trials than Receding Trialp,< 0.01. Pairwise comparisons for the interactietwieen
SOA and Trial Type indicated at SOA 1000 ms pagrtiois were significantly faster in
Looming and Static Trials than Receding Trials. fEhwere no significant differences
between Trial Types at SOA 1250 ms and 1500 mur€ig7 shows the mean RTs for
each Trial Type at each level of SOA with errorshar
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Figure 37. Mean Reaction Times for No Sound, Receding, Loonaing Static Trials at SOA
1000, 1250 and 1500 ms. Error Bars represent Stafitteor

To summarise the results of the Choice Task, qpatnts were faster to respond
to the visual target when it was preceded by antenydstimulus. Participants were also
faster to respond in Looming and Static Trials tiReteding Trials. When SOA was
factored into the analysis the results revealetighdicipants were faster at SOA 1250
ms and 1500 ms than 1000 ms though there wereffevetices between Trial Types
except at SOA 1000 ms where participants were rfastéooming and Static Trials
than Receding Trials. For the Detection Task treailte were similar in the fact that
participants were faster when the visual target pr@seded by an auditory stimulus,
faster in Looming rather than Receding Trials, tasder at SOA 1250 ms than 1000 ms
and 1500 ms.

4.4.3 Discussion

The aim of Experiment 10 was to attempt to disegiathe possible locus of the
observed facilitation of participants’ motor respes1to a visual target when preceded
by a looming auditory stimulus. As stated befoegilitation could arise from three or

more possible points: the detection of onset of viwmial target; the participants'
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processing of the attributes of the visual targethsas its location or its colour, thus
determining the required response; and finally pheparation or execution of the
physical motor response the participants had toenb@khe visual target.

If there was looming facilitation in only the CheiTask this would indicate that
looming auditory stimuli were most likely facilitag the processing of the visual
target's properties, as participants did not hawdigcern any details of the visual target
in the Detection Task. If however there was faaidn in both the Choice and the
Detection Task this would indicate that it was tiegection of the onset of the visual
target or the response to the visual target that being facilitated. The results of
Experiment 10 supported the latter of these twoolhgses, as there appeared to be
facilitation from looming auditory stimuli over reding stimuli in both the Detection
and the Choice Task as opposed to just the Chask. However, as looming stimuli
did not appear to facilitate responses to any greattent than static stimuli it could
also be the case that there was more a negativactngd receding stimuli than a
positive impact of looming stimuli.

The results of this experiment did not allow amypdusions to be drawn about
whether the locus of facilitation arose from impements in detection of the onset of
the visual target or if it arose from improving theeparation or execution of motor
responses. The research of Fecteau and Munoz (20Q@gsts that it is more likely the
response to the visual target rather than its detethat was being facilitated by the
looming auditory stimuli, although there is altdima evidence that it may be detection
of the stimulus that requires a response that adittded. Romei, Murray and Thut
(2008) found that looming auditory stimuli led tareases in visual cortex excitability.
This could be seen as evidence that looming aydsibmuli facilitate visual perception
rather than facilitating the lowering of motor resge thresholds.

These diverging sources of evidence suggest igaptecise manner in which
bi-modal stimuli facilitate motor responses mayaeomplex process to disentangle.
Trying to answer this question in any more depthaswithin the remit of this thesis,
thus the final experiment reported here insteaduded on replicating the looming
facilitation in both the Choice and the DetecticaisK when the motor response was no

longer orthogonal to the axis of the auditory stusu
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4.5 EXPERIMENT ELEVEN

Experiment 11 utilised the same two tasks as ipeErment 10, however there
was a change to the response method and levelsO#. ®Jnlike the previous
experiment where the participant moved the joystarkvard or backward in response
to the visual target, they now moved the joystickhe left or right. This was done to
replicate the findings of the previous experiment with the responses no longer
orthogonal to the axis of the auditory stimulus.eTimultiple levels of SOA were
reduced to a single SOA of 1000 ms as this was evtiner facilitation from the looming

auditory stimuli was most prominent in the previexperiments.

4.5.1 Method

4.5.1.1 Participants

Forty students participated in the experimentwbbm 28 were female. The
mean age of the participants was 21.6 years (SDeaEs). All other details were as for
Experiment 7 to 10.

4.5.1.2 Materials and Design

The experiment was conducted in the same sounauatted booth that was
used for Experiments 7 to 10. The visual targets auditory stimuli were the same as
used in Experiments 7 to 10. Presentation of tkealiand auditory stimuli were the
same as before and the responses were collecteg tiid same joystick, in the Side
Stick position, as utilised in Experiments 8 to 10.

4.5.1.3 Procedure

The participants performed the same tasks as weserided in Experiment 10.
However there was a change in how the participewet® required to respond to the
visual target. In the Detection Task, half of tretgipants were instructed to make a
leftward joystick movement on detecting any vistaiget while the other half were
instructed to make a rightward joystick movementdatection of any visual target.
This was counterbalanced across participants, artetipants were randomly assigned
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to each group.

In the Choice Task, responses to the visual tavget¢ also counterbalanced: for
half the participants, a blue target required aMafd joystick movement, and a yellow
target required participants to make a rightwasgtick movement. For the other half
of the participants, this requirement was reverg&tticipants were randomly assigned
to each group. Participants were randomly assigoeglther the Detection or Choice
Task group.

For the auditory stimulus/visual target trialsftb@etection and Choice Tasks,
there were a total of 450 trials for each partioipavith only a single level of SOA of
1000 ms. In 100 of the trials only the visual tangas presented; there was a 50/50 split
between blue visual targets and yellow visual tsgehere were 50 trials in which only
an auditory stimulus was presented, 10 of eachdstype. These were used as Catch
Trials to test whether the participant was waitiogthe visual target to appear before
making a response, as instructed, rather than mespgpto the auditory stimulus.

The remaining 300 trials were distributed betwdélem four moving and one
static auditory stimulus. There were 50 of eacthefmoving auditory stimuli and 100
of the static auditory stimulus. There was an equamber of blue and yellow
presentations of the visual target. Hence the anydgtimulus was not predictive as to
the colour of the visual target and thus the resimotor response.

After the participant had completed all 450 trialsach participant was
administered the same 5-AFC test as given in Expaei 7.

4.5.2 Results

RTs were prepared for analysis using the sameadeth utilised in Experiment
7 to 10. On average, participants responded ctyré8eso of the time. Thus there was
no analysis of participants' errors. None of thetigipants had to be removed for
responding over 50% of the time to catch trialse Bame statistical analysis was
applied to all the results reported here; this waRepeated Measures Analysis of
Variance (ANOVA) utilising Bonferroni-corrected Paise Comparisons. Three
different sets of analyses were conducted for ¢ask type (Detection and Choice):
facilitation by hemifield location of the auditostimulus; facilitation by direction of
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movement of the auditory stimulus; and facilitatilmnlooming of the auditory stimulus.
The first two sets of analyses were conducted tegmate the findings across the
experiments of Chapter 3 while the third analyssswo investigate the effects of

looming auditory stimuli.

4.5.2.1 Detection Task: Facilitation by hemifield location of the auditory stimulus

The first series of analyses was centred on thediien Task that half of the
participants had to complete. As described in tloegrural section for this experiment
the Detection Task involved participants makingedireed joystick movement when
they detected the appearance of a visual targes. rEBponse was irrespective of the
colour of the visual target.

The first series of analyses defined congruen@edéent on the hemifield to
which the auditory stimulus was presented in retato the response, irrespective of its
direction of movement. Congruent Trials were thios&hich the auditory stimulus was
presented to the hemifield consistent with the sidthe body the joystick was moved
towards, i.e., left hemifield auditory presentatienleftward joystick movement;
Incongruent were those in which the hemifield aesbonding side were inconsistent,
l.e., left hemifield auditory presentation - riglarel joystick movement; and Static were
those in which the auditory stimulus was preseuwlieectly in front of the participant.
Finally, No Sound Trials were those in which orilg tvisual target was presented.

As in Experiments 7 to 10 the effect of bi-modedgentations was compared to
that of uni-modal trials. A Repeated Measures ANOW#h Trial Type (No Sound,
Incongruent, Congruent and Static) as the withinjestis factor indicated that the
assumptions of sphericity had been violatgd{5) = 52.377,p < 0.01. This was
corrected for using Greenhouse-Geisser estimateplodricity. The corrected results
indicated that there was a significant effect aallType, F(1.369, 26.012) = 175.834,
< 0.01. Pairwise comparison indicated that pardictp were faster to respond to the
visual target in Incongruent, Congruent and Statials than No Sound Trialg <
0.01. Figure 38 shows the mean hemifield RTs fohéaial Type with error bars when

congruency was defined by the hemifield to whiah alnditory stimulus was presented.
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Figure 38. Mean Reaction Times for No Sound, Incongruent, @aeeigt and Static Trials when
congruency was defined by the hemifield to whick #Huditory stimulus was presented. Error Bars

represent Standard Error

4.5.2.2 Detection Task: Facilitation by direction of movement of the auditory stimulus

The second set of analyses focused on participaiisto the visual target as a
function of the direction of movement of the audjtetimulus irrespective of it looming
or receding. This was irrespective of the hemifieldvhich the auditory stimulus was
presented. In this analysis, Congruent Trials vilkeose in which the auditory stimulus
was moving in the same direction as the motor m@&rerthe participant made, i.e., a
leftward moving auditory stimulus with a leftwardygtick movement. Incongruent
Trials were those in which the auditory stimulusswioving in the opposite direction to
the motor movement the participant made, i.e.,favéed moving auditory stimulus
with a rightward joystick movement. Static Trialene those in which the auditory
stimulus was perceived as being directly in frohthe participant. Finally, No Sound
Trials were those in which only the visual targetsvpresented.

A Repeated Measures ANOVA with Trial Type (No Sourincongruent,
Congruent and Static) as the within-subjects fagtdicated that the assumptions of
sphericity had been violateg?(5) = 28.398p < 0.01. This was corrected for using
Greenhouse-Geisser estimates of sphericity. Theeced results indicated that there
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was a significant effect of Trial Type, F(1.522,286) = 163.516p < 0.01. Pairwise
comparison indicated that participants were fagterespond to the visual target in
Incongruent, Congruent and Static Trials than NarBoTrials,p < 0.01. Figure 39
shows the mean RTs for each Trial Type with erashwvhen congruency was defined

by the direction of the auditory stimulus.
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Figure 39. Mean Reaction Times for No Sound, Incongruent, @eergt and Static Trials when

congruency was defined by the direction of the mugistimulus. Error Bars represent Standard Error

4.5.2.3 Detection Task: Facilitation by looming of the auditory stimulus

The final analysis defined trials as Receding, mow or Static depending on
the auditory stimulus in relation to the body. Téfere Receding Trials were those in
which the auditory stimulus was laterally movingagwirom the body on either side of
the participant's head; Looming Trials were thasevhich the auditory stimulus was
laterally moving towards the body on either sid¢haf head and Static Trials were those
in which the auditory stimulus was presented diyaatfront of the participant.

A Repeated Measures ANOVA with Trial Type (No SouReceding, Looming
and Static) as the within-subjects factor indicateat the assumptions of sphericity had
been violatedy?(5) = 21.992,p < 0.01. This was corrected for using Greenhouse-

Geisser estimates of sphericity. The corrected lteegndicated that there was a
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significant effect of Trial Type, F(1.704, 32.385) 144.775,p < 0.01. Pairwise

comparison indicated that participants were fagterespond to the visual target in
Receding, Looming and Static Trials than No Soundld; p < 0.01. Participants were
also significantly faster to respond to the visiaaget in Looming Trials than Receding

Trials, p < 0.05. Figure 40 shows the mean RTs for eacH Tyige with error bars.
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Figure 40. Mean Reaction Times for No Sound, Receding, Loonand Static Trials. Error

Bars represent Standard Error

Thus for the Detection Task when congruency wdmeld by Hemifield or
Direction participants were significantly faster evhthe visual target was preceded by
an auditory stimulus than when it was not, buteheas no difference between the bi-
modal trial types. When trials were defined as Rexwg Looming or Static the results
indicated, as with Hemifield and Direction, thattpapants were faster to respond to
the visual target when preceded by an auditorywtim Participants were also faster in
Looming Trials than they were in Receding Trials.

The second series of analyses was centred onhbieeCTask that the other half
of the participants completed. As described ingfaeedural section for this experiment
the Choice Task involved participants making arddi joystick movement when they
detected the appearance of a visual target. Unmikbe Detection Task, in which the

participants made the same response irrespectiibeotolour of the target, in the
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Choice Task the colour of the target dictated dsponse required.

4.5.2.4 Choice Task: Facilitation by hemifield location of the auditory stimulus

The first series of analyses defined congruen@edéent on the hemifield to
which the auditory stimulus was presented in retato the response, irrespective of its
direction of movement. Congruent Trials were whdé® tauditory stimulus was
presented to the hemifield consistent with the dliom of the response (leftward or
rightward); Incongruent Trials were those in whittte hemifield and direction of
response were inconsistent; and Static Trials weyse in which the auditory stimulus
was presented directly in front of the participdnnhally, No Sound Trials were those in
which only the visual target was presented.

A Repeated Measures ANOVA with Trial Type (No Sourincongruent,
Congruent and Static) as the within-subjects fagtdicated that the assumptions of
sphericity had been violateg?(5) = 11.876,p < 0.05. This was corrected for using
Greenhouse-Geisser estimates of sphericity. Theeced results indicated that there
was a significant effect of Trial Type, F(2.123,.3®0) = 100.337p < 0.01. Pairwise
comparison indicated that participants were fatterespond to the visual target in
Incongruent, Congruent and Static Trials than NarSoTrials,p < 0.01. Participants
were also significantly faster to respond to thgeual target in Congruent Trials than
Incongruent or Static Trialp,< 0.05. Figure 41 shows the mean hemifield RTs&mh
Trial Type with error bars when congruency was rtedi by the hemifield to which the

auditory stimulus was presented.
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Figure 41. Mean Reaction Times for No Sound, Incongruent, Qe and Static Trials when
congruency was defined by the hemifield to whick #uditory stimulus was presented. Error Bars

represent Standard Error

4.5.2.5 Choice Task: Facilitation by direction of movement of the auditory stimulus

The second set of analyses focused on particip@itsto the visual target as a
function of the direction of movement of the audjtetimulus irrespective of it looming
or receding, and irrespective of the hemifield tbick the auditory stimulus was
presented. In this analysis, Congruent Trials vilkeose in which the auditory stimulus
was moving in the same direction as the motor maverthe participant had to make in
relation to the colour of the visual target, ialeftward moving auditory stimulus with
a leftward joystick movement; Incongruent Trialsrevghose in which the auditory
stimulus was moving in the opposite direction te thotor movement the participant
had to make, i.e., a leftward moving auditory stusuwith a rightward joystick
movement; and Static Trials were those in whichaiditory stimulus was perceived as
being directly in front of the participant. Finglljo Sound Trials were where only the
visual target was presented.

A Repeated Measures ANOVA with Trial Type (No Sourincongruent,
Congruent and Static) as the within-subjects faotdicated that the assumptions of
sphericity had been violateg?(5) = 14.010,p < 0.05. This was corrected for using
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Greenhouse-Geisser estimates of sphericity. Theected results indicated that there
was a significant effect of Trial Type, F(1.933,38b) = 103.421p < 0.01. Pairwise
comparison indicated that participants were fagterespond to the visual target in
Incongruent, Congruent and Static Trials than NaroTrials,p < 0.01. Participants
were also significantly faster to respond in Incwmgt Trials than Static Trialy <
0.05. Figure 42 shows the mean RTs for each TrigleTwith error bars when
congruency was defined by the direction of the ugistimulus.
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Figure 42. Mean Reaction Times for No Sound, Incongruent, @eewgt and Static Trials when

congruency was defined by the direction of the mugistimulus. Error Bars represent Standard Error

4.5.2.6 Choice Task: Facilitation by looming of the auditory stimulus

The final analysis defined trials as Receding, how or Static dependent on
the auditory stimulus in relation to the body. Téfere Receding Trials were those in
which the auditory stimulus was laterally movingagwirom the body on either side of
the participant's head; Looming Trials were thasevhich the auditory stimulus was
laterally moving towards the body on either sid¢haf head and Static Trials were those
in which the auditory stimulus was presented tedtly in front of the participant.

A Repeated Measures ANOVA with Trial Type (No SouReceding, Looming

and Static) as the within-subjects factor indicateat the assumptions of sphericity had
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been violatedy?(5) = 12.512,p < 0.05. This was corrected for using Greenhouse-
Geisser estimates of sphericity. The corrected ltieegndicated that there was a
significant effect of Trial Type, F(2.133, 40.536) 84.057,p < 0.01. Pairwise
comparison indicated that participants were fatterespond to the visual target in
Receding, Looming and Static Trials than No Soundld; p < 0.01. Participants were
also significantly faster to respond to the visiaaget in Looming Trials than Receding
and Static Trialsp < 0.05. Figure 43 shows the mean RTs for each Tipe with

error bars.
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Figure 43. Mean Reaction Times for No Sound, Receding, Loonand Static Trials. Error

Bars represent Standard Error

To summarise the results of the Choice Task whemgrency was defined by
both hemifield, direction and looming, participamiere faster to respond to the visual
target when it was preceded by an auditory stimuiuall cases. For Hemifield, the
results also showed that participants were fast@ongruent Trials than Incongruent or
Static Trials. For Direction participants were &sto respond in Incongruent Trials
than Static Trials. Finally for Looming participanvere faster in Looming Trials than
Receding or Static Trials. This pattern of resuis similar to those of the Detection
Task: participants were faster to respond to teaalitarget when it was preceded by an
auditory stimulus and patrticipants were faster aoming Trials than Receding Trials.
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The overall pattern of these results suggestedldlaating auditory stimuli facilitated
participants' motor movements in response to tlsealitarget. This was case even
though the auditory stimulus was task-irrelevarisa®participants were facilitated by

the presentation of a bi-modal stimulus in comeri® uni-modal.

4.5.3 Discussion

The aim of this final experiment was to confirnatthooming auditory stimuli
facilitated a motor response to visual targetsdathlihe Detection Task and the Choice
Task when the required motor response was on the aais as the auditory stimuli.

The central findings of this experiment supportieid hypothesis: participants
were faster in trials where the visual target wasc@ded by a looming auditory
stimulus than trials where it was not. This wa tior both the task involving detecting
a visual target and the task involving choosing dperopriate response to the visual
target depending on its visual properties. Theltesudicated that there was facilitation
from looming auditory stimuli in both the Detectiand the Choice Task as opposed to
just the Choice Task. Also for the Choice Taskelegpeared to be facilitation from the
looming stimuli compared to both the receding atadics auditory stimuli, which was
not the case in Experiment 10.

These results, while not indicating which is mbkely, suggest that looming
stimuli appear to either be facilitating the detattof the onset of the visual target or
facilitating the motor system. In either case itlsar that the looming stimuli improved
RTs in a visual task even when the looming stimwas task-irrelevant. This indicates
that looming auditory stimuli may be suitable facifitating a number of motor

responses in varying visual tasks.

4.6 GENERAL DISCUSSION

The aim of the series of experiments reportedhig ¢hapter was to determine if
task-irrelevant, looming auditory stimuli could beed to facilitate participants’ motor
responses while performing a visual task. As wlid previous experiments reported in
this thesis participants were tasked with only oesiing to the visual target while
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ignoring all auditory stimuli.

The results of Experiment 7 indicated that firspparticipants' motor responses
were facilitated by bi-modal stimulus presentations comparison to uni-modal
presentations. As well as participants being featdid by bi-modal stimuli, there also
appeared to be facilitation of motor responses biclivhemifield the auditory stimulus
was delivered to, i.e., if the auditory stimulusswgelivered to the hemifield the motor
response was towards participants were faster ithamvas presented to the opposite
hemifield. Both of these findings replicate thodeh® experiments in Chapter 3. What
was different from Chapter 3 was the change tooanlng auditory stimulus, and the
result of this change was that participants' respsnvere facilitated to a greater degree
by looming stimuli than receding or static auditstynuli.

A similar pattern of results was observed in Expent 8, with bi-modal
presentations; presentation to the congruent helshiind looming auditory stimuli led
to a greater degree of facilitation than uni-moplia@sentation, incongruent hemifield
presentation and receding or static stimuli. Expernit 8 also included multiple levels
of SOA to test the effect of presenting the vidaafet at varying times after the onset
of the auditory stimulus. This manipulation revellleat participants were facilitated to
the greatest degree when the onset of the visig@ttavas at the point of termination of
the auditory stimulus. This indicated that the &urgistimulus had to be heard fully for
it to have the greatest effect. A possible reaswntiie other two levels of SOA not
facilitating responses to the same degree may baga due to the visual target being
presented either too early or too late in relatmthe onset of the auditory stimulus.

While the first three experiments of Chapter 4 BaAdwn that task-irrelevant,
looming auditory stimuli facilitated motor respossehe stimulus and the motor
responses were always on the same axis, i.e.uth®ey stimuli moved in line with the
shoulders and the motor response was also in litethie shoulders. If looming stimuli
only facilitated responses made on the same alkey tould be limited in their
application to real-world situations. Thus Expenrmn® tested whether task-irrelevant,
looming auditory stimuli could facilitate responses general, rather than only in
specific directions in relation to the auditorynstilus. The results indicated that
participants' motor responses were still faciliate a greater degree by task-irrelevant,
looming auditory stimuli even when the required anaesponse was orthogonal to the
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auditory stimulus. This showed that looming audita@timuli are not limited to
facilitating responses in a single direction and thas useful potential benefits in
applying the results to real-world applications.

Experiment 10 was conducted in an attempt to theghe the locus of the
observed facilitation by looming auditory stimutiset out to accomplish this by having
participants perform both the task that had beed urs Experiments 1 to 9 - choosing a
motor response dependent on the visual targetfsedres - and a new Detection Task
where participants had to respond only to the ookéte visual target, irrespective of
its properties. It was hypothesised that if theukoof the facilitation was in improving
the time taken to process the properties of theavisarget there would be facilitation in
the Choice Task but not the Detection Task. If heavehe locus was improving either
the detection of the visual target or reducing tinge to prepare or execute a motor
response, then there would be facilitation in kagks. The results indicated facilitation
in both the tasks suggesting that it was the ppéids' detection of the visual target or
the preparation or execution of their motor respsnghat was being facilitated.
Evidence from Fecteau and Munoz (2001) suggestsittheas most likely the latter
case.

The final experiment of Chapter 4, Experiment Was to confirm that task-
irrelevant, looming auditory stimuli facilitated oo response in both the Detection and
Choice Task when the response was once again omaiime axis as the auditory
stimulus. As with Experiments 7 and 8 bi-modal preations facilitated responses in
comparison to uni-modal presentations. Also, coegrithemifield stimulus response
presentations and looming auditory stimuli led teager facilitation than incongruent
hemifield stimulus response presentations and negednd static auditory stimuli.
However, in the Detection Task there were no hemifeffects, and there was only
facilitation for looming stimuli when compared teceding .

The overall results of these experiments showativihile the looming auditory
stimuli were task-irrelevant, participants werdl dtster to respond in bi-modal than
uni-modal trials, and participants were generalgtér in the Looming Trials than
Receding or Static Trials. Participants' resporssiisappeared to be facilitated when
the response was orthogonal to the axis of movenoénthe auditory stimulus.
Facilitation was present in both the Detection &mdice Tasks, meaning that the locus
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of facilitation was most likely at the visual stitas detection stage or the preparation or
execution of motor response stage. The relevanahese two findings, orthogonal
responses and facilitation in the Choice and Deteclask, is that looming facilitation
may be implemented in varying visual tasks reqgimmany different forms of motor
responses. The consistent effect of facilitatiomaftor responses by looming auditory
stimuli supports the previous research, outlinethia chapter's introduction, showing
that looming stimuli have special properties coregato their receding and static
counterparts.

Chapter 5 of this thesis will discuss the oveiralplications of the experiments
from Chapters 2 to 4 as well as possible real dplications in military and civil

environments of these implications.
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CHAPTER FIVE

5.1 INTRODUCTION

The purpose of this final chapter is to presenbrview of all the experiments
carried out over the course of this thesis, theidihgs and what the results mean in
relation to the question posed at the beginninthisf thesis. As well as a summary of
the experiments and their results, this chaptel Majt out a set of possible future
experiments as well as possible applications offitm#ings in both a military and a
civilian context. Finally this chapter will end \Wwita summary and conclusion of all the

findings of this thesis.

5.2 AIMS AND SUMMARY OF CHAPTER TWO

The experiments reported in Chapter 2 tested wehdtsk-irrelevant, moving
auditory stimuli facilitated participants’ motoisponses to a visual target. Experiment 1
had participants responding to a visual targetrey ¢pox, that randomly appeared to
either the left or the right of a central fixatioross on a computer screen. Participants
responded to the visual target by either presdimeg'z’ key on the main body of the
keyboard for a left target or the '2' on the num&aypad for a right target, i.e., 'z' for a
left target and '2' for a right target. The preagah of the visual target was always
presented in tandem with a 365 millisecond (ms)itand stimulus, delivered over
headphones, that was either moving from the ppdrdis left-hand side to right-hand
side, vice versa or was static at the participant-line. The results of Experiment 1
failed to support the hypothesis that moving augitstimuli would facilitate motor
responses. The results indicated that participaet® not significantly faster in trials
containing a moving auditory stimulus than they evém trials containing a static
auditory stimulus.

Experiment 2 followed the same general method>qeiiment 1 except for a
change in the manner in which the participantsaedpd to the visual target, a change
in the length of the auditory stimulus and theadtrction of multiple levels of Stimulus
Onset Asynchrony (SOA). The motor responses thecgmnts made were collected
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using a custom keyboard with only four keys, twotcal and two peripheral. The
central keys were used to start each trial whike ttho peripheral keys were used to
respond to the visual target, i.e., a left handalisarget required the left peripheral key
to be pressed and vice versa for a right hand Visuget. The auditory stimuli were
reduced in length from 365 ms to 265 ms and theeel$ of audio stimulus/visual target
SOA were used, 0, 60 and 100 ms. The custom keglreabrded the time taken from
the onset of the visual target to when the padiaip lifted their fingers from the centre
keys, and the time taken to lift from the centrgskéo press either of the peripheral
keys. These times were labelled Lift Reaction T{R&) and Move RT respectively and
were analysed separately. The results of ExperilReshowed that there were no
differences between Trial Types or SOA for Move RIhere were significant
differences for Lift RT which showed that the pepants' responses were at their
fastest at SOA 100 ms. The results also suggekttdrtioving auditory stimuli might
indeed have facilitated motor responses. Howeverobuhe two types of moving
auditory stimuli — one moving towards the respogdiand and the other away — only
the trials that contained an auditory stimulus mgvaway from the hand appeared to
lead to faster responses compared to trials cantpastatic auditory stimulus.

This partial facilitation is interesting when vied in the context of the Simon
effects (Simon and Rudell, 1967; Craft and Sim®¥(d). The Simon effect is where
congruency between a task-irrelevant feature dinautus and the required response to
the stimulus leads to faster reaction times. THws participant had to make a left or
right motor response depending on the colour ajta they would be faster to respond
if the light was on the same side of the body a&s rdspond hand even though the
position of the light is task-irrelevant.

How this relates to the results of Experiment 2hat there appeared to be an
extension of the Simon effects as not only diddbditory stimulus move on the same
axis as the required response, it was also contplietek-irrelevant. This differs from
the standard Simon effect where the task-irrelefeature is part of the stimulus being
responded to. However it seems more likely consideonly one of the two types of
moving stimuli generated faster responses thabotiserved facilitation relates to the
locational component of the Simon effect. It coblave been that it was the onset
location, rather than motion, of the auditory stinsuthat was the facilitating factor in
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Experiment 2. In trials where the stimulus was mgvaway from the participants’
responding hand, its starting position was compativith the location of the
participants' required response. This would explelty there was facilitation in these
trials and none in the trials where the auditomnstus moved towards the location of
the required response, as the starting point isetlieals was to the opposite side of the
response area. This is supported by the fact tHa©& 0 ms participants were faster in
both Incongruent and Static Trials than CongrueTdld, as the onset auditory stimulus
in both these Trial Types was closer to the respgnldand than the Congruent Trials.
While there appeared to be some form of facibrain Experiment 2, in reality
it amounted to, at best, an improvement of appratéhy 10 ms. It is hard to envision a
situation where a 10 ms difference in reaction twmoelld change the outcome of a real-
world situation. Overall the implications of thedings of the first two experiments in
this thesis did not appear to indicate that tasidewant, moving auditory stimuli could

usefully facilitate motor responses to visual tésge

5.3 AIMS AND SUMMARY OF CHAPTER THREE

The experiments of Chapter 3 were designed tddegiossible facilitation from
task-irrelevant, moving auditory stimuli while aceding for the facilitation arising
from the Simon effect. In Experiments 1 and 2, frGhmapter 2, when a trial contained a
moving auditory stimulus it moved from one hemiigb the other, e.g., the auditory
stimulus moved from the participant's left-handestd their right-hand side crossing
their mid-line. In Experiments 3 to 6 the auditetymuli were configured in a manner
that while still producing this perception of matjat no longer crossed the participant's
mid-line, e.g., the auditory stimulus moved frone tparticipant's left-hand side but
stopped at the participant's mid line. The lengthth® auditory stimuli were also
changed from 265 ms to 250 ms. Also a new No Sawordlition was created to
compare the effect of bi-modal stimuli comparea et of uni-modal counterparts. The
aim of the experiments of Chapter 3 was the santbaaf Chapter 2: using the newly
constructed auditory stimuli, to test the hypothesiat moving auditory stimuli that
were task-irrelevant would facilitate participamtsdtor responses to a visual target.

The first experiment of this chapter, Experimenh&d participants performing
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the same task as Experiments 1 and 2, though shi@Miarget was changed from a light
grey box to a black box. Participants still respmhdo the visual target in the same
manner as before. Experiment 3 also implementexbtlavels of SOA: 0, 125 and 250
ms; these levels of SOA were used for all the erpants reported in Chapter 3. Finally
the auditory stimuli were presented to the paréinig via a pair of loudspeakers rather
than over headphones. The results of Experimentdgated that participants were
faster to respond to the visual target if it wasoaepanied by an auditory stimulus than
if it was unaccompanied. Although the reverse was for the Move RTSs, this effect
was less than the improvement in Lift RT, so tiat dverall reaction time from target
onset to response (Lift RT plus Move RT) was reducBarticipants were also
significantly faster to respond when the auditaotiynalus was presented to the same
side of the body as the required motor responge ifiwas delivered to the opposite
side of the body. There was also an effect of SO¥ere participants' responses were
faster the greater the time between the onseteoatiditory stimulus in relation to onset
of the visual target. Regarding the effect of augitmovement on motor responses the
results indicated that participants were fastetrials containing static auditory stimuli
than moving. However, at a SOA of 250 ms participdaster to Congruent Trials than
Incongruent ones.

Experiment 4 followed the same methodology as Ewpmnt 3, other than a
change to the response method utilised by thecgaatits. In the previous experiments
using the custom keyboard when participants resgamaol the visual target they had to
lift both hands off the central keys before pregseither of the peripheral keys.
Experiment 4 changed the response method so parisi only had to lift the
responding hand off the central keys to make tlesponse. The results of Experiment
4 were similar to those of Experiment 3, showingmimdal, hemifield and SOA
facilitation. Facilitation arising from the moventenf the auditory stimuli only
appeared at an SOA of 250 ms with Congruent Tledding to faster responses than
Incongruent and Static Trials.

For the last two experiments of Chapter 3, Expents 5 and 6, there was a
change in the task the participants had to perf@maviously the participants responded
to the location of the visual target, i.e., whetheppeared to the left or the right of a
central fixation cross. For Experiments 5 and 6tdsk was changed to responding to
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the colour of the visual target, the target nowaglsvbeing presented in the centre of the
display screen. The response the participants dhatbke to the visual target depended
on its colour, e.qg., if the target was red the [atipheral key was pressed and vice
versa for a green target. For Experiment 5 this thasonly change from the method of
Experiment 4. The results indicated that for LiftSRthere appeared to be bi-modal,
hemifield and SOA facilitation, and overall Congnudrials led to faster responses
than Incongruent ones. There were no significaffiér@inces in any condition for Move
RTs.

In Experiment 6, the final experiment of Chaptertl3ere were two major
changes to the methodology: the first was a retarpresenting the auditory stimuli
over headphones and the second was the colledtiparticipants’ motor responses via
a joystick rather than a keyboard. The colourshef tisual targets were also changed
from red/green to blue/yellow to control for podsibed/green colour-blind participants.
The task was the same as in Experiment 5 but neticipants moved a joystick either
left or right depending on the colour of the vistalet, e.g., if the target was blue the
joystick was moved leftward or it was moved rightdva the target was yellow. The
results of Experiment 6 were as for the other erpants of Chapter 3: there were
indications of bi-modal, hemifield and SOA facititan. Facilitation arising from the
movement of the auditory stimuli only appearedraS®A of 125 ms with Congruent
Trials leading to faster responses than Incongraees.

The overall results of Experiments 3 to 6 indidathat for all four of the
experiments participants were faster to responthéovisual target in bi-modal trials
than they were in uni-modal. This is not a surpgsresult as previous literature has
shown that bi-modal stimuli leads to faster respsrihan their uni-modal components
(Hershenson, 1962; Bernstein et al., 1969, Hecal €2008).

Another effect that was present in all four expemts was that participants
were faster to respond when the auditory stimulas presented to the same side of the
body as the required motor response. This hemib#iect also appeared to be present
when the participants’ method of response was avijbystick in Experiment 6 rather
than the keyboard used for Experiments 3 to 5. fiteant that the participants were no
longer responding to left hemifield auditory presgions with their left hand but now

with their right. One possible explanation of winette were hemifield effects at this
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point was that the joystick was positioned cengrédl the participant's body. There is
evidence (Simon, Hinrichs and Craft, 1970) thatldoational component of the Simon
effect still takes place even when a participamiisds are crossed so that the right hand
is placed on the left hand side of the body angaeds to left hand side stimuli. It
could be that the same process that gives rishisoeffect gave rise to the results of
Experiment 6. It should also be noted that this ifield effect was present when the
delivery method for the auditory stimulus was mofredn speakers to headphones.

One other pattern of results that was repeatenligiout all the experiments of
Chapter 3 was that participants' responses weterftse greater the period of time
between the onset of the auditory stimulus andtiset of the visual target. It may have
been that the participants were using the audisbimuli as a cue that a target was
going to appear. If participants were in fact uding auditory stimuli in such a manner
it would make sense that the greater the amourtintd between the onset of the
auditory stimulus to that of the visual target flaster the motor response. This is
because the greater amount of time between thet afisthe auditory stimulus in
relation to the visual target meant the more tife participant had to prepare to
respond, i.e., there was greater time to prepasnV80A was 250 ms than when it was
125 ms. Whilst this could be possible, steps wakert to reduce the likelihood of this
happening. The catch and visual target only tiialglemented for the experiments of
Chapter 3 were designed so that participants shHwaitd not been using the onset of the
auditory stimulus as an indicator that a visuafearwas going to appear. This was
accomplished by having some trials with just theusi target as well as some trials of
just the auditory stimulus.

Regarding facilitation by moving auditory stimulixperiment 3 to 6 indicated
that at the higher levels of SOA participants wiaxster to respond in Congruent Trials,
where the stimulus and response were in the sareetidn, than Incongruent Trials.
Only in Experiment 4, at an SOA of 250 ms, did Qoegt Trials lead to faster
responses than Static Trials. This mixed seriessilts would make it difficult to claim
that moving auditory stimuli usefully facilitatedotor responses over comparable static
stimuli. A possible explanation for why moving atady stimuli failed to consistently
facilitate motor responses is that of binaural gisigness. It has been reported that the
minimum amount of time that a moving auditory stinsuhas to be presented for its
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movement to be detected ranges from 100 ms (PemottPacheco, 1989) to 300 ms
(Grantham, 1986). It may have been that the SOAd usExperiments 3 to 6 were too
short in duration for the movement of the auditstiynulus to be detected before the
participant responded to the visual target.

On one final point relating to the results of Expents 3 and 4, it was noted
that when analysing the Move RTs, participants via@séer to respond in the uni-modal
trials than they were in the bi-modal. This resafipears to go against previous
research, e.g., Hershenson (1962), that show pamits should be faster in bi-modal
trials; indeed this result goes against the residltbe Lift RTs analysis as well. It could
be that the lift section of the experiment invohaame component of decision making
that the move section did not, though when loolkahghe combined reaction times of
both the Lift and Move components over both expents, the uni-modal trials average
response time is 55 ms slower than the bi-modalstriThis would indicate that bi-
modal trials led to faster overall responses eff@ncomponent within the response was
faster for uni-modal trials.

In summary the experiments of Chapter 3 indic#éted whilst moving auditory
stimuli facilitated motor responses this facilitetiwas neither robust nor consistent; it
did not arise in every experiment and when it dideait was not at the same level of
SOA throughout. However the experiments did shawilifation for other factors such
as bi-modal facilitation and hemifield facilitatioBoth of these facilitation effects were
persistent across all the experiments of ChaptendBarose even though the auditory

stimuli were task-irrelevant.

5.4 AIMS AND SUMMARY OF CHAPTER FOUR

With the inconsistent results from Chapter 3 rdugay facilitation of moving
auditory stimuli there was a fundamental changethie auditory stimuli for the
experiments reported in Chapter 4. In all the presiexperiments, 1 to 6, the moving
auditory stimuli were designed to give rise to pe¥ception of a sound that moved
either left-to-right or right-to-left. While therevere changes to the onset and
termination locations of these stimuli as well lasiit length and method of presentation
they followed this basic form of moving leftward wghtward for all experiments. For
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Experiments 7 to 11 the auditory stimuli were clahdo give the participants the
perception of a sound that was either laterallyrong or receding. Looming auditory
stimuli were chosen, as there is evidence that logratimuli have special properties
when compared to other moving stimuli. One of tre@mproperties of looming stimuli
is the behavioural response they elicit which isdominantly one of avoidance (e.g.
Schiff et al., 1962). Using these special propsrisperiments 7 to 11 aimed to test
whether participants' motor responses to a visai@get could be facilitated by task-
irrelevant, looming auditory stimuli.

The task and response method in Experiment 7 Wwassame as that of
Experiment 6, i.e., participants were required toventhe joystick either left- or
rightward depending on the colour of the visuadjéar The main change in Experiment
7 was to the auditory stimuli, which went from @80 ms moving and static stimuli of
Experiments 3 to 6, to 1000 ms looming, receding static auditory stimuli. As with
Experiments 3 to 6 the looming and receding auglitstimuli did not cross the
participant's mid-line. The auditory stimuli weresligered over headphones; this
method of presentation was used in every experime@hapter 4. Unlike the previous
four experiments of Chapter 3, Experiment 7 hag onle level of SOA, 1000 ms. The
results indicated once again that there appearedbetofacilitation for bi-modal
presentations in comparison to uni-modal and fes@nting the auditory stimuli to the
same hemifield as side of the body the motor respdmad to be made towards.
Regarding facilitation by direction, it appearedttionly in trials where the auditory
stimulus moved in the opposite direction to theanogsponse was there a difference to
trials where the auditory stimulus was static. TiEn result of Experiment 7 was that
participants were faster to respond to the visaeddt if the auditory stimulus was
looming than if it was receding or static.

Experiment 8 was the same as Experiment 7 exoephé introduction of three
levels of audio/visual SOA: 500, 1000 and 1500 ftse results indicated a similar
pattern of results as Experiment 7 except with inectional facilitation. Regarding the
effect of SOA participants were at their fastesraspond at 1000 ms, i.e., when the
visual target's onset was directly after the teatiom of the auditory stimulus.

To test whether this facilitation of motor respesisn the presence of looming

auditory stimuli was dependent on the motor respargl auditory stimulus being on
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the same axis, Experiment 9 changed the respond®del his was accomplished by
having participants either move the joystick fordvar move it backward depending on
the colour of the visual target, instead of mowvinigft- or rightward. The joystick was
also moved from the centre stick position (direatiyfront of the participant) to a side
stick position (to the right-hand side of the papant). The results indicated that even
when the response was orthogonal to the auditanyukts there was still bi-modal
presentation facilitation and more importantly mapents were still faster to respond to
the visual target when the auditory stimulus wamsriomg than when it was receding or
static.

The final two experiments of Chapter 4 and of tinesis, Experiments 10 and
11, were designed to test the possible locus ofotteerved facilitation arising from
looming auditory stimuli. This was done by haviragticipants perform both the Choice
Task used in Experiments 7 to 9, i.e., making aomoésponse to the visual target
dependent on its colour, and a Detection Task wkieeparticipants made a motor
response when they detected any visual targepeotise of its colour.

In Experiment 10 participants performed the Chdiask in the same manner as
in Experiment 9. The participants performing thetdd&on task either moved the
joystick forward or moved it backward, depending which counterbalanced group
they were in, on the detection of any visual targespective of its colour. Facilitation
may have arisen from reducing the time taken teaedhe visual target to the time it
took to process the target’s properties such asoitsur/location. Similarly facilitation
may have arisen when preparing or executing theomrmasponse. Once again three
levels of SOA, 1000, 1250 and 1500 ms were useestdor the effect of varying SOA
on RTs which had been observed in the previousrempats. The results for both the
Detection and Choice Task showed that there wasitdéion for both bi-modal
presentations and looming auditory stimuli in relgtr the motor responses. There was
also an effect of SOA with participants being fastiethe higher levels of SOA than the
lower. Since there was looming facilitation in botie Detection and Choice Tasks this
indicated that it was either the participants' diede of the visual target or the
preparation or execution of their motor responkaswas being facilitated.

It was not possible to distinguish between these gossibilities for facilitation
in Experiment 10, although there is evidence fraireo studies that suggests that the
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facilitation arises from facilitating the prepamatior execution of the participant's motor
response (Fecteau and Munoz, 2007).

The final Experiment of Chapter 4, Experiment tekted participants again on
both the Detection and Choice Tasks, with the nese® made to the visual target being
the same as those made in Experiment 8, i.e.,anChoice Task the joystick was
moved left- or rightward depending on the colourtlé visual target and in the
Detection Task the joystick was either moved leftrightward on detecting the visual
target irrespective of its colour. As with Experime 7 and 9 there was only a single
level of SOA, 1000 ms. The results followed the sageneral pattern of those of
Experiment 10: there appeared to be facilitatiarbiemodal presentations and looming
auditory stimuli in both the Detection and the GeoiTasks as well as a hemifield
facilitation effect. As with the other experimerttsere appeared to be little to no
facilitation due to the direction of the auditoryinsulus in regard to the motor
responses. As with Experiment 10 the presence @lfit&ion by looming auditory
stimuli in both the Detection and Choice Tasksaatkd that it was the detection of the
visual target or the preparation or execution @& thotor response that was being
facilitated.

Overall the results of Experiments 7 to 11 indddabnce again that participants
were significantly faster in bi-modal trials thaniumodal. This pattern of results tallies
with previous research of bi-modal facilitationgieHershenson, 1962), though it should
be noted that this appears to be the first tims #ifect has been shown with task-
irrelevant, looming auditory stimuli. As with the-imodal facilitation there were also
significant hemifield effects for Experiments 7a8d 11, though for Experiment 11 the
effect appeared to only be present in the Choigk Bad not the Detection Task. There
were no hemifield effects for Experiments 9 anddi@ to the direction of the motor
response being orthogonal to the moving auditanyudt. The presence of the hemifield
effect in Experiment 11 is of added interest askenExperiments 7 and 8 where the
joystick was in a centre stick position, for Expeent 11 it was in a side stick position.
This meant that all the motor responses the ppaints made in this experiment were
on the right-hand side of the body yet there widkast advantage to make responses
towards the left-hand side of the body when thatandstimulus was presented to the
left hemifield. While the hemifield facilitation otd be attributed to the locational
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component of the Simon effect (Craft and Simon,0)97is noteworthy that this effect
arises even when the responding section of body ithe opposite side to the location
of the stimulus. Secondly, it is interesting thiag hemifield facilitation only arises in
the Choice Task and not the Detection Task. Thiddcbe due to the different natures
of the two tasks: in the Detection Task the pgrtiois only had to decide if a visual
target was present or not, while in the Choice Tthgl had to decide if a visual target
was present and if so which response did its pt@sedictate. This extra component of
processing could have led to the results observé&ckperiment 11.

Another recurring effect was motor facilitationsang from manipulations to the
SOA between the auditory stimulus and the visuajeta In Experiment 8 the fastest
reaction times occurred when the visual target agggeimmediately at the termination
of the auditory stimulus, while in Experiment 1@ tfastest responses were generally
250 ms after the termination of the auditory stinsulExperiments 7, 9 and 11 only had
a single level of SOA it was not possible to useséhto investigate SOA differences.
The results of Experiment 8 were in line with thevous experiments that showed
participants' motor responses were generally at flastest right after the auditory
stimulus had been presented. The results of ExpetihO however seemed to go
against the previous findings; if this had only meélee case for the Detection Task and
not the Choice Task this outlier result might haieen attributable to the difference in
task type. However as it was present in both theicghand the Detection Task it is
harder to explain this result. One possibility iatt somehow the change in response
method between the two experiments might have hadeféect. In Experiment 8
participants made their motor response on the saxne or plane as the auditory
stimulus but for Experiment 10 the motor responsesge orthogonal to the auditory
stimuli. This difference between the response tyjseborne out by comparing the
results of the 1500 ms SOA responses for Experi®@@&ampared to the Choice Task of
Experiment 10. In the former participants respondeslnd 582 ms after the visual
target appeared while in the latter it was 559 Ti& responses at 1000 ms SOA though
were similar at 568 ms and 575 ms respectively.

In regard to directional effects, as with the poeg experiments in this thesis,
the results were mixed. Of the three experimenterevhdirectional analysis was
possible (Experiments 7, 8 and 11) only 7 and ldwskl any effects. Both indicated
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that incongruent moving stimuli generated fastetanoesponses than static stimuli,
and in the case of Experiment 11 this was only tfee Choice Task but not the
Detection Task. Lack of consistent results regaydiimectional facilitation in these two
experiments, along with the results of the previexperiments, would appear to
indicate that facilitation of motor responses wiit arise from the directionality of the
auditory stimulus alone.

Finally, regarding the main change between ChapBrand 4, the use of
looming auditory stimuli, the results showed greatevels of robustness and
consistency (see Appendix 1 for a table of effents. Across all five experiments of
Chapter 4 there was a consistent facilitatory e¢fétooming auditory stimuli. In all the
experiments the bi-modal trials that containedarimg auditory stimulus led to faster
motor responses than trials that contained a regeauditory stimulus. Also, for the
majority of the experiments the looming trials ledfaster motor responses than the
static trials, though it should be noted that loognirials were not faster than static trials
in the Detection tasks of Experiments 10 and 1tiliEgion of motor responses from
looming auditory stimuli also appeared to be preselmen the motor response was
orthogonal to the auditory stimulus. This indicatest the looming stimulus facilitatory
effect was not limited to motor responses on theesaxis as the auditory stimulus.
This has implications for any practical applicasas it means that looming stimuli do
not need to be paired with specific motor respons&seover, this indicates that the
looming stimuli facilitated general motor movemerntéis is interesting in regard to
looming stimuli as previous studies such as Sahiffal. (1962) and Freiberg et al.
(2001) have only studied responses on the same @arthe looming stimulus. The
results of these experiments complement the firgdiof§ Bach et al. (2009) who
performed a similar experiment with participantspending to a target after the
presentation of a looming or receding auditory stim. However there were some
important differences between their experiment thiedexperiments reported in Chapter
4. Firstly, while the experiments of Chapter 4 ¢dstooming, receding and static
auditory stimuli, Bach et al. (2009) tested onlpriing and receding stimuli. Also
unlike in this thesis where the only target wasigisBach et al. (2009) had participants
responding to both visual and auditory targets nmgpthat participants would have
been actively monitoring the auditory stream in@pation of an auditory target. While
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it cannot be said that participants in the expenisieeported in this thesis were not
monitoring the auditory stream it is fair to sawttlit might not have been as closely
monitored as the auditory stream in Bach et al092@ue to the auditory stream being
task-irrelevant. The other major difference betw&ach et al. (2009) and this thesis
was that participants in the former only respondeth a single button press on a
stimulus response box, while the experiments ofp@tad required a much larger
motor movement as well as a choice as to whichorespwas required.

In summary, the experiments of Chapter 4 indicdated, as with Chapter 3,
participants were faster to make a motor respamsevisual target if it was part of a bi-
modal presentation compared to a uni-modal presentalhere were also hemifield
effects in which participants made motor respofast®r to the side of the body that the
auditory stimulus was delivered to. The main fimdof Experiments 7 to 11 was that
task-irrelevant, looming auditory stimuli appeatedoffer a consistent facilitation of
motor responses and that this facilitation didammtear to be dependent on the direction

of the motor response.

5.5 FUTURE DIRECTIONS

Future experiments could continue with loomingitarg stimuli to see if the
facilitation noted in Chapter 4 could be improvedtlier still. One possible manner in
which this could be investigated would be to chatigeperception of which part of the
body the auditory stimuli were looming towards. L&t al. (2009) indicate that
participants were faster to respond to looming wlirthat were perceived to be on a
collision course with the participant's body th&éwde on a collision course with the
participant's head.

It might also be beneficial to investigate mangtimg the angle at which the
auditory stimuli loomed at the participant, as ihthe experiments reported in this
thesis the stimuli always loomed either lateratiywards the left side or right side of the
participant's head. Stimuli looming from differaditections may have different effects
to the ones observed in the experiments of thsighe

Another series of experiments could decreasedhel lof acuity of the visual
target to attempt to use the ventriloquist effextbblster facilitation. This effect is
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where one stimulus ‘captures’ another, in the exangb a ventriloquists dummy its
mouth movements captures the perceived locatidhechuditory stimulus giving rise to
the perception that the sound is coming from thenrdy's mouth. Alais and Burr
(2004) have shown that it is also possible for sotmbe the dominate stimulus if the
visual stimulus is poorly perceived. Thus if thedeof acuity of the visual target is
reduced the looming auditory stimuli may have atgeeffect on motor responses than
has being observed in the experiments of Chapter 3.

Leading on from this it would also be interestitagsee if looming auditory
stimuli could be used to facilitate other motor raments than hand/arm. Humans are
not limited to making motor responses with justirttegms so being able to facilitate
other motor movements would be beneficial. Sucheaperiment could be to test
participants responding to sudden visual stimulngioot pedals, for example. If
looming auditory stimuli facilitated such responses may be useful in car collision
warning systems.

In all the experiments in this thesis the auditstynulus was always task-
irrelevant and the participant was given instrugdido ignore the auditory stimuli and
focus on the visual targets. The looming auditaiypsli may have a greater effect if the
participant was also told to pay attention to bwtbdalities rather than just the visual
domain.

Finally it may be of interest to look at loomingiditory stimuli used in
conjunction with auditory icons, earcons or withesph to see what effect their
combination may have on motor responses. Auditoons are auditory stimuli that
have natural connotations, such as a dog barkinthersound of a glass breaking.
Auditory icons have already been shown to be edsidearn than abstract auditory
warnings (Perry, Stevens, Wiggins and Howell, 2007)ynay be that incorporating
looming with auditory icons could improve the etfeeness with which listeners
respond to these icons. The same possible imprawsmeay be applicable to earcons -
abstract musical sounds - as well. A final directio which looming auditory stimuli
could be used is to incorporate looming into spe&ftdtal directional cues could be
improved by having the vocalisations looming toveathe listener and as shown by
Experiments 9 and 10 it would not be necessarytherdirection of looming to be
congruent with the direction indicated by the voice
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5.6 MILITARY APPLICATIONS

In a paper investigating perceived urgency angaese times to auditory
warning signals, Haas and Casali (1995) commetmada change in response time of
just 60 ms could make the difference between a pioo is performing low level
manoeuvres flying into terrain or not. Although tlesults of the experiments reported
in this thesis do not generate this level of faailon, future experimentation may
improve responses towards this time. However, igigot the only way or possible

application that looming auditory stimuli may bebahefit in a military environment.

5.6.1 Auditory Icons and Earcons

As stated in the future directions section of thiapter looming auditory stimuli
could possibly be used to improve the effectivenelsauditory icons and earcons
usage. Auditory icons have already been shown t@fbese in a military aviation
context by Smith, Stephen and Parker (2004), wioaveld that participants were faster
to respond to auditory icons than they were toardo abstract auditory stimuli. One
of the auditory icons that they used was the safrah arrow to signify a surface to air
missile; another sound was a call of a bird of greindicate the presence of an enemy
fighter. If these sounds were constructed to aklsdobming it is likely that response
times should be faster still. The same possibleragvgments should also be applicable

to earcons.

5.6.2 Audio displays

Audio displays, used for navigation, targeting amadar tasks in a military
environment have already been shown to be imprbydte incorporation of 3-D audio
(Shilling, Letowski and Storms, 2000; Bronkhorsteltvhan and van Breda, 1996;
Oving, Vetiman and Bronkhorst, 2004; Tannen, NeldBalia, Warm and Dember,
2004; Parker, Smith, Stephen, Martin and McAn&l04). It is possible to envision
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these 3-D audio displays to be enhanced furthkrbstiooming auditory stimuli. For
radar operators, looming auditory stimuli could bged to effectively draw their
attention to new information, such as an enemyt enatiering controlled airspace, or to
warn of impending collisions. For targeting and aggment of enemy craft, a very
time-critical situation, looming auditory stimulouold be used to capture an operator's
attention, or used as a cue as to when an enemwitlén the optimal range of

engagement.
5.6.3 Controlled Flight Into Terrain and Spatiakdrientation

On the 2 of June 1994 a Royal Air Force Chinook, call skf40, crashed
into a hill in the Mull of Kintyre in Scotland kilhig all 27 crew and passengers on
board. This was reported as a case of ControllgghtHinto Terrain (CFIT) in which an
airworthy craft under pilot control is unintentidiyacrashed. While the exact cause of
F4J40's crash has yet to be determined one knowsecaf CFIT is spatial
disorientation.

Spatial Disorientation (SD) is where a pilot's semf the orientation of their
aircraft is temporarily out of sync with the craftactual orientation; this can lead to
pilots making corrections to the craft's orientatithat are, in reality, not needed.
Holmes, Bunting, Brown, Hiatt, Braithwaite and Hgan (2003) conducted a survey of
UK military aircrew personnel on their experiencé$SD. Of the 711 respondents, 21%
reported that they had experienced an episode oftHaD they would classify as
significant and that under different conditions Icdobave put flight safety under risk.
The results of this survey suggested that even wiiming SD is still a cause of
significant concern in a military aviation enviroan.

There have been attempts to use auditory warrnisigss to counter the effects
of SD; this has the added advantage of reducin@itlteew's reliance on instruments,
which generally require pilots to stop looking ofithe canopy and focus their attention
on the instrument panel. This of course can be radesirable action to perform in
certain situations. Wickens, Small, Andre, Bagm@altl Brenaman (2008) tested pilots'
abilities to correct their aircraft from an invettpitch down orientation. To help the

pilots perform the correct righting manoeuvre, oms trials they were presented with a
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voice command informing them to roll the craft leftright to correct the inversion; this
was followed by a second voice command to pullaumtrease the craft’'s altitude. The
results indicated that the vocal commands sigmfigareduced the amount of time it
took the pilot to perform the necessary correctivenoeuvres compared to a control
condition of using only the standard displays. Wllese are promising results, the use
of vocal commands can in some situations not beffastive as a tonal warning. The
pilot first has to understand what information peech is conveying, they may have to
do this in an already noisy environment and alsg have to contend with other voice
communications coming in over their headset. Usoaming auditory stimuli could
reduce some of these concerns. For instance, aqoildd be trained to know that the
pitch of a looming auditory stimulus indicates tharent pitch of their craft, i.e. a high
tone means they are pitching up, a low tone mdaag are pitching down, whilst the
side of their body that the stimulus is presentethdicates whether the craft is inverted
or not, i.e., the left side of their body means ¢het is inverted, the right side of their
body means that the craft is non-inverted. Thughdéy hear a low-pitched auditory
stimulus that looms to the left side of their badgy know that they need to roll their
craft and pull the nose up.

As stated before, looming auditory stimuli havee thenefit of capturing
attention which would be useful in a situation wh#re pilot has to perform correction
manoeuvres as quickly as possible. It should aésadied that it has been shown that
auditory localisation, a prerequisite to know whare auditory stimulus is looming
from, can be maintained under sustained +G acdelerNelson, Bolia and Tripp,
2001). This is beneficial from the point of viewattooming auditory stimuli would still
be perceived even if pilots are suffering from gnaty a condition where one's vision
becomes dimmer, which can lead to SD (Braithwdenford, Crowley, Rosado and
Albano, 1998).

5.6.4 Force XXI Battle Command Bridge & Below (BlEerce Tracking)
Looming auditory stimuli could be used to improvBlue Force

Tracker/Tracking (BFT) systems such as the Force Battle Command Bridge and
Below (FBCB2) system from Northrop Grumman. Thisteyn uses GPS to track
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friendly and hostile units that are displayed osceeen. It has the ability to inform the
user of the location of both friendly and hostileits as well as other geographical
features such as minefields and installationsait generate warnings to inform users
when they are approaching locations that requeeuier's attention such as a way-point
on a map. Looming auditory stimuli could be usedapture the attention of the user to

improve the response times to critical events.

5.6.5 Boomerang

Boomerang, a mobile shooter detection system dedigoy DARPA, uses
acoustical information from the environment to detéhe location of a weapons
discharge and thus hopefully the location of thesqe firing the weapon (if they are not
using a remote firing system). This system can tinéorm the user where they may
need to direct returning/suppressing fire. One h&f mmanners in which the system
informs the user where the shot has come from therform of voice announcements
such as 'shooter at 6 o'clock’. If the system pteseice announcements and the user is
in control of a Stabilised Weapon And Reconnaissakiount (SWARM) Remote
Weapon Station (RWS), looming sound could be useinprove the user's response
time. A combination of the voice announcement floams may capture the user's
attention and reduce the time it taking to bringap@ns on target.

5.6.6 Future Integrated Solider Technology

If mobile shooter detection systems are reducedsine sufficiently to be
wearable by individual soldiers, it could be impkarted into the Ministry of Defence
Future Integrated Solider Technology (FIST) PrograRuture soldiers’ helmets
incorporating multi-directional audio systems cole envisioned that could be fed
information by a Boomerang type system. Thus whemnid comes under fire the
Boomerang would detect where the shot originatethfand inform the solider of the
location of the shooter. This information could peesented to the solider using

looming auditory stimuli or a voice stating directiof shooter.
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5.7 CIVILIAN APPLICATIONS

It is not hard to see how the military applicasoof looming auditory stimuli
could also be transferred to the civilian sector. thaffic control systems could be
improved by using looming auditory stimuli to aleat controller about possible
collisions between craft. Civil aircraft could bébdrom the same improvements in
navigation and warning systems that military craftuld have. Looming auditory
stimuli could be incorporated into warning systamsars to warn drivers when the car
ahead of them has braked sharply. In fact mostiGgimns that apply in a military
environment, short of targeting and engagemenyldhme able to cross into the civilian

domain.

5.8 SUMMARY AND CONCLUSIONS

The results of the experiments of Chapter 2 indatahat moving auditory
stimuli that were task-irrelevant did not facilgaparticipants’ motor responses to a
visual target. The results of Chapter 3 also shothatimoving auditory stimuli did not
consistently facilitate motor responses thougheheere facilitation effects from bi-
modal stimuli as well as from hemifield effects.@hapter 4 there was also facilitation
from bi-modal presentations as well as hemifieltk@b but the main result was that
motor responses did appear to be facilitated bynlog auditory stimuli that were
completely task-irrelevant. These findings indicdtat moving, particularly looming,
auditory stimuli may be a good candidate for impmgwime-critical motor responses in

military or civilian environments.
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Appendix 1
Experiment | Audio Visual Type| Trial Type Cohen's D ask
Three SOA 250 Congruent vs Incongruent  0.19 LRT
Congruent vs Static 0.37 LRT
Four SOA 250
Congruent vs Incongruent 0.56 LRT
Five No Sound vs Sound Congruent vs Incongrugnt 6 0.1
Six SOA 250 Congruent vs Incongruent  0.24
Median 0.24
Loom vs Static 0.28
Seven No Sound vs Sound _
Loom vs Receding 0.25
SOA 500 Loom vs Receding 0.21
Eiaht SOA 1000 Loom vs Receding 0.25
[
J SOA 1000 Loom vs Static 0.26
No Sound vs Sound Loom vs Receding 0.12
) Loom vs Receding 0.28
Nine No Sound vs Sound .
Loom vs Static 0.19
No Sound vs Sound Loom vs Receding 0.15 Detection
Ten No Sound vs Sound Loom vs Receding 0.13 Choice
SOA 1000 Loom vs Receding 0.22 Choice
No Sound vs Sound Loom vs Receding 0.28 Detection
Eleven No Sound vs Sound Loom vs Receding 0.29 Choice
No Sound vs Sound Loom vs Static 0.32 Choice
Median 0.25
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