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Abstract

Abstract

Hand perception, akin t@aceperception, enables the discernmami communication

of human intentions or emotionsVhilst face perceptionhas beenextensively
investigated in terms of cognitive and neural procesaesh less is known abotite
cognitive processes and neural activations associatedhanttperceptionwhich this

PhD project aims to study. Tlhoject posits two primary questions: (1) Are viewed
hands particularlyhands with distorted finger postures, such as those that may occur
after an accident, exceptionally salient? Are hands with distorted finger postures
guantitatively more salient than hands with natural finger posturesi® {@ere a
particular cognitive process underlying this attention, such as the activation of the
viewer's sensorimotor cortex as seen in automatic mental simulation, and are there
distinct cognitive processes or brain activation patterns involved in giogetistorted

finger postures compared to natural finger postures? Despite the potential significance
of hands in revealing intentions or emotioas,opposetb the potential ofaces,this

issue has received considerably less research attention, partycuegarding the
perception of distorted finger postures, which remailasgely unexploredssueapart

from a limited number of studies focusing on brain activation.

The aim of this thesis is to employ visual search and eye movement paradigms
to investigate the processing of hands and, in particular, distorted finger postures. By
examining how people visually search for and attend to these stimuli, we seek to gain
insights into the underlying mechanisms involved in perceiving and processing
distorted finger posturesA further aim isto address how salient information is
processed by means of automatic mental simulation in the Simon task and motor

cognition tasks. Inddition to behavioural measures, previously acquiEéds data
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were also analysed in this thesis to detect motor cortex activation as a correlate of

automatic mental simulation in the perception of hands with distorted finger postures.

From theresultsof the visual search and eye movement tdEkperiments 1,
3 and 5)the main finding of this researclrethat the hand images were more salient
thanthewhole body images, both in active and passive vision. In addition, in the visual
search and eye movement tagkgperiments 2, 4 and @Jedistorted finger postures
were found to be more salient thhenatural finger postures, both in active and passive
vision. Fromthecontrol experiments (Control Experiments 1, 2 and 3), therfgsdare
that the salience of hands was not causedffiegtive reactiomnd arousahorby limbs
with similar anatomic structureResults from the Simon task and the hand laterality
judgement tasks (Experiments 7 to 10) both provide consistent evidence supporting the
occurrence of automatic mental simulatidn.is evident that automatic mental
simulation for hands occurs in the Simon task. Additionally, evidence was found in the
hand laterality judgement tasks supporting automatic mental simulation for both hands
(together) and for a single hand. However, iswat evident that automatic mental
simulation occurred for individual finger images when participants were instructed to
respond with their corresponding fingefhe analysis of th&EG data revealedo
interactionin mu oscillationdbetween the facto stimulus typghand anahair, with
the chair serving as the control stimyluand configuration (distorted and
natural/standardgndno difference in mu oscillatiabetween the viewing of distorted
and natural finger postures; however, a trend in differences in mu oscillations was found

between the viewing of distorted and natural sh&joeshe factor of configuration)

In conclusion, this PhD research demonstrates that viewed hands, particularly

those with distorted finger postures, exhibit heightened salience in visual perception
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tasks, suggesting the involvement of automatic mental simulation procEissssthe

PhD project explores the cognitive and neural mechanisms underlying hand perception,
focusing specifically on distorted fingers. This study aims to elucidate why these
distorted finger perceptions occur and what insights or conclusions canreatraut

neural processing and cognitive functions related to these distortions.
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Chapter 1 Introduction

This thesisexploresthe significance of harsdvith distorted finger postures and their
visual mechanisms as they pertain @aotomatic mental simulation. The research
findings contribute to the ongoing development of knowledgeut human body
perception ad aitomatic mental simulation. The introductory chapter is organised into
six sections. The first section focuses on the salience of hands, examining their
importance in human communication and interacfidre role hands play in conveying
norverbalcues and their involvement in the perception ottoand manipulation of
objectsis discussedThe second sectioaxploresthe salience of distorted finger
postures. Here, the focus is on the significance of recognising and interpreting
implausiblehand and finger configurations. Thisctionincludes the impact of such
postures on human perceptiohhe third sectionexploresthe automatic mental
simulation of handsnd elaboraés on how the brairautomatically processes and
generates mental representations of hands and their moveifigistsectionexplores

the neural mechanisms underlyiagitomaticmental simulation and the roldis
simulationplays inunderstandindhand actions and interactions. The fourth section
outlinesthe thesis, presenting the overall structure and organisation of the research. It
details the specific chapters and sections that follow the introduction, offering a clear
roadmap for the reader. The fifth section presents the research aim of thistitesis
highlights the purposedo befulfilled through the investigain. Thissectionidentifies

key questions, the meth®dmployed, and the expected contributioredeto the field

of human body perception automaticnental simulationThe final sectiondescribes
theimpactof theCOVID-19 pandemic restrictionandtheadaptatios andchangeshat

were made to ensure that the integrity and validity of the study were upheld.
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Chapter 1
1.1 Are Hands Salient in Visual Perception? Why Might There be Specific

Responses to Hands?

Hands are salient in the visual perception of the human body. The literature on this topic
is extensive. This section compares the differences between the responses to hands and
the responses to whole bodies (without heads) using physiological evidesaed, vi
search and eye movements. An overview of the literature that relates to the work is

presented in the following sections.

1.1.1 Are handssalient like faces?

Faces are very important in social interaction and communication and are processed in
preference to inanimate object&dure 1-1) (Horstmann, 20072009. To date, face
perception is believed to differ from the perception of hands, whole bodies and
inanimate objectgKanwisher & Yovel, 2006Tsao & Livingstone, 2008b Because

faces can reveal considerable information, they serve as a tool for interacting with
others. The importance of faces in human body perception (in this thesis, human body
perceptionincludes hand, face, and whole body perception) is thought to be unique
(Jack & Schyns, 2012017. However, it is now being found that other parts of the
human body might play a more important role in visual processing than previously
thought and that they might also play an important role in communication and social
interaction(Edey, Yon, Cook, Dumontheil, & Press, 20Eowden, Schuster, Keating,

Fraser, & Cook, 2021
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Figurel-1 Examples of human facial expressions
The human face can express more emotions than any other part of the human body
(Cowen & Keltner, 2020Kurdi, Lozano, & Banaji, 2007

Evidence indicates that both the face and the body are equally effective for
detecting the presence of persons in natural scenes. This suggests that the body, as much
as the face, is crucial in identifying other, which is foundational for social intamactio
(Bindemann, Scheepers, Ferguson, & Burton, 20litni, 2020). Consequently, it is
important to assess the factors related to human body perception, hand perception in
particular. There are several reasons for isolating hand perception from human body
perception. Firstly, research results can improve the understasfdiagd expressions
in social perception and the understanding of human communication through gestures.
These results contribute to the understanding of how nonverbal behaviours relate to
communication. For example, hands are used to emphasise thermedsalge and to
direct the interlocutorés attention. As
have a higher status in social perception than other parts of the human body (excluding
faces): in other words, hands have a special s{@astmill, Beilock, & Goldin

Meadow, 2012Cochet & Guidetti, 201.8Nilmut, Wann, & Brown, 2006 Seconty,
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humans have exceptional manual dexterity (as do other primalies)ing themto
manipulate object¢Bracci, CavinaPratesi, letswaart, Caramazza, & Peelen, 2012
Bracci, letswaart, Peelen, & CaviRaatesi, 2010 When humans learn to use new
tools, they pay special attention to howitleand handle the obje¢Bracci et al., 2012
Bracci et al., 2010 Notably, visual control is used wisil performing an actioro
monitor and adjust therientation of the hand, even wdtilperforming seemingly
simple grasping movements. Given the particular importance of the hand in our ability
to interact with the environment, the question arises whether the hand may be
preferentially represented humanvisual behaviou(Bracci et al., 2012Bracci et al.,
2010. Humans are experts in interpreting hapubturegMataric & Pomplun, 1998
Morrisey & Rutherford, 2013 Indeed,human proficiency in hand recognition is
typically acquired at an early developmental stage, as infants engage in the practice of
visuatmotor coordination through observation of the hand movementsthafrs
(Adolph & Franchak, 201, 7Franchak, Kretch, & Adolph, 20L7As early as a few
months old, infants instinctively use various hand gestures and pay more attention to
the hand movements of others than relying dm e  ®ghzle aanéto orient attention.
Hands play such an important role in social and cognitive development that they
may benefit from special processing, similar to that of f@8enju et al., 201,F essari,
Ottoboni, Mazzatenta, Merla, & Nicoletti, 2012dditionally, it is observed that adults
tend to pay considerable attention to the hand movements of others during social
interactiongFestman, Adam, Pratt, & Fischer, 20¥W8emers & Fischer, 20)6Hands
are essential social signals that contribute to the clarification of intentions and feelings
(Bracci et al., 201,0Espirito Santo, Maxim, & Schirmann, 2017
Since 1969, the phenomenon of visual perception of hands has been an area of

concentrated academic inquiry and empirical investigqténoss, Bender, & Rocha
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Miranda, 1969 A study in nonhuman primates hdesmonstrated that certain neural
populations within the superior temporal sulc8% 9 exhibit pronounced responses to
visual stimuli resembling primate hand silhouettes. This suggests that these neural
ensembles might preferentially respond to stimuli with Hgwd characteristics,
indicating a specialisation in identifying hand shaj@&®ss et al., 196%ross, Rocha
Miranda, & Bender, 1972Further investigations into the visual processing systems of
primates have reinforced the significance of the STS in resiogrmiomplex biological
shapes. The pronounced neural responses toltkangilhouettes suggest that the STS
contains speciakedneurons dedicated to processing socially and biologically relevant
visual stimuli without reliance on motion cugary, Vogels, & Orban, 1993 anaka,
1996. This specialiation may be a result of evolutionary pressures, as the ability to
recognsehand shapes is crucial for interpreting gestures angdembalcommunication

in social interactions among primat&oreover, the selectivity for hand shapes in the
STS is part of a broader pattern of neural spesgtiinfor body parts and faces,
indicating that this brain region plays a central role in féykel visual perception. The
recognition of hand shapes contributes to an individual's ability to understiaars'
actions and intentions, which is essential for cooperaebavioursand social
cohesion within primate groups.

Hand and body postures complement one another in emphasising words and
expressing feelings. Hand pointing gestures are an essential element in human
communication, drawing attention to an intended spot or of¢etbort & Kunde,

2016 2018. The ability to point is an important skill for humans, as it is one of the
primary ways humans communicate with others. Hands are the next feature that humans
notice after faces when they look at some(ffeusey, Jayaraman, & Smith, 2016

Effective processing of visual information from hands is crucial from an evolutionary
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and social standpoirfAxelsson, Robbins, Copeland, & Covell, 2Q2&arian, Esser,
& Peterson, 2016 Numerous studies have been done on how the brain reacts to faces
and whole bodies, whilst for hands, brain activity during the processing of visual
information from hands, which is extremely noticeable in social perception, is
comparatively poorly undeisod. Moreover, there has been virtually no research on
hand postures with visual search and eye movements to measure human behaviour.
Although it is known that hands are a salipattof the human body, it is not known
how strong the salience of handsas compared to the salience of other parts of the
human body, nor is the underlying mechanism of hand perception kilovaddress
these gaps in understanding, this thesis proposes a series of experiments using visual
search tasks and eye tracking methods to quantify the salience of hands compared to
other body parts and elucidate the underlying mechanisms of hand perceptio

Research on hand perception has been ongoing since 1969, with significant
developments in the past few decades. Studies have revealed that the brain mechanisms
for hand perception are distinct from those for whole body percef@mnning, Jiang,
Shuman, & Kanwisher, 200Downing & Peelen, 2018orrisey & Rutherford, 201,3
Peelen & Downing, 20097 Although much research has focused on the study of hand
perception to better understand the role of the hand in the visual perception of human
bodies, most studies in the field of hand perception have focused only on physiological
research and not on uial search research or eye movement research. However, the
results of physiological research cannot be used to fully explain explicit human
behaviour in response to hand stimuli. This problem requires an alternative approach

using visual search tasks angdracking methods.
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Figurel-2 Examples of hand gestures
They attract considerable attention. Images source lftertzberg People,
Toastmasters

Figurel-3 Examples of hand postures.
Like hand gestures, they attract considerable attention. Images faunce
ToastmastersWikipedia.

Hand expressions are categorised as hand gestures and hand postures in this
thesis(Vicario & Newman, 2013Wood, Martin, Alibali, & Niedenthal, 20)9At this
point, it is necessary to clarify what is meant exactly by hand gestures and hand postures.
Hand gestures are hand expressions which communicate considerable social

information, whereas hand postures are hand expressions which show little social
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information, as can be seen in the figures abBigu(e1-2, Figure1-3). Despite this,
boththand gestures and hand positions attract considerable attention from observers
(Driver & Spence, 1998Kendon, 1994 In this thesis,only hand postures were
investigated because of the possible interference from additional social information

carried by hand gestures.

1.1.2 Predictions for theresponsadifferencesin visual perceptionbetweenhands
and whole bodies

This thesis set out to test the prediction that response differences between hands and
whole bodies are significant in visual search and eye movement tasks. The prediction
regarding visual search tasks what theaverage reaction time amdficiency of the

visual search of handgould be different to thaof whole bodiesThis difference was

thought to be caused by the difference between the attention given to hartdatand

given towhole bodies in both active and passive visibme prediction regardingye

movement tasks was that teaccade latencies and error rates for hands and whole
bodies would vary. To clarify whether there were differences of attention in active
vision between hands and whole bodies, the effect of passive vision had to be excluded

as active vision cannot be iatéd from visual searcihh e t er m dacti ve Vi
on the sequential nature of visual information intékandlay & Gilchrist, 200),
concentrating explicitly on the effect of
receiving visual information passively, explicitly concentrating on situations without

the intervention of eye movemer{tsuna, Velanova, & Geier, 20Q®ucci & Victor,

2015.

1.1.3 Isthereevidence for thedistinctions between theeffects ofhand andwhole
body images inphysiological studies?

A considerable number of studies have investigated how the brain processes visual

stimuli, faces and whole bodies in particular. Comparatively little is known about brain
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activation during the visual processing of hands, although a few studies have been
conducted on this topi(Bracci et al., 2010Downing et al., 2001Espirito Santo,
Maxim, et al., 2017Peelen & Downing, 2005 Some physiological studies provide
evidence that hansensitive areas are distinct from the extrastriate body area, which is
a specific brain region responding to whole bodaeslthat they aralso distincfrom
the fusiform body area, a specific brain region respondingdiwidual parts of the
human body€.g.,limbs) (Bracci et al., 201,0Downing & Peelen, 20)1In this study,
the brain demonstrated hemispheric lateralisation taiseal stimuli of handsand
whole bodiet( hencef orth o6handsdé6 and o6whol e bod
responses to hasdnd whole bosin the lateral occipital sulcus in the left extrastriate
visual cortex, which partially overlapped witte left extrastriate body arg®racci et
al., 2010). Thidatter region responded most strongly to hands, followed by robotic
hands, fingers, then feet; however, its response to assorted body parts (including arms,
legs and torsos) was not significantly different for égiple ofbody part. In compason,
the rightextrastriate body are@sponded more strongly to all nonhand parts than to
hands. This shows that a hasehsitive area can be identified in the fMRI, consistent
with the priority processing of visually perceived hands.

Some studies have shown electrophysiological evidence for-dearsitive
brain activation, arising at an early latency: N1 response, which is one of the event
related potentia(ERP) components, in which the latency of the hands (174 ms) is
significantly different from the latency of the faces (173 (ESpirito Santo, Maxim,
et al., 2017 Thierry et al., 2006 ERPsare small changes in electrical brain activity
related to an event and are revealed by averaging many periods that doekieaeto
the event by electroencephalography (EERQssion, 2014Rossion, Retter, & Liu

Shuang, 2020 However, there is no significant difference in N1 response between the
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latency of hand§174 ms) andthat ofwhole bodies (174 ms). In addition, the findings

showed that th&RP amplitude of hands differs from tHeRP amplitude of whole
bodies, based on the results of haedsitive brain activation. Furthermore, tieP
evidence showedifferentamplitudes between faces and whole bodBsnparisons

of ERPselicited from faces and whole bodies have revealed distinct neural responses
in the lateral occipital or occipitotemporal areas. Faces typically elicit a negative
component called N170, which peaks at apprataty 170 ms posttimulus onset and

is most prominent over the visual cortex. This component, occurring betwe@9020

ms, reflects a transient increase in EEG amplitude in-tel3z range and is associated

with the conscious interpretation of an ingst a facgRossion, 2014Thierry et al.,

2006. In contrast, whole bodies elicit a similar but slightly later negative component
called N190. The N190 appears to generalise to some degree to schematic depictions
of the human form, suggesting that whilst the neural representations of human faces
and bdlies are intertwined, they remain functionally distir@hierry et al., 2006

These findings highlight the specificity of face processing in the brain whilst also

indicating a broader network for processing human forms.

1.1.4 Isthereevidence for thedistinctions between theeffects ofhand andwhole
body images invisual search?

In order to determine the effects of haraael whole bodiesn visual perception, it

would be beneficial to analyse how stimuli affect visual attention. This is because visual
attention, as demonstrated by visual seaeclversatile paradigm for studyirthe
intuitive and cognitive processesws$ual attentioncan indicate the salience of hands

and whole bodied he visual search paradigm has been used to study many phenomena.
Changing the search task can alter attention reactions. Attention selects and limits the
information available at various levels of process{dgng, 2018 Kruse, Bogler,
Haynes, & SchitBosbach, 2016 Two behavioural measures are of concern in classic
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visual search tasks: reaction time (RT) and accupaife, 2018. RT here is defined

as the time participants take to respond to the stimuli; accuracy here is defined as the
proportion of correct responses in a visual sedRarter, Troscianko, & Gilchrist,
2007).

In typical visual search tasks with RT measurements, stimuli are presented until
participants respond. There is little literature in visual search studies on comparisons
between different parts of the human bdeycludingfaceg, particularly comparisons
between hands and whdbedies neither traditional discrimination of visual patterns
nor rapid discrimination of visuglatterns( hencef ort h O6vi sual S ea
measurement sdé and oOvisual search tasks w
Although to date, little evidence has been found in visual search studies dissociating
hands from whole bodies, there is considerable literature on comparisons between faces
and nonface objectéGoold & Meng, 2016 Hershler & Hochstein, 20052006
VanRullen, 200§ which can inform research into hands and whole bodesvious
studiessuggest that it is possible to transfer RT and accuracy visual geaethigms
to investigate the difference between hands and wiazlees

In visual search tasks with RT measurements, evidence from the visual search
shows that faces haveGapopt ef fect d when they are em
objects, and also when among animal fgetsgshler & Hochstein, 2002006. Pop
out effecbrefers to the phenomenby which a unique visual target is rapidly detected
among a set of distractop@/olfe, 1994a219940. The RTs in visual search are different
when viewing different parts of the human body because the mechanisms for processing
thosedifferent partf visual information are different. The RT visual search task was
used to investigate and compare the-papeffect for hands, faces and whole bodies.

Participants were requested to observe a target in an arrangement of distractors. The
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mean RTs and RT slopes of the different targets (hands, faces and whole bodies) were
recorded. The mean RTs are the time that it takes to detecget amongst its
distractorgWolfe, 2018 Wolfe, Palmer, & Horowitz, 20)0The RT slopes show the
efficiency in detectin@target amongst its distractqi/olfe, 2020 2021).

The underlying mechanism for the popt effect is parallel search. In parallel
search, all itemétarget and distdorg shown are processed in parallel (i.e., all items
are processed simultaneously) and without capacity constraints when isgaiah
targets among thosdistractorg(Treisman, 1985Wolfe, 201§. In this case, the pep
out effect occurs. Whereas, in serial search, all items shown are processeidlin
fashion(i.e., all items are processed singly) and are shown with capacity constraints
andthere isno popout effect. In recent years, researchers have not categorised their
results into absolute parallel search or absolute serial search, as this distinction is
considered too rigidn addition,some visual searches can show an overlap between
parallel search and serial search. This overlapped area is now being deasribed
0 e f f i(Woifege 2018&Volfe, Vo, Evans, & Greene, 20)L1n this case,ie popout
effect describes the situation when the RT for the detection of the unusual component
is dissociated from the number of distract@meisman, 1985Treisman & Gormican,

1988. Here, he popout effect is a determining factor in high efficiency, and therefore
parallel search has the highest efficiency in visual search.

Visual search studies indicate that faces trigger parallel search rather than serial
search with distractors which are inanimate obj@desshler & Hochstein, 2002006.

The RT slope for faces shows parallel search witthidjeestefficiency. Many studies
have investigated facesingvisual searchasks and have confirmed the presence of
parallel searcliGoold & Meng, 2016Hershler & Hochstein, 2002006 VanRullen,

2006. Like the human face, other parts of the human body are rich sources of socially
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relevant information about individua{&oold & Meng, 2016Hershler & Hochstein,

2005. Different cognitive models for visual search, based either on the dynamics of
attention or on the similarity of object representations in visual processing, are evident
for different parts of the human body and explain diféerentspeed and accunac
recordingsof visual searcl{Kotowicz, Rutishauser, & Koch, 201@elinsky, 2003.

Thus, this thesis used visual search tasks to investigate whether there was a difference
between hands and whole bodies in visual search efficiencies. The purpibee of
research in tis PhD project is to determine whether the hand is more salient than the
whole body in visual search tasks. To this end, visual search experiments are conducted
in which participants must identify a target image among several distractors.

In visual search tasks with accuracy measurements, the stimuli are presented
quickly, with an exposure of less than 200 ms, to avoid any participant eye movements
(Wolfe, 2000 2018. Accuracymeasurements can usefully supplement and extend RT
measurements, given that accuracy measurements are not affected by the issue of eye
movementdecausehe saccadic latencfonset time for eye movemé@ns more than
200ms. Eye movements do not occur if the duration of the presentation is less than
200ms (Findlay & Gilchrist, 2003 The visual search tasks with accuracy
measurements overcomegigimitations of visual search tasks with RT measurements,
with the latter processing stimuli from both active vision and passive \(Beyno &
Liversedge, 2020Kornrumpf, Niefind, Sommer, & Dimigen, 2018n contrast, the
visual search tasks with accuracy measurenwiyscollect data from passive vision

Compared to visual sears$of faces, visual searebof whole bodies and hands
are understudied areas; and little is known about the accuracy method tpypked!
searcles of human bodiegincluding faces) The experiment based dhe accuracy

methodis to assesthe differences and similarities between hands, faces and whole
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bodies in terms of passive vision. The effects of human body visual stimuli on RT
slopes are examined in Experimefitand 2 The visual search accuracy method in
Experimens 3 and 4is used toidentify the proportions of correct visual search
responses. In the visual search accuracy method, stimuli are presented rapidly (usually
defined as less than 2@@s) to prevent any voluntary eye movemgslopolsky &
Theeuwes, 2010Tyng, Amin, Saad, & Malik, 20%AVieser, Muhlberger, Kenntner

Mabiala, & Pauli, 2006

1.1.5 Isthereevidence for thedistinctions between theeffects ofhand andwhole
body images ineye movements?

Eye movements are partly governed by the properties of visual siiviotter &
Holsapple, 200;7Rolfs, 2015. Studies have shown that the neurological processes
underlying attention involve activation in the extrastriate visual cortical and anterior
temporal areaf_ane, Chua, & Dolan, 199®han, Wager, Taylor, & Liberzon, 2002

These same areas may also be implicated in the gaze patterns observed during the
viewing of human bodieGeiger, Niessen, Bente, & Vogeley, 20Mbrand, Grosbras,
Caldara, & Harvey, 2030Sogo & Osaka, 2007 Accordingly, based on these eye
movement studies, eye tracking is used to explore how stimuli related to the human
body govern attention with regard to vision. This area has received increased attention
because somstudieshave found that eye movementan be used to explain human
behaviour in higHevel cognition(Bonmassar, Pavani, & van Zoest, 2008quin &

Mueller Loose, 2018 However, there is a relatively small body of literature that is
concerned with eye movements regarding hands and whole bodiemate, despite
extensive searches of eye movement studies, little has been found comparing hands
with whole bodies. However, there is some literature comparing faces and nonface
objects.According to earlier studies eye movements can reveal attention shift
cognitive control mechanisms with hands and whole bd@Gieger et al., 201 Bchiitz,
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Braun, & Gegenfurtner, 20).1n this thesis, to determine whether eye movements are
affected by hands and whole bodies, saccade latencies and error rates were investigated.
Saccade | atencies and error rates, as Vi e
attention shiftfHeyman, Montemayor, & Grisanzio, 2QHoffman & Subramaniam,
1995 Zhao, Gersch, Schnitzer, Dosher, & Kowler, 2012

Currently, it is known that saccades are influenced byléwsl factors (e.qg.,
shape, colour, brightness or contrast) and Hegkel factors (e.g., identification of
stimuli or use of stimuli with differentaffective reactionand arousal (Rothkegel,
Schitt, Trukenbrod, Wichmann, & Engbert, 20Bthitt, Rothkegel, Trukenbrod,
Engbert, & Wichmann, 20)9Studies on lowevel influences are of great interemtd
there is a highly active research commuriRggarding eye movement control for parts
of the human body, eye movements have been found to be related to attention bias and
selective attentiofGeiger et al., 201 7Schitz et al., 20)1It has also been found that
attention bias and selective attention differ between emotional faces and neutral faces
and that attention bias and selective attention differ between hands and hand tools

(Morrisey & Rutherford, 201,3ReinholdtDunne et al., 2012
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1.2 Are Distorted Finger Postures Salient? Why Might There Be Specific

Responses to Distorted Finger Postures?

From previous sections, it is evident that hands are saliédntiman body perception.

In this section, the topic is extendedctamparedistorted finger postures amétural

finger postures (refeed to adiands irtheprevious sections). Distorted finger postures

are salient: that is, they attract considerable attention and cause unpleasant feelings. The
saliency of distorted finger postures has besamired in physiological studies
(Avikainen, Liuhanen, Schirmann, & Hari, 20@3pirito Santo, Chen, & Schirmann,

2017 Schirmann, Hlushchuk, & Hari, 20l However distorted finger posturdsave

been little studied in visual search and eye movements. Therefore, this section compares
the different responses to distorted and natural finger postures in physiological evidence,
visual search and eye movements. In the physiological evidence seaiggnthesis

and evaluation of distorted finger postures in brain research are described. In the visual
search section, the visual search tasks used in the investigation of distorted finger
postures are described. In the eye movement section, the eyadridd used in the

investigation of distorted finger postures is described.
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1.2.1 Are distorted finger posturessalient?

D car BYIST piT 20 12:44

Figurel-4 Examples of distorted finger postures following sports accidents

Image source: https://www.stack.com/a/gnaprtsfingers/

In social perception, distortions of parts of the human body caused by accidents are
highly salient stimuli and can malklee viewer feel uneasy (Schirmann et al., 2011).
Fourexamples of realvorld distorted finger postures are shown in the above pictures
(Figure 1-4). This section extends the investigation from natural finger posturas to
comparisonwith distorted finger postures. Reactions to distorted finger postures
(computergenerated images with distortéicigers) evoking affective reactionand
arousal were investigated. Some physiological studies have shown that distorted finger
postures produce negatirgactionand high arousalomparedo natural fingepostures
(Avikainen et al., 2003Espirito Santo, Chen, et al., 2QBthurmann et al., 2011in

the MEG experiment, extrastriate occipital areas of both hemispheres were activated
more strongly by distorted finger postures than by natural finger pogwisinen

et al., 2003 In the fMRI experiment, cortical activation was more sensitive to distorted

finger postures than natural finger postures with right lateralisation in the primary motor
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cortex, somatosensory cortex, amygdala, and in8dhtrmann et al., 2011n the
EEG experiment, thERP amplitudes of distorted finger postures were stronger than
those of natural finger postur@sspirito Santo, Chen, et al., 2017

Although there is some physiological evidence to suggest that distorted finger
postures evoke unique responglgikainen et al., 2003Espirito Santo, Chen, et al.,
2017 Schirmann et al.,, 20}1research investigating the topic of distorted finger
postures in visual search or eye movements is scarce and suffers from a lack of clear
and weltestablished literature, and the mechanisms underlying visual process and eye
movements are still poorly derstood. It is, therefore, currently difficult for researchers
to predict and describe human behaviour responses to distorted finger postures.
Although it is known that distorted finger postures are more salient than natural finger
postureqAvikainen et al., 2003Espirito Santo, Chen, et al., 20 5chirmann et al.,
2011), it is unknown how strong the salience of distorted finger postures is compared
to other parts of the human bodgrwhat the underlying mechanism of distorted finger
posture perception i¥herefore, distorted and natural finger postures were investigated
using visual search methods and pupillometry.

Over the last decade, distorted finger postures have bHeerfocus of
investigaion in some literaturewhere it has been noted that there is different
physiological evidenc MEG, fMRI and EEG evidencejor the differen brain
responseto distorted and natural finger postuf@sikainen et al., 200ZEspirito Santo,
Chen, et al., 202z 7chirmann et al., 20L1More specifically, different brain regions
respond to distorted and natural finger postures, anBRsof distorted and natural
finger postures are differem the occipital cortexAlthough many researchers have
focused on the study of distorted finger postures to better understamdlelof

distorted finger postures iresearch on hand perception, most studies in the field of
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hand perception have focused only on physiological research and not on visual search
research or eye movement research. This problem reqnredternativeapproach
providing a fresh viewpoint and potentially shed light on the underlying factors

influencinghumanbehaviourin relation todistorted and natural finger postures.

1.2.2 Predictions for the responsedifferences in visual perception between
distorted and natural finger postures

This thesis set out to test the prediction that the response differences between distorted
and natural finger postures are significant in visual search and eye movement tasks. The
prediction regarding the visual search task was that the average RT amheffiof

visual search for distorted and natural finger postures would be different. The difference
was thought to be caused by the varying degrees of attention given to distorted and
natural finger postures in active and passive visidre prediction wa that saccade
latencies and saccade error rates would vary depending on the direction of gaze shifts
between finger postures in the eye movement tasks. Specifically, the anticipation is that
saccade latencies and error rates would be higher when pantiscgtafted their gaze

from natural finger postures to distorted finger postures, compared to when shifting
from distorted to natural finger postures. Active vision emphasises that visual
perception is an active process involving continuous interactiavebetthe observer

and the environment. The role of cognitive resources in processing sensory information
and how attentional allocation affects perception and action. When participants shift
their gaze from a natural to a distorted finger posture, thepeated visual and
proprioceptive input conflicts with their prior expectations formed through everyday
experiences with natural hand configurations. This mismatch requires additional
cognitive processing to interpret thalientsensory information and demds increased
attentional resources. Tasks involving higher perceptual load consume more attentional
capacity, which can slow down processing and increase error rates. The distorted finger

38



Chapter 1

postures present a higher perceptual load due to $iadienceand complexity,
necessitating greater attentional allocation. This increased demand on attention during
the shift from natural to distorted postures contributes to longer saccade latencies and
more errors.

In addition, regarding eye movement tasksyats predicted that the index of
fixations for distorted and natural finger postures would also be different. Finally, the
prediction regarding the pupillometry underlyitige eye movement tasks was that
pupil dilation for distorted and natural finger postures would be diffe/emteye
movement task was conductedarder to clarify whether there were differences of
attention in active vision between distorted and natural finger postures, as this task

excludeshe effect of passive vision, which cannot be isolated in a visual search task.

1.2.3 Is there evidence for thedistinctions between theeffects of distorted and
natural finger postureimages inphysiologicalstudies?
It is known that theextrastriate body ares involved in whole body and hand

perception and that thERPsin response to viewing whole bodies and hands are
different(Downing & Peelen, 201 Espirito Santo, Maxim, et al., 20L7n addition,

Santo et al. suggested that the visual processing in the brain for distorted finger postures
was different from the visual processing for natural finger post{igsgirito Santo,
Chen, et al., 2007 StrongefERP amplitudes were found for distorted finger postures
compared tathose ofnatural finger postures but not ftmose ofdistorted chairs
compared to standard chairs. Therefore, it was likely that the streRjamplitudes

were not indicative of a visuospatial process response to a distorted $hape.
findings suggest that body distortions, including distorted finger postures, lead to
specific changes in brain activitin particular, beir findingssuggestedhat the brain
respandsdifferently to body distortions compared to object distortiartgs deduction

was further supported by results showing that viewers processed the visual information
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from distorted finger postures differently to the visual information from natural finger
postures.Although N1 modulation occurred in both hemispheres, it was strongly
lateralised in the right hemisphere, which is often associated with emotional processing.
This suggests that the distorted finger postures may have been emotionally charged
stimuli. Theseresultsalignedwith the privileged position of hands in visual processing

as highly salient parts of the human body, whidistortions engaging neurasources

that were specifically activated for stimuli related to the human body in social
perception.

Some research suggests that a kselgctive region is as powerful in
generalising abstract image formats of whole bodies as as#deetive region is in
generalising abstract image formats of fa¢Esgell & McCarthy, 20132014.
Functional magnetic resonance imaging (fMRI) studies have identified the fusiform
face area, a region in the ventral occipitotemporal cortex specialised for facial
processing. This neuroanatomical specificity suggests that facial features possess a
unique neural representation distinct from other bodily featy@sbbiconi, Jurilj,
Gruber, & Vocks, 201 6Ku ni ecki , Wogdgoszyn, Do.mahgal i k,
human brain, the visual processing of faces is separate from the visual processing of
whole bodies. The former involves the fusiform face area; the latter involves the
extrastriate body aredore specifically, the visual processing of faces involves the
fusiform gyrus and part of the temporal lobe; the visual processing of whole bodies
involves the inferior occipital gyrus and inferior temporal lobe. The anatomical
differences between the giens responding to faces and whole bodies indicate a
functional difference between these regidisylor, Wiggett, & Downing, 20G7
Thierry et al., 2006 Theextrastriate body aremas originally assumed to be dedicated

to the processing of visual information from human bodies (i.e., the parts of the body
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excluding the face)Downing et al., 2001Kuhn, Keizer, Rombouts, & Hommel, 2011

Urgesi, Berlucchi, & Aglioti, 2004 However, more recent research has found that the
extrastriate body aresdedicated to the processing of visual information from the body

as a whole and that this region is overlapped by the region dedicated to the processing
of visual information fromnatural finger posture@racci et al., 2012Bracci et al.,

2010. This finding is supported by fMRI studies that show increased activation in this
region when participants view images of hands and fingers in various postures
compared to control images.

There is a growing body of literature that recognises that distorted finger
postures evokaffective reactiorand arousal in the same way that emotional faces
evoke emotiongArienzo et al., 2013Madsen, Bohon, & Feusner, 201®revious
studies on distorted finger postures have been conducted using electrophysiological
responses and neurological research, such as magnetoencephalography (MEG), fMRI,
and EEG(Avikainen et al., 2003Espirito Santo, Chen, et al., 20Bthirmann et al.,
2011J). Avikainen et al. compared the neuromagnetic cortical activation in MEG elicited
by distorted and natural finger postures and found that the extrastriate occipital areas of
both hemispheres were activated more strongly by distorted finger postures than by
natural finger posturg#\vikainen et al., 2008 Avikainen et al. (2003)dicated a top
down effect of emotionaleactionon the processing of unusual hands (i.e., distorted
finger postures) in the extrastriate visual cortiye tothe enhanced extrastriate
activation that was recorded. When enhanced extrastriate activation occurred,
amygdalar activation occurred at the same time. Amygdalar activation could be
expected to be analogous to the activation observed after viewing disturbing stimuli
(Avikainen et al., 2008 It has been suggested that hand perception is related to social

perception. Distorted finger postures are perceivedinaglausible and this
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implausibility affects how visual information is processed in social perception
(Schurmann et al., 20L1Activatiors in the primary motor cortex, the postcentral
somatosensory area and the amygdeaae higher in response to viewing distorted
finger postures than when viewing natural finger post(fekirmann et al., 201t

has been demonstrated, in the aforementioned references,intpiusibility,
particularly physicaimplausibility, evokesstrongeremotions in people. Thus, it can

be deduced that perceptual salience is higher in response to distorted finger postures

than to natural finger postures, as the viewers may instantaneously feel uneasy.

1.2.4 Is there evidence for thedistinctions between theeffects of distorted and
natural finger postureimages invisual search?

Hands contribute to the expression of emotion in human communication. When a
speaker gives a lecture, humans notice not only the emotional expression on the
speaker6s face but al so ttheebhamdnogieseshal
(Gullberg & Holmgvist, 2006 Gullberg & Kita, 2009. Hand gestures imply
communicative gesturé&rauss, Chen, & Chawla, 199Krauss & Fussell, 1996In
addition, insulting hand gestures can evgiaeticular emotions (Flaisch, Hacker,
Renner, & Schupp, 20)1In a study, emotional effects were reflected in distiBBP
modulationgFlaisch et al., 2001 Negative hand gesturesich as insultgppeared to

be more potent than positive hand gesturescating approvalinducing a heightened

state of attention during the processing stages implicated in stimulus recognition and
focused attention. However, it is not only the insult hand gestures that affeive
reactionand arousal in viewerdistorted finger postures, as amplausible body
configuration, also often induce an uncomfortataeling It is of interest whether
distorted finger posture®flect particular patterns of distortiwalated processing in

visual search.
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Affective reactiorand arousal evoked by stimuli play a crucial role in the social
perception of body imageAffective reactiorrating in these experiments refers to the
negative or positive reaction to the stimuli; arousal rating here refers to the emotional
excitement that the stimuli evok@urdi et al., 201)y. For example, whilst it is
commonly recognised that the human body, particularly facial expressions, can evoke
emotions, one could underestimate the emotional responses triggered by hand gestures.
However, not merely the gestures but the nature of the pastires themselves,
especially when distorted, can influence emotional reactions. This link between
distorted hand postures and emotional response highlights nonverbal communication's
subtle yet profound aspect.

Hands are processed in several brain regions, namely, occipital, parietal, and
temporal. These regions include areas near the superior temporal and intraparietal sulci,
which have beendentified asbeing parts of the neuronal network involved in social
perception(Bentin, Allison, Puce, Perez, & McCarthy, 1998owning et al., 2001
Langton & Bruce, 20001t has been shown that, like faces, hands play a critical role in
the social perception of human bodies. This has led to the speculation that hands are
important for social perception because viewamnticipatehandactions, or because
viewersareprepared for hands to be used for gestures. Attention to staticheyyksts
that staic handsalso communicateémportant informationDe Stefani & De Marco,

2019. In addition,like facial expressiondjand areimportantbecause parts of the

body which are not covered reveal mooenmunicative informatiothan those which

are. When uncovered, those parts which have more degrees of freedom of movement
convey more information, for exampheands and faces compared to tor&evelas &

Chovil, 20049.

43



Chapter 1

To measure attention, visual search tasks have been used which typically
involve an active scan of the visual environment for a target object or feature among
other distractor objects or features. One of the mostkmelvn tools for assessing
visual sear is to measure RT. After a thorough literature search with the keyword
6di storted finger postureso, no studies
search were found.he experimentsn this PhD projecwill try to show the effect of
distortedand natural finger postures on visual search basgaemousstudieswhich
compaed control conditions: faces and nonface objects in visual sg@obld &

Meng, 2016 Hershler & Hochstein, 200%nd distorted and natural finger postures in
brain researcfEspirito Santo, Chen, et al., 2017

Despite the lack of evidence to date regarding the distinctions betiveen
effects ofdistorted and natural finger posturessisual searchit is possible to refetio
the distinctions betweethe effects ohands and whole bodiés visual searchthus
drawing on brain researcmethodology In brain research methodologhe order of
investigation is to first compardistinctiors betweenthe effects ohands and whole
bodies and thethosebetween distorted and natural finger postufiggerefore, it is
possible to conduct experiments to obtain evidence of the distinctions between the
effects of hands and whole bodies in visual search before conducting experiments to
obtain evidence of the distinctions between the effects of distortedaancdhl finger
posturesn visual searchThe approach to understanding the effects of visual search
involves a strategic progression from broad to more specific research areas. Initially,
the focus is on the effects involving hands and whole bodies, providing a foundational
understanding beforeetVing into more precise areas like the impact of distorted versus
natural finger posturedAlthough similar effects might be observed with other body

parts, such as broken, dislocated, or distorted legs, arms, or even necks, andthis mig
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be interesting and important, and could provide the subject of related-iglictudies,
this thesis does not investigate them due to content limitations.

This layered approach, starting with broad categories and diving into their
specifics,ensures that any findings in the focused areas are appreciated within the
context of the broader categories. This sequence also aids in the elimination of
confounding variables; by first investigating the impact of hands versus whole bodies,
some baselinesare establishedFurthermore, this methodology allows for an
incremental contribution to the knowledge. The insights gained from the first study can
guide the design and interpretation of the second studystwiind findings from the

latter would incremeetally enrich the understanding developed from the first study.

1.2.5 Is there evidence for thedistinctions between theeffects of distorted and
natural finger postureimages ineye movements?

Eye movements are partly governed by the property of the s{ivhotier & Holsapple,

2007). Based on this statement, eye movement tracking is a suitable technique to
explore the effestof distorted finger postures on perception. This experiment recorded
6fi xationsd amekperimerdat setap) éxations provide irdormation
about how and when humans allocate their atter(liom & Lin, 2014; Nelson &
Mondloch, 2018 whilst saccades offer information regarding how rapidly humans
move their eyes when presented with a novel stimWedker, Deubel, Schneider, &
Findlay, 1997. Saccades are rapid, ballistic movements of the eyes that abruptly change
thefixation point of the eye&Zirnsak & Moore, 2013 Understanding the relationship
between eye movements and attentapturing behaviouhelps to understand the
effects of human stimuli. Using eye tracking to understand the behavioural patterns of
users in response to different stimuli can be beneficial for various applicaEpas.

movements, therefore, indicate the extent of the attention captured by stimuli.
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Understanding this relationship hel@cognisethe nature of different human stimuli
in visual processing.

It is thought that eye movements in the context of téylel visual processing
(i.e., eye movements in object recognition rather thanléwmel visual processing for
colour or orientation) indicate that hands are important targets in hurm@erson
interactiong(Schilbach, 2016 Here, hands as targets (i.e., highel visual processing)
can divert attention from other inanimate obje@aylor, Pratt, & Witt, 201h In
addition, eye movements are altereditmplausiblehuman body stimuli (also high
level visual processing)Geiger et al., 201 7Schitz et al., 20)1This issuas further
investigated in this PhD project to confirm whether eye movenagatetermined by
the physiologicaimplausibility of distorted finger postures. Fixation and saccade were
measured irtheseexperiments. In terms of fixation, fixation duration and fixation
counts were measured, these being defined as the number of fixations within an area of
interest. Fixation durations and fixation counts can be used to identify the allocation of
attention tadifferent parts of the human bodyin & Lin, 2014; Nelson & Mondloch,
2018. In terms of saccades, saccade latency and saccade amplitude were measured:
this can demonstrate the shift of attention and the capturing of attention by different
parts of the human bodiHeyman et al., 203 Hoffman & Subramaniam, 199Zhao
et al., 2012 In the investigation of saccade latency, humagplausibility (implausible
human body stimuli)exerts an influence on saccade latefCgjar, Schneeweiss,
Engbert, & Laubrock, 20t8<han, Heinen, & McPeek, 201@ratt & Trottier, 200h
These studies suggest that saccade latencies and amplitudes reflect attentional
modulation and selective attention. Saccade latencies and amplitude modulations are
enabled by gazeontingent and attentional modulations. Thus, the saccade latencies

and anplitude are examined to see whetherithplausibility of stimuli related to the
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human body leads to attentional modulation. If saccade latencies and amplitudes change
betweenimplausibility and standard stimuli related to the human body, one could
conclude that saccade latencies and amplitudes are specific to the heterogeneity of
stimuli related to the human body.

Regarding eye movement saccades in this PhD project, an involuntary saccade
task is used as part of an eye tracking experiment, where participants are instructed to
fix their gaze on a specific target asTiaylor and Hutton (2009 his attention capture
induces reflexive shifts of the saccade whenever new objects appeaPradt iand
Trottier (2005) These saccades are essentially overt responses instigated by new
stimuli. In order to understand the allocation of attention, distorted and natural finger
posture saccades were investigated. Experiments conducted for this purpose included
the sequentiatlisplay of several images as stimuli asStnasburger, Rentschler, and
Juttner (2011)Observations from these experiments indicate that when images with
negativereactionand high arousal were presented, participants' gaze shifted to the next
image more swiftly than when the images lacked negatiaetionand high arousal,
that is neutral images.

Regarding eye movement fixation in this PhD project, it was assumed that
distorted finger postures would demand a greater cognitive capacity and allocation
compared to natural finger postures, and as a result, there would be an increase in the
fixation ondistorted finger postures, either in terms of frequency or durationswhil
the literature on the effects of distorted and natural finger postures on eye movements
is sparse, existing referendagerms ofeye movementsomparing faces and niace
objects provide substantial evidence that distorted finger postures systematically
influence eye movemengarizpe, Noles, Tsao, & Chan, 2018eringswald, Afyouni,

Noblet, & Grosbras, 202@chiitz et al., 2091
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1.2.6 Is there evidence for thedistinctions between theeffects of distorted and
natural finger postureimages in Pupillometry?

A considerablenumber ofstudiessupport the claim that the pupil is altered by
emotional stimul{Bradley, Miccoli, Escrig, & Lang, 200&ret, Stekelenburg, Roelofs,

& de Gelder, 2013Lang & Bradley, 2010Piquado, Isaacowitz, & Wingfield, 2010
Snowden et al., 20)6Pupillary size can be modulated by emotional facial expressions
(Harrison, Wilson, & Critchley, 20Q7Psychosensory pupil response is driven by both
sensory and psychological stimulhich areaffected by stimulation, thought and
cognitive load(Beatty, 1982 Mathét, 2018. Recording the pupil size to examine
whether it is modulated by the distorted finger postures is one way of inspecting the
visual processing of emotioiiBradley et al., 2008Math6t, 2018, and recording the
modulation of the pupil size due to the emotional content of an image is a crucial
paradignfor investigaing changes in the visual processing of emotita®ng, Sirois,

& Gredeback, 2012 In order to obtain evidence to support the prediction that distorted
finger postures evokaffective reactiorand arousalpupillometry can be employed.
The pupil size is recorded to examine if pupil size is modulated by distorted finger
postures. Distorted and natural finger postures are presented, and the change in pupil
size is recorded using the eye tracking method pdoex whether the change in pupil
size correlates with the distorted finger postures.fiffaéings from theexperiment in

this PhD projectedto the conclusiothat distorted finger postures evoke an emotional
response and modulate pupil size. This presicvidence for the prediction that
distorted and natural finger postures evoke diffeadfdctive reactionand arousal

ratings
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1.3 How is Automatic Mental Simulation Involved in the Visual Perception of
Hands?

From previous studies, it is known that automatic mental simulation occurs with hands.
In addition, it is known that in behavioural experiments responses are affected by the
degree of hand rotaticttue tothe changes in automatic mental simulatiBased on
earlier literature, His section investigates the Simon effect of hands and automatic
mental simulation of hand stimulWhen a stimulus is presented on the same side as
the response required, it leads to faster RTs and fewer errors, which is known as th

Simon effect (Liepelt, 2014).

1.3.1 Is there arole of automatic mental simulation in the visual perception of
hands?

The use of onebés hands as a means of expr
(Mandal, 2014 Sagayam & Hemanth, 20L6As intrinsic parts of human behaviour,

hands and their perception are associated with cogmitoter processes. When

viewing images of hands, humans are thought to use automatic mental simulation
(Jeannerod, 201®arsons, 1994 The term 6automatic ment al
process in humans of sgifojection into alternate temporal, spatial, social, or
hypothetical realitiegKlein, 2016 Waytz, Hershfield, & Tamir, 2013aThis process

is characterised by its automaticity, occurring involuntarily and highlighting the
unintentional nature of such mental simulations. Although it might seem like merely
imagining, automatic mental simulation involves involuntary cognitive pseses
essential for planning and interpreting sensory information. Whilst evidence for this is
strong with hand action@~reeman, Dale, & Farmer, 201Yesearch on static hand

images is limited. In addition, automatic mental simulation can broadly be defined as
mental processing in which sensory information is used to plan and generate behaviour,

as well as to anticipate, forecast, and interpret paoef{Smith & Kosslyn, 2018
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A considerable number of studies into automatic mesi@ulation have
focused on hand®orra & Luppino, 2019Hamada et al., 201&henton, Schwoebel,

& Coslett, 2004 Zhong & Zhang, 2021 and this trend began in the early 1980s
(Parsons, 1987Sekiyama, 1982 Participants were asked to quickly judge whether a
left or a right hand was presented. These hand stimuli had different finger positions and
wrist rotations. The RT of participantseve affected by the different finger positions

and wrist rotation angles. The participants responded faster to common finger positions
and wrist rotation angles, those which occur in daily life.

A high number of rightateralised responses to distorted finger postures might
suggest an association between these stimuli and emotional processes, given that the
right hemisphere of the brain is often involved in emotional processing, according to
previous researc(Borod et al., 1998Gainotti, 2018. However, it is important to note
that whikt this finding is suggestive, caution should be exercised against
overgeneralising. Other potential explanations, such as the right hemisphere's role in
spatial awareness, body schema representation, or attentional mechanisms need to be
considered and disaoated(Heilman, Valenstein, & Watson, 2000allar & Ronchi,

2008. Further research is essential to conclusively determine whether distorted finger
postures are emotionally charged stimuli across various contexts, elucidate the specific
nature of this relationship, and explore any potential mediating factors or alternat
explanationgAdolphs, 2002Gainotti, 2018.

A currently widely debated topic in the field of cognitimetor processes is the
role of automatic mental simulation for hand postures. In cogattiotr processes,
automatic mental simulation is applied to interpret the actions of offéshea &
Moran, 2017 Smith & Kosslyn, 201B Automatic mental simulation occurs with hand

actions, hand movements, and hand postures. Many studies have shown that automatic
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mental simulation occurs with static hand images, hand actions or hand movements
(Grosbras & Paus, 2006ongo & Haggard, 2000 However, little is known about
which other hand configurations (i.e., distorted finger postures) provoke automatic
mental simulation or whether the visual stimuli are processed as individual fiagers
opposed tonseparabl@arts ofthe hand) Most research on hand perception addresses
hand actions and movements rather than static hands. It would theretdrimteeest

to experiment with static hands in mental simulation rather than hand movements in

cognitivemotor processes.

1.3.2 Predictions for automatic mental simulation in the visual perception of
hands

Firstly, to confirm whether the Simon effect occurs during automatic mental simulation
with hands, this thesis sets out to test the prediction that in a $&slarthe response
differences for different responding hand positions are significlegending on the
position of the responding hand in a Simon task, where faster RTs and fewer errors
happen when the stimulus and response are on the samdLmgelt, 2013.
Participants were asked to respond to images of left and right hands with their
corresponding hands. Sectndto confirm whether previous studies regarding the
automatic mental simulation for hanesnain valid and whether they can be extended

to further relevant experimentRarsons, 19871994, this thesis sets out to duplicate
those experiments anelst the prediction that in a hand rotation behavioural experiment,
RTs would be significantly faster when the degree of hand rotation is consistent with
the hand used to press the response button, compared to when they are inconsistent.
The research algested the prediction that RTs would be faster when the hand stimuli
were closer to the hand used to respond to the stimuli. This was examined by comparing

performance in the normal hand position (left hand on thd&eft side and right hand
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on the righthand side) with the crossed hand position (left hand on thehagid side

and right hand on the leftand side) in a behavioural experiment.

Thirdly, to test whether automatic mental simulation occurs for individual
fingers, this thesis sets out to test the prediction that the different marginal mean RTs
between the different finger stimuli are significant. Furthermore, the automatic mental
simulation process was investigated to ascertain whether it was automatic when there
was a significant relationship between
response to the distorted and unusual finger images. To test the prediction for the
individual finger experiment, participants were asked to respond to distorted or unusual
finger imagesn a pilot experimentThis experiment investigated whetlartomatc
mental simulation occurs for individual fingers @m explicit process Given the
observed phenomenon, wherein individual fingers exhibited faster responses to their
corresponding counterparts during explicit procesaasadditional experiment was
carried out to further explore thautomatic mental simulation of hands. In this
experiment, participants were asked to respond tadiefighthand images. These left
and righthand image stimuli included distorted and unusual fingers. This experiment
was to investigate whether mental simulatimeurs in individual fingers in automatic
processes.

The first purpose of this thesis regarding EEG analysis is to assess mu rhythm
when observing hands. This assessment provides insights into how the brain processes
visual information related to human body parts compared to inanimate ofijeets.
possibility of whether the power of mu rhythm with hands is different to that with chairs
is examined. The power of the mu rhythm is a parameter for determining the properties
of eventrelated oscillations. Images of chairs, matching the geometricleitypof

hands, serve as control stimuli. The first prediction to be tested is that the differences
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in EEG band power between the observation of hands and the observation of chairs are
significantly different on specific time frequencies. THnequency analysis of EEG
signals provides the visualisation of EEG signals from which the various rhythms, such
as alpha, beta, and gamma rhythms, can be extr@@eddwaj, Gupta, Jain, Rani, &
Yadav, 201% The second purpose of this thesis regarding EEG analysis is to assess
distorted and natural finger postures by comparing their mu rhythms with the control
stimuli: distorted and standard chairs. The second prediction to be tested is that there

are interactions between the factors of distortion and stimulus type on mu rhythm power.

1.3.3 How doesautomatic mental simulation process thevisual perception of
hands inbehavioural experiments?

Previous studiebavefound that hand position significantly modulates the magnitude
of the O6Simon effectd -(tabpongkeow@alat OB IpE
et al., 2014 Liepelt, 2012 and that the Simon effect can be used to investigate how
automatic mental simulation processes the visual information of hahedsSimortask

is an interference behavioural test and can cause the Simon effect. In thet&ikjon
participants are asked to respond to positnmhicating visual stimuli (e.g., left or right
arrow). In the previous studies, when the participants' hands were located close to the
objects on the monitor, the Simon effect was stronger than when theywibes away

(Dolk et al., 2014Liepelt, 2014. The effect causing the time delayautomatianental
processing in this experiment is the Simon effect. The Simon effect is useful when
studying how humans respond to the side on which the stimuli (here, hands) are
presented, and the difference of spatial stimubsponse compatibility indicates
autamatic mental simulation of hands. Traditionally, the Simon effect has been used to
investigate lowlevel visual features such as object shape, orientation and colour
(Hommel, 20131 Scerrati, Lugli, Nicoletti, & Umilta, 201)7 However, some studies
show thatthe Simon effect provides a method to investigatgomatic mental
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simulation involving higHevel visual features such as parts of the human (Ddik

et al., 2014Sellaro, Dolk, Colzato, Liepelt, & Hommel, 2015 hus, the Simon effect

was used to measure the responses to hand images, one advantage being that the
laterality of automatic mental simulation can be meas(lfedes et al., 202Mellet,

Mazoyer, Leroux, Joliot, & TzouriMazoyer, 2015

In addition to the Simon tasks, hand latera{igft or right) judgement tasks
were used in this thesis. The hdaterality judgement task is defined here as a task
involving the processing of judging the functional asymmetries of mentally simulated
hands(Jones et al., 202Mellet et al., 20156 The functional asymmetry of hands is
often used to investigautomaticmental simulation becauseprovokesautomatic
mental simulation when humans judge whether they are seeing a left or right hand. The
role of automatic mental rotation for hands has received increased attention in the field
of automatic mental simulatiofBalasubramaniam, lonta, Perruchoud, Draganski, &
Blanke, 2012lonta & Blanke, 2009lonta, Fourkas, Fiorio, & Aglioti, 20Q7Previous
studies have demonstrated a strong and consistent association between mental
simulation and hand posturemnd that the automatic mental simulation was initiated
by the hand.

Although previous studies shedthat automatic mental simulation for single
hands occts and that humans use automatic mental simulation with hand rotation
(Parsons, 1987994, it was unknown whether automatic mental simulation occurred
for both-hands stimuli nor what the role oboth-hands rotationwasin automatic mental
simulation In addition to studying how both hands participate in the automatic mental
simulation, examining individual finger movements offers specific behavioural insights.
For example, researchers can design tasks where participants are shown images of a

single firger, such as the index, middle, or ring finger, in various orientations.
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Participants might be asked to determine whether the depicted finger is from the left or
right hand as quickly and accurately as possible. MeasRiisgnd error rates in these
tasks provides concrete data on how individuals mentally simulate the movement and
positioning of specific fingers. This focus on individual digits is important because it
reveals nuances in processing and planning fine motoonactiSuch behavioural
findings help us understand the intricacies of motor planning and mental simatatio

the finger level, essential for improving skills in activities requiring precise finger
movements.Therefore, he perception of individual fingers is now receiving more
interest in the field of visual research. When humans receive visual information of
hands, they also receive visual information of fingers. In the aforemenstundids it
wasshown that automatic mental simulation occurs for hand pogfRaesons, 1987
1994); however, before carrying out the experiments in this thestsadt not been
provedwhether automatic mental simulation occior wholehandsonly or whether it
occursfor individual fingerg(i.e., automatic mental simulation for index, middle or ring
fingers). Therefore, to extend the investigation of automatic mental simulation with
simultaneoudothrhand rotation and individual fingers, lateral hand recognition tasks

were conducted.

1.3.4 Do handssuppressmu rhythm as aresult ofautomatic mental smulation?
The use of EEG in studying action observation has significantly advanced our

understanding of the neural mechanisms underlying social cognition and motor learning.
A foundationaktudyand metaanalytic findings have highlighted the central role of the

mu rhythm and the mirror neuron system (MNS) in interpreting observed actions.
Specifically,the metaanalysis studynalysed 95 studies, of which 46 addressed mu
suppression during action observation in adult participants (totalling 833 individuals),

and 9 tilised static stimuli in the observation condition (involving 204 participants,
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with an effect size of 0.37(Cochin, Barthelemy, Roux, & Martineau, 2Q08ox,

BakermansKranenburg, Yoo, Bowman, Cannon, Vanderwert, Ferrari, & van,)2016
These insights not only deepen our understanding of brain function but also open
avenues for applications in therapeutic settings and educational practices.

Distorted finger postures, often a result of an accident and frequently arousing
feelings of discomfort in the viewer, play a crucial role in the understanding of the hand
in social interactior(Espirito Santo, Chen, et al., 201Schirmann et al., 20L1To
date, there has been little agreement on the critical question of whether the
extraordinary salience of distorted finger postures represents specific patterns of
distortionrelated processing within the brain of the viewer. Because distorted finger
posures are rare in daily life and do not often occur in automatic mental simulation,
studying them provides a good example to investigate whether such rare body parts
involve automatic mental simulatioMotor representation is used to understand the
meaning of observatiegenerated motor activityrhis suggests that visual information
of body distortion can influence brain activity related to the visual processing of hand
postures and consequently alter the vi e\
mismatchi n t he viewerso6 minds between distor
interest because there is a conflict of automatic mental simulation, and this mismatch
can inform understanding of the relationship between the visual mechanisms of human
bodies andutomatic mental simulation.

Mu rhythm is a type of brain oscillation involveddntomatic mental simulation
The motor cortex, which is the region of the cerebral cortex involvealiiomatic
mental simulatiorand which contains mirror neurons driven by visual input, is still
activated when the final part of theewedaction is hidden. This shows that the motor

cortex can be activated even when the information received does not include a complete

56



Chapter 1

action (Umilta et al., 200 A key aspect of brain oscillations automatic mental
simulationis mu rhythm(Haufe et al., 2014 Mu rhythm is a band of oscillations
between 8 and 13 Hz, and suppression of mu rhythm is relasddmaticmental
simulation(Cabrera, Novak, Foti, Voyles, & Wachs, 203akihara & Inagaki, 2035

It can be seen that whawmtomaticme nt a | simulation occurs
is suppressediu rhythm desynchronisation is a widely used measure of motor cortex
activation that has been identified as a possible measureMNS€éHobson & Bishop,
2017) Mu rhythm is an alpha frequency oscillation of the BEf@ortedover central

scalp regions. Mu rhythm is predominantly produced in resting conditions and is
attenuated or reduced immediately before or during motor evbets known asnu
desynchronisation. The mu desynchronisation pattern is considered a reliable indicator
of motor cortex activation and correlates electrophysiologically with motor cortex
activation.

Recentevidence suggests that EEG activity in the mu frequency band is
suppressed during both gesture performance and obserfimioson & Bishop, 2017
Particular characteristics during the kinematic execution of gestures showed dynamic
changes in mu activity when gestures aid in the communication {@abtera et al.,
2020. The reduction in the mu wave (a pattern of brain activity detected by EEG) that
is observed in an individual when they are watching an action take place is a
fundamental and consistent phenomemomther words, body movement explains the
attenuation of the mu wave in the viewBernier, Dawson, Webb, & Murias, 2007
Hobson & Bishop, 201)7 In addition, overt hand actions explain decreased attenuation
in the viewer when looking at human gestufidalmann et al., 2020 However, it is

unclear whether attenuation is suppressed in the vielven showingmages of static
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hands (Bernier et al., 2007 Therefore, it is reasonable to expect that images ofshand
elicit mu rhythm.

Data from a previous stud§spirito Santo, Chen, et al., 2Q.1ih which the
datawerecollected using EEG artieERPswere analysed, was used to analyse event
related oscillations. It was of interest to explore whether ahtomatic mental
simulationof brain oscillationsvas evoked byandsdue to the fact that mu rhythm
desynchronisation revealed the interaction of motor skills between hand action and
object recognitionKumar, Riddoch, & Humphreys, 2003 The ter m &é mu
desynchronisationé i s used i n -related br oa
desynchronisation of mu rhythms. Evealated desynchronisation designates a short
lasting and localised amplitude attenuation of rhythms. Conversely,-elatdd
synchronisation describes a shiagting amplitude enhancemédRfurtscheller, 1991
Desynchronisation is an active state and involves the suppression or disappearance of
a spontaneous rhythm. Conversely, synchronisation is a resting state, with tens of
thousands of pyramidal cells in synchrony with each qthemezRamirez, Freedman,
Mateos, Perez Velazquez, & Valiante, 2D10f particular interest is the primary
sensorimotor areaherethese electrical responses to distorted finger postures occur. It
has been experimentally demonstrated by movement observation that the mu rhythm
desynchronisation in the primary sensorimotor area is concomitant with mirror neuron

activation(Sakihara & Inagaki, 2035
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1.4 Thesis Outline: Stimulus Categories and Experiments

1.4.1 Overview of stimulus categories

Hands
including » Natural finger postures

fingers // @
Human bodies —

” N
Y and body parts . # Distorted finger postures.
e T
) , Humans Whole bodiesand
Static visual stimuli H.umar.1. anlrf\als _ AN body parts other
(asinvisionata Biological stimuli \\ than hands
glance as opposed to . . * Human faces

(A) vision with /’/ Animals
scrutiny and (B) <?>
observation of \

movement)

Objects (neither humans Research questionin Research question in
nor animals) earlier research (not current project (and
Non-biological stimuli in current project) partly in earlier research)

Figurel-5 Overview of stimulus categories and related questionss@arctusing
visualsearch experiments and eye movement experiments.

The purpose is to illustrate the wider context of the questions in this thesis.

The overview of stimulusategorieputs the researdhn this thesis in the context of
other research on higherder visual perceptiorF{gure 1-5). There are six levels in
the hierarchy. At the first level is static visual stimuli, which does not involve vision
with scrutiny or observation of moveme iisis thesis concerns itself with static visual
stimuli, not dynamic visual stimuli}At the second level, stimuli can be classified as
biological stimuli ornonbiologicalstimuli. Biological stimuli include human body,
animal, and even plant stimuli, whereas nonbiological stimuli involve objects such as
furniture, appliances, and geometric shapéshe third levelhuman body, animal and
plant stimulifeature This thesis focuses on human body stimmahimal and plant
stimuli areexcluded from this researckn this thesisfrom the fourth level and above
the stimuli are investigated At the fourthlevel, the stimuliare classified as human
bodies éxcluding facesand human facesThis thesiscompaes these twosets of
stimuli. At the fifth level, handare compareaith whole bodiegwithout headsand

with bodypartsother than hand#it the sixhlevel,distorted and natural finger postures
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are comparedlhere are two main areas of interesthis thesis: the differences in the
related perceptual processes; and the investigation of perceptual differences between
distorted finger postures and natural finger postures.

This thesis is composed of four themed experiments: visual search experiments,
eye tracking experiments (including pupillometric methods), matognition
behavioural experiments arlkde analysis of aEEG experiment. These experiments
(including the EEG analySisvere carried out to investigatiee perceptugbrocesses
for handsand to complement earlier studies on the perceptitatetand wholebodies
Furthermore, these experiments were used to explore whether there were differences in
perceptual proesses between distorted and natural finger postures and to complement
the distorted and natural finger posture experiments of earlier studies. The applications

of these methods are detailed below.

1.4.2 Experiments conducted inthis thesis

1.4.2.1  Visual search experiments

The visual search task experiments were conducted to investigate the differences in
perceptual processes for hands, faces, and whole bodies. Because these experiments
were successful in identifying differences in perceptual processes for these three
stimulus types, the visual search experiments were expanded to test and distinguish
differences between the perceptual processes for distorted and natural finger postures.
The visual search experiments with RT measurements were used to understand the
allocationof visual attention in the perception of various stimuli (Experiments 1, 2, 3,

4). In addition, a second set of visual search task experiments were adjusted to take
accuracy measurements. These accuracy measurement experiments were used to
understand whedr the visual properties of various stimuli and the efficiency of visual
search of these stimuli were different in the visual processing of passive vision. In
addition, the visual properties of distorted and natural finger postures and the efficiency
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of visual search of distorted and natural finger postures were also found to be different

in the visual processing of passive vision.

1.4.2.2 Eye tracking experiments

Two eye tracking experiments were carried out: one was used to understand the
allocation of visual attention and visual inhibition in the perception of hands, faces and
whole bodies; the other was conducted to investigate the differences between the
percepual processes for distorted finger postures and those for natural finger postures.
The pupillometric method, based on the data from the eye tracking experiment with
distorted finger postures, was used to investigate the difference between the perceptual
processes for distorted finger postures and those for natural finger postures.
Furthermorethe pupillometric method was used to understancatfetive reaction

and arousahnd the cognitive load of hasdith distorted finger postures.

1.4.2.3  Behavioural experiments with automatic mental simulation

Behavioural experiments underlying automatic mental simulation were used to explore
the cognitivemotor processedor hands with distorted finger posturesThese
underlyingbehavioural experimentonsistedf two main experiments: a Simaask
(Experiments 7 and 8) and a hand laterality recognition task (Experiments 9, 10 and
11).

1.4.2.4 EEG experiment
Using the EEG experiment frotihe precedingstudy(Espirito Santo, Chen, et al., 2017),

which was reanalysed for this current PhD project, the brain processes that govern the

mu rhythms for distorted and natural finger postures could be identified and compared.

1425 Summary

Drawing upon these four research methods into hand perception, this thesis investigates
the perception of hands and determines the extent to which hands and distorted finger

postures are allocated more attention. Additionally, this thesis considersdheatat
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mental simulation of hands and distorted finger postures and whether they elicit unusual
responsege.g.,suppressnu oscillationg. In this thesis, the stimus categories can be
classified as (1) stimuli related to the human bdegyre1-6) and (2) stimuli related

to nonhuman objects. The stimuli related to the human body comprise the following
categories: hands, faces, whole bodies and feet. The ssrrategories related to
nonhuman objectscludechairs, cars and other inanimate objeéligire 1-7). The
selection of control stimuli in the project, including chairs, cars, and other inanimate
objects, serves as a baseline to compare against human body distortions. To examine
emotional effects, threatening and neutral objects similar in shape weren,chose
ensuring that any observed differences are due to emotional content rather than shape.
Threatening stimuli were considered appropriate for this purpose; however, overly
intense images that might overshadow the finger distortions being investigated were

avoided.
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1.4.3 Stimuli related tothe human body and tononhuman objects

Distorted finger posture Stimuli related to
the human body

i.
L i

Naturalfinger posture \1
_

th>Ie-Bc>dy1

Ly
1
J

Foot

1trunk and extremities ‘

Chapter 1

Figure1-6 Overview of stimuli related to the human body, as used in this PhD project
The project compares hand stimuli with face, whole body (1trunk and extremities, no
head) and foot stimulDistorted finger posture stimuindnatural finger posture

stimuli were also compared
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Stimuli unrelated
Distorted / to the human body

chair

Standard chair \\%

Chair

(Inanimate)
Control object®

2The front of the car

Q 3 non-chair, non-car,
¢

rope as an example

l; \ 6 Threateningobject
N 7

Figurel-7 Overview of stimuli unrelated to the human body, as used in this PhD
project

In different experiments, this project uses three control stimulus types: chair, car
(front view), and other inanimate control objects (@bair, noncar). As controls for
the comparison between distorted and natural finger postuieprdiect uses the
comparison between distorted and standard chairs and the comparison between
threatening and neutral objects.

Neutral object

1.5 Research Ains

The aim of this thesis is to examine the impachafids and, in particular, distorted
finger postures, on the underlying mechanisms of visual search and eye movement.
Furthermore, this thesis aims to utilise images of hands and individual fingers as stimuli
to investigate the mechanism of automatic mental simulation. By presenting these
visual cues, the study seeks to evaluate how the brain processes and mentatigssimula
hand and finger postureBinally, this thesis aims to investigate whether and how
humans pay more attention to hands than to oth&s pithe human body, in particular

to distorted finger postures, and whether automated mental simulation is involved. To

achieve this, several questions are posed.
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First, are hands salient in visual search and eye movements? Previous studies
have shown that physiological evidence indicates differences between the responses to
hands ando whole bodies. In addition, previous studies have also shown differences
between the responses to faces #émdonface objects in visual search and eye
movements. However, hands and whole bodies have not yet been compared using
visual search and eye movements. Therefore, in this PhD project, visual search tasks
and eye tracking methods are used to explore thefigtgcof hands by comparing
them to other parts of the human body.

Second, this thesis attempts to confirm whether distorted finger postures are more
salient than natural finger postures in visual search and eye movements. Previous
studies have shown that physiological evidence indicates differences between the
response$o distorted and natural finger postures. However, distorted finger postures
have not yet been compared using visual search and eye movements. Therefore, in this
PhD project, visual search tasks and eye tracking methods are used to explore the
specificity of distorted finger postures by comparing them to natural finger postures.

Third, based on the above questions, this thesis attemptsdi&rstand how
affective reactionand arousal affect visual behaviours in visual search and eye
movements. Previous studies have shown that emotional faces,affectige reaction
and arousal differ from those of neutral faces, influence visual behaviour. At this point,
it is worth clarifying whether the different responseslistorted ando natural finger
postures are caused by the differencesafiective reactionand arousalratings
Therebre, in this PhD project, tredfective reactiomnd arousal ratings in visual search
of distorted and natural finger postures are measured and subsequently compared to
those of inanimate objects with similar distorted and natural finger posftiective

reactionand arousal ratings.

65



Chapter 1

Fourth, this thesis extends previous studies on the automatic mental simulation
of the visual perception of hands by incorporating a new paradigm (Samkhthat
has not yet been used with the automatic mental simulation of Haratidition,this
thesis uses hand laterality tasks to examine whatitematianental simulation occurs
not only with a single hand but also with both hands when presented togétatrer
automatic mental simulation can be used withdividual fingers and whether
automatiomental simulation for hands is an automatic process.

Finally, this thesis sets out to investigate the occurrence of automatic mental
simulation based on existing brain research evidence. To achieve thisredatad
oscillationswere measuretb determine the presence of mu desynclsatian (sening
as an indicator of automatic mental simulation

1.6 Changes Made to Experiments and Thesis Content Due to COVDO
Pandemic Restrictions
After the COVID-19 pandemic was declared in March 2020, the EEG experiments that

had been prepared over the previous 3 months had to be suspended. The preparation
had consisted of reviewing the literature, designing experiments, generating the
Psych®y files for executing the experiments, and developing stimulus material for the
experiments. The EEG laboratories were closed as EEG experiments were subject to
COVID-19 related risks: (1) the distance between the researchers and the participants
in EEG eyeriments is less than two metres, and (2) EEG experiments last more than
45 minutes. Once the EEG laboratories had been closed, it was immediately evident
that EEG experiments could not be run in the near future. Therefore, alternative
experiments had to be wlsed based on the EEG experiments already planned.
Although it had been decided to conduct fé@éace behavioural experiments based

on automatic mental simulation, as the risks were not as high as those of EEG

experiments, it soon became clear thataswoo dangerous to conduct experiments in
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person at all. After discussions with the supervising team evaluating the risks, it was
decided to run online behavioural experiments until the laboratories reopened, with the
option of remote testing. This method had a distinct advantage over EEG meatteds

the conditions at that time. However, there were numerous challenges in generating
online behavioural experimerdad recruitment of participantseeAppendx 1: Online
experimentsetting andparticipantsrecruitment foronline experiment$. Although not

a novel technique, online behavioural experiments were not popular at that time and
were in their infancyand there were not many tried and tested examples. 2 months
were required to devise them. As a result, this thesis includes more content on motor
cognition and behavioural experiments based on motor cognition (Experiments 9, 10
and 11) and less EEG conte@nly the analysis of limited previously published EEG
dataareincluded (Experiment 12) rather than new data from specifically adedu

experiments.
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Chapter 2 Investigating the Salience of Hands Compared
To Faces and Whole Bodies Using Visual Search
Methods

This chapter describes visual search relating to human body perdeptiadingfaces,

whole bodies and handand is subdivided into seven sectioiifie first section
describes Experiment 1, which addressénether there were differeRTs for the

hand, faces and whole bors the second section describes Experiment 2, which
addressed whether there were different RTs for the distorted and natural fingersposture
the third section describes Experiment 3, which examined whether there were different
proportions of correct responses for the tsrdces and whole bos the fourth
section describes Experiment 4, which addressed whether there were different
proportions of correct responses for the distorted and natural finger pgheréfth

section describe€ontrol Experiment 1, an evaluation questionnaire, which measured
the affective reactiorand arousal ratings of the stimuli used in this thesis; the sixth
section describes Control Experiment 2, which addressed whether there were different
RTs for the distorted and natural finger possugrenads and bal§; the last section
describes Control Experiment 3, which addressed whether there were different RTs for
the distorted finger postwsenatural finger postuszdistorted toe postuseand natual

toe posture For Experiments 1 and Participantswere present in a lab; all other
experiments wer@erformedonline because of COVIEL9 (seeAppendx 1: Online
experimentsetting andparticipantsrecruitment foronline experiment$. Overall, these
experimentsvere performedo uncover insights into visual search processes related to
human body perception, assessiify accuracy, and the effects of various stimuli on

perceptual judgments The tasks involve the identification and discriminatiobady-
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related stimuliwithin a group of other stimuli, investigating the poyt effect of these

body-related stimuli.
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2.1 Experiment 1: Is Visual Search Different for Hands, Facesand Whole Bodes?

(An RT Measurement)

2.1.1 Introduction

Faces are considered the most important visual stimuli in sot@ehction, and have a
special status over most other stimulus ty{&svato, De Maio, & Bottini, 2007 In
contrast to most other objects, faces sp
set of distractorgDowning, Bray, Rogers, & Childs, 2004Vhilst a considerable
number of studies have focused on facial expressions in social communication, less is
known about the attentional capture by other body parts, despite evidence of neural
responses (such as amygdala activation to fearful body posturegito bedily cues
(Atkinson, Heberlein, & Adolphs, 200.7It remains unclear whether various parts of
the human body, beyond the face, spontaneously capture attention in social contexts.
Visual search is a ubiquitous behaviour, and an efficient distinction of different
stimuli in visual search is vital for human survi@lazzato, Mele, & Urgesi, 2014
Eckstein, 2011Palmer, Verghese, & Pavel, 2Q0@ttention to hands is crucial for
social and cognitive processes. There is some discussion about whether the visual
perception of hands can be dissociated from the visual perception of human bodies
(Bracci et al., 2010 It has been found that there are two distinct regions in the human
brain that are involved in the processing of hands and b(liasci et al., 2010 The
first region, located in the left lateral occipitotemporal cortex, is specifically responsive
to hands. The second region, located in the extrastriate body area, is responsive to both
hands and bodies. By identifying specific regions responsive ndshand bodies,
insight is gained into the brain's compartmesgaliprocessing abilities. This ties in
with the principle observed in holistic face perception, where a 'parallel search’ strategy
facilitates quick recognition. Such rapid processing might similarly benefit the

perception of hands and entire bodies, catitng with the slower 'serial search'
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approach. Vi sual search studies indicate
searchoé r at her(Hershler & Hazhsteim, 202006s e ar ¢ h 6

One of the most weknown tools for assessing visual search is to measure RT.

RT measurements provide insights into the efficiency and effectiveness of a visual
search system or interface. By analysing the RT data, researchers can obtain a
comprehensive nderstanding of the visual search performance. Typically, observers
search for a target among a variable number of distractor items. The stimulus is usually
present until a response is made. Observers judge the presence or absence of the target
stimuli (Wolfe, 2018. If all items are processed in parallel unaccompanied by capacity
limitations, the slope of the RT x set size functions would be expected to be near

0 ms/item(Treisman, 1985Wolfe, 2018. Therefore an RT slope of aroundn@/item

i s consi der ed (Teisntap, 498AMolte, 2018, svieeeeas @ FT slope

of around 20ms/item or above is considered to be a serial search. If the items were
processed in series, the RTs would increase linearly with the number of distractors.
However, researchers have not categorised their results into absolute parallel search or
absolute erial search in recent years, as this distinction is considered too rigid, and
some visual searches can show an overlap between parallel search and serial search
(Wolfe, 2018 Wolfe & Horowitz, 2017%. Therefore, parallel and serial search are now
being considered as high and low extremes of a continuum.

Compared with using parallel or serial search as the criterion for judging visual
search, using visual search efficiency can more broadly explain the features of different
objects as visual search targéWolfe, 2018 Wolfe et al., 2011 Visual search
efficiency refers to the ability to efficiently and accurately locate a specific target within
a visual scene or display. It is a measure of how quickly and accurately individuals can

identify a target among distractors in a visual seaadk.tThe poput effect is
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indicative of high visual sear eohite feffif eicd n
when the RT for detecting the unusual component was dissociated from the number of
distractors (i.e., RT slopes is 0 ms/itdifileisman, 1985Treisman & Gormican, 1988

High visual search efficiency in visual search happens under various circumstances. In

this study, it was observed that visual search exhibited high efficiency, characterised by

the popout effect.

In visual search tasks involving faces, the RT slope is typically flat, indicating
a parallel search process in which all items are processed simultaneously. The
efficiency of face detection and recognition in visual search tasks is supported by
numerous sidies demonstrating a nezgro RT slope. This flat slope indicates that the
RT remains relatively constant regardless of the number of distractor items present. For
example, in a classic study, participants were tasked with finding a target face among
varying numbers of distractor facésreisman & Gelade, 1980The results showed
that the time it took to find the target face did not increase significantly as the number
of distractors increased, suggesting a parallel search process in which all items are
processed simultaneously. This efficient parallel proongsss likely due to the
specialised neural mechanisms dedicated to face perception. The human brain has
evolved to rapidly and accurately detect and recognise faces, a skill crucial for social
interaction and survival. This specialised processing allowstife location and
identification of faces even in complex visual environments.

This further implies that all faces within a field of view are processed
simultaneously, a phenomenon showcasing the remarkable capabilities of the human
visual system for face detection. Similar to the human face, the human body is a rich
source of socia} relevant information about other individué&Soold & Meng, 201k

Different cognitive models could be explained by the speed and accuracy of the search
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based on the dynamics of attention and the similarity of item representations defined as
items present in the displélfotowicz et al., 2010

The visual processing of human bodies and stimuli unrelated to the human body
is different(Cho, 2018. Evidence from studies of perceiving human bodies points to
part of the highelevel visual cortex being dedicated to the visual perception of human
bodies(de Gelder, de Borst, & Watson, 20Peelen & Downing, 2007 RT methods
of visual searchare known to clarifyour understanding of human body stimuli.
Depending on the diverse attributes of the visual perception of human bodies, the visual
search task in this experiment was conducted to investigate theupogffect
comparing parts of the human body and stimalelated to the human body.

To measure attention, researchers have used visual search tasks that typically
involve passive vision and an active scan of the visual environment for an object or
feature as the target among other objects or features as the distfa@man &
Gormican, 1988 Treisman & Gelade, 1980 The visual search experiment was
conductedn orderto measure the difference of attention given to the different parts of
t he human body (hands, faces and whol e bo
Ohuman bodi e qThieriyetlalg2006 heads 6

One purpose of this visual search task experiment was to investigate the
difference in RTs to visual stimuli related to the human body and those unrelated to the
human body (i.e. inanimate objects, e.g. a rock, a chair or a book), and to understand
whethervisual search has higher visual search efficiency (slope value can be used as
an indicator of visual search efficiency) for visual stimuli related to the human body
compared to those unrelated to the human badgitionally, afurther purpose of the
expaiment was to examine the different RTs to the different parts of the human body.

This prediction is based on the idea that hands are more frequently involved in fine
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motor tasks and tool use, leading to more spsethknd efficient neural processing for
hands compared to whole bodies. Research has shown that expert tool users, for
example, have distinct neural representations for hands and tools, suggesting a higher
degree of differentiation and possibly fasi®¥s for handrelated stimuli(Kessler &

Miellet, 2013 Schone, MaimotMor, Baker, & Makin, 202). Additionally, hands are

often perceived and processed as individual entities rather than as part of a whole body,
which could contribute to quicker and more efficient recognitionRifisl The reason

for this prediction is that there were differences in average RTs and RT slopes between

faces and nonfaces in visual search tasks from previous studies.

2.1.2 Method
2.1.2.1 Participants

Thirty-one students from the University of Nottingham Malaysia, 22 females and 9
males (1845 yearsM = 25.10,SD= 3.31) with no history of neurological or psychiatric
disorders or drug abuse by seport participated in the experimemll participants

gave written, informed consent and had normal or corrected to normal visualbgcuity
selfreport, and all received either course credits or inconvenience allowdrnees.
participants were all judged to be rigidnded according to the Edinburgh Handedness
Inventory (Oldfield, 1971 Veale, 2014 The number of participants in Experiment 1
was greater than the number of participants in comparable visual search paradigms
(Goold & Meng, 2016 Hershler & Hochstein, 2005In addition, G*Power 3.1.8

priori analysis was used to determine which sample size would be adequate, and the
GPower 3.0 default setting was cho$Eaul, Erdfelder, Buchner, & Lang, 200%or

the calculation, a small effect size was set at a value of{Br28ges, 2012 Assuming

3 (set size 2, 4 and 8)4 (hand, face, whole body and car) witlsmbject factors, the a

priori power analysis indicated that in the experiment, a sample sizewbUuldl be
sufficient to detece si gni fi cant Il nteraction with
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groups of 2 anda number ofmeasurements of 12 in repeated measures of within
subjects ANOVA were chosdffraul et al., 2009Faul, Erdfelder, Lang, & Buchner,
2007. The procedures for this study received approval from the Science and
Engineering Research Ethics Committee (SEREC) at the University of Nottingham
Malaysia. The committee assigned the application number HYC150221 to this research
project.

2.1.2.2  Materials and apparatus
The experiment comprised five target conditions: four tapgesent conditions and one

targetabsent condition. The target item in targedsent conditions was a hand (30
images, 3 x 1@ifferentimages), a face (30 images, 3 xdifferentimages), a whole
body (30 images, 3 x Mifferentimages) and a car (30 images, 3 difterentimages);
whereas items in the targabsent condition (i.e. no target item) was combined with
distractors only, which were inanimate objects excluding cars. These visual items were
3 x 3cm greyscale imag€Eigure2-1). The whole body and hand images (fpstson
perspective, dorsal view) were compugenerated images froEspirito Santo, Maxim,
etal. (2017)wi t h t he authorsdé permission. The
races and frontward facing female and male faces inclusive of hair and ears, were
obtained from the School of Psychology University of Nottingham Malaysia Face
Database. The car imag@ront view) were downloaded from Google Search (labelled
for reuse). Distractors were selected randomly from a database of 360 photographs of
inanimate objects, such as a bag, a bracelet, a buttdroetd=spirito Santo, Maxim,
etal. (2017)wi t h t he authorsdé permi ssion.

The visual search display was akin to an earlier published déSgold &
Meng, 2018, with a black fixation cross in the centre of a white screen together with

2, 4, 6 items. For displays with two items, these were positioned opposite each other
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around the fixation point at 0° and 180°; for four items, these were positioned around
the fixation point at 0°, 90°, 180° and 270°. For six items, these were positioned around
the fixation point at 30°, 90°, 150°, 210°, 270° and 330°. For each set siar{d 6),

there was a target item, and the rest were distractors. The target iteithees hand,

a face, a whole body or a car image; each target item and each distractor measured 3 x
3cm (3° x 3° visual angle) on the visual search display. Theo$itee black fixation

cross was 0.5 x 0&m (0.5° x 0.5° visual angle). The distance from the black fixation
cross to the centres of the target items and the distractors was 5 cm (5° x 5° visual
angle); the visual search display had a resolution of 1280x720 prigls€2-1).

In a block of 240 visual displays (shown in random order), in tangetent
conditions, 120 visual displays were distributed equally across the three set sizes (2, 4
and 6). In targeibsent conditions, 120 visual displays, also distributed equally across
the three set sizes, served as controls (Table 1). After 240 visual displays had been
shown to the participants, another three blocks of 240 visual displays were repeated in
random order to make up 9€fcross the four blocks).

The participants were sitting £m away from a monitoThe experiment was
presented and coded using Psyh@Peirce, 20072008 on a 14inch HP EliteBook
840 with a refresh rate of 6@z and a spatial resolution of 1366 x 768 pixelkich
was set to 1280x720 pixels to appropriately display imagiis luminance levels in
candelas per square metre, 124 ¢d/Adl visual displays were presented on a white

background.
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Figure2-1 Examples of visual displays and examples of target items in Experiment 1
(A) Examples of visual displays containing set sizes 2, 4 and 6 visual items, out of the
four examplesthreecontain a target item (face) whilshecontains no target item,

each example of a target stimulus and one or more distractors. (B) Examples of visual
target items from top left to bottom right: face, hand whole body and car.
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Tablel The stimuli of Experiment 1
The experimental structure of one block of 240 trials in ExperimeFhd experiment
comprisedour blocks.

Group Set size Stimuli Number of trials
Absent group (120 stimuli) 2 All distractors 40

4 All distractors 40

6 All distractors 40
Target group (120 stimuli) 2 Hand with distractors 10

Face with distractors 10

Whole  body with 10
distractors

Car with distractors 10

4 Hand with distractors 10

Face with distractors 10

Whole body with 10
distractors

Car with distractors 10

6 Hand with distractors 10

Face with distractors 10

Whole body with 10
distractors

Car with distractors 10
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2.1.2.3  Design andprocedure
In a randomised mixed design, each participant underwent 960 trials composed of 480

targetpresent trials (120 trials including hand target items, 120 trials including face
target items, 120 trials including whole body target items and 120 trials including car
target items) and 480 targatbsent trials. In addition, there were an inifi@lpractice

trials, the results of which were disregarded. The trials were separated into four blocks,
with 240 trials in each block. In each block, there were 120 targsent trials (30

trials including hand target items, 30 trials including face target item, 30 trials including
whole body target items and 30 trials including car target item) and 120 &dngpit

trials. Each stimulus type had an equal number of twéls 2, 4 or 6 visual items in

the display(Figure2-2).

Each trial started with a 500 ms blank screen with a fixation cross at the centre
of the screen followed by the target screen. Participants were instructed to maintain
fixation on the central fixation cross. A blank screen was followed by a target screen.
Before the presentation of each target screen, participants were instructed to fixate at
the centre of the screen. Once the stimuli appeared, participants were to search for a
hand, a face, a whole body, or a car in each Tlay were told to presssquickly as
possiblt he O6M6 key i f a hand, a face, a whol
key if neither hand, face, whole body or car were present, whilst aiming for consistently
high levels of accuradyFigure2-2). The stimulus remained until a response was made.

In order tomaintain high levels of accuracy in this study and consistent speed of
response, participants were encouraged to respequickly as possibléo avoid the
effect of working memory and to maintain high levels of accuf@gnosSolis, van

Loon, Los, & Olivers, 20170ImosSolis, van Loon, & Olivers, 20}8Participants
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were informed that the top 3 performers in terms of accuracy (excludingridgitlier

trials) would receive a bonus.

————— Before each trial, there was a slide with fixation cross in the
middle.

""" Trial1, this was a target-absent trial (‘Press the Z
key').

-------- Trial2, this was a target-absent trial
(‘Press the Z key’).

The visual displays were presented
until a response was made.

7 YN == Trial3, this was a
‘ @é target-present trial
. (‘Press the ‘M’
O key’).

Figure2-2 Experiment 1 Stimulus Timeline
Stimulus timeline of visual displays in Experiment 1, showing 3 trials (2 tatgssnt
S, correct @anewentoZdoiahd coertktatgam

tr

al
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2.1.3 Results
Accuracy rates ranged from 86 to 99% in ExperimeAtturacy was tracked to ensure

that theaccuracy ratewere not todow (above80 %), which would have rendered the
RTs questionabléWolfe, 201§. Prior to conducting a twavay repeated measures
ANOVA to examine the effects of stimulus type (hands, faces, whole bodies, cars, and
absence) and set size (2, 4, and 6) on average RJwwr€ 2-3), the RT data were
preprocessed. This preprocessing involved the removal of anticipatory responses (RTs
< 150 ms) and outlying slow responses (RTs > 1000 ms standard deviations from the
participant's mean). These steps were taken to ensure the dat&ysamqaiateliability
for subsequent analyses. There was a statistically significant interaction between
stimulus type and set size [F(8, 240) = 32.460, p < 0.Q8% 0.521].There was a
statistically significant main effect of both stimulus type [F(4, 120) = 47.680, p < 0.001,
dp? = 0.614] and set size [F(2, 60) = 83.386, p < 0.@pA= 0.735] on average RTs
across set sizeRairwise comparisongvealed that there were statistically significant
differences between hand and face {6349, p < 0.001d =-0.253) and between hand
and whole body (t = 3.906, p = 0.0@bs 0.209). In addition, there were statistically
significant differences between hand and car (t = 3.906, p = @608,209), between
face and car (t = 3.906, p = 0.0@bs+ 0.209), and between whole body and car{t =
5.111, p < 0.001d = -0.336).

The RT slopes for hands, faces, bodies, cars and absence wastité,
6 ms/item, 32ms/item, 33ns/item and 62ns/item, respectively. The results showed
that the ranking of RT is faces, followed by hands and bodies, with cars being the last.
The RT slopes for stimulus types were analysed by ANOVA. The results of the analysis
showed a significant main effect of Rbges [F(4, 120) = 55.140, p < 0.0G4? =

0.648] (Figure 2-3). Pairwise comparisongevealed that RT slopes were not
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significantly different when comparing hands and faces (p = 0.081); the RT slopes for
hands and whole bodies wesignificantlydifferent (p < 0.001)the RT slopes for faces

and whole bodies were significantly different (p < 0.001), suggesting that visual search
for faces is more efficient and parallel, vétgearch for whole bodies is less efficient
and more serial. The RT slopes for whole bodies and cars were not significantly
different (p = 1.000), indicating that visual search for these two stimypes tis

similarly efficient, falling somewhere between a parallel and serial process.
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Figure2-3 Experiment ITresults

(A) Average RTs across set sizes on search set size and stimulus type. (B) RT slopes.
The box plot shows 2.5%, 25%, 50% (median), 75% and 97.5% percentiges.is a
significant difference between the hand and the whole bodies.
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2.1.4 Discussion

Participants were asked to identify hands, faces, whole bodies, and nonhuman body
objects (in this experiment, cars) out of different sets of distractors to see whether
average RTs across set sizes (mean RTs) and RT slopes changed dependent on the
interacton between stimulus type and set size.

Regarding RTs across set sizes, the results showed that the average RTs across
set sizes for hands, faces and whole bodies were significantly smaller than for cars
across set sizes. These results implied thagidition tofaces, stimuli of other parts of
the human body spontaneously capture attention and are relevant for models of social
perception. The research reviewed here supported the prediction of Experiment 1,
namely, that the average RT across set sizes for hasdsiffeaent from that for whole
bodies. This observation suggests that despite hands, faces, and whole bodies all being
components of the human form, they are processed distinctly by the visual system. The
differential response patterns indicate that thiesdy parts, though related, likely
engage separate cognitive mechanisms or neural pathways during visual recognition
tasks. The visual properties of the different stimuli related to the human body were
different in visual search. This study also showexd the visual property of hands was
more salient than that for whole bodies because the average RT across set size for hands
was higher than that for whole bodi{€xostella, Carducci, & Aglioti, 20Q0%eiger et
al., 2017%.

Regarding RT slopes, the results showed that the RT slope for hand stimuli was
less steep than that for whole body stimiillihough the hand did not generate thepop
out effect, which is defined as BT slope of zero ms/item, the result still indicated that
participants had a higher visual search efficiency for hand stimuli than for whole body

stimuli. In addition, the RT slope for hand stimuli was not significantly different from
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that for face stimuli. This indicates that participant visual search efficiency for hand
stimuli did not differ from that for face stimuli. As expected, the RT slope for the face
stimuli was the least steep of all the stimulyses,and they generated a popt effect

in visual search. This resutbbrroborateghe findings of a considerable amouoft
previous work in visual search for face stim(@oold & Meng, 2016 Hershler &
Hochstein, 20052006. Surprisingly, the slope for whole body stimwlias not
significantly different from that for car stimuli.

These results confirmed that the visual search for hands could be-levagh
phenomenon such as occurs for faces, and demonstrated that gist information
contributed significantly to rapid hand detection, but these results did not reveal why
the RT slopdor hand stimuli wasess steeghan that for whole body stimulGoold &

Meng, 2016 Hershler & Hochstein, 2002006).

The results in this experiment were supporte&ltay n wi $MiRéresalts and
P e r r singlauditgecordings result&anwisher, Tong, & Nakayama, 1998errett,

Rolls, & Caan, 198 the latter indicating that the effective category of faces was
represented by specialised o6face cell séb.
form a feature map for face detecti@oriji, Sihite, & Itti, 2013. In addition, studies

have revealed that some neurons respond selectively to the shapes of individual body
stimuli (de Gelder et al., 201@Peelen & Downing, 2007 and haneselective cells
respond strongly to human hand stimuli of different orientations and &k &
Colombo, 2018 The different selective cells can be seen in the variety of RTs in visual
search for different parts of the human body.

The findings in this experiment indicated that hand stimuli have a high visual
search efficiency when among a variety of distractors. The difference in RT slopes can

be explained by featurmtegration theoryFeature integration theorsuggests that
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when perceiving a stimulus, features are
whil st objects are identified s@vplerately
1994h. When RT is set size independent, the distinctive feature is detected in parallel

by a preattentive mechanisfireisman, 1985Treisman & Gormican, 1988lt is
necessary here to clarify what is meant
mechani smo, al-stot ecnatliloendd , 6 sipsr evaldeont) isa f ea't
performed to find the odd element out of a series of distractors.

The experiment highlights that visual search mechanisms should not classify
faces as simple lowevel visual elements, but rather as holistic, fikoe features. This
approach is supported by the feature interaction theory, where visual search involves
explicit neuronal representations of target features distinct from distr§€tersman,

1985 Treisman & Gormican, 1988Separate perceptual dimensions, such asucolo

or 'orientation’, are represented on individual maps, enabling the detection of objects
like 'red' or 'green’, and 'vertical' or 'horizontal’, respectively. Focused attention retrieves
location information from these maps, although objects matching#éteré maps can

be detected without focused attention on a master (Damoulin, 2015 Somers &
Sheremata, 20)3The concept of search asymmetry, particularly for faces, suggests
the presence of a specsald feature map for facéldershler & Hochstein, 2002006.
Detection without attention occurs when object features align with those on the feature
maps, not affecting RTs despite the number of distractors. Focused attention is
consolidated on a master map to initiate perception processing, which consumes
significant attention resourcéSavanagh, 203 X5eng & Behrmann, 2003

Specialsed neurons in the higlevel visual cortex enable parallel search for
face stimuli through a peput mechanism in preattentive processing, recgmiface’

features distinctively(Grill-Spector, Weiner, Gomez, Stigliani, & Natu, 20 GHill -
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Spector, Weiner, Kay, & Gomez, 201%tudies show that RT slopes for human versus
animal faces differ significantly despite their physical similarities like eye symmetry
(Hershler & Hochstein, 2002006. This highlights that higlevel facial features are
not uniformly processed in parallel categation, suggesting different visual
processing for stimuli related to human and nonhuman bodies.

Experiment 1 examined whether human body stimuli were a feature in
preattention early perception. If human body stimuli can be considered a feature, the
RT slopes between hands, faces and whole bodies would sigirifecantly different.

The results in this experiment did not supportgireglictionthat the RT slopes between

hand stimuli, face stimuli and whole body stimuli were significantly different, and the
visual search efficiency for hand and face stimuli wgneater than for whole body
stimuli. The lowvisual searclefficiency of the whole body, indicated by the RT slope,
was surprising due to the anatomical similarities between faces and whole bodies. Thus,
it can be deduced that human body stimuli cannot be considered a feature based on
anatomicalfactors butcan be considered a feature based on neural similarities.
Regarding the different RT slopes associated with human body stimuli, neural
similarity across different parts of the human body could explain these differences
(Bracci, Caramazza, & Peelen, 2Q0B5acci et al., 2012 Neural similarity is a concept

using fMRI to construct a map representing the correlation between discrete objects.
The RT of visual search in human body featuw@selates witithe neural familiarity

of parts of the human bod{Bracci, Ritchie, & de Beeck, 201Tohen, Alvarez,
Nakayama, & Konkle, 2037In an experiment by Bracci, the different regions of the
brain responding to hand, face, whole body stimuli were delineated in the
occipitotemporal cortetBracci et al., 2013Bracci et al., 2012 and a matrix was used

to compare the neural similarities between the different parts of the human body. Faces
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were found tochave a higher correlation withands than whole bodies, and the gap
between hands and whole bodies was larger than the gap between faces and hands. This
probably implied why the visual search efficiency of visual search between hands and
faces was not significantly different.

In summary, Experiment 1 indicates that hand perception demonstrates a high
degree of visual search efficiency for hands compared to whole bodies, as evidenced
by the average RT across set sizes and RT slope. However, this efficiency does not
appear to afin with a purely parallel search mechanism. athilands may be
processed more efficiently than bodies or objects, their search efficiency may not be as
distinct as that of faces. These findings suggest that the processing of hands occupies a
unique positbn on the paralledo-serial continuum, warranting further investigation to

elucidate the specific mechanisms underlying hand perception.
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2.2 Experiment 2: Is Visual Search Different for Finger PosturegDistorted or
Natural) vs Chairs (Distorted or Standard) As Control Images? (An RT

Measuremeny

2.2.1 Introduction
Experiment 1 revealed differences in both average RTs across set sizes and RT slopes

across various body part stimuli. Specifically, it is found significant differences in
average RTs between hands and faces, as well as between hands and whole bodies.
Regading RT slopes, there was a significant difference between whole bodies and
hands, but no significant difference between hands and faces. These findings suggest
that both the overall speed of processing (reflected in average RTs) and the efficiency
of visual search (indicated by RT slopes) vary depending on the type of body part
stimulus, with hands showing distinct patterns compared to both faces and whole bodies.
The RT method for the visual search task was employed in this experiment, and
participants were requested to detect a target in an arrangement of distractors and
respond by pressing the button as quickly and accurately as possible. The visual search
task was conducted to investigate the average RTs across set sizes and RT slopes among
the various body stimuli. The average RTs across set sizes of stimuli represent the time
to detect the target among its distrac(@olfe et al., 201

Additionally, the RT slopes are a manifestation of visual search efficiency in
detecting the targe(#orstmann, Becker, & Grubert, 2020/0lfe, 201§. Given that
hands are a biologically and socially significant stimulus, further investigation into their
processing is warranted. Specifically, examining distorted finger postures is relevant
for several reasons. First, it allows for the exploration @& bloundaries of the
perceptual system in processing hand configurations. Second, it can provide insights
into how the system adapts to variations in stimuli. Lastly, understanding the perception

of distorted hands has practical implications, such as imfgrthe design of prosthetics

89



Chapter2

or virtual reality interfaces. Therefore, differences between distorted and natural finger
postures in this study could reflect the uniqgue geometric properties of the distorted
stimuli and shed light on the adaptability of the visual processing system.

The purpose of this experiment was to investigate (1) the visual property
between distorted and natural finger postures by comparing the difference in average
RT across set sizes and (2) the visual search efficiencies between distorted finger
postures andatural finger postures by comparing the difference in RT slopes. This
research tested two predictions: (1) that the avelRilgacross set sizes for distorted
finger postures would be smaller than that for natural finger postures, and (2) that the
RT slopefor both distorted and natural finger postures would be smaller than that for

chairs (both distorted and standard).

2.2.2 Method
2.2.2.1 Participants

Forty-six students from the University of Nottingham Malay€a females and 24
males (1845 yearsM = 22.80,SD= 2.62)with no history of neurological or psychiatric
disorders or drug abuse by sedport,participated in the experiment. The recruitment
requirements for this experiment were the same as for Experim@nglparticipant's

data was excluded from the analysis as it met the criteria for an outlier. An outlier was
defined as any data point that fell more than 3 standard deviations awapéomean

of the sample or had ascore greater than +3.2Beys, Ley, Klein, Bernard, & Licata,

2013. Based on assuming 3 (set size 2, 4 and 6) x 2 (hands and chairs) x 2 (distorted
and natural) withirsubject factors and keeping the same other parameters as in
Experiment 1 ira priori analysis for G*Power, a sample size of 18 was sufficieme.
SEREC evaluated and endorsed this study. The research project was assigned the
identifier HYC150221, and the committee provided ethical approval for the
experimental protocols.
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2.2.2.2  Materials and apparatus.

The visual items were used in the same way as in Experiment 1. The stimuli in target
present conditions were replaced by distorted finger postures, natural finger postures,
distorted chairs and standard chak&(re2-4). Distorted finger postures and natural

finger postures (firsperson perspective, dorsal view) were compgtarerated images

from Espirito Santo, Chen, etal. (2017) used wi th the authorso
finger posturesoé refer s dtthesdranajoirg fromihée h t he
knuckle. Chairs, also modelled aftespirito Santo, Chen, et al. (201®gere the control
stimuli that corresponded o t he hands in terms of geome
chairsé refers to chairs with a ITeg bent
distractors were the same as in Experiment 1 as was the visual search display. The
distance between each item in this experiment was the same as in Experiment 1. The
number of target and absent stimuli was the same as in Experiment 1. The stimuli in
targetpresent conditions were replaced by either distorted finger postures, natural
finger posturesdistorted chairs or standard chaifi@lfle 2). The experiment was

demonstrateth the same manner &xperiment 1.
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Figure2-4 Examples of visual displays and examples of target items in Experiment 2
(A) Examples of visual displays containing set sizes 2, 4 and 6 visual items, each
example of a target stimulus and one or more distractors. Distractors only displays
were not shown in the figure. (B) Examples of target stimuli from top left to bottom
right: distorted chair, standard chair, distorted finger posture and natural finger
posture.
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Table2 The stimuli of Experiment 2
The experimental structure of one block of 240 trials in Experiment 1. The experiment
comprisedour blocks.

Group Set size Stimuli Number of trials
Absent condition (120 stimuli) 2 All distractors 40

4 All distractors 40

6 All distractors 40
Target condition (120 stimuli) 2 Distorted finger 10

posture with distractor:

Natural finger posture 10
with distractors

Distorted chair with 10
distractors

Standard chair witt 10
distractors

4 Distorted finger 10
posture with distractor:

Natural finger posture 10
with distractors

Distorted chair with 10
distractors

Standard chair witt 10
distractors

6 Distorted finger 10
posture with distractor:

Natural finger posture 10
with distractors

Distorted chair with 10
distractors

Standard chair witt 10
distractors
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2.2.2.3  Design andprocedure
The experimeral design and procedure were the same as in Experiment 1. The target

stimuli were replaced by either distorted finger postures, natural finger postures,

distorted chairs or standard chdiFsgure2-5).

fffff Before each trial, there was a slide with fixation cross in the
middle.

* -------- Trial1, this was a target-absent trial (‘Press the Z
key’).

rrrrrrrr Trial2, this was a target-absent trial
(‘Press the Z key’).

-
;! """"" Trial3, this was a
% ' l target-present trial
(‘Press the ‘M’
* key").
: : -
The visual displays were presented .
until a response was made. v

Figure2-5 Experiment 2 Stimulus Timeline
Stimulus timeline of visual displays in Experiment 2, showing 3 triatar(tabsent
trials, correctparswart d¢Zd adndchbrirarcdgetans
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2.2.3 Results
Accuracy rates ranged from 87% to 99% in Experiment 2. Accuracy was recorded to

ensure that the error rates were not too high, rendering RT questiQialtie, 2018)

In contrast to Experiment 1, the data of targlesent trials were excluded from the
results because they were not relevant to the specific research question of interest,
which focused solely on the hands and chairs data.

The average RTs across set sizes were analysed using -avélyregpeated
measureaANOVA over configuration (distorted and natural), the stimulus types (hands
and chairs), and the set sizes of the search array (2, 4 and 6(Fegusg2-6). There
was no significant threezay interaction between stimulus type, configuration and set
size [F(2, 88) = 1.602, p = 0.20%? = 0.035]. For the twavay interactions, there was
a significant tweway interaction between stimulus type and set size [F(2, 88) = 14.869,
p < 0.0014dy? = 0.253]. None of the other twway interactions were significarfhere
was a significant main effect of configuration [F(1, 44) = 6.533, p = 0dp14,0.130];
stimulus type [F(1, 44) = 58.901, p < 0.06%,= 0.572] and set size [F(2, 88) = 160.162,

p < 0.001dy? = 0.784]. For further analysis of average RTs across set sizes for hands
only to remoe the effect of chairs in the statistical analysis, away ANOVA was
conducted with two withiparticipant factors of condition (configuration and set sizes).
There was a significant main effect of configuration [F(1, 44) = 15.843, p < @¢01,

= 0.265].

The RT slopes for stimulus types were analysed byviaprepeated measures
ANOVA (Figure2-6). There was a main effect of configuration [F(1, 44) = 29.380, p
< 0.001,dp? = 0.400]. The results of the analysis showed an interaction of RT slopes
between configuration and stimulus types [F(1, 44) = 5.703, p = 0dp2%,0.115].

The RT slopes for distorted finger postuteaced to besmaller than RT slopes for
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natural finger postures [t (44)-2.029, p = 0.049]. In addition, there was no significant

difference between the RT slopes for distorted chairs and the RT slopes for standard

chairs [t (44) = 0.785, p = 0.437].
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Figure2-6 Experiment Zesults

(A) Average RTs across set sizes on search set size and stimulus type (distorted finger
post) with SE bars. (B) RT slopes taken frpamel A represent either parallel or serial
search in Experiment 2. The box plot shows 2.5%, 25%, 50% (median), 75% and 97.5%
percentiles. There is a significant difference between the distorted and natural finger
postures. The high slope in the box plattlee natural finger posture condition, vghil
notable, do not necessarily indicate a problem with the data or the egptimesign.
Rather, they provide valuable information about the broader distribution of response
times in this condition, potentially reflecting natural variability in how participants
process these stimuli.
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2.2.4 Discussion
Experiment 1 showed that the average RT across set sizes and the RT slope for hand

stimuli compared to whole body stimuli were significantly different. The question in
this experiment was to determine whether the RTs for distorted finger posture stimuli
differed significantly from the RTs for natural finger posture stimuli. Interestingly, the
average RTs across set sizes for distorted finger posture stimuli differed significantly
from the RTs for natural finger posture stimuli. In addition, the RT slopdi$torted

finger posture stimuli was flatter than that for natural finger postures, but the RT slope
for distorted chairs was the same as that for standard chairs.

A possible explanation for the difference in average RTs across set sizes
between distorted finger posture stimuli and natural finger posture stimuli in visual
search would be that the various selective cells (each part of the human body has a
specific bran cell attrbuted to it for visual processing) respond differently to different
configurations of hands (e.distorted and natural finger postur@grrett et al., 1999

Previous research showed fMRI results and singié recordings which
indicated that the category of hands was
responded to the shape of hafifianwisher et al., 199®errett et al., 1992Additional
studies have confirmed that haselective cells respond strongly to human hand
stimuli of different orientations and sizes and also that specific neurons respond
selectively to the shapes of individual whole bod{Pgelen & Downing, 20Q7
Perruchoud, Michels, Piccirelli, Gassert, & lonta, 201bherefore, a speculative
interpretation based on these findings could be that there are two different populations
of hand cells, one responding to distorted finger postures and the other to natural finger

postures.
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The results for distorted and natural finger postures as shown in the slopes may
be explained by the fact that distorted finger postures are not considered as a single
holistic feature (i.ce. 0di stortedefinger
postures were broken down into feature maps of natural finger postures and distorted
human body, according to feature integration thébigkayama & Matrtini, 2011 On
the other hand, the specsald cell prediction suggests that there may be neurons
specifically tuned to recogse distorted finger postures as a whole. This theory posits
that the brain has dedicated neural pathways for processing unique or frequently
encountered stimylross, 2016 When RT is independent of set size, a distinctive
feature like a distorted finger is detected in parallel by a preattentive mechanism
(Treisman, 1985Treisman & Gormican, 1988Each feature map represents a specific
attribute, such as colour or orientation. In this case, the distorted finger is preferentially
processed as an individual feature, rather than the entire distorted hand popping out as
a holistic entity.

Attention is necessary to retrieve feature location information from these maps,
but the presence and amount of visuaing can be detected without focusing attention
on the feature mafbumoulin, 201% Somers & Sheremata, 201%earch asymmetry
is typically accounted for by the feature map encoding the features. If there is no
difference in the RT slopes between distorted artdralafinger postures, there is no
effect of the search asymmetry. If there is a difference in the RT slopes between
distorted and natural finger postures, there is an effect of search asymmetry. In the
results, there is little evidence of the effects ofdeasymmetry, so the features of the
maps are not conclusiyelershler & Hochstein, 20020096.

There is a possible explanation basedfeature integration theorfor the

interaction between stimulus type, configuration and set size. The RT slopes for similar
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objects are not different. Therefore, the RT slopes for distorted and natural finger
postures, which are similar objects, logically should not be different; the RT slopes for
distorted and standard chairs, which are similar objects, logically shouldditfebent,

either. However, the RT slopes for distorted and natural finger postures were different.
The reasorns that if (1) a feature map is an essential map (e.g., colour or orientation
feature map) in the master feature map of humans (the hand fieaioiie an essential
feature map) and (2) this feature map is a proper subset of a feature map of another
object (e.g., the hand feature map of natural finger postures is a proper subset of the
hand feature map of distorted finger postures), the RT sfopdisese two objectare
different(ltti, Koch, & Niebur, 1998Kristjansson & Egeth, 201%$chade & Meinecke,

2013. This is because the brains are more attuned to detecting unusual or unexpected
features, such as those found in distorted finger postures, leading toRfastdihe
reasonis that the mutual exclusivity of a shared feature facilitates the detection of
objects from the remaining gist information.

Thus, the distorted finger postures shared the hand feature (an essential feature
map in the master feature map), with the natural finger postures. Therefore, the RT
slope for the distorted finger postures differed from that for the natural finger postures
because the remaining gist information (distorted human body feature) facilitated the
detection of the distorted finger postur&sother possible explanation for the result in
this experiment is that the hand feature maps are combined into a conspiapity
where the stimuli related to unusual human body will be encoded using preattentive
processing without any attentigtti et al., 1998. Such encoding does not occur for
distorted chairs. In other words, the distorted chairs are not considered salient compared

to the distorted finger postures.
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Hence, it could conceivably be observed that the average RTs across set sizes
for hands differed from chairs among the different set sizes,tbeeghthe shape of
hands and chairs are similar. In addition, the RT slope for distorted finger postures
differed from natural finger postures, but the RT slopes for distorted chairs are not
different from standard chairs. This result confirms that the effedistdrtion occurs
only on the hands rather than on chairs. This demonstrates that gist information
contibutes significantly to rapid distorted hand detection, rather than distorted chairs
(Goold & Meng, 2016Hershler & Hochstein, 2005The results coincide with some
neuronal populations that may constitute a feature map of sorts for the distorted finger
posture(Boriji et al., 2013Clark & Colombo, 2018

Further work must be done to understand the mechanisms which contribute to
the difference in average RTs across set sizes between distorted finger postures and
natural finger postures. In particular, it is necessary to separate the contributions of
activevision and passive vision. In typical accurasgasurements, a way to exclude a
contribution from active vision is to run accuracy measurements with stimuli presented
for less than 20@éns, avoiding participant eye movemerf&olfe, 2019. It was
considered that accuracy measurements, taken after stimulus presentation when
participants were no longer required to maintain fixation, would usefully supplement
and extend the result from RT measurements, given that accuracy does not suffer from
the issues of eye movemdrindlay & Gilchrist, 2003 The accuracy measurements
can overcome the limitations of RT measurements in visual stelchwith the latter
whose source of processing information is not only from passive vision budtatso
activevision (Degno & Liversedge, 202Kornrumpf et al., 2016 In contrast, the
accuracy method collects data from the passive vision only. This difference is crucial

for accurately interpreting results and drawing valid inferences about visual perception.
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In summary, the slope of the RT x set size function is flatter for distorted finger
postures than for natural fingpostures. It is evidently clear from the findings that
visual and cognitive processes are not caused by the fact of geometric complexity.
These findings can contribute to a better understanding of distorted human bodies in

visual and cognitive processes.

102



Chapter2

2.3 Experiment 3: Is Visual Search Different for Hands, Faces and Whole Bodies

WhenViewedat a Glance? (An Accuracy Measurement)

2.3.1 Introduction

Visual perception plays a crucial role in hbwmansnteract with the world around us.
Whilstresearchers have extensively studied various aspects of visual processing, some
areas remain unexplored. Although prior studies have noted the importance of hand
perception in RTs of visual search, little was found in the literature on whether there
weredifferences between faces, whole bodies and hands in the proportion of correct
response as indices of passive vision in performing RSVP with the limitatiomseof ti
where a sequence of stimuli is shown to an observer in a specific visual field. The
participant must detect a visual target stimulus out of these stimuli. This experiment
sets out to investigate differences in visual processing of faces, whole bodiésnds
in passive vision.

Attention selects and limits information available at various levels of processing.
Visual search tasks provide a structured window into the vast world of attentional
phenomendliang, 2018Kruse et al., 2016 Two behavioural measures are of concern
in classic visual search tasks: RT and accuf@tylfe, 2018. Accuracy here is defined
as the proportion of correct responses in visual sg&atier et al., 2007 In typical
visual search tasks with RT measurements, stimuli are presented until participants
respond. The RTs are indices of visual search, and accuracy is also recorded, but only
to ensure that error rates are not so high that they would influerk@ sifdeitz, 2014.
Visual search tasks using accuracy measurements present stimuli for <200 ms to
prevent eye movementFindlay & Gilchrist, 2003 Wolfe, 2018§. This method
overcomes limitations of Riheasurements by focusing solely on passive visionswhil

RT methods involve both active and passive vigiDegno & Liversedge, 2020
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Kornrumpf et al., 2016 By contrast, the accuracy method collects data from passive
vision only.Human body perception plays a crucial role in visual search. Human body
perception in visual search is well known for effective and fast visual processing of
hands and distortions in observed finger postures from Experiment 2. Little is known
about this ocurrence and whether it is caused by active or passive vision. Experiment
3 examined whether this occurrence is caused by active vision or passive vision.

Compared to visual searches of faces, visual searches of whole bodies and hands
are understudied areas; and little is known about the accuracy method applied in the
visual search of human bodies. Here, the effects of human body visual stimuli on RT
slopeswere examined in Experiment 1. Visual search with accuracy measurement was
used to evaluate the proportions of correct visual search responses. Visual search with
accurate measurement is a method of studying the timing of vision. In RSVP, the
paradigm of isual search, stimuli are presented rapidly (usually defined as less than
about 200ms) to prevent any voluntary eye moveméBelopolsky & Theeuwes, 2010
Tyng et al., 2017Wieser et al., 2006

This experiment investigates the differences in visual search accuracy slopes
between hands and whole bodies. Building upon previous research in this thesis that
showed significant differences in RT slopes for these stimuli, the prediction was that
the visial search accuracy slopes for hands would be smaller than those for whole
bodies, suggesting more efficient processing for hand images in RSVP tasks. By
examining this relationship, the research intends to expand the understanding of RSVP
processing for &nds versus whole bodies. The results of this experiment contribute
valuable insights into the distinct perceptual mechanisms involved in recaptiese
different bodyrelated stimuli, furthering the comprehension of how the visual system

processes hands and whole bodies differently. These insights reveal a more complex
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picture of hand perception than previously understood. A critical insight is the
confirmation that hands are processed more efficiently than whole bodies in RSVP
tasks, as evidenced by smaller accuracy slopes. Another crucial insight extends beyond
this, demonstrating that the perceptual advantage of hands over whole bodies is not
limited to RTsbut also encompasses accuracy measures. This dual advantage in both
speed and precision offers the insight that there is a robust;famdted processing

priority for hand stimuli in the visual system.

2.3.2 Method
2.3.2.1 Participants

Thirty-seven students from the University of Nottingham Malaysia, 25 females and 12
males (1845 yearsM = 22.80,SD= 2.62)with no history of neurological or psychiatric
disorders or drug abuse by seport,participated in the experiment. The recruitment
requirements for this experiment were the same as for Experiment 1. Based on
assuming 3 (set size 2, 4 and 6) x 4 (hand, face, whole body and car}suibject
factors and keeping the same other parameteis Experiment 1 ia priorianalysis

for G*Power, a sample size of 18 was suffici€fliis research project, identified by

the application numbddYC150221, was reviewed and approved by the University of
Nottingham Malaysia's SEREC. The committee granted ethical clearance for the study's

procedures.

2.3.2.2  Materials and apparatus

The visual items were used in the same way as in Experiment 1. All items were altered

to have the same luminance and contrast using the SHINE tqdbltenbockel et al.,

2010. The visual search display in this experiment was the same as in Experiment 1.

The distance between each item in this experiment was the same as in Experiment 1.
The number of target and absent stimuli was the same as in Experiment 1. The visual

search diplay was 3%m horizontally and 18m vertically. Participants were asked to
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sit 57cm away from a monitor. The experiment was presented and coded using
Pavlovia online, which is an online hosting service that accommodates different types

of JavaScript experimen(&rootswagers, 202@&auter, Draschkow, & Mack, 2020

2.3.2.3  Design and procedure

The experimental design was the same as in Experiment 1. Each trial started with a
500ms blank screen with a fixation cross at the centre of the screen followed by the
target screen. Participants were instructed to maintain fixation on the central fixation

cross for the duration of the trial. The target screen remained visible for 200 ms,
followed by a white noise slide. The purpose of the white noise slide is to prevent
participants from using any residual visual information from the target screenpgnsuri

that their responses are based solely on their perception during the brief presentation of

the target. Participants were instructed to detect a particular kind of stimulus, e.g. a
hand, a face, a whole body or a car in each trial. They were told ® presh e é mé Kk e
a hand, a face, a whole body, or a car, w
present [Figure2-7). The white noise screen remained until a response was made.

order tomaintain high levels of accuracy in this study and consistent speed of response,
participants were encouraged to respasduickly as possibléo avoid the effect of

working memory and maintain high levels of accur@@ynosSolis et al., 2017, 2018)

The top 3 participants whose accuracies were not outliers with the highest RT would

receive a bonus.
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————— Before each trial, there was a slide with a fixation cross in the
middle.

—————— ‘ Trial 1, this was a target-absent trial.

-1 After the target slide disappeared, the white
noise slide remained until participants
responded (‘Press the Z key'.).

Trial 2, this was a target-
present trial.

After the target
slide disappeared,
the white noise
slide remained until
participants
responded (‘Press
the M key’.).

‘ The target slides remained 200 ms ‘

Figure2-7 Experiment 3 Stimulus Timeline
Stimulus timeline of visual displays in Experiment 3, showing 2 trials (1 tatgssnt
trial, corr eldargetmamessvemt 0tZwi alnd correct ans

2.3.3 Results

The average proportions of correct responses across set sizes were arsahged
two-way repeated measures ANOVA over the stimulus types (face, whole bodies,
hands and cars), and the set sizes (2, 4 and 6 itErgaj€2-8). There was a significant

main effect of stimulus type [F(3, 69) = 68.838, p < 0.af)1 = 0.750] and set size

[F(2, 46) = 90.539, p < 0.00,> = 0. 0.797]. For the twavay interactions, there was

a significant tweway interaction between stimulus types and set sizes (F(6, 138) =
32.621, p < 0.001d,? = 0.586).Pairwise comparisongvealed that the proportions of
correct response slopes wergnificantlydifferent between faces and cars (p < 0.001);
between hands and cars (p < 0.001); between whole bodies and cars (p < 0.001).
Additionally, there was aignificantdifference between hands and whole bodies (p =

0.003), but there was rsagnificant difference between hands and faces (p = 0.134).
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The proportions of correct response slopes were analysed by ANBgére
2-8). There was a significant main effect of stimulus types [F(3, 69) =50.918, p <0.001,
ds®> = 0.689].Pairwise comparisonsvealed that the proportions of correct response
slopes wersignificantly different between faces and cars (p < 0.001); between hands
and cars (p €9.001), but the were na significantly different between whole bodies

and cars (p = 0.219).
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Figure2-8 Experiment Jesults

(A) Average proportion of correct response across set sizes on search set size and
stimulus type. (B) The slopes thfe proportion of correct responses. The box plot
shows 2.5%, 25%, 50% (median), 75% and 97.5% percertitese is a significant
difference between the hand and the whole body.
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2.3.4 Discussion

This experiment found that the average proportions of correct response across set sizes
between hands and faces were not significantly different but for hands and whole bodies
they were. In addition, the results of this experiment indicate that the poopoft
correct response slopes between hands and faces were not significantly different but
that for hands and whole bodies they were. One unexpected finding was that there was
no significant difference between whole bodies and cars.

There are similarities in performing the visual search between hands, faces and
whole bodies in Experiment 1. This result may be explained by the fact thdehalh
activity with generalisation over spatial and other property details for human body
stimui occurs not only in active vision (voluntary eye movement) but also in passive
vision (involuntary eye movementspespite this, possible interference with eye
movements cannot be ruled out. The results probably can only confirm thdé¢vegh
activity of visual search for the features of hands and faces is performed regardless of
whether in the mechanism of active vision or passive vision.

These findings suggest that hands, like faces, benefit from efficient processing
even without active eye movements, whereas headless bodies do not share this
advantage. This study employed passive vision, i.e., visual search without involuntary
eye movemetto reveal the unique 'paqut’ effect of hands. Passive vision was crucial
in this context as it allowed us to demonstrate the automatic processing of hands without
the potential confounds introduced by saccades. This highlights the importance of
contrdled visual search paradigms in uncovering the special status of biologically

relevant stimuli, such as hands and faces, in visual processing.
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2.4 Experiment 4: Is Visual Search Different for Finger Postures (Distorted or
Natural) vs Chairs (Distorted or Standard) As Control Imageswhen Viewed
for Short Durations? (An Accuracy M easurement)

2.4.1 Introduction

Attention to distorted finger postures is vital for social and cognitive processes because
these postures can impact fine motor skills and dexterity, thereby affecting performance
in tasks that require precise hand movements and coordination. Visualtas&schre
available for exploring perceptual salience (Jiang, 2018; Kruse et al., 2016). In
Experiment 2, it was found that the average RT across set sizes and RT slopes are
different between the distorted finger postures and natural finger posturesven ac
vision (with eye movements). Additionally, in Experiment 3, it was shown that the
average proportion of correct responses and the slope of the proportion of correct
responses between the hand and the whole body stimuli are different in passive vision
(without eye movement).

Experimens 1 and 2 have shown the difference in visual search between
distorted finger and natural finger postures in active vision and the difference in visual
search between hand and whole body; this new study investigates the impact of
distorted versus naturahfijer postures on passive visual perception, an area previously
unexamined in the literature. By exploring this novel topgsgarcheraim to provide
foundational insights to inform future research and applications in fields such as
humancomputer interaction and cognitive neuroscience. This work is a logical
extension of our previous research, which has progressively delved into the
complexities of visual perception. By addressing how finger posture influences visual
processingtesearcherseek to uncover new principles that enhance our understanding

of how the brain processes visual informatidhis research could contribute to the
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development of more intuitive and effective technologies, further advancing our
understanding of human perception and its societal implications.

The purpose of this investigation was to explore the relationship between
distorted and natural finger posture in passive vision using RSVP, extending
understanding beyond active vision scenarios. Based on previous research, it was
predicted that in passwision, the average proportion of correct responses for distorted
finger postures would be higher than for natural finger postures, and the slope of the
proportion of correct responses for distorted finger postures would be smaller. These
predictions stemed from thepredictionthat distorted finger postures might capture
attention more effectively due to their unusual nature, potentially leading to enhanced
visual processing and more consistent attention across presentation dufai®ns.
predictedthat there would be no significant difference between active and passive
vision effects, anticipating that underlying mechanisms of visual attention and
processing might operate similarly regardless of visual input control. By investigating
these relatiortsps in a passive vision context, the study sought to determine whether
the influence of finger posture on visual processing is a gesadyi phenomenon,
potentially providing valuable insights into broader cognitive processes underlying

visual perception and attention.

2.4.2 Method
2.4.2.1 Participants

Twenty-seven students from the University of Nottingham Malg¢8itemales and 9

males (1845 yearsM = 2430 years,SD = 352) with no history of neurological or
psychiatric disorders or drug abuse by-seffort,participated in the experiment. The
recruitment requirements for this experiment were the same as for Expeririiéet 1.

data of 2participants were removed because the accwhihe participantsvas much

lower than the group mean. Based on assuming 3 (set size 2, 4 and 6) x 2 (hands and
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chairs) x 2 (distorted and natural) witksabject factors and keeping the same other
parameters as in Experiment larpriori analysis for G*Power, a sample size of 18
was sufficient. The procedure followed the university research effhesSEREC at

the University of Nottingham Malaysia reviewed this research project, designated as
HYC150221. Following their assessment, the committee granted ethical approval for

the study's methodology.

2.4.2.2  Materials and apparatus

The visual items were used in the same way as in Experiment 2. The visual search
display in this experiment was the same as in Experiment 2. The number of target and
absent stimuli was the same as in Experiment 2. The experiment was presented online

in thesame manner as in Experiment 3.

2.4.2.3  Design and procedure

The experimeratl design was the same as in Experiment 1. The online experiment

procedure was the same as in Experimgitigure2-9).

————— Before each trial, there was a slide with a fixation cross in the
middle.

‘ Trial 1, this was a target-absent trial.

--1 After the target slide disappeared, the white
noise slide remained until participants
responded (‘Press the Z key'.).

Trial 2, this was a target-
| present trial.

| After the target
slide disappeared,
the white noise
slide remained until
participants
responded (‘Press
the M key'.).

‘ The target slides remained 200 ms ‘

Figure2-9 Experiment 4 Stimulus Timeline
Stimulus timeline of visual displays in Experiment 4, showing 2 trials (1 tatgssnt
trial, correct -pmewvemt 0ZOi alnd dotnmregtetans
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2.4.3 Results

A threeway repeated measur@ddNOVA was conducted using the factors: distortion
(distorted, natural), stimulus type (hand, chair) and set size (2,.4, and 6), all within
subject.There was no threway interaction between distortion, stimuli and set size [F(2,
48)=0.377, p = 0.688,>= 0.015]. There was a twway interaction between distortion

and stimulus types [F(1, 24) = 10.215, p = 0.ap&= 0.299]. Specifically, the effect

of distortion differed depending on the type of stimulus, with hand of stimulus showing
a greater impadf distortion compared to the chair. There was a main effect of stimulus
type [F(1, 24) = 50.031, p < 0.00%? = 0.676]. This indicates that the type of stimulus
significantly influenced the outcome, with hand stimulus leading to higher performance
than chair. There was also a main effect of set size [F(2, 48) = 5.166, p =009,
0.177]. This suggests that the size of the set had a significant impact on the results, with
larger set sizes generally associated with poorer performance.

A two-way repeated measurddNOVA was conducted to determine the effects
of distortion and stimuli on slope§here was no twavay interaction between
distortion and stimulus type [F(1, 24) = 0.479, p = 0.4p5= 0.020].There was no
main effect of distortion [F(1, 24) = 0.367, p = 0.58¢%,= 0.015] or of stimulus type
[(F(1, 24) = 2.584, p = 0.12,2 = 0.097].

Experiment 2 suggests that some distortions do not significantly impact
recognition speed within a category (chairs). Experiment 3 reveabthatcy is more
susceptible to distortions of certain features, even for objects within the same category.
This discrepancy could be due to different features. Experiment 4 reinforces this idea
by showing no difference in accuracy when distorting cediaénr features, suggesting

that these features are less critical for accurate recognition compared to other features.
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Figure2-10 Experiment 4esults

(A) Average proportion of correct response across set sizes on search set size and
stimulus type. (B) The slopes thfe proportion of correct responses. The box plot
shows 2.5%, 25%, 50% (median), 75% and 97.5% percentiles.
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2.4.4 Discussion
In the previous sectioit, was known thathe proportions of correct response between

hands and whole bodies wesignificantly differentbut not between hands and faces.
This experimentwas designed to determinihe effects of stimulus types and
configuration on hands. The results of this research provided insights into the
differences between distorted finger postures and the interplay of stimulus types and
configurations. Specifically, the experiment uncovehanain effect of stimulus type

on the average proportion of cacteresponses, as well as an interaction between
stimulus type and configuration in this measure. These findings might be attributed to
the significant differences in visual properties between hand and chair stimuli when
observed through passive vision wvaitht eye movement. Such distinctions in passive
visual processing could explain the observed variations in response accuracy across
different stimulus types and configurations, highlighting the complex nature of visual
perception in this context.

This experiment found a main effect of stimulus type on the average proportion
of correct response and interaction between stimulus type and configuration in the
average proportion of correct response. This means that the type of stimulus (hand or
chair) nfluenced the overall accuracy of responses, and the way this influence occurred
depended on the specific configuration of the stimulus. These results indicate that
participants' accuracy in identifying hands differed significantly from their accuracy in
identifying chairs. Moreover, the effect of distortion on response accuracy varied
depending on whether the stimulus was a hand or a chair. These findings highlight the
complexity of visual perception processes, suggesting that different categories of
objeds (body parts versus inanimate objects) may be processed differently in the visual

system. They also indicate that our visual recognition abilities may be differentially
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affected by configural changes depending on the category of object being viewed. One
possible explanation for this is that the visual properties of hand stimuli and chair
stimuli differ significantly when viewed passively without eye movement. However, it
remains unclear whether participants can detect these differences in peripheral vision
or if they are merely identifying the presence of a stimulus with protruding features
(e.g., a hand or a chair). To address this uncertainty, a folio@xperiment iseposed

to test participants' ability to distinguish between natural and distorted stimuli in
peripheral vision. In this experiment, participants would be instructed to press 'M' if the
stimulus appears natural and 'Z' if it appears distorted. This walfd élucidate
whether the observed effects are due to the detection of specific stimulus differences or
simply the presence of a stimulus with salient features.

It is somewhat surprising that this experiment detected no evidence of stimulus
types and configuration effects in a proportion of correct response slopes. A possible
explanation for this is that in rapid serial visual search without eye movement in the
passive vision situatiorfor hand and chair stimuli, the difference cannot be detected,
so there was no significant main effect of stimulus typesther possible explanation
for this result would be the lack of appropriate difficulties in this task. Blssibpility
of similarity of the proportion of correct response between distorted and natural finger
postures is that the number of items is not large enough, so the difference in the
proportion of correct response between different set sizes was natsighyfdifferent.

On the other hand, if the number of distractors increases and the resources of visual
searchareexploited more, the differenae the proportion of correct respornsacross

set sizes gets more.
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2.5 Control Experiment 1: Affect Rating of the Visual Stimuli

2.5.1 Introduction

Previous findings showed differences in visual search between distorted and natural
finger postures. This could be due to emotioatiéctive reactiondifferences, as
emotion often influences visual search for bodlated stimuliCalvo, Nummenmaa,
& Avero, 2008 Wolfe, 20173. The emotionabffective reactioa of different finger
postures likely vary, with natural finger postures generally perceived as neutrat, whil
distorted finger postures may evoke negative emotions such as discomfort. These
emotional associations could potentially influence attention allocation and search
efficiency. For instance, distorted finger postures might capture attention more readily,
leading to faster detection times. There are differences in (1) average RTs across set
sizes and (2) visual search efficiencies, between distorted and natural finger postures in
visual search. However, little is known about whether the differences betvegeare
caused by (1) the visual properties of stimuli related to the human body in particular or
(2) stimuli related to any uncommon objects which evoke feelings associated with
negativesurprising stimuliln other words, littlas known about whether the different
affective reactiorand arousal ratings are a contributing factor to the average RTs across
set sizes and to the visual search efficiencies, in visual search in these expehiments.
order totest whether the results were caused by the visoglepties of part®f the
human body or by parts of the human body wtaebkefeelings of surprise, a visual
search task for comparing negatsrprising and nonnegathgirprising stimuli must
be conducted.

Before comparing the differences between negativerising and
nonnegative surprising stimuli in visual search, the negatbueprising stimuli must
first be definedMeasuring theemotion evoked byegativesurprising stimulin this
situation is problematicbecause theemotional perceptiorevoked by negative
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surprising stimuli is subjectivéNevertheless, itan be quantified to a certain extent
using affect ratings, measuring its intensity in response to a stinilisscan be done

by measuring theffective reactiorand arousal ratirgjof affect ratings for visual
stimuli which commonly evoke feeling&ffective reactiorrating in these experiments
refersto thenegative or positive reaction to the stimuli; arousal rating here refers to the
emotional excitement that the stimuli evdkaurdi et al., 201Y.

This experiment was conducted with two main purposes: to confirm the ratings
of hand stimuli (in both distorted and natural positions), and to identify appropriate
control stimuli, including chairs and additional objects, that correspond to the distorted
and natural finger postures. Thgserposes intentb establish a robust foundation for
further investigation into the perception of distorted biological antintogicalforms
in subsequent visual search tasks.

This section seeks to assessdfiective reactiormnd arousalatingsof images.

The experiment examined the ratings of imaigesvo categories: (1) distorted finger

and natural finger postures seen from the first perspective and (2) negafvising

and nonnegativeurprising stimuli. Three pairs of comparable stimuli (one negative
surprising and one nonnegatisarprising) arehen compared to the pair of distorted
finger and natur al finger posture stimul
wasclosesto the distorted finger posture rating (potential feeling of negative surprise)

and whose O&énonpr ov o cclagestty thednatardd fingec postureat i n g
rating (no potential feeling of negative surprise) was chdsemder toavoid the effect

of differentshapesn visual search, the shapes of these pdiobjects were similaio

each other(Dickinson, Haley, Bowden, & Badcock, 2Q1&reen, Dickinson, &

Badcock, 2018
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2.5.2 Method
2.5.2.1 Participants

Fifty-three students from the University of Nottingham Malaysia, 32 females, 20 males
and 1 (1845 yearsM = 21.91,SD= 3.20)with no history of neurological or psychiatric
disorders or drug abuse by sedport,participated in the experimerithe recruitment
requirements for this experiment were the same as for Experiméfink of the
participants had seen the images in the experimertierto avoid the influence of
learning or memory effectélyng et al., 201y The number of participants in the
experiment was greater than in a comparable eaffective reactionand arousal
rating experimen{Korovina, Baez, & Casati, 201.9The procedures for this study
received approval from the SEREC at the University of Nottingham Malaysia. The

committee assigned the application number HYC150221 to this research project.

2.5.2.2  Materials and apparatus

This experiment was (1) to confirm the ratings of hands and chair stimuli (including
distorted and natural positions) and (2) to find stimuli of additional objects (other than
chairs) corresponding to distorted and natural finger posteigsre2-11). There were

five images of hands: in each of four of the images, one finger was distorted (bg turn

the index, middle, ring and little finger); in the fifth image, all the fingers were
positioned naturally. There were five images of a chair: in each of four of the images,
one leg was distorted; in the fifth image, all the legs were stantihedadditional
objects selected to correspond to the distorted and natural finger posture pair were (1)
a real gun and a toy gun, (2) a knife and a toothbrush and (3) a grenade and a ball, all
of which are pairs of similar shapes. Ethical approval waseedar usng potentially
unsettling images, though not all specific images were shown to the ethics committee,
only described. The informed consent form clearly stated the possible discomfort from

viewing such images, ensuring transparency with particigeigare2-12).
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Quialtrics was used to collect data for this experiment. It is abasbd survey
creation and distribution platform that enables the design and customisation options of
surveys (Qualtrics, Provo, UT). The participants who needed credits accessed the
experment via the SONA system, which is a cldumsed research software and

participant management solution for universities.

Figure2-11 Examples of (A) hands and (B) chairs in Control Experiment 1.
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Figure2-12 Control Experiment Imageselection

From top left to bottom right, the chosen imagesespond to both distorted and
natural finger postures, show a real gun, knife, grenade, toy gun, tooth brush, and
ball.

2.5.2.3  Design and procedure

This experiment was organised as follows. (h)ANOVA was used to compare the
affective reactiomnd arousal ratings between the different distorted finger pogteres
to compare each of the four distorted finger postures with one another. (2) Where there
was no significant difference in (1}{eésts were used to compare #fective reaction
and arousal ratings between the average rating of the distorted finger postures with the
single natural finger posture. (3}t&sts were used to compare #féective reaction
and arousal ratings of the average rating of the distorted finger postures with the other
surprising stimuli (grenadegtc.) and to compare between the single natural finger
posture and the nonnegatisarprising stimuli (balletc.).

Participantswere askedfor affective reactionand arousal ratings for (1)
distorted finger postures and natural finger postures, (2) distorted and standard chairs,

and(3) the three sets of images (grenade and dtall). Following previous research, a
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7-point Likert scale was used to conceptualise the affective responses and their
measurementKurdi et al., 2017Zhang & Savalei, 2006 There were 7 ratings each

for affective reactiorand arousal. The 1 to affective reactiorratingswere: Very
Negative, Moderately Negative, Somewhat Negative, Neutral, Somewhat Positive,
Moderately Positiveand Very Positive. The 1 to 7 arousal ratings were: Very Low,
Moderatelyl.ow, Somewhat_ow, Neither Low or High, Somewhat High, Moderately

High, andVery High. Each image was only shown once. @ffective reactiorand

arousal rating prompts appeared randomly and separately to ensure that each was

considered independently.
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2.5.3 Results

The ANOVA comparing theaffective reactiorand arousal ratings between the four
differentdistorted finger posturetid not show any significant differencesaffective
reactionand arousal, [F(3, 128) = 1.061, p = 0.3¢8= 0.024] and [F(3, 128) = 0.141,
p = 0.935,dp? = 0.003] respectively. This result suggests that the different distorted
finger postures can evoke the saafiective reactiorand arousal ratings. Thddsts
comparing theffective reactiorand the arousal ratings between the average rating of
the distorted finger postures and the single natural finger posture showed significant
differences inaffective reactiorand in arousal,t(52) = 4.23,p < 0.001) andt(52) =
2.47,p = 0.017), respectively.

The result shows that tladfective reactiorand arousal ratings for the grenade
are closer to the distorted finger postures than the comparable stimuli (real gun or knife),
and those for the ball are closer to the natural finger postures than the comparable
stimuli (toy gun or toothbrush) therefooaly theaffective reactiorand arousal ratings
between the distorted/natural finger postures and grenade/ball stimuli were selected
(Figure2-13). The ttests to compare the distorted finger postures with the grenades did
not show a significant difference aiffective reactiont(52) = 0.044,p = 0.965) or
arousal {(52) = -0.395,p = 0.694). The-tests to comparthe natural finger postures
with the ball did not show a significant differencesiffiective reactior{t(52) = 1.055,
p = 0.297) or arousai(b2) = 0.000,p = 1.000). The similarity of thaffective reaction

and arousal ratings suggests that the grenade and ball images are valid control stimuli.
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Figure2-13 Control stimuli image ratings in Control Experiment 1.

Image ratings of the three pairs of control stimuli with distorted and natural finger
postures withaffective reactioffmeasured on & ¥ Likert scale) on the-axis and
arousal (also measured oni& Likert scale) on the-gxis. Error bars show the
average standard error of measurement across all subjects for each stimulus.
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2.5.4 Discussion

This experiment set out to find the pair of images which could be used as control stimuli
for comparing the distorted and natural finger postures. The results were encouraging.
According to the rationale of using a pair of similarly shaped objects for the control
stimuli, grenades andoalls were the most appropriate combination, given the
insignificant difference iraffective reactiorand arousalalues to compare with the
targetstimuli set of the distorted and natural finger postures in the \ssaath task.
These findings suggest that the grenade and the ball images are appropriate images to
use as control stimuli in visual search to examine whether the low RT and high visua
search efficiency on distorted finger postures is caused by distorted finger postures
specifically or just by stimuli with particulaaffective reactiorand arousal values.
Specifically, whikt the grenade and ball images are similar in arousal levels, the
grenade image is more negativeffective reactiocompared to the ball image.

Further studies, which take the grenade and ball images in visual search tasks as
the control stimuli to compare with the distorted finger postures and natural finger
postures as target stimuli, wileedto be undertaken. If there was a significant
interaction between configuration (surprising negative stimuli vs nonnegative
surprising) and stimulus types (human body stimuli vs stimuli unrelated to the human
body) either in the average reaction times s€1get sizes or the slope of the RT x set
size funcion, it would be inferred that the difference between distorted and natural

finger postures is caused by negatsueprising stimuli vice versa.
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2.6 Control Experiment 2: Is Visual Search Different for NegativeSurprising

and NonnegativeSurprising Stimuli (Using an RT Measuremenj}?

2.6.1 Introduction

From previous experiments, distorted finger postures are generally regarded as the main
cause of the difference of the aver&JEs across set sizes and the RT x set size slopes
in visual search. The experiment in the previous section showed that the RT slope for
distorted finger postures is smaller than that for the whole body. In addition, the
distorted fingerposture slope is smaller than the natural finger posture slope; the
distorted finger posture RT is lower than the RT of natural finger posture RT.

Despite the significant interaction between stimulus types (hands and chairs)
and configuration (distorted and natural), it was gtiklearand debated which factors
caused the results. Although some evidence suggested that it was probably caused by
the nature ofsalienthuman bodiespther evidence suggested that it was probably
caused by surprising negative stimuli, which came with negatigetive reactioaand
high arousalalues(Calvo et al., 2008Nolfe & Horowitz, 2017.

In this experiment, the grenade and ball imageseused as control stimuli as
they have the nature of surprising negative stimuli and nonnegatipesing stimuli
based on the results in the previsestion. According to the definition in the previous
section, surprising negative stimudiferto visual stimulithatcanevoke asurprising
negative feeling in humanghe negativesurprising stimuli were selectédsed orthe
standard of the surprising negative stimuli proposed in Control Experimertel. T
grenades and balls had specdftective reactiomand arousavalueswhich helgdto
identify whether these ratings were one fathat contributed to the different RTs and
slopes in the visual search.

The purpose of the experimemas to assesbe extent to which, in visual search,

these factors (affect ratings or the nature of salient human bodies) were caused by the
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differencesin the average RTs across set sizes, and those in the RT x set size slopes,
particularly whetherthere was an interaction between stimulus types (human and
nonhuman body) and configurations (surprising negative stimuli and nonnegative

surprising stimuli) on (1) the average RTs across set sizes and (2) RT x set size slopes.
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2.6.2 Method
2.6.2.1 Participants

Thirty-seven students from the University of Nottingham Malaysia, 25 females and 12
males (1845 yearsM = 22.80,SD= 2.62)with no history of neurological or psychiatric
disorders or drug abuse by seport,participated in the experiment. The recruitment
requirements for this experiment were the same as for Experiment 1. Based on
assuming 3 (set size 2, 4 and 6) x 2 (human and nonhuman) x 2 (nsgatrsing
stimuli and nonnegativeurprising stimuli) witim-subject factors and keeping the same
other parameters as in Experiment Jipriorianalysis for G*Power, a sample size of

18 was sufficient. The procedure followed the university research ethies.
University of Nottingham Malaysia's SEREC approved these procedures, assigning

application number HYC150221.

2.6.2.2  Materials and apparatus
The visual items were used in the same way as in Experim@figre 2-14). The

target stimuli were replaced by either distorted finger postures, natural finger postures,
grenades or balls. Thasual search display in this experiment was the same as in
Experiment 2. The number of target and absent stimuli was the same as in Experiment
2. The target stimuli were replaced by either distorted finger postures, natural finger
postures, grenades oilsgTable3). The experiment was performedlinein the same

manner agExperiment 3.
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Figure2-14 Examples of visual displays and examples of target items in Control
Experiment 2.

(A) Examples of visual displays containing set sizes 2, 4 and 6 items, contain a distorted
finger posture, a natural finger posture, a grenade and a ball. (B) Examples of visual
target items from top left to bottom right: distorted finger posture, ndingar posture,
grenade and ball.
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Table3 The stimuli of Control Experiment 2
The experimental structure of one block of 240 trial€amtrol Experiment ZThe
experiment comprisefibur blocks.

Group Set size Stimuli Number of trials
Absent condition (120 stimuli) 2 All distractors 40

4 All distractors 40

6 All distractors 40
Target condition (120 stimuli) 2 Distorted finger 10

posture with distractor:

Natural finger posture 10
with distractors

Grenade with 10
distractors

Ball with distractors 10

4 Distorted finger 10
postures with
distractors

Natural finger posture: 10
with distractors

Grenade with 10
distractors

Ball with distractors 10

6 Distorted finger 10
postures with
distractors

Natural finger posture: 10
with distractors

Grenade with 10
distractors

Ball with distractors 10

2.6.2.3  Design andprocedure

The experimerat design was the same as in Experiment 1, but the visamiwere
distorted finger postures, natural finger postures, grenades ofHFiglse 2-15). The

online experiment procedure was the same &xperiment 3
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middle.

----- Before each trial, there was a slide with fixation cross in the

Trial1, this was a target-absent trial (‘Press the Z

key').

-------- Trial2, this was a target-absent trial
(‘Press the Z key’).

O """"" Trial3, this was a
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The visual displays were presented
until a response was made.
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Figure2-15 Experiment 2 Stimulus Timeline
Stimulus timeline of visual displays in Experiment 2, showing 3 trials (2 tatgssnt

tr

al

S, correct-pa

rswart dZ0 aandcbrtrarcdgetans

132



Chapter2

2.6.3 Results
Accuracy rates ranged from 84% to 99% in Control Experiment 2. Accuracy was

measured to confirm that error rates remained sufficiently low, thus validating the RT
data(Wolfe, 201§. In this analysis, data from targabsent trials were deliberately
omitted, aligning with the specific focus of our study. Tkeision to concentrate solely

on targetpresent trials was premised on the particular interest and relevance of these
instances within the context of our exploration into the dynamics of hands and grenades
and balls.

The average RTs across set sizes were analysed using -avélyreepeated
measureANOVA over stimulus type (hands and nonhand), configuration (negative
surprising and nonnegatigirprising), and set size (2, 4 and 6 itefisyure 2-16).

There wasa threeway interaction between stimulus tym®nfiguration and set size
[F(2, 40) = 9.462, p < 0.001,> = 0.321]. For the twavay interactions, there was a
significant tweway interaction between stimulus types and set sizes [F(2, 40) = 30.571,
p < 0.001d,> = 0.605].There was a significant main effect of stimulus types [F(1, 20)
= 98.494, p < 0.001g,? = 0.831] and set size [F(2, 40) = 157.218, p < 0.0p1F
0.887].

The RT slopes for stimulus types were analysed byviaprepeated measures
ANOVA over stimulus types (hands and nonhand) and configurations (negative
surprising and nonnegathgirprising) (Figure 2-16). There was a main effect of
stimulus type [F(1, 20) = 86.512, p < 0.00%2 = 0.812]. There was a significant two
way interaction between stimulus types and configurations [F(1, 20) = 10.915, p =

0.004,d2 = 0.353].
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Figure2-16 Control Experiment 2esults
(A) Average RTs across set sizes on search set size and stimulus type s{Bp&sT
The box plot shows 2.5%, 25%, 50% (median), 75% and 97.5% percentiles.
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2.6.4 Discussion
Experiments 1 and 2 have noted the importance of the effects of stimulus types between

faces, whole bodies, and hands and interactions between stimulus types, including
hands and chairs and configuration including distortion and nondistortion, have
indicakd that visual property and visual search efficiencies between hands and whole
bodies differed significantly.The established findings indicate that both visual
properties in visual search and search efficiencies are influenced by the difference
between hads and whole bodies, as well as by the difference between distorted and
natural finger postures. Despite these discoveries, the impact of emotional intensity
(affective reactioh and physiological activation (arousal) on visual properties and
search efficiencies remains unclear.

This experiment was designed to determine the effeciSedgtive reactiomnd
arousal in visual search. With respect to this question, it was found the main effect of
average RTs across set sizes in stimulus types and the interactions of average RTs
across set between stimulus types and set sizes. In addition, it was foonadtleéfect
of RT slope in stimulus types and an interaction between stimulus types and
configuration.

This noteworthy finding provides critical insight into the complex interplay
between various factors influencing the efficacy of visual search. Specifically, it
highlights the significance of a threeay interaction involving stimulus type,
configuration,and set size. Stimulus type, encompassing categories such as human
hands and inanimate objects, emerged as a consequential factor, underpinning the
differential patterns observed in the visual search process. It suggests that the nature of
the object undefocus significantly steers the direction of our visual attention and

subsequently influences the search efficiency. Meaié configuration, whether
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the stimulus is surprising ononsurprising, introduces an additional layer of
complexity. This component might tap into the cognitive and emotional dimensions of
visual processing, suggesting that unexpected or surprising elements may disrupt
standard visual search patterns, potdigtzausing delays or enhancements in object
recognition. Finally, set size, the quantity of elements presented in the visual field,
emerged as a critical determinant. It implicates the role of visual clutter and information
overload in affecting the effiency of the visual search. Larger set sizes might increase
the complexity of the visual scene, thereby extending the time required to locate a
particular object or detail.

These findings can potentially be understood by considering that the visual
attributes used when searching for hands compared to an inanimate object (which holds
no significant difference in emotional intensity or excitement level) were significantly
different. This factor might also explain why there is a noticeable difference between
distorted and natural finger postures. Rather than being influenced by any surprising
negative stimuli, this difference seems to be caused by the specific visual chaieterist

of the human body.
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2.7 Control Experiment 3: Is Visual Search Different for Finger Posturesand Toe

Postures (Usingan RT Measuremenj?

2.7.1 Introduction

The visual characteristics afplausible human bodies, as derived from previous
experiments in this thesis, potentially hold an impact, lending credence to their
instrumental role in influencinfl) the difference of average RTs across set sizes, and
(2) the efficiencies of the visual seardline research in this sectigras carried out to
investigate whether there is a difference in visual search between hands and feet in
implausiblehuman bodies.

This research is intended to clarify whether the distinction between distorted
and natural postures is specific to fingers or extends to toes, chosen as a control due to
their structural similarity but reduced social andmmunicative relevance. The
conceptual underpinning of this selection arises from the anatomical parallels between
feet, inclusive of their toes, and hands with their corresponding fingers. By comparing
finger and toe postures, isolating the effect ofty@s distortion from confounding
factors related to social importance, wghilsing a more appropriate biological control
than nonbody objects. This experiment defines distorted finger postures as distorted
hands and distorted toe postures as distortet] s established in Experiment 1.
Through this comparisonresearcherseek to understand whether the perceptual
differences observed are unique to fingers, possibly due to their crucial role in human
interaction, or represent a more general phenomenon of body part distortion, potentially
illuminating the cognitive mechanismunderlying body perception and the special
status of hands and fingers in human cognition.

Despite the importance of understanding the interrelationships between distinct
parts of the human body regarding their visual properties in visual search, little

information exists to shed light on this subject. To bridge this knowledge gap,
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researchersglesigned and implemented an experiment to comprehend these intricate
interconnections. As a result, this work has validated its utility in broadening our
understanding of these relationships, thus propelling the field of study forward with

these findings.
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2.7.2 Methods
2.7.2.1 Participants

Thirty-sevenstudents from the University of Nottingham Malaysia, 25 females and 12
males 18-45 yearsM = 22.80,SD= 2.62)with no history of neurological or psychiatric
disorders or drug abuse by seport,participated in the experiment. The recruitment
requirements for this experiment were the same as for Experiment 1. Based on
assuming 3 (set size 2, 4 and 6) x 2 (finger posture and toe posture) x 2 (distorted and
natural) withinsubject factors and keepjithe same other parameters as in Experiment

1 ina priorianalysis for G*Power, a sample size of 18 was sufficiemtse procedures

were approved by the SEREC at the University of Nottingham Malaysia under

application number HYC150221.

2.7.2.2  Materials and apparatus

The visual items were used in the same way as in Experiment 2. The target stimuli were
replaced by either distorted finger postures, natural finger postures, distorted toes or
natural toegFigure2-17). The visual search display in this experiment was the same
as in Experiment 2. The number of target and absent stimuli was the same as in
Experiment 2. The target stimuli were replaced by either distorted finger postures,
natural finger postureslistorted toe postures natural toe postureséble 4). The

experiment was demonstrated onlinghe same manner &xperiment 3.
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Figure2-17 Examples of visual displays and examples of target items in Control

Experiment 3

(A) Examples of visual displays containing set sizes 2, 4 and 6 visual items, contain a
distorted finger posture, natural finger postures, distorted toe posture and natural
finger posture, each example afaaget stimulus and one or more distractors.

2.7.2.3

Design andprocedure

The experimental design was the same as in Experiment 1. The online experiment

procedure was the same as in Experimgiigure2-18).

Before each trial, there was a slide with fixation cross in the
middle.

-------- Trial1, this was a target-absent trial (‘Press the Z
key’).
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The visual displays were presented
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Figure2-18 Control experiment stimulus timeline
Stimulus timeline of visual displays in Control Experiment, showing 3 trictisr{#t
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Table4 The stimuli of Control Experiment 3.
The experimental structure of one block of 240 trial€amtrol Experiment 3The

experiment comprisefibur blocks.

Chapter2

Group Set size Stimuli Number of trials
Absent condition (120 stimuli) 2 All distractors 40
4 All distractors 40
6 All distractors 40
Target condition (120 stimuli) 2 Distorted finger 10
posture with distractor:
Natural finger posture 10
with distractors
Distorted toe with 10
distractors
Standard toe  witk 10
distractors
4 Distorted finger 10
posture with distractor:
Natural finger posture 10
with distractors
Distorted toe with 10
distractors
Standard toe  witk 10
distractors
6 Distorted finger 10
posture with distractor:
Natural finger posture 10
with distractors
Distorted toe with 10
distractors
Standard toe witk 10

distractors
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2.7.3 Results

Accuracy rates ranged from 85% to 99% in Control Experiment 3. Response accuracy
was monitored to verify that error rates remained low enough to ensure the reliability
of RT data(Wolfe, 201§. In this analysis, data from targ@bsent trials were
deliberately omitted, aligning with the specific focus of our study. The decision to
concentrate solely on targptesent trials was premised on the particular interest and
relevance of these instarsceithin the context of our exploration into the dynamics of
hands and feet.

The average RTs across set sizes were analysed using -avélyreepeated
measureANOVA over stimulus types (hands and feet), configurations (distorted and
natural), and set sizes (2, 4 and 6 ite(Rgure2-19). No threeway interactions were
significant. For the twavay interactions, there was no twa@y interaction between
configuration and set sizeBhere was a significant main effect of stimulus types (F(1,
28) = 6.511, p = 0.01@}> = 0.188); configuration [F(1, 28) 5.947, p=0.021,dy* =
0.179; set size [F(2, 56) = 27.895, p < 0.06% = 0.499. For the tweway interactions,
there was no a significant tweay interaction between configuration and set sizes.
None of the other threway interactions were significant.

The RT slopes for stimulus types were analysed byviaprepeated measures
ANOVA over stimulus types (hands and feet) and configurations (negatnpeising
and nonnegativsurprising) (Figure 2-19). There was no significant main effect of
stimulus types [F(, 28) = 0.505 p = 0.483 dy?> = 0.018]and configuratioriF(1, 28) =
0.003 p = 0.958 dy,> = 0.00Q. For the tweway interactions, there was no significant
interaction between stimulus types and configurafii(t, 28) = 1.699 p = 0.203 dy?

= 0057]
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Figure2-19 Control Experiment 3esults
(A) Average RTs across set sizes on search set size and stimulus type. (B) RT slopes.
The box plot show&.5%, 25%, 50% (median), 75% and 97.5% percentiles.
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2.7.4 Discussion

This experiment was designed to investigate the influence of feet on visual search
patterns. Toe distortions may be less visually striking, potentially introducing bias.
However, using feeds a control remains a valuable compromise to explore whether the
distinction between distorted and natural postures extends beyond the hands. Regarding
the primary question of the research, the data indicated a difference in average RTs
across set sizespntingent on the type of stimulus. Further, a discrepancy in average
RTs across set sizes was observed between the distorted and natural conditions across
the same set sizes. The RTs across set size is smallest for faces, followed by hands, then
whole bodes, and largest for cars. This experiment did not reveal any evidence that the
slope of RTs influenced either the type of stimulus or the configuration of the stimulus
Furthermore, no interaction effect was found between the kind of stimulus and
configuraion. The findings indicate that the presumed similarity between hands and
feet, due to their anatomical features, does not necessarily translate to cognitive
processes related to visual search tasks. These results, showing no significant difference
in visual search efficiencies between the hands and the feet, challenge the assumption
that such differences are fundamental to social communication. This finding
necessitates a revaluation of current theories and encourages further research to identify

the speific mechanisms underlying social signalling and interaction.
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2.8 General Discussion for Chapter2

Previous research has demonstrated the significance of hands in social communication,
tool use, and object manipulation, as well as their role as highly salient stimuli in visual
search tasks. However, a comparative analysis of hands with other bodgysartas

faces or whole bodies, in terms of salience remains unclear. To address this gap, a series
of experiments were conducted to investigate the identification and discrimination of
specific body parts within a group of stimuli. Participants were ptedewith arrays

of images comprising hands, faces, or whole bodies, accompanied by distractor images.
The purpose was to swiftly and accurately identify the target image. The results of the
experiments revealed that hands exhibited greater salienceatteendr whole bodies

in visual search tasks. Participants displayed enhanced speed and accuracy in
identifying hands compared to other body parts. These findings underscore the critical
role played by hands in human perception. The implications of theleds extend to

the realm of visual information processing in everyday life.

A key component of the experiments involved comparing natural and distorted
images of body parts and objects. Interestingly, the RT for distorted finger postures was
faster than for natural finger postures, indicating that distorted hand configurations may
be more salient. However, this effect was not observed with chairs, as there was no
significant difference in RT between distorted chairs and standard chairs. This
highlights the unique salience of hands in visual search t#sks.important to
acknowlelge certain limitations of the study. The investigation solely focused on a
restricted set of body parts (hands, faces, and whole bodies). Future research
endeavours could explore additional body parts or combinations thereof to attain a more
comprehensiveinderstanding of human body perception. Another limitation pertains
to the absence of an examination into individual differences in hand perception. It is

plausible that certain individuals may exhibit greater sensitivity to hand stimuli owing
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to factors such as experience or genetic predispositions. Despite these limitations, the
findings of this study hold significant implications for academic fields including
psychology, neuroscience and even neuropsychology. Furthermore, the results provide
insights into the processing of social information, as hands are crucial for social
communication and are indicated to be particularly salient in this context. Future
research endeavours could delve into the relationship between hand perception and
social cognition and behaviour. In addition to its practical applications, this study
contributes to the advancement of our theoretical comprehension of human body
perception. The findings underscore the highly salient nature of hands as stimuli in

visual searchasks.
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Chapter 3 Perception of Hands, Faces, and WholBodies
Using Eye Tracking, Including Pupillometry

This chapter describes behavioural experiments, involving eye tracking, including
pupillometry, on human body perception and is subdivided into two sections. The first
section describdsxperiment 5, which examined the behavioural effect of distorted and
natural finger postures. The second section describes Experiment 6, which extended
from Experiment 5 to investigate whether there was a difference between distorted and
natural finger posires on fixation and saccadeising eye tracking, including
pupillomety which can examine mental effort for distorted and natural finger postures

by measuring changes in pupil dilation.
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3.1 Experiment 5: Inhibiting Saccade to Hand, Face and Whole Body Perception:

High-Level Visual Processingria Modulation of Oculomotor Control

3.1.1 Introduction

In vision, attention is partly driven by the individual and partly governed by the
properties of the received stimu(Motter & Holsapple, 2007 Rolfs, 2015.
Endogenous attention, also called-tiggvn attention, is goatlirected and is allocated
voluntarily. Exogenous attention, also called bottam attention, is stimuludriven
andevoked automatically or involuntarily. Importantly, tdpwn attention is relatively
sustainedVisual attention functions through two main processes known agowp

and bottomup attention. With tolown attention, individuals consciously direct their
focus towards particular objects, attributes, or spatial locations for prolonged periods.
Bottomrup attention, on the othband, refers to the brief and automatic capture of one's
focus by external stimuli in the environme@enerally, in visual search task usiRg
measur es, t he exper i men tdewh, aftention(Carrascs 0 n
201Z% Pinto, van der Leij, Sligte, Lamme, & Scholte, 2D18 Chapter 2visual search

tasks measuring reaction time were also used to investigate endogenous attention and
it was found that there was a significant difference between hand and whole body
average RT across set sizes and RT slopes.average RT for hand movements is
smaller than for whole body movements, and the RT slopes for the hand are flatter than
those for the whole body.

Previous studies have demonstrated that certain brain regions, including the
extrastriate visual cortex and anterior temporal areas, show independent activation in
response to attentional tasks involving visual stimuli with varied sensory features
presentd (Lane et al., 1999ReinholdtDunne et al., 2012 Additionally, when study
participants viewed images of human bodies, activation was observed in these same

regions. This overlap in activation suggests these same regions may play a dual role in
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both general attentional processing attentional processing and thespexdifjc
perceptual processing associated with viewing human forms, such as images of bodies
(Crouzet, Kirchner, & Thorpe, 201Geringswald et al., 2020This thesis examines

hand perception processes, drawing from previous research that has observed increased
activity in the extrastriate visual cortex and anterior temporal areas during attention
modulated body perception. To further explore this relationship between attention,
perception, and bodgpecific processing, this thesis used eye gaze tracking to
investigate hangerception tasks. By tracking eye gaze patterns during hand stimulus
viewing, changes in overt attention can be measured, and this camasenvéndex of
perceptual and evaluative processing driven by these higter sensory regions.
Characterising ki the attentional and perceptual signals reflected in gaze control
during hand perception will shed new light on how body representations are constructed
across the ventral visual stream. In particular, predictable relationships between
activation timecotses in bodysensitive areas and reahe shifts in gaze position help
elucidate dynamic signalling related to perceptual binding for meaningful body part
stimuli.

Recentesearch int@accadic eyenovementaising parts of the human body as
visual stimulihas received increased attention in publications across several disciplines
(Born, Ansorge, & Kerzel, 201Xowler, 2011 Zhao et al., 2012 Researcherknow
from previous studies that, when an eye movement is programmed, covert attention to
human faces or whole human bodies is forced to transfer to the saccade target, and the
programming of the eye movement can reveal cognitive control mechajsiger
et al., 2017 Schiitz et al., 2091 In addition, emotionahffective reactiorhas been
included in eye tracking experiments on face and whole btahuli (Schurgin et al.,

2014 Shields, Engelhardt, & letswaart, 2012
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Based on observersdé6 eye movements to
saccades demonstrate attentional shifts and cafpfeseman et al., 203 Hoffman &
Subramaniam, 199Zhao et al., 2012 This attention capture leads to reflexive shifts
in saccade occurrence, and response latency can reflect visual properties of parts of the
human bodyCazzato et al., 2014ReinholdtDunne et al., 2002 These studies focus
on how these shifts in attention and saccade response are uniquely manifested in the
perception of hands and their distortions. The important aspects of attention in this
experiment are visual selective attention, attentional inbibitind attentional bias.
Visual selective attention is the brain function that modulates the ongoing processing
of retinal input for selected representations to gain privileged access to perceptual
awareness and to guide behavi@Amderson et al., 202Chelazzi, Perlato, Santandrea,

& Della Libera, 2013 Saccade target selection is a measure of visual selective attention
(Deubel & Schneider, 199&ristjansson, 2007 This is shown through experiments

like visual search tasks, where faster and more accurate saccades towards a target
suggest prallocation of attention. Preueing tasks, where a cue directs attention, also
support thig saccades are faster when thgéa aligns with the cue. Further, daask
paradigms, where participants plan a saccadestehdcriminating a flashed stimulus,

show better discrimination when tlsémulus and saccade target locations coincide
indicating attention shifts to the planned eye movement location. This experiment
applies these insights to hand perception, analysing how the visual system selectively
attends to hand images, especially when they are distorted.

Attentional inhibition refers to a process in which individuals avert their gaze
towards targets and limit their attentiomdistracting informatior(Chelazzi, Marini,
Pascucci, & Turatto, 201Moorselaar & Slagter, 2020Antisaccadesan be used to

measure attentional inhibition, arahtisaccade tasks serve as effective tools for
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assessing attentional inhibition. These tasks require individuals to resist the instinctive
urge to look directly at a stimulus appearing in their peripheral vision. Instead,
participants must consciously direct their gaze to the opposite side. Thissproces
involves both suppressing an automatic response and initiating a deliberate eye
movement, making it particularly useful for measuring one's ability to control attention.
(Chen, Clarke, Watson, Macleod, & Guastella, 20Cbmpared to prosaccade tasks
requiring participants to saccade to targets, antisaccade tasks require participants to
resist the reflexive urge to stare at a visual object that appears in their peripheral vision
and instead saccade towards targets eéhargein the opposite direction. Cognitive
psychologistsoften use this test to assess inhibitif@alanchini, Rivers, Klauer, &
Sherman, 2018 Attentional bias refers to a condition in which individuals distribute
attention to distinct aspects of neutral and threatening stimuli to varying dégrees
Liu, Yu, Tang, & Liu, 2020. Attentional bias is often calculated by subtracting the
mean difference in saccade latency between antisaccade and prosaccade trials (also
known as antisaccade cofBeinholdtDunne et al., 2012 Evidence from numerous
studies suggest that saccade latencies reflect attentional modulation and selective
attention(Cajar et al., 201,6Crouzet et al., 201Khan et al., 2010Pratt & Trottier,
2005 Senturk, Greenberg, & Liu, 2016

Currently, itis known saccades can be driven by -Hdewel (e.g., colour,
brightness or contrast) and hitgvel (e.g., the position, semantic category of objects)
features of stimul{Schutt et al., 209 Research on the influence of léavel features
is of great interest and has a very active research community. Still, there is little
published research on hidggwvel features, especially on body panmsparticularhands.
In terms of human bodies in the eye tracking experiment, eye movements have been

studied in that attentional bias, and selective attention between emotional faces and
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natural faces are different, and that attentional bias and selective attention between
hands and hand tools are disti{itorrisey & Rutherford, 201;3ReinholdtDunne et
al., 2012. Oneof the main challengesn understandinghe visual processingf body
partsis the limited researcton eye movementgluring the simultaneougperceptionof
hands faces,andwhole bodies.By employingantisaccadéasksin this study,we aim
to investigatethe underlyingattentionalandinhibitory controlmechanismspecificto
hand perception.Antisaccadetasks require participantsto suppressautomaticeye
movementdowarda stimulusandinsteaddirect their gazeawayfrom it, providing a
measureof cognitive control and attentionalallocation. By comparingantisaccade
performanceacrossdifferent stimuli, we can determinewhetherhandselicit unique
patternsof eye movementsand cognitive processingcomparedto facesand whole
bodies.This approachrevealshow hand perceptionmay involve distinct neuraland
cognitive pathways,enhancingour understandingof the specialsed processingof
handsn thevisual system.

The first purpose of Experiment 5 was to explore differences in selective
attention, attentional inhibition, and attentional bias among hands, faces, whole bodies,
and cars for horizontal saccade. This was measured using saccade onset latencies in
both preaccade and antisaccade tasks, based on the theoretical framework that
acknowledges specialised neural pathways for processing these distinct visual stimuli.
It was predicted that prosaccade latencies for hands would be longer than for faces, but
shorter han for whole bodies. Additionally, antisaccade latencies for hands were
predicted to be shorter than for faces but longer than for whole bodies. Finally, it was
predicted that antisaccade latency cost (the difference between antisaccade and
prosaccade) fohands would be lower than for faces but higher than for whole bodies

and cars. This prediction stems from the specialisation of the neural system in
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processing the hand, faces, whole body, and cars in neuroimaging and behavioural
studiegBerlucchi, 2011Conson et al., 2020®p de Beeck et al., 20;18an den Stock
et al., 2014

The second purposes investigated vertical saccade using saccade latencies and
in prosaccade and antisaccade tasks. Predictions mirrored those of horizontal saccades,
with expected differences in attention based on stimulus type (hands, faces, bodies,
cars) This aligns with known neural specialisati(Berlucchi, 2011 Conson et al.,
2020a Op de Beeck et al., 201¥an den Stock et al., 20L4The research explores
attentional engagement and its link to spesaaliprocessing of these stimuli.

The third purpose of the experiment was to explore whether there is interaction
between the saccade conditions (prosaccade and antisaccade), stimulus type (hand, face,
whole body and car) and saccaggee (horizontal and vertical) on saccade latency and
error rate. This prediction is that horizontal and vertical saccades elicited different
cognitive processes based on varying stimulus type and saccade conditions. This
prediction stems from the complexerplay between attentional contrakechanisms,
specialised neural pathways, and the distinct waysansprocess horizontal and
vertical visual information. Investigating such interactions could shed light on the
flexibility and limits of our attentiorlasystems(Greene, Diwadkar, & Brown, 2023

Irving & Lillakas, 2019.

3.1.2 Methods
3.1.2.1 Participants

Thirty students from the University of Nottingham Malay4ia females and 18 males,

(181 45 yearsM = 2480 years, SD 3.51) with no history of neurological or psychiatric
disorders or drug abuse by sedport participat@l in the experimentAll participants

gave written, informed consent and had normal or corrected to normal visual acuity by
self-report, and all received either course credits or inconvenience allowances. The
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participants were all judged to be rigitdnded according to the Edinburgh Handedness

Inventory(Oldfield, 1971 Veale, 2013 The number of participants in the experiments
was larger than in comparable earlier studies using eye movement rec@Biadisy

et al., 2008Deubel, 2008Sandoval & Mcintosh, 2035Using G*Power 3.1.9.7 with
default settings, it was determined that a sample sizewbg#tl be sufficient to detect

a significant interaction with a power of 0.95 and an alpha of 0.05 in a repeated
measures withisubjects ANOVA(Faul et al., 2009-aul et al., 200)7 All participants

gave written, informed consent and had normal or corr@éotedrmal visual acuity.

All participants received either course credit or an inconvenience allowahese
procedures received approval from the SEREC of the University of Nottingham

Malaysia under application number HYC150221.

3.1.2.2  Materials and apparatus
Eye tracking experiments have been employed to investigate whether saccade durations

would be altered by faces, bodies and hgPRdatt & Trottier, 200k The eye tracking
experiment in this study reported here is a task, including antisaccade and prosaccade,
that asks participants to saccade to a specific target, including images of faces, bodies,
hands and car stimuli, following instructions using adaat design.Four stimulus

types (hands, faces, whole bodies and cars) were used in the expé&rgens3-1B).

For each type of stimulus, there were fir@queexample images. These images were

in greyscale (average RGB: 128, 128, 128). The size of each image was 100 pixels x
100 pixels (viewed at 2.95° x 2.95° visual angle). In each trial, one of the 20 images
was shown as a target image at 310 pixels (9.16f) the centre of the screen, either

at 0° (horizontal midline and to the righand side of the centre), 90°, 180° and 270°.
Simultaneously with the target, a blank square (blank inside) was shown (same size as

the target) at 180° relative to thedat. Fifty percent of all trials showed the target and
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the square in a horizontal arrangement, stlvl the other 50%, the arrangement was
vertical (sed-igure3-1A for examples of horizontal and vertical arrangements). In each
trial, one stimulus was always a target stimulus, and the other was always an empty
square.

Chin and forehead rests were used to limited head movements. The stimuli were
displayed on a 2éhch BenQ monitor with a temporal frequency of 144 Hz, at a spatial
resolution of 1024 x 768 pixels (340 x 270 mm). A deskimunted eye tracker
(EyeLink 1000P 1 u s) from SR Research was used
movements at a sampling rate of 1000 Hz throughout the experiment. The viewing
distance was set at 57 cm. Stimuli were presented with a programme called SR Research
Experiment Builder, runningroa 64bit Windows 7 computer connected to an EyeLink
1000 Plus (SR Research, Ontario, Canada) and an eye tracking host computer used to
record eye tracking data. All eye movement data were recorded by SR Research

Experiment Builder and analysed using S&&arch Data Viewer.
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Figure3-1 Example of visual displays and examples of visual target stimuli in
Experiment 5

(A) Each example of a visual display containing a target stimulus and a square. (B)
Examples of visual target stimuli, each trial was one of the stimuli.

3.1.2.3 Procedure

Successful calibration using ap®int calibration and point validation was required
before starting the experimental tria(dathét, Grainger, & Strijkers, 201 Vang,
Yuval-Greenberg, & Heeger, 20Ll&8Before starting experimental trials, participants
performed several practice trials after receiving approximately two minutes of
instructions from the experimenter. Each participant was tested with 800 trials, in five
blocks of 160 trials each, inmseudorandororder. Each block took approximately 7
minutes tocomplete Each trial was repeateifl the participants did not respond
correctly; the screen would not move on to the next trial until they gigthit. Each
trial began with a drift correction, vehe the participants fixated on a white dot on a
black background to allow the eye tracker to correct any drift effagsre3-2). The
trials would not continue unless the participalisked at the white dot for 100 ms.

Once stable fixation on the white dot was detected, the fixation cross was replaced by

a cue (either a 6+6 or antiallaxnd@) .6 x@u @ n&+ & ai
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antisaccade trial. Once fixation on the cue was detected, the target stimuli appeared in
either the top, bottom, left side or the right side of the screen, and the square appeared
in the position opposite to the target stimuli. In the prosaccade trialgigants had

to fixate at the target stimulus, and in the antisaccade trials, participants had to fixate

the square. Within each block, prosaccade and antisaccade trials and stimulus types

werefully randomised. The trial end&dhen theparticipants detged the target stimuli.

Trial1, Stage1: REST Detection is variable until (1) stable central
******* fixation on dot detected and (2) participant presses space bar.

Trial1, Stage 2: INSTRUCTION (‘+’ for prosaccade)
Duration variable is until central fixation on ‘+' detected, if
the person did not look at the centre target at the start of
the trial. If this happened, participants were returned to
stage 1.

--| Trial1, Stage3: STIMULUS AND

- RESPONSE Duration variable
Trial2, Stage1: REST The until correct saccade (prosaccade)
processisthesame astrial 1, | N completed (fixation on the target
stagel. detected). Arrow illustrates the
direction of eye movement (not
part of the display). If someone
pressed the space bar on the
keyboard or if they failed to look at
the correct location within 2000

Trial2, Stage2: INSTRUCTION (‘x’ for
antisaccade) Duration variable until
central fixation on ‘X’ detected.

Trial2, Stage3: STIMULUS AND

RESPONSE Duration variable until correct [e--- “ | ms, the trials were labelled abort
saccade (antisaccade) completed (fixation and the total number of trials
on square detected). — increased.

Figure3-2 Stimulus timeline for Experiment 5, showing 2 trials.

3.1.2.4  Data preprocessing

There are horizontal and vertical saccades. 400 trials are horizontal saccades, and 400
trials are vertical saccades. Data preprocessing and statistical tests were carried out
using JASP (https://jasgtats.org/). Trials were discarded if (1) the saccaidmty was

less than 80 ms because thssecades probably reflected anticipatory responses
(Geringswald et al., 2020(2) the saccade amplitude was less than 1° of visual angle
(Geringswald et al., 20200r (3) the distance between the saccade start point and the
screen centre exceeded 1° of visual af@leringswald etal., 2020 Par ti ci pant s

were discarded if (1) a participantds err
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did not finish the experimeriGeringswald et al., 2020After the application of these

criteria, the final sample size was 20 participants.

3.1.3 Results

3.1.3.1  Horizontal saccade latency

All values are reported as the mean and standard errors of the mean of each participant
and each variable. The mean prosaccade latency was 191 ms (SD = 8 ms). The mean
antisaccade latency was 211 ms (SD = 10 mFigufe3-3). The mean antisaccade cost
latencies (mean difference between antisaccade and prosaccade latencies) was 20 ms
(SD = 30 ms) Figure 3-3). A two-way repeated measures ANOVA was conducted to
determine the effects of saccade conditions (prosaccade and antisaccade) and stimulus
(Figure3-3). There was no a statistically significant main effect of condition [F(3, 57)

= 0.644, p = 0.590¢x*> = 0.033]. There was a statistically significant main effect of
condition [F(1, 19) = 26.499, p < 0.008> = 0.582]. There was a statistically
significant tweway interaction between condition and stimuli [F(3, 57) = 11.252, p <
0.001,d,? = 0.372].

Pairwise comparisons were run between the different stimulus type for
prosaccad®nly trial. There was a statistically significant difference between face and
whole body [t(19) =3.101, p = 0.006) =-0.711], between face and car [t(192-667,

p = 0.015d =-0.609]. There was no statistically significant difference between hand
and face [t(19) =1.653, p = 0.115¢ = -0.517] and hand and whole body [t(19} =
1.653, p = 0.115¢d = 0.194]. Pairwise comparisons were run between the different
stimulus tye for antisaccadenly trial. There was a statistically significant difference
between hand and whole body [t(192-638, p = 0.016] =-0.428] and between hand
and car [t(19) = 3.094, p = 0.006~= 0.537]. Interestingly, there was no statistically
significant difference between hand and face [t(19) = 2.077, p = 0d052).360].
Pairedsamples -tests were used to determine whether there was a statistically
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significant difference in mean saccade latency on antisaccade cost latency between
hand, face, whole body and car. For follaw analysis, the factor of directions was
excluded by averaging between saccade towards the left direction and right direction.
There was a statistically significant mean difference between hand and face [t(19) =
2.275, p =0.035 = 0.509], hand and whole body [t(19)2:375, p =0.028] =-0.531]

and between hand and car [t(19) = 2.411, p = 0.028, 0.539]. There was no
statistcally significant difference between whole body and car [t(19) = 0.031, p = 0.976,

d = 0.006].
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Figure3-3 Results of horizontal saccade latencies in Experiment 5

(A) Mean horizontal prosaccade and antisaccade lat®acticipants instructed to
look in target direction, targets appeared randomly left or rightMean horizontal
antisaccade cost latency.
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3.1.3.2 Vertical saccade latencies

All values are reported as the mean and standard errors of the mean of each participant
and each variable. The mean prosaccade latency was 214 m@mDs}. The mean
antisaccade latency was 216 ms (SD = 19(Figure3-4). The mean antisaccade cost
latencies (mean difference between antisaccade and prosaccade latencies) was 3 ms
(SD = 5 ms)(Figure 3-4). A two-way repeated measures ANOVA was conducted to
determine the effects of conditions (prosaccade and antisaccade) and stimulus type
(hand, face, whole body and car). There was a statistically significant main effect of
stimulus type [F(3, 57) = 7.359, < 0.001,d,> = 0.279]. There was no statistically
significant tweway interaction between saccade condition and stimulus type [F(3, 57)
=1.490, p = 0.227,*> = 0.073]. Pairwise comparisons were run between the different
stimulus type for prosaccadmly trial. There was a statistically significant difference
between hand and face [t(19) = 3.679, p = 0.0925 0.554]. Pairwise comparisons

were run between the different stimulus type for antisacoatletrial. There was not

a statistically significant difference between each other.
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Figure3-4 Mean vertical saccades in Experiment 5
(A) Mean vertical prosaccade and antisaccade latency. (B) Mean vertical antisaccade

cost latency.
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3.1.3.3  Horizontal and vertical saccade latency and error rate
A threeway repeated measures ANOVA was conducted to determine the effects of

conditions (prosaccade and antisaccade), stimulus type (hand, face, whole body and car)
and saccade type (horizontal and vertical) on saccade latéigeyd3-5). There was

a statistically significant main effect of conditions [F(1, 19) = 18.974, p < 0pd%,

0.500]. There was a statistically significant tway interaction between condition and
saccade type [F(3, 57) = 23.591, p < 0.0§:,= 0.554]. There was a statistically
significant tweway interaction between stimuli and condition [F(3, 57) = 8.983, p <
0.001,dp2 = 0.321]. There was a statistically significant thvessy interaction between
condition, stimulus type and style [F(3, 57) = 9.347, p < 0.6¢% 0.330].

A two-way repeated measures ANOVA was conducted to determine the effects
of stimulus type (hand, face, whole body, and car) and saccade type (horizontal and
vertical) on the antisaccade cost (antisaccade minus prosaccade) on saccade latency
(Figure3-5). There was a statistically significant main effect of saccade types [F(1, 19)
= 5.928, p = 0.025¢,> = 0.238]. There was a statistically significant tway
interaction between stimulus type and saccade type [F(3, 57) = 17.664, p <dg?001,
= 0.482]. Pairwise comparisons were run on the interaction between stimulus type and
style. There was a statistically significant difference between horizontal and vertical
saccades for face stimuli [t(19) = 6.486, p < 0.@D%,0.355].

A threeway repeated measures ANOVA was conducted to determine the
effects of conditions (prosaccades and antisaccades), stimulus type (hand, face, whole
body and car) and saccade type (horizontal and vertical) on saccade erreigrat (

3-6). There was a main effect of condition [F(1, 19) = 23.286, p < 0dp®%,0.551].
There was a significant twaway interaction between condition and style [F(3, 57) =

26.122, p < 0.001g,*> = 0.579]. There was a significant twaay interaction between
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condition and stimulus type [F(3, 57) = 14.045, p < 0.@gA= 0.425]. There was a

statistically significant thregvay interaction between conditions, stimulus type and
style [F (3, 57) = 10.739, p < 0.0042 = 0.361].

A two-way repeated measures ANOVA was run to determine the effect of
stimuli (hands, faces, whole body, and cars) and style (horizontal and vertical) on the
antisaccade cost error rate (antisaccade minus prosacEaglee@-6). There was a
statistically significant main effect of style [F (1, 19) = 32.622, p < 0.8% 0.632].
There was a statistically significant tweay interaction between stimulus type and
style [F(3, 57) = 13.900, p < 0.0042 = 0.422]. Pairwise comparisons were run on the
interaction between stimulus type and style. There was a statistically significant
difference between horizontal and vertical on hand [t(19) = 7.640, p < @[§04,
0.141]. There was a statistically significant difference between horizontal and vertical

on face [t(19) = 4.591, p < 0.004,% = 0.241].
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Figure3-5 Results of horizontal and vertical saccade latency in Experiment 5.
(A) Mean saccade latency as a function of stimulus type. (B) Difference in saccade
latency between antisaccade and prosaccade.
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3.1.4 Discussion
First, for horizontal saccade, the experiment findings that prosaccade latency, were

slightly longer for hands compared to faces, but still shorter than for whole bodies or
cars. Conversely, antisaccade latency was significantly longer for hands than whole
bodies or cars. The antisaccade cost was higher for hands compared to whole bodies or
cars. There was not statistically significdvgtween hands anfces (Figure 3-3).
Second, for vertical saccade, hand stimuli elicited significantly faster prosaccade
latencies compared to face stimuli. However, there was no significant difference in
antisaccade latencies between hand and other stimulus Eiges=@-4). Third, hand
stimuli, there was a statistically significant difference between horizontal and vertical
saccades on the antisaccade cost error rate. Specifically, the result showed a significant
difference between horizontal and vertical saccades forgtandli, indicating that the
antisaccade cost error rate differed significantly between horizontal and vertical
saccadesHigure3-5).

Prior studies have used prosaccade and antisaccade tasks to investigate attention to
human bodiegMorand et al., 20LMorrisey & Rutherford, 201,3ReinholdtDunne et
al., 2013. This finding is pertinent as it underscores the contrast in cognitive processing
times for attentional inhibition (antisaccade) versus selective attention (prosaccade)
tasks, reflecting the intricacies of cognitive processes involved in hand percéption.
accordance with the present results, previous studies have demonstrated that prosaccade
latencies in principle are lower than antisaccade for the same qtihalig, Manoach,
& Barton, 2011 ReinholdtDunne et al., 2012 Prior studies have used prosaccade and
antisaccade tasks to investigate attention to human b@¥iesand et al., 2010
Morrisey & Rutherford, 20LReinholdtDunne et al., 2002 This study found that the

antisaccade latencies are higher than the prosaccade latémeiesordance witlthe
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present results, previous studies have demonstrated that prosaccade latencies in
principle are lower than antisaccade for the same sti@hégg et al., 201 1Edelman,
Valenzuela, & Barton, 200&ReinholdtDunne et al., 2002 One interesting finding is

that the prosaccade latencies of hands are the same as the faces. These results of
prosaccade corroborate the findings of much of the previous work conducted in Chapter

2 in visual search for the different parts of the humaalyltbat the slopes of visual

search in faces and hands aresignificantly different.

The current study found that antisaccade latencies of faces differ from whole
bodies and hands. A possible explanation for this might be that faces have lower
attentional inhibition(Chen et al., 2014Hutton & Ettinger, 2006ReinholdtDunne et
al., 2012. Another important yet surprising finding is that vertical antisaccade cost on
saccade latency for faces v&gnificantlyhigher than for hands, whole bodies and cars.
Regarding the difference between the parts of the human body, a possible explanation
for this is that antisaccade of hands has a stronger attention&Chiers et al., 2014
Hutton & Ettinger, 2006 Therefore, the properties of faces and hands could be a major
factor, if not the only one, causing the difference between prosaccades and antisaccades.

The present results are significant for three reasons. First, the lack of significant
difference in prosaccade latencies towards faces versus hands suggests that both
categories of biologically relevant stimuli elicit comparable levels of visual attention
orienting and selection efficiency. This finding is notable because it provides
behavioural evidence that hands, as platforms for vital physical and social interaction,
may be encoded with similar visual priority in the brain as facial cues during scene
processing. Comparable saccade reaction times imply shared neurocognitive resources
allocated preferentially to shifting gaze towards these highly informative human

appendages. Determining if equivalent oculomotor drive extends to other body parts
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can shed further light on the attentional prioritisation of form, motion, and interaction
signals dynamically transmitted through human body configurations. Overall,
equivalent prosaccade metrics align with evolutionary perspectives on how selective
presswes may have specialised systems guiding visual attention to rapidly detect social
affordances. Second, results from antisaccade indi¢ch&gdhe visual inhibition of

faces differed significantlyrom that ofbodies and hands. Third, the results of the
antisaccade cost latencies indicated that the visual attentional bias of hands differs
significantly from faces and bodies. An implication of this research is that saccade
latencies may be modulated by perceptual attributes related to representationrof huma
bodies in the visual system.

The findings in this experiment highlight an interplay between saccade condition,
stimulus type, and saccade type, emphasising the complexity of visual perception and
saccadic eye movement control. The significant thvag interaction among saccade
condiion (prosaccade and antisaccade), stimulus type (hand, face, whole body, and car),
and saccade type (horizontal and vertical) points to the ways in which the visual systems
respond to different visual stimuli, with hand perception being particularly eofaibl
its relevance in motor control and communication. Moreover, the distinct latency
differences between horizontal and vertical saccades, especially for face stimuli,
underscore the tailored nature of visual processing. These findings not only ileiminat
the multifaceted nature of saccade in response to various stimuli but also suggest a rich
area of exploration in understanding the specific perceptual and cognitive mechanisms
involved in hand perception and its interaction with eye movement control. The
comparative analysis of horizontal and vertical saccade latencies revealed a notable
contrast: horizontal latencies exhibited an opposite trend between antisaccade and

prosaccade movements, a phenomenon not observed in vertical saccades. This outcome
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suggests the presence of an attentional bias specific to horizontal latencies, as opposed
to vertical onesKigure3-5).

Some reports have shown that antisaccade experiments investigate horizontal
saccades only because compa@dertical saccades, horizontal saccades are more
representative of the cognitive mechanism of visual recognition of stimuli related to the
human bodyGeringswald et al., 202®alvia, Harvey, Nazarian, & Grosbras, 220
Although it has commonly been assumed that vertical saccades are not representative
of the cognitive mechanism of the stimuli related to the human body and previous
studies have failed to the role played by vertical saccade, the possible interference of
vertical saccade cannot be ruled out, because some literature still includes the analysis
of vertical saccade, despite the fact that the results of these experiments did not show
the strong significance between horizontal and vertical sad€adezet et al., 2010
Kauffmann, Khazaz, Peyrin, & Guyader, 202lorand et al., 2010 In order to
consider another source of uncertainty of saccade, the analysis of vertical saccade was
conducted to compare whether there was a difference between horizontal and vertical
saccades on the stimuli related to the human body.

The results of this studiyntriguingly reveal a notable main effect of stimulus
type on vertical saccade latency during prosaccade tagks€3-5). Specifically, the
latency for recognising faces was significantly shorter compared to other stimuli,
resonating with the findings of prior reseaf€hrouzet et al., 201Rossion & Caharel,
2011 which underscored faster saccade responses to faces than to nonanimated objects
like cars or natural scenes. This aligns with the overarching therntesatsearch,
which centralises on the nuanced cognitive processes underpinning hand perception.
Whilst the vertical saccade latency for hands in prosaccade did not significantly differ

from the latency for whole bodies and caFsg(re 3-5). The results of this study
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intriguingly reveal a notable main effect of stimulus type on vertical saccade latency
during prosaccade taskagure3-5). Specifically, the latency for recognising faces was
significantly shorter compared to other stimuli, resonating with the findings of prior
research (Crouzet et al., 2010; Rossion & Caharel, 2011), which underscored faster
saccade responses to faces tisamonanimated objects like cars or natural scenes. This
aligns with the overarching theme tbiis research, which centralises on the nuanced
cognitive processes underpinning hand perception. Whilst the vertical saccade latency
for hands in prosaccade did not significantly differ from the latency for whole bodies
and carsKigure 3-5), this subtle disparity underscores the complex interplay between
visual attention and hand perception.

The absence of significant variance in vertical saccade latency for faces during
antisaccade tasks further corroborates the nuanced cognitive processing involved in
hand perception, as it suggests a uniformity in response latency across various stimuli.
Consequently, this indicates that the differential processing speeds observed in
prosaccade tasks are not merely a function of stimulus type but are intricately tied to
the cognitive mechanisms governing hand perception. Despite these insights, the lack
of ggnificant differences in vertical saccade latency for antisaccade tasks suggests that
the intricacies of hand perception are more subtly reflected in these measures,
warranting a focused exploration in future studies to unravel the specific cognitive
proaesses involved.

A possible explanation for vertical prosaccade latency for hand might be that
verticalsaccadehumansstill payattention selectivelto stimuli related to human body,
especiallyfor theface. It can thus be suggested that the selective attention of stimuli
related to the human bodgccursnot only in horizontal saccades but also in vertical

saccade. A possible explanation for vertical saccade latentdyehand might be that
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the strength of selective attention for the hand was not as strong as that of selective
attentionfor the face. Despite this, very littlhas beerfound in the literature on the
guestionof thedifference between different paxd$thehuman bodyrom each other.

This limitation of lack of literature mearhbkat thestudy findingsmustbe interpreted

with caution.A possible explanation for vertical antisaccade latency might be that
humans do not have selective attention for human body in vertical saccade. Comparison
of the findings with those of other studies confirms that the difference of saccade

latency betweedifferent parts of the human do not occur in antisaccades.
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3.2 Experiment 6: An Eye Tracking and Pupillometry Study into the Perception

of Distorted Finger Postures

3.2.1 Introduction

Antisaccades for faces, whole bodies and hands have been studied extensively in
Experiment 5, using an eye tracking method. Different antisaccades have been found
to be related to different types of body and body parts stimuli. However, there are few
studies on eye movements on the visual processing of hands with emafifective
reaction In Experiment 5, antisaccades were extensively studied for hands, faces and
whole bodies using an eye tracking method. This experiment found that different
antisaccadeare associated with various types of body and body part stimuli. Notably,
few studies have focused on eye movements in the visual processing of hands with
emotionalaffective reactionParticipants were asked to view a sequence of distorted
and natural finger posture images. To discern if the observed phenomena were specific
to hands rather than general shapesearchergcluded similar geometric shapes and
images of chairs as control stim{ispirito Santo, Chen, et al., 201These control
stimuli, chosen for their novelty, saliency, and visuospatial processing demands, aimed
to isolate the effect of human versus nonhuman bodies. Whilst the results are not
universally applicable to all human body stimuli beyond hands, @Ssiple that factors
other than the human versus nonhuman body distinction influenced the outcomes.

Eye movements and pupil dilations were tested under various colours to ensure
that the result was not influenced by background cdf@herng, Baird, Chen, & Wang,
2020 becausce ompar ed with the pupil s response
other stimuli are slighfMath6t, 2018. Eye movements and pupil dilatioressessed
under various colours to mitigate background colour influence, were central to this
experiment. The resulsf these experimentsnhance the understanding of how the

brain processes hands. In addition, understanding the processing of distorted finger
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postures helps to comprehend the processes when people perceive abnormal body parts
with emotionalaffective reactionMoreover,the research evidence can be used to
inspect whether the nature of the hand is akin to the nature of faces or bodies. The
research applied the pupil dilation measurement to assist emotion rgsesnglet al.,

2009. Pupil diameter can be monitored during picture viewing to assess the effects of
hedonicaffective reactiomnd arousal values of stimuli on pupillary resporiBeadley

et al., 2008 and pupil size can modulate the processing of emotional facial expressions
(Harrison et al., 2097 This highlights the significant role of pupil size in modulating

the perception of sadness and its correlation with empathy. It reveals that variations in
observed pupil size can enhance the intensityadfiedtive reactiojudgements of sad
expressions, emphasising the importance of autonomic signals in emotional
communication and empathy. The demonstration of the change in pupil size and the
analysis method was the same as in the eye tracking experiment.

The purpose of Experiment 6 was to investigate variations in fixation duration,
saccade amplitude and latency, and pupil dilation responses. It is predicted that
distorted finger postures cause longer fixation durations or a higher frequency of
fixations @mpared to natural finger postures. This phenomenon does not occur with
distorted and standard chairs. Additionally, it is predicted that saccade amplitudes are
longer when transitioning from natural to distorted finger postures than from natural
finger pastures to other natural finger postures. Conversely, it is predicted that that
saccade amplitudes are shorter when moving from distorted finger postures to distorted
finger postures, compared to transitions from distorted finger postures to other distorted
finger postures. This phenomenon does not occur with distorted and standard chairs.
Furthermore, saccade latency is predicted to be shorter for transitions from natural

finger postures to distorted finger postures than from natural finger posturesrto othe
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natural finger postures. In contrast, saccade latency is predicted to be longer when
transitioning from distorted finger postures to distorted finger postures, compared to
movements from distorted finger postures to distorted finger postures. This
phenomeaon does not occur with distorted and standard chairs. Lastly, Experiment 6
predicted that the impact of distorted finger postures on pupil size is greater than that
of natural finger postures.

The prediction of Experiment 6 on eye movements has been queried regarding
fixation and saccade. It is predicted that distorted finger postures will be fixated for a
longer duration or with a greater frequency of fixations than natural finger postures.
The human visual system is particularly attuned to anomalies, prompting extended
cognitive processing to interpret such irregularities. Measuring fixation time in this
context can reveal crucial insights into attentional mechanisms, with longer fixation
times on distorted postures possibly indicating deeper cognitive engagement,
heightened attentional allocation due to the novelty or complexity of the stimulus, or
an empathetic or emotional response to perceived discomfort. This, in turn, enhances
our understading of the intricate interplay between visual perception, cognitive
processing, and motor imagery or planning in response to unusual visual Guoiyli
Bartel, & Konig, 2014 Avikainen et al., 2003Zhou, Xie, Wang, Ma, & Hao, 2023
This aspect was crucial since pupil responses to stimuli are subtle compared to light
responsegMathot, 2018. These experiments contribute to our understanding of hand
processing in the brain, particularly how distorted finger postures are perceived and the
emotional processing of abnormal body parts. Additionally, the experiments explore if
hands share similgrocessing characteristics with faces or other body parts. Notably,
pupil dilation measurement played a role in assessing emotional proqéssigget al.,

2009, with pupi/l di ameter during picture

175

\"



Chapter3

hedonicaffective reactiorand arousalBradley et al., 2008 and even modulating the
processing of emotional facial expressi@idarrison et al., 2007

This highlights the significant role of pupil size in modulating the perception of
sadness and its correlation with empathy. It reveals that variations in observed pupil
size can enhance the intensity aftective reactiorjudgements of sad expressions,
emphasising the importance of autonomic signals in emotional communication and
empathy. The methodology for monitoring pupil size changes was consistent with the
eye tracking experiment. The predictions for Experiment 6.elvew raise questions
about fixaton and saccade in eye movements. It is predicted that distorted finger
postures will attract longer or more frequent fixations than natural postures, and that
they will also influence saccade amplitude and latency. For pupil dilation, the
expectation ishtat distorted finger postures will have a more significant effect on pupil
size compared to natural postures. In essence, this section dissects the intricate
relationship between visual stimuli, particularly of hands, and the corresponding eye
movement angupil dilation responses, setting the stage for further exploration in
Experiment 6. The prediction that distorted finger postures have a larger effect on pupil
size than natural finger postures is likely based on the understanding that such stimuli
requre more cognitive effort to process and may elicit stronger emotional responses,
both of which are known to influence pupil dilatigtarrison, Singer, Rotshtein, Dolan,
& Critchley, 2006 Mitre-Hernandez, Covarrubias Carrillo, & Lafdvarez, 2021 van

der Wel & van Steenbergen, 2018

3.2.2 Methods
3.2.2.1 Participants

There were two parts for this experiment. In Experiment 6A, 35 students from the
University of Nottingham Malaysjd 7 females and 18 mal€E3i 45 yearsM = 22.59
years, SD = 31) with no history of neurological or psychiatric disorders or drug abuse
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by selfreport, participated in the experimemarticipatel. In Experiment 6B, 17

students from the University of Nottingham Malaysldemales and 9 mal€$8i 45
years.M = 24.10 years, SD 2.56) with no history of neurological or psychiatric
disorders or drug abuse by sedport, participated in the experimeparticipatedThe
recruitment requirements for this experiment were the same as for Experiniéet 5.
numbers of participants in Experiments 6A and 6B were greater than those used by
previous studies measuring eye movements and pupil dilgiyadley et al., 2008
Deubel, 2008 Sandoval & Mcintosh, 2035All participants gave written, informed
consent and had normal or correctediormal visual acuity. All participants received
either course credits or monetary compensation. Using G*Power 3.1.3, it was
determined that a sample size of @@uld be sufficient to deteca significant
interaction with a power of 0.90 and an alpha of 0.05 in repeated measures for within
subjects ANOVA(Faul et al., 2009Faul et al., 200/ These procedures received
approval from the SEREC of the University of Nottingham Malaysia under application

number HYC150221.

3.2.2.2  Materials and apparatus
Four images, which were distorted finger postures, natural finger postures, distorted

chairs, and standard chairs, were used in the experiment. The same images for each
category were used throughout the experiment. These images were in greyscale. In
Experiment 6A, only images of hands (distorted and natural) were shown. The size of
the images was 160 pixels x 120 pixels (4.72° x 3.54°). Nine images of hands were
arranged with 310 pixels (9.15°) from each ot{f@gure 3-7). Three shades of grey
characterised by pixel intensities wersedas backgrounds, specifically, black (RGB:

0, 0, 0), grey (RGB: 128, 128, 128), and white (RGB: 255, 255, Experiment 6A

did not include darskinned or palrup hands, as the study's focus was on examining
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the effects of different background colours, black, grey, and whit, rather than the colour
or orientation of the handim Experiment 6B, there were 16 images of hands and chairs
in one layout. The size of the images used was 100 pixels x 100 pixelsliffevent
layouts of hands and chairs were arranged as s{feigure3-8). As there was no centre
image in this experiment, the top left image was used to align the rest of the images,
with a pixel coordinate of 204, 105. The horizontal distance between the two images
was 204 pixels (6.77°), whereas the vertical distance waspils (4.81°). Three
shades of grey wergsed ashe background, specifically which were 25% grey (RGB:

188, 188, 188), 50% grey (RGB: 128,128,128), and 75% grey (RGB: 64, 64, 64).

Figure3-7 Experiment 6A Configurations with Monochromatic Backgrounds
Experiment6A configuration with black (RGB: 0, 0, 0), grey (RGB: 128, 128, 128)
and white (RGB: 255, 255, 255) background.
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Figure3-8 Visual layout configurations in Experiment 6B
The configuration of layout A (upper part) and B (lower part) in the eye movement in
Experiment 6B
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Head movements were limited by a chin and forehead rest. The stimuli were displayed

on a 24inch BenQ monitor with a frame frequency of 144 Hz, at a spatial resolution of

1024 x 768 pixels. A desktamounted eye tracking system (EyeLink 1000 Plus) from
SRResearch was used to monitor partici p:
experiment at a sampling rate of 1000 Hz. Eye movements to targets were recorded
using the eye tracker. The screen display was extended #&cfa#én mode, and the

viewing distance waset at 57 cm. Stimuli were randomly drawn with a programme
running on a 6bit Windows 7 computer with a 3@Hz CPU and 8 GB of RAM

connected to an EyeLink 1000 Plus (SR Research, Ontario, Canada) and an eye tracking
host computer. The desktopountedg e t r acker was used to mol
movements and pupil size during the trials. All eye movement and pupil dilation data

were created by Experiment Builder and analysed using Data Viewer. Data analyses

were performed using JASP statisticaltaaire.

3.2.2.3 Design andprocedure
Nine images were presenteansecutively on the display screehglparticipants were

asked to gaze at these images, and the fixation, saccade, and pupil size were measured
and recordedl’he participants were seated in a dimly illuminated room. The eye tracker
was calibrated and validated for each participant before each experiment, using a nine
point calibration screen and a nipeint validation.

Experiment 6A: The arrangement of nine images with hands in one layout was
identical regardless of the background colour. The layout was shown to the participants
three times (9 x 3), each time with a different background shade. The images were
displayed squentially from top left to bottom right, starting from the image on the left
in every row and back tihetop left again in the subsequent layout. Images appeared

for 1000 milliseconds (ms) and then disappeared, with no-stitauli interval (I1SI)
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(Figure3-9). The background colours were shown in random oEigreriment 6B: In

one layout, the images with hands and chairs were displayed the same as Experiment
6A. Images appeared for 1000 ms and then disappeared, with iiBidSte 3-9).

Images were arranged differently in two layo(Fgyure 3-8). Layout A was always
followed by layout B with the same tone of a grey background. These were repeated
twice with another two hues of grey as the background, appearing in random order.
With three tones of grey, each layout is shown in 16 trials individuadlyouts A and

B were shown three times each, showing 96 consecutive images (16 x 2 x 3), repeatedly

over five blocks.

5%

Figure3-9 Experimental procedure in Experime6 and 6B

3.2.3 Results

3.2.3.1  Experiment 6A
The stimuli the participants observed were categorised into distorted finger postures,

natural finger postusz distorted chairs and standard chéiratural chais).

The mean fixation count acroab types of stimulpresented to the participants
was 2.06 (SD = 0.803). A twwvay within-subjects ANOVA with the interaction
between configuration and colour (white, grey and black) revealed no interaction [F(2,

68) = 1.000, p = 0.378}% = 0.028](Figure3-10). There was no significant main effect
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of colour [F(2, 68) = 2.458, p = 0.09%> = 0.067]. The effect between distorted finger

posture and natural finger postures was highly significant [F(1, 34) = 69.032, p < 0.001,
ds®> = 0.670]. As expected, the mean fixation counts and mean fixation duration were
inversely related at a fixed presentation time. However, a higher fixation count or
duration wherone of these parametevas fixed on a trial suggests that more cognitive
capacity for processing information on a specific area was reqlured. Lin, 2014).

The mean fixation duration of the trials was 418 ms (SD = 225 ms). Avayo
repeated measures ANOVA was rurdietermine the effect of different col@uver
stimulus types on fixation duration. There was no statistically significant interaction
between stimulus types and colour on fixation duration [F(2, 68) = 0.512, p =6:602,
= 0.015](Figure3-11). The results showed no significant difference in colour [F(1, 34)
= 0.799, p = 0.378),> = 0.023]. As expected, the main effeftstimulus type was

highly significant [F(1, 34) = 9.986, p = 0.0a$2 = 0.227].
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Figure3-10 Fixation counts in Experiment 6A
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Figure3-11 Fixation duration in Experiment 6A.
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The mean saccade amplitude for each stimulus was 10.6° (SD = 1.209°). The
saccade amplitude between the centres of the two stimuli was 9.15°. These saccadic
stimuli were labelled depending on the start and end of the area of interest. The stimulus
types & saccades were natural finger postures to natural finger postures, natural finger
postures to distorted finger postures, distorted finger postures to distorted finger
postures and distorted finger postures to natural finger postures. They were standard
chairs to standard chairs, standard chairs to distorted chairs, distorted chairs to distorted
chairs, and distorted chairs to standard chairs.

The tweway repeated measurédNOVA demonstrated no interaction between
types of stimuli of saccade and colour [F(6, 204) = 1.017, p =0d¢450.029](Figure
3-12). Furthermore, thereas no significant difference in colour [F(2, 68) = 0.819, p =
0.445,dp? = 0.024]. The main effect of the stimuli was significant [F(3, 102) = 7.808, p
< 0.001,dy? = 0.187]. Pairwise comparisonshowed that the saccade amplitude of
distorted finger posture to distorted finger posture sigsificantly higher than natural
finger posture to natural finger posture and distorted finger posture to natural finger
posture, but not natural finger posture to distorted finger posture (p ={FgLje

3-12).
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Figure3-12 Saccade amplitude in Experiment 6A
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The mean pupil size was 4.31 mm (SD = 0.95 mm). A-way repeated

measureANOVA with the stimulus types and colour revealed no interaction [F(2, 68)

=1.593, p =0.211d,?= 0.045](Figure3-13). The results of the analyses showed a high

significance with different background colours expectedly [F(2, 68) = 1065.951, p <

0.001,0p> = 0.969]. Interestingly, the main effect of stimulus type was significant [F(1,

34) = 10.094, p = 0.008,2 = 0.229](Figure3-12).
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3.2.3.2 Experiment 6B
The mean fixation counts were 1.68 times (SD = 0.268). Aviaprepeated measures

ANOVA with the interaction between different types of stimuli (distorted finger
posture, natural finger posture, distorted chair and natural chair) and colour (grey 25,
grey 50 and grey 75) revealed no significant interaction between stimulus type and
colour [F(6, 96) = 0.473, p = 0.82d,> = 0.029] and no significant main effect of colour
[F(2, 32) = 2.999, p = 0.064,> = 0.158](Figure3-14). As expected, the main effect

of stimulus type was significant [F(3, 48) = 10.903, p < 0.0p170.405].Pairwise
comparisonf the different stimuli showed that the only significant difference was
between distorted finger posture and natural finger posture, t = 4.947, p < 0.001. The
mean fixation duration of each stimulus was 255.30 ms (SD = 31.453 ms)-\Wayvo
repeated measurddNOVA demonstrated the significant interaction between types of
stimuli and colour [F(6, 96) = 2.548, p =0.02p> = 0.137](Figure3-14). There was

no main effect on difference using a distinct background colour [F(2, 32) = 0.568, p =
0.572,dp? = 0.034] and no main effect of stimulus types [F(3, 48) = 0.386, p = 0.764,

de? = 0.024].
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The mean saccade amplitude for each stimulus in the hand stimuli was 6.7° (SD
=1.13°). A tweway repeated measurédgdNOVA was used with the factors types of
saccade landing across different discrete stimuli. Analysis of the data showed no
interaction between types of stimuli amchromatic colouon the saccade amplitude of
hands [F(6, 96) = 1.408, p = 0.226)2 = 0.080] and no significant difference in
background colours [F(2, 32) = 0.426, p = 0.65%7 = 0.026](Figure3-16). The effect
of different stimuli was significant [F(3, 48) = 26.528, p < 0,00# ¢ 0.623].
Surprisingly pairwise comparisonsf the different stimuli showed that distorted finger
postures to natural finger postargeresignificantly different fromthe other stimuli.

The result is unlike the result in Experiment 6A. Experimental control scripts in
PsychoPyand raw data have been checked to exclude potentialpnof variable
labels in statistical analysis.

The mean saccade amplitude of each stimulus in the chair stimuli was 6.78° (SD
=1.086 °). A tweway repeated measur@dNOVA with the factorsof chairs and colours
did not reveal a significance between them [F(6, 96) = 0.483, p = @§200.029]
(Figure 3-17). Moreover,the effect of types of chairs was not significant [F(3, 48) =
3.271, p = 0.029,> = 0.170]. Theanalysis also showed no significant main effect of

colour [F(2, 32) = 0.229, p = 0.796,> = 0.014].
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Figure3-16 Hand saccade amplitude in Experiment 6B
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Figure3-17 Chair saccade amplitude in Experiment 6B
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The mean saccade laterfoy hand stimuli was 138 ms (SD = 73 ms). A two

wayrepeated measur@NOVA confirmed that the interaction between types of stimuli
of saccade latency for hands and colour was significant [F(6, 96) = 0.884, p =510,
= 0.052](Figure3-18). There was no significant difference in colour [F(2, 32) = 0.443,
p = 0.646 % = 0.031]. The main effect of types of stimuli was significant [F(3, 48) =
5.742, p = 0.002¢> =0.264]. Pairwise comparisonshowed no difference between
stimulus types of saccade latency.

The mean saccade latenfoy the chair stimuli wad44 ms(SD =55 ms) A
two-way repeated measurédNOVA with the interaction between types of stimuli of
saccade latency and the colour was not significant [F(6, 96) = 1.067, p =(),388,
0.063](Figure3-19). There was no significant difference in colour [F(2, 32) = 0.477, p
= 0.625,d,> = 0.029]. On the other handhe main effect of different stimuli was
significant [F(3, 48) = 12.250, p < 0.0a}? =0.434].Pairwise comparisorshowed a
significant difference between standard chairs to standardamaidistorted chasito

standard chasrand between distorted chairs to distorted chairs and distorted. chair
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Figure3-18 Hand saccade latency in Experiment 6B
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Figure3-19 Chair saccade latency in Experiment 6B
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The mean pupil size wds7 mm(SD =0.9 mm) A two-way repeated measures
ANOVA with the factors types of stimuli and colour revealed a significance of the
condition [F(6, 96) = 3.982, p = 0.00d,> = 0.199] (Figure 3-20). Using different
colours showed a significant difference [F(2, 32) = 134.532, p < OB, 0.894]
whilstthe effect of pupil size of each type of stimuli was significant [F(3, 48) = 24.194,
p < 0.001,d,?> =0.602]. Pairwise comparisonef the different stimuli showed that
distorted finger posturevas significantly different frormatural finger posture. The
pupil size of distorted finger posture was bigger than natural finger poBairaise
comparisonsof the different stimuli showed that distorted chaias significantly

different fromstandard chair. The pupil size of standard chairbigger than distorted

chair.
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Figure3-20 Pupil size in Experiment 6B
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3.2.4 Discussion
Experiment 6A employed various background settings to demonstrate consistent results.

Experiment 6B expanded this validation by using addition@nochromatic
backgrounds. The comparison of fixation durations between distorted and natural finger
postures revealed that distorted postures attracted longer or more frequent fixations than
natural posturedqgure3-10andFigure3-11). In the comparison of saccade amplitude

and latency between distorted and natural fingers, there was no significant impact of
distorted postures on either saccade amplitude or latdéfigyré 3-12). Lastly, the
comparison between distorted and natural fingers regarding pupil dilation confirmed
that distorted postures induced greater pupil dilation than natural po$tigne®8-13).

More comprehensively, the result of Experiment 6B shows that the fixation counts on
the distorted finger postures were more than on natural finger podtigaseG-14).
However, the result of Experiment 6B rejects the prediction that saccade amplitude or
saccade latency was affected by distorted finger postkigsré 3-16, Figure 3-17,
Figure3-18 andFigure3-19). The results of Experiment 6B presented thus far provide
evidence that pupil dilation on the distorted finger postures was bigger than on natural
finger posturesKigure3-20). The experiment corroborated the prediction that distorted
finger postures manifest a distinct effect on visual and cognitive processing relative to
natural finger postures, as observed through increased fixation durations, differential
saccade amplitudérends, and increased pupil sizes. However, the results were
inconclusive on the predicted trends in saccade latency and between the comparison of
distorted and standard chairs. It appears that the differences observed in distorted finger

postures from rtaral postures were significant, in accordance with the prediction that
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distorted finger postures are more mentally taxing, according to the visual attention
measures and physiological ones measured.

The findings from the experiments indicated a lack of difference in the fixation
counts between natural and distorted chairs. The noticeable difference in fixation counts
between distorted and natural finger postures stands in contrast to the lackfiobsigni
differences in vertical saccade latencies across both human and nonhuman stimuli
categories. This discrepancy suggests that the underlying factor driving increased
attention towards the distorted finger postures may be related to their perceived
as®ciation with actual human body configurations. In particular, the distortions could
conceivably be registering as unexpected
viewer's internal body representation mapped through lifelong sensorimotor experience.
This would result in greater cognitive effort to reconcile the distorted postures with
expectations, consequently attracting more fixations. On the other hand, attributes
inherent to the other nonhuman categories of stimuli, like salience or featuretimonges
cannot fully account for the variance in fixation counts if they do not impact a core
oculomotor metric like saccade latencies. In summary, the relation of the stimuli to the
perceiver's internal body schema emerges as a potential factor thatxquald why
distortion draws fixations beyond effects of kewvel stimulus attributes. However,
further controlled experiments are needed to conclusively investigate the underlying
mechanisms driving differential attention towards body distortions.

Consequently, it seems that the humalated nature of the stimuli, rather than
the distortion, may play a more significant role in influencing fixation counts. It implies
that the allocation of attention with the fixation counts was specialised forlistimu
related to human body. Most of the results in Experiments 6A and 6B showed no

significant interaction between types of stimuli and colour. This means that results can
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be interpreted as independent of background colour. The purpose of Experiment 6A is
to demonstrate consistent results across different backgrounds. Experiment 6B is to
further validate these findings by utilising additional monochromatic backgrounds.

The fixation counts carevealthe allocation of attentiofNelson & Mondloch,

2018. From the results in Experiment 6A, it was found that the fixation duration in
distorted finger posture wasignificantly less than imatural finger postures.
Conversely, the fixation counts in distorted finger postures were higher than normal.
Interestingly, the result showed that the fixation duration doesignificantly differ
between distorted finger posture and natural finger postilheperimen6B. However,

the fixation counts of distorted finger postsiveere higher than that of natural finger
posturs. Furthermorethe resultsn Experiment6B for distorted chairs and standard
chairs showed no significant differences, for both fixation counts and fixation duration.
The evidence supports the claim that individuals need more cognitive cafmacity
procesglistorted finger posture, and more attention should be allocated to natural finger
posture.

The experimental findings revealed a pattern in saccade latencies (the time it
takes for the eye to move from one point to another). The latencies were longer when
the eye moved between similar stimuleither two natural finger postures or two
distortedfinger postures. Two key inferences can be drawn from these observations.
First, saccade latencies are not influenced by whether or not the stimuli are related to
human bodies. The results indicate that the type of stimulus, whether ahased or
not, does not impact the latency time for vertical saccades. Specifically, no significant
difference was found in how quickly gaze shifts occurred between faces and nonhuman
human stimuli. Secondly, it was observed that saccade latencies were longer when the

eyes moved between two similar stimuli, regardless of whether they were natural or
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distorted. This may indicate that an attentional shift does not occur between similar
stimuli.

Theeyes take longer to move between two similar objects, perhaps because the
brain doesot perceive a need to shift attention as quicKligerefore, these findings
suggest that it is the shape of the stimuli, rather than their relation to human bodies,
which affects saccade latencids. other wordsthe type of stimuliwhether they are
related to human bodies or n@buld not have resulted in different outcomes in this
experiment. The primary factor influencing the speed of eye movements appears to be
the similarity in shape between the two stimuli, rather than their specific coAtent.
previous study has provided evidence that the shédttefition towards the location of
different stimuli can influence the speed of saccades, which are rapid eye movements.
Simply, how quickly our eyes move to focus on different things can be affected by
where the attention is directdBarnas & Greenberg, 201$enturk et al., 2006
Moreover, further studies have suggested that unexpected targets elicit faster saccade
latencies than expected targé€lsvin, Colcombe, Kramer, & Hahn, 20R0These
studies support theredictionthat with different stimuli attentional shift elicits a shorter
saccade latency than with identical stimuli.

Regarding the saccade amplitude, an unexpected result was observed in both
Experimens 6A and 6B. In Experiment 6A, the saccade amplitude between distorted
finger postures was higher compared to other combinations, such as between two
natural finger postures. Similarly, in Experiment 6B, the saccade amplitude from
distorted finger postureotnatural finger posture, as well as between distorted and
standard chairs, resulted in larger saccade amplitudes compared to other conditions.
These findings indicatdat the type and combination of stimuli presented significantly

influence the saccade amplitude. Transitions involving distorted stimuli consistently

197



Chapter3

provoke larger saccade amplitudes compared to other combinations, whether they are
finger postures or chairs. This pattern suggests that distorted stimuli may elicit a
stronger visual processing response, resulting in larger saccadic eye movements.

However, an inconsistency ardsetween the outcomes of Experiments 6A and
6B, raising uncertainty regarding the impact on saccade amplitude. Experiment 6B
suggested that stimuli related to the human body did not have a discernible effect on
saccade amplitude. Instead, it is possiblé tha amplitude variance may have been
caused by a saccade transition from a distorted to a normal shape, leading to an
increased saccade amplitude. Currently, there is no established theoretical framework
to comprehensively explain these outcomes. Furiimggstigation is necessary to
address the discrepancies and gain a deeper understanding of these complex processes.
Factors such as differing methodologies, participant responses, and unknown variables
should be thoroughly examined to shed light on tleg ob this inconsistency. This
highlights the need for continued research in this field to advance our knowledge and
guide future experimental design and theoretical development.

The pupil can be regarded as a readily accessible portal for probing the intricate
mechanisms of emotionalffective reactionAn exhaustive analysis of the obtained
results unveils substantial differences among the diverse categories of stimuli under
examination. A specific finding of significance is the prominent influence of distorted
finger postures on inducing emotiorafective reactionThe correlation observed in
this context provides robust evidence in support of the initial prediction, thesgremi
that manipulated finger postures can evoke emotional responses. To specify, this
research revealed that upon exposure to distorted finger postures, the subjects exhibited
a heightened level of pupil dilation compared to their reactions to natural hogferes.

This suggests an effect direction wherein distorted finger postures trigger a more potent
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emotional, as indicated by the dilation of pupils. Importantly, pupil dilation is indicative
of heightened emotional or cognitive states, such as increased arousal or cognitive load.
This suggests that observing distorted finger postures may trigger &ezamptional
or cognitive reaction in the viewer. The variability in the intensity of this reaction, along
with the underlying processes driving it, presents intriguing opportunities for further
investigation. The findings suggest a potential relationsatveen pupil dilation and
ERP responses to visual stimuli. This relationship could imply that they both reflect
similar underlying cognitive processes or neural activity. Pupil dilation, governed by
the autonomic nervous system, is sensitive to cogniiti@d and emotional arousal,
mirroring the brain's effort to process stimuli. Similarly, ERPs provide a direct measure
of neuronal activity, offering insights into the brain's electrical response to sensory and
cognitive events. Whst ERPs highlight spefic cognitive processes, pupil responses
add a layer of understanding regarding emotional and arousal states. The correlation
between pupil dilation and ERPs in response to visual stimuli is rooted in their shared
neurophysiological mechanisms, both reileg aspects of cognitive processing and
neural activity. Pupil dilation, governed by the autonomic nervous system, is sensitive
to cognitive load and emotional arousal, mirroring the brain's effort to process stimuli.
Similarly, ERPs provide a direct measure of neuronal activity, offering insights
into the brain's electrical response to sensory and cognitive events. Whilst ERPs
highlight specific cognitive processes, pupil responses add a layer of understanding
regardig emotional and arousal staté&ke graph for th&RPhas been redrawn from
the article(Espirito Santo, Chen, at., 2017 (Figure3-21). From the statistics derived
from the results forERPs a significant interaction between stimulus types and
configuration [F(1, 13) = 7.009, p = 0.02f? = 0.350] reflected a distortion effect of

the opposite direction for hands vs chairs. From the pupillomgimwise comparisons
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showed that the significant distorted finger posture vs natural finger postures difference
matches the correspondiitRP results. In the ANOVA for hands only in tleRPs

study, the result with p below 0.1 was a main effect of the configuration [F(1, 13) =
3.624, p = 0.079],> = 0.218], reflecting the trend of higher N1 amplitudes for distorted
finger postures. That was rather a good match with the pupillometry data. However, the
significant difference between distorted cbaind standard chair in pupillatry does

not directly match anzRPresult because tteERPamplitude between distorted chair

and standard chaiwas not significantly different. Even the trend of the result in

pupillometrywas consistent witthe ERPamplitude of chairs.
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Figure3-21 Modulation ofERPamplitude
TheERPamplitude of distorted and natural finger and chair posture. Panels modified,

with permission fronkspirito Santo, Chen, et al. (2017)
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3.3 General Discussionfor Chapter 3

This chapter presents tvexperiments that examine the impact of distorted and natural
finger postures on human body perception, employing eye tracking and pupillometry
as research methods. Experiment 5 focuses on investigating the behavioural
consequences of hands and whole bodiekilst Experiment 6 extends this
investigation to explore the behavioural consequences of distorted and natural finger
postures. The results obtained from these experiments yield significant insights into
high-level visual processing on eye saccade apd fxation and the role of
pupillometry in comprehending mental effort. Notably, the findings indicate that
processing distorted finger postures necessitates greater mental effort compared to
natural finger postures.

The observed increase in pupil dilation during the viewing of distorted images,
indicating heightened cognitive load, is further substantiated by the biological
relevance of these distortions, especially in the context of hand with distorted finger
postura. This response stems from the fact that hands are biologically and functionally
significant to humans, playing a crucial role in everyday interactions and Edd#aj,

M. J. Janssen, Gallouj, & Lenoble, 20E3pirito Santo, Chen, et al., 201 Therefore,

when images of finger postures are distorted, they become particularly unexpected and
startling, leading to a more pronounced cognitive reaction compared to less familiar or
less biologically relevant objects like chafEd Haj et al., 2019Espirito Santo, Chen,

et al., 201Y. The surprising nature of these distorted images of familiar objects incites

a stronger cognitive response, as indicated by increased pupil dilation, highlighting the
mental processes' intensified engagement to interpret and comprehend these unusual
visud stimuli. Furthermore, the results suggest that different categories of body stimuli
may entail varying levels of cognitive processing, underscoring the importance of

consideringaffectin future studies. The experiments in highrel visual processing
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have significantly advanced the understanding of how the eye movement interprets
complex visual stimuli. This suggests the intricacies of vise@gnition, the varying
cognitive load required for processing different visual inputs of human bodies.
Thisthesisdetails the findings from two experiments focused on the perception
of distorted versus natural finger postures. Through the use of eye tracking and
pupillometry, we have identified specific patterns in how such stimuli are processed by
the human visual sgem.Theresultsof Experiments 5 and élucidate the differential
cognitive efforts required to interpret distorted as opposed to natural body postures,
shedding light on the complexities of hitdvel visual processing. They enhance the
undestanding of how the eye movements response complex visual information,
particularly in recognising and interpreting varied body shapes. These findings are
pivotal in assessing cognitive load, understanding perceptual and psychological
researchThe experiments in higlevel visual processing have significantly revealed
how our eyes and brain work together to interpret complex visual stimuli, particularly
involving human bodies. We have learned that eye movements are not random but are
closely Inked to cogitive processes during visual recognition. When we view complex
images, our eyes follow specific patterns that reflect how we process and understand
the visual informationThe outcomes of these experiments offer valuable insights into
high-level visual processing and the cognitive effort required to process diverse body
stimuli. Specifically, the findings reveal that participants exhibited longer fixation times
and increasedye movement patterns when observing salient body shapes, indicating a
higher cogitive load. Eyetracking data showed that the visual system allocates more
attention to certain features of the body stimuli, enhancing our understanding of how

eye movements respond to complex visual information. These findings are pivotal in
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assessing cognitive load and contribute significantly to perceptual and psychological

research by elucidating how we recagrand interpret varied body shapes.
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Chapter 4 Investigating Motor-Cognitive Processes in

Hand Perception

This chapter describes motoognitive behavioural experiments into human body
perception and isubdivided into five sections. The first section describes Experiment
7, which addressed spatial stimuhesponse compatibility and automatic mental
simulation modulating manual responses to stimuli in the hand category. The second
section describes Experent 8, which budson Experiment 7 and examined whether
the modulation of automatic mental simulation was caused by spatial stirashense
compatibility by using another experimental paradigm, i.e., responding with wrists
crossed. The third sectiorestribes Experiment 9, which addressed the automatic
mental simulation of hand rotation and, in addition, examined whether automatic
mental simulation of hands only applied to a single hand or to both hands
simultaneously. The fourth section describes Expent 10, which examined whether

the nonautomatic mental simulation of hands applied not only to hands but also to
individual fingers; the fifth section describes Experiment 11, which built on Experiment
10 and examined whether mental simulation of haradscaused by implicit (automatic)

or explicit (nonautomatic) features.
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4.1 Automatic Mental Simulation in Hand Perception and Recognition

Automatic mental simulation, defined as the cognitive process whereby actions are
mentally envisioned without being physically enacted, holds a crucial role in a
multitude of cognitive task€ole, Smith, Ragan, Suurmond, & Armitage, 202he

initial theoretical foundation to contemplate revolves around automatic mental
simulation involving hands. There exists an inherent capability within human cognition
to perceive, decode, and interpret hand postures, absent explicit directivemusons
exertion(Brockmole, Davoli, Abrams, & Witt, 2033The study's focus is on the speed
and automaticity of hand posture recognition, rather than its evolutionary origins.
Therefore, the termrinherenbmight describe a fundamental aspect of human cognition
that is present early in development and operates without conscious effort, but not
necessarily an evolved trait specific to hand postures. This automatic mental simulation
coincides with the cogniter processes associated with comprehending and predicting
actions, thus constituting a key component of social cogr{itiooker, Mair, Germine,

& Lincoln, 2020.

Expanding this theory to the intricacies of finger postures, a distinction arises
between natural and distorted posty&shirmann et al., 20L1Due to their common
occurrence in daily life, natural finger postures are readily recognised and processed.
In contrast, distorted finger postures, baimgre salienttrigger more intense automatic
mental simulations. This contrast sheds light on the impasala&gnceon cognitive
processing, wheresalient entities are typically processed with increased ease.
Furthermore, automatic mental simulation is exemplified in the SimoiiE#sighaus,
Karlbauer, Bausenhart, & Ulrich, 2001 The paper demonstrates that the Simon effect,
where irrelevant stimulus location impacts response speed, is consistent across stimulus
durations due to brief, puldi&e automatic activation. In this cognitive task, stimuli

appear in varying locationselythe response is dependent not on the location, but on
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the stimuli's attributes. For example, participants might be asked to press a left button
when they see a red circle or a right button when they see a blue circle, regardless of
whether the circle appears on the left or right side of the screen. The&feuiroccurs
when responses are faster when the stimulus location matches the response side, even
though location is irrelevant to the taskerforming the task with hands triggers an
automatic mental simulation, revealing how physical actions and pempte linked
and influence our cognitive responses.

As the discussion transitions to the hand laterality judgement task, automatic
mental simulation once more surfaces as a central elgargons, 1987.994). In
this task, the laterality of images depicting hands in diverse postures is judged by
participants. The task goes beyond mere identification and engages in the mental
simulation of aligning one's own hand with the posture depicted. This process occurs
regardless of whether the image shows a single hand or both hands, even though the
cognitive processing complexity may vary. Lastly, the exploration of automatic mental
simulation is further advanced by the individual finger laterality judgement task
(Parsons, 19871994). Although the article is on hand laterality judgement, the
principles and findings apply to finger laterality judgement tasks. The mental rotation
and imagery processes used to determine the laterality of hands naturally extend to tasks
involving specific fingers, as both require similar cognitive and motor imagery
mechanisms. Instead of focusing on the entire hand, this task targets individual fingers.
Despite the increased complexity, mental simulation persists as a tool for reaching
judgements. This appach underscores the impressive adaptability of mental
simulations to a wide range of detail and complexity. Hand and finger laterality
judgements involve mapping perceived stimuli onto internal body representations. The

Simon effect links faster resporisséo matching stimulus and response locations.
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Studying these judgements in individuals with hand dystonia could reveal if
impairments are specific or reflect broader body representation issues. Examining how
distorted finger postures impact judgements could show the adaptability of these
simulations, potentially informing rehabilitation by helping us understand the

relationship between motor deficits and mental body representations in dystonia.
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4.2 Experiment 7: Spatial StimulusResponse Compatibility and Automatic

Mental Simulation Modulating Manual Responses to Images of Hands

4.2.1 Introduction

One approach to studying the process of automatic mental simulation is to present
images of hands on a computer screen to which participants givarldfrighthand

side keyboard responses depending on the instructions for various stimulus features.
Resmnses could potentially be influenced by the Simon effect, which suggests that
reaction times might be quicker when there is a spatial match between the stimulus and
the response hand.

This experiment seeks to determine the extent to which spatial stineslusnse
compatibility impacts the perception of distorted and natural finger postures,
particularly focusing on how compatibility may modulate automatic mental simulation
during handperception tasks and potentially confound research findiMgny
researchers have used the Simon task to measure the differ&icadross trials, i.e.,
those in which RTs are quicker when stimuli and response are on the same side and
those trials in with they are on opposite sides to each other. The RTs in the latter group
are generally slowdDolk et al., 2013 (Figure4-1).

Experiment 7 compared the Simon effect for hand images with chair images as
controls (comparable to hands in geometric shapewhilfout automatic mental
simulatior). A motor strategy is adopted by the motor cortex whilst doing hand
laterality taskgCabinio et al., 2010 One of the assumptiomsade in this research is
that identifying the laterality of hands depends on a motor strategy. Other studies,
however, have said that identifying the laterality of hands depends on aspstial
strategy(Jones et al., 202Mellet et al., 201% The prediction involves the Simon
effect, where it is anticipated that the right hand will respond faster to images on the

right, and the left hand will respond faster to images on the left. This effect is expected
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to occur when the orientation of a chair's legs mimics the position of the fingers on

either the left or right hand.
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Figure4-1 A schematic illustration of response hands with a keyboard, from

Experiment 7

The right hand presses the P key and the left hand presses theRarkieipants

were instructed to use their right hand to press the P key when they detected a right
hand; they were instructed to use their left hand to press the Q key when they detected
a left hand
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42,2 Method

4.2.2.1 Participants
Thirty-eight students from the University of Nottingham Malaysfemales and 26

males(18-45 yearsM = 23.40 yearsSD = 3.22 with no history of neurological or
psychiatric disorders or drug abuse by -seffort, participated in the experiment. All
participants gave written, informed consent and had normal or corrected to normal
visual acuity, and all received either course credits or an inconvenience allowance as
per ethics approval. The number of participantthia experiment was higher than in
earlier studies examining the Simon effécteras, Moore, & Mordkoff, 2004 In
addition, an a prioranalysis by G*Power 3.1.9.4aul et al., 200Pwas used to
determine what sample size would be adequate, and the default setting as specified in
GPower 3.0 was chosen. G*Power is a statistical software tool used for power analysis
and sample size calculati on. ARencasedtoel at i
estimate sample size requirements. For a study with 2 x 2 x 2 x 2 -withjects
factorial design, an a priori power analysis was conducted using G*PAvsnall

effect size was set at a value of 0(@sydges, 2010. The results indicated that a
sample size of 16 participants would be sufficient to detect a significant interaction
effect in a repeated measures withirbjects ANOVA, with a statistical power of 0.95

and an alpha level of 0.Faul et al., 2009Faul et al., 200) The experiment was
approved by the Ethics Committee of the School of Psychology, University of

Nottingham, ethics code HYC150221.

4.2.2.2 Materials and apparatus

The gregcaleimages used in this experiment were stimuli from hand and chair
categories. All hand images were in the fpstson perspective and consisted of left
and right hands. Chairs were chosen as control stimuli because their overall shape

resembles hand&igure4-2). The size of the images used was 2° x 2° visual angle (2
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cm x 2 cm). All chair images were comparable to hands in geometrical configuration
and complexity. There were 15 images each of 15 different single hands and chairs,
which were as ifEspirito Santo, Chen, etal. (2017) wi t h t he aut hor s o
Participants sat 57 cm from the monitdhe distance between the cemfahe
screen and the stimuli was 18 cm (18° visual angle) along a horizontal line. There were
six blocks in the experiment. In the first three blocks, only images of hands (distorted
and natural) were shown to participants in tseparatdocations (on the screen) in
random order. There were 120 trials in each block. Of the 120 stimuli in each block, 15
images were presented for each combination: configuration (distorted and normal),
hand laterality (left or right), and location (left ogit), resultingn 120 images. In the
second three blocks, only images of chairs (distorted and natural) were shown. There
were 120 trials in each block. Of the 120 stimuli in each block, 15 images were
presented for each combination: configuration (distorted and ngrchaly orientation
(left or right), and location (left or right), resulting in 60 images.
The experiment was presented and coded using PRycha.0 (Peirce, 2007
2008 on a 14inch HP EliteBook 840 with a refresh rate of 60 Hz and a spatial

resolution of 1366 x 768 pixels. All stimuli were presented on a black background.
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Figure4-2 Stimulus setup in Experiment 7

Stimulus categories: 4 exemplars per categdistorted and natural), each in left and
right configurations. Top row shows hands (distorted and natural), bottom row shows
chairs (distorted and standard). Stimuli are compgieerated using an-lmouse

protocol.

4.2.2.3 Design andprocedure
This behavioural study used compugemerated images of hands (left and right) and

chairs (rotated sthatthe legs were oriented like the fingers of either left or right hands).
Stimuli were presented on either the left or right half of a computer screen. A perceptual
decision task required lefor righthand responses on a keybo#fdyure4-3). There
were 20 practice trialprior to the formal trials. In aandomised mixed design, each
participant did a total of 720 trials divided equally across the first three blocks, and 360
trials divided equally across the second three blocks.

Participants were instructed to maintain fixation in the centtieesfcreen until
the stimuli were displayed. Stimuli were presented on either the left or right half of the
computer screen. Before stimuli were presented, a white fixation cross was presented
in the centre of the screPda. kPwritfcapahngh

a chair (with |l egs oriented |ike the fing
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if a left hand or a chair (with legs oriented like the fingers of the left hand) was presented.

For chairs, the orientation of the legs was manipulated. Some chairs had legs arranged

to mimic the finger orientation of a right hand, whilst others had legaged to mimic

the finger orientation of a left hand. Participants were asked to imagine rotating their
hand until their fingers aligned with the
i magined rotation mat c h dtdnatehedrailefi lhhahd. Thea nd o0 |
stimulus remained until a response was made with a resgtmsdus interval (RSI)

of 500 ms. The left or right and hand locations were independent variables. The RT was

used as a dependent variable.

RSl = 1000 ms

The stimulus was
presented until a
response was

made.
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Figure4-3 Stimulus timeline in Experiment 7.

Only left and right hands (natural finger posture) stimwb(out of theeightstimulus
exemplars), first and second trials, respectively. Stimuli not shown to scale (actual
distance 18° between the centre of the screen and the stimuli).
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4.2.3 Results
Accuracy rates in the experiment ranged from 88% to 998uracy was monitored

to ensure error rates remained low enough to maintain the validity of R{Hilateey,
Ilvanoff, Taylor, & Klein, 2011 Ivanoff, Klein, & Lupianez, 2002 To encourage
participants to answer as quickly as possible, whilst focusing on accuracy, a bonus is
offered to the top 3 participants with the highest RTs whose accuracies are not outliers.
The RT of the hand (mean = 803 ms, SE = 15 ms) is slower thboftthe chair (mean
=714 ms, SE = 15 ms). RTs were analysed using factorial repeated measures ANOVA
over the configuration (distorted and natural), hand laterality (left or right), stimulus
type (hand and chair), and stimulus location (left or rigkay hands, responses by the
right hand were 100 ms faster than responses by the left hand. For chakisamight
responses were 30 ms faster than-heftd responses. Stimulus type showed a
significant main effecfF(1, 37) =48.478 p < 0.001dy> = 0.567. Responses to hands
were 89 ms slower than responses to chairs. In terms of responses between distorted
hands (distorted finger postures) and natural hands (natural finger postures),
configuration showed a significant main effect [F(1, 37) = 48.478,00081,.d> =
0.567]. This suggests that participants' responses differed significantly depending on
whether the hand stimuli were presented in a distorted or natural posture. The RT for
di storted hands is 45 ms sl ower tdnan for
interaction between hand laterality, stimulus type, and location [F(1, 37) = 13.676, p <
0.001,d,> = 0.270]. The results of the analysiigl not disclose any factorial repeated
measures interactiobetween configuration, hand laterality, hand latgraland
location [F(1, 37) = 2.513, p = 0.124,> = 0.064].

If only natural and standard stimuli were taken and redéeedrial repeated

measureANOVA to threeway repeated measurddNOVA to combine the Simon
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effect and automatic mental simulation for natural finger postures and standard chairs
only and remove the factor of distortion
hand laterality and location [F(1, 37) = 15.337, p < 0.@pi= 0.293]. One of the

critical findings of this task was that tt&mon effect was strong for natural finger

postures and weak for standard chairs, as manifested in a significant interaction. There
was a signiycant i nteraction betwsesen har

location [F(1, 37) = 6.846, p = 0.014? = 0.156])(Figure4-4).

Hand Chair
900 ,
- \> Right Hand

m _ N -o- Responses to Right
E 830 ‘Q‘ Exemplars
_E 800 Left Hand
~ -©- Responses to Left
S 750- Exemplars
°
& 700-
14

650 | I | |

Left Right Left Right

Stimulus Position on Screen

Figure4-4 Experiment 7 results

RT of different stimulus tyme(hand and chair), hand laterality (left and right) and
stimuluslocation (left and right)Results exclude configuration facsddistorted and
natural).
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4,24 Discussion

This experiment introduces a novel approach to examine how spatial sti@spasise
compatibility influences automatic mental simulation, a key component in
understanding hand perception. This experiment contributes to the overall thesis by
addressing auhdamental methodological concern in the study of automatic mental
simulation. By elucidating the role of spatial stimutesponse compatibility in this
context, the research enhances the validity and reliability of future studies, allowing for
a more acgrate understanding of the mechanisms underlying automatic mental
simulation and its implications for social cognition, motor control, and related fields.
The results suggested an effect of spatial stimrdgponse compatibility on RTs,
facilitated by ausmatic mental simulatiom the case ohand stimuli. From these
results,it can be concluded th#te Simon effect is only significant in hands, and not
chairs, when analysing neutral stimuli (i.e., natural finger postures and standard chairs).
The Simonreffect is more pronounced with stimuli linked directly to actions, as these
automatically trigger corresponding motor responses. In contrast, f@ationrelated
stimuli like green circles or red squares, which do not inherently suggest specific
actions this automatic activation of motor programmes might be weaker, leading to a
less pronounced or absent Simon effect.

The occurrence of automatic menimulation for hands explains these
findings. The spatial stimulugsponse compatibility showed the different responses to
hand stimuli presented on one side or the other of the monitor. The RTs differed
depending on which side of the monitor the stimuére presented. When righand
stimuli appeared on the righand side, the right hand responded faster than when the
right-hand stimuli appeared on the Katind side of the monitor. The spatial stimulus

response compidility was expected to be the same for the chair stimuli because the
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hand and chair stimuli appeared in the same positions on the monitor and were
responded to with the same responding hand. The hand and chair stimuli were similar
in geometric form as the images of the chairs, the control stimuli, were with legs
pointing Idt, replicating the posture of the righaand stimuli. However, the RTs for the
chair stimuli were almost the same, irrespective of the side on which the chair stimuli
were presented.

The results showed spatial stimul@sponse compatibility was higher with
hand stimuli and responding hands, indicating a stronger Simon effect, compared to
lower compatibility and effect with chair stimuli. It can be inferred thatewas a
stronger Simon effect between hand stimuli and responding hands and a lower Simon
effect between chair stimuli and responding hands. This could be due to automatic
mental simulation, where participants associate hand stimuli with their handsgleadin
to faster respases when the stimulus and response locations align. This is supported
by the significant difference in RTs between rigland stimuli appearing on the right
side versus the left sid®lagashima, Takeda, Shimoda, Harada, & Mochizuki, 2019
Zhong & Zhang, 2021 This suggests that hands are automatically processed as action
relevant objects. Future research could investigate whether this effect persists with
distorted hand stimuli, shedding light on the boundaries of automatic hand processing
and its impact orhie Simon effect.

Participant feedback in the pilot study recorded that the instructions were hard
to understand when the hands and chairs appeared in random order. Consequently, the
hands were presented in the first two blocks and the chairs were presented in the second
two blocks. However, the experiment subsequently suffered from a design limitation
due to this revised sequence of experiments (hand stimuli followed by chair stimuli),

as the Simon effect is sometimes found to be stronger at the beginning of a session. In
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order to enhance internal validity and mitigate this limitation, it would be beneficial to
design the experiment such that each stimulus is presented in a randomised order.
Alternatively, another approach could be to present the stimuli in blocks, enthaing

the order of these blocks is varied across participants, a method known as
counterbalancing.

Chairs, unlike hands, minimally inhibit the Simon effect when stimuli are
presented opposite the responding hand, despite their similar shape. Although the shape
of the chairs was similar to that of the hands, the chairs did not show the same result as
thehands. In the following experiment, Experiment 8, modifications were made to
identify potential inhibition for a mismatch between stimulus location and responding
handg(Verghese, Mattingley, Palmer, & Dux, 2018 Experiment 7, the findings are
inconclusive as to whether participants showed longer RTs when they crossed hands to
respond to the stimuli than when they responded with hands in the normal response

position (left hand on the leftand side and right hand on the rigiaind side).
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4.3 Experiment 8: Spatial StimulusResponse Compatibility and Automatic
Mental Simulation Modulate Manual Responses to Images with Responding

Hand Located on the Opposite Side

4.3.1 Introduction

The Simonreffect has been shown to occur in metognitive processing of hands, in
Experiment 7. In Experiment 8,a&n be inferreérom the different RTs of the different
spatial responsstimulus compatibility recordingthat automatic mental simulation
occurs with hands but not chairs (of similar geometric complexity) due to the hand
stimuli being closely associated with the responding h@ne. notable example is the
study, which demonstrated that the Simon effect persists even when the hands are
crossed, indicating that the effect is driven by the compatibility between the stimulus
and response locations rather than the responding (seidold, Chen, & Proctor,
2015. This study suggests that the spatial compatibility between the stimulus and
response locations is a crucial factor in the Simon effect, regardless of the position of
the responding hand. IncorporatingstBtudy would strengthen the introduction by
providing a more comprehensive background and context for the current experiment.
However, this is not a certitude as it was uncleaether theSimon effect for
hands was caused by automatic mental simulation. To clarify the issue, it was necessary
to confirm whether automatic mental simulation was engaged because (1) the hand
stimuli and the responding hand were in close proximity, irrespeatitre side of the
body or screen involved (the right or kiiand side) or because (2) the stimuli and
responding hand appeared in proximity on the same. Jide purpose of this
experiment waso gaina further understanding of the Simon effect on hands and to
identify the factors influencing it. The key research question of this experiment was
whether the Simon effect was driven by mental simulation or other fadtbis.

experiment drew on the framewook the Simon task but was a variaot the Simon
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task. The position of the responding hands was swifthatis, the participants crossed
their wrists thus pressing the key on the opposite side of the keyboard. This was to
eliminate the influence of key positions on RT. The RT was used as a dependent

variable(Figure4-5).

Figure4-5 A schematic illustration of crossedsponding hands with keyboard, from
Experiment 8

In this experiment, the right hand presses the Q key and the left hand presses the P
key. When participants detected a riglaind image on the screen; they were
instructed to use their right hand to press the QWéen they detected a ldiand

image, they were instructed to use their left hand to press the P key.
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4.3.2 Methods
4.3.2.1 Participants

23 students from the University of Nottingham Malaydiafemales and 1 males (18

45 yearsM = 21.10 years,SD = 2.224) with no history of neurological or psychiatric

disorders or drug abuse by seport,participated in the experiment. The recruitment
requirements for this experiment were the same as for Experitn&he data of one
participant was removed because the part.i
group mean. Based on assuming stimulus type (left hand and right hand) x 2 (without

and with wrists crossed) withisubject factors and keeping the santeeoparameters

as in Experiment 1 in a priori analy$s G*Power, a sample size of 18 was sufficient.

The experiment was conducted under the approval of the Ethics Committee of the
School of Psychology at the University of Nottingham, adhering to ethics code

HYC150221.

4.3.2.2 Materials and apparatus
The materials used in this experiment were gealestimuli from the hand category.

The hand images used in this experiment were the same hand images as in Experiment
7. Participants sat 57 cm from the monit®he distance from the centoé the screen

to the centre of the stimuli was 18 cm (18° visual angle) along a horizontal line. There
were six blocks in this experiment. There were 120 trials in each block presented in
random order. Out of the 120 stimuli in each block, 15 imagespvesented for e
combination: left or right hand and hand location (left or right), resulting in 120 images.
The visual search display size was 35 cm horizontally and 18 cm vertically. The
experiment was presented and coded using Pavlovia online, which is an online hosting
service that accommodates different types of JavaScript experif@oistswagers,

202Q Sauter et al., 2020
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4.3.2.3 Design andprocedure

The design and procedure of Experiment 8 were based on Experiment 7, and the
standard for selecting the data was also based on Experimenthis randomised

mixed design, each participant underwent 960 trials. In the first three blocks,
participants were asked to place their hands as normal on the keyboard, wrists not
crossed. They were told to press the P key if a right hand was presentedsareen,

the Q key if a left hand was presented. In the second three blocks, participants were
asked to plactheir hands on the keyboard, wrists crog$egure4-6). They were told

to press the P key if a left hand was presented, the Q key if a right hand was presented.
The stimulus remained until a response was made with a RSI of 500 ms. The RT was

used as a dependent variable.
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RSI = 1000 ms

The stimulus was
presented until a
response was

made.
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Figure4-6 Stimulus timeline in Experiment 8

There were left and right natural finger posture stimmlihefirst andthesecond

trials, respectively. Stimuli not shown to scale (actual distance 18° from the centre of
the screen and the centre of stimuli).
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4.3.3 Results

The standard for selecting the datarethe same as for ExperimentThe RT of the

cross configuration (mean = 756 ms, SR6ms) is slower than that of the normal
configuration (mean = 585 ms, SE = 20 niR)'s were analysed using threay
repeated measures ANOVA over the hand position configuration (without and with
wrists crossed), hand laterality (left and right hand) and hand location (left or right
position). The hand position configuration showed a significant main effect (F(1,22) =
128.931, p < 0.001,? = 0.854)(Figure4-7). Stimulus types showed a significant main
effect (F(1,22) = 4.864, p = 0.03§> = 0.181). There was a significant interaction
between hand positions and stimulus types (F(1,22) = 9.921, p = ¢:0650.311).

There was a significant interaction between layout, hand positions and stimulus types

(F(1,22) = 62.723, p < 0.00d,2 = 0.060).

Normal Cross
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- Right Hand
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Reaction Time (ms)
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Stimulus position on screen

Figure4-7 Experiment 8 results
RTs of different hand configurations (with and without wrists crossed), hand location
on screen (left or right side), and left and right hands.
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4.3.4 Discussion

In Experiment 7, the importance of automatic mental simulation for hands was
highlighted and there was uncertainty about whether the results of the Simon effect for
hands were caused by the Simon effect or by the location of the stimuli. Experiment 8,
a mdlification of Experiment 7, found that the results were caused by the Simon effect
and that this latter indicated there was automatic mental simulation for hands. The
instructions in Experiment 7 were altered in Experiment 8 to make it easier to isolate
the role of mental simulation. The results of Experiment 8 confirmed that the results in
Experiment 7 were caused by mental simulation rather than the location of stimuli as a
result of the crossedrist responding hand instruction which removed the imphct o
location of stimuli.This further suggests that spatial stimalasponse compatibility
can significantly modulate automatic mental simulation, supporting the theory that such
simulations are not purely mechanical but involve higlognitive processes. Including
the crossedvrist condition helped disable the effects of spatial compatibility from
those of mental simulation, strengthening the validity of the find{Sg#bold et al.,
20195. The results of Experiment 7 suggested a Simon effect, as faster response times
occurred when stimulus and response were on the same side, potentially due to
automatic mental simulation of hand movements. Experiment 8, with the cwegsed
condition, furher emphasedthis, showing a Simon effect even when stimulus and
response locations were mismatched. This indicates that mental simulations of hand
movements are robust and not merely dependent on spatial compatibility, highlighting
their significancen cognitive processing.

The purpose of this experiment was to determine whether the Simon effect for
hands was caused by (1) spatial proximity, i.e., whether the cross@ohding hand

was on the same side as the hand stimuli or whether the crespethding hand was
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on the opposite side to the hand stimuli, the hand stimuli being placed on its own side
or the opposing side respectively; or (2) by the position of hand image (responding
hands not crossed), i.e., right responding hand reacting to the stimuli on tHeanght
side of the screen and vice versa. In this experiment, it was found that the hand position
(with wrists crossed) did not cause the time delay between responding hand position
and hand stimuli, even though the responding hands were not one the pasitiah.
When spatial proximity between hand stimuli and responding hands was close, no delay
conditions were found between them. The results in this experiment nexylatsed
by the fact that the Simon effect for hands wagen by automatic mental simulation.
The automatic mental simulation of the hand position was instantaneous and thus, there
was no delay in response timigne Simon effect for hands may result from automatic
mental simulation, not hand image or response posi{Bardi, Schiff, Basso, &
Mapelli, 2015. This is supported by the absence of a Simon effect for chairs, which are
not human body stimuli and therefore do not trigger the same automatic mental
simulation processes. The inclusion of distorted hands in Experiment 7 was to further
investigate the r@l of mental simulation, as chairs do not provide a comparable basis
for such an assessmef(ftespén, Hommel, Korsch, & Galashan, 202Waytz,
Hershfield, & Tamir, 2015b

In summary, these results in Experiment 8 also showed that the Simon effect was
not only influenced by the directional cue, as discussed in the general previous
paradigm of this chapter, but also by automatic mental simulation (i.e. when responding
hand ad stimulus were matchedYhe findings of this research can help better
understand the automatic mental simulation that occurs when responding hands are
closed to hand stimulin Experiments 7 and 8, the investigation focused solely on one

hand, eitherta | eft or the right. Considering t
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especially those with distorted finger postures, are exceptionally salient, in the
Experiment 9, further research was examined whether automatic mental simulations
occur exclusively with single hands or in both hands simultaneously. This is crucial for
understanding if there are distinct cognitive processes or brain activation patterns

involved in processing distorted versus natural finger postures.
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4.4 Experiment 9: Hand Laterality Judgement Task- Perception of Thumb Side
View
4.4.1 Introduction

The role of mental rotation for hands has received increased attention in the study of
automatic mental simulatio(Balasubramaniam et al., 2Q1l®nta & Blanke, 2009

lonta et al., 200/ Results from the two previous experiments in this chapter
demonstrated a strong and consistent association between mental simulation and hand
postures and that the mental simulation was initiated by the hand postures rather than
the chair image.

Although thesdwo previous experiments showed that mental simulation for
single hand stimuli occurred,ig unknown whether mental simulation would occur for
both-hand stimuliPrevious research has shown that humans do use mental simulation
on hand rotation, however, little is still known about the role ofbatind rotation in
motor imageryThere remairguestions about the validity of simultaneous Hudimds
rotation.

One of the purposes of this experiment was to duplicate the experiments in the
aforementioned literature review, in whigtental simulation of hands was investigated
by presenting hands positioned at different anglée. first prediction was that RTs
would differ for the differently rotated hand positions. This prediction was based on the
hypothesis that mental simulation occurs for hands, which would be consistent with the
results observed in the literature review esiments.The second prediction, based on
previous research, posits that mental simulation occurs not only for single hands but
also for both hands together. Previous investigations have shown that individuals can
mentally simulate hand movements, engaging simikral mechanisms as actual
movement. Our predictions build on these findings and aim to explore whether the same

principles apply to both hands simultaneously. This experiment advances our
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understanding by examining mental simulation with distorted hand representations,
potentially revealing new insights into cognitive and neural flexikiBtgk, Humphries,
Poliakoff, & Brady, 2022 To examine the first prediction, hands positioned at different
angles were shown to participants in Experiment 9A and the RTs were measured to
assess whether they differed for the altered hand rotaflanexamine the second
prediction, that mental simulation occurs for single hands and both hands tpgether

hand laterality judgement task was conducted in Experiment 9B.

4.4.2 Methods
4.4.2.1 Participants

Thirty-one students from the University of Nottingham Malaysia females and 16
males (1845 yearsM = 21.80,SD= 2.34)with no history of neurological or psychiatric
disorders or drug abuse by sedport,participated in the experimerithe recruitment
requirements for this experiment were the same as for Experim&hedata of 10
participants were removed because their accuracies were substantially lower than the
group mean. These participants fell more than two standard deviations below the
averagye accuracyBased on assuming 2 (left and right hand) x18@°,-108°,-72°, -

36°, 36°, 72° 108°, and 180°) withgubject factors and keeping the same other
parameters as in Experiment 7arpriori analysis for G*Power, a sample size of 16
was sufficientThese procedures received approval from the SEREC of the University

of Nottingham Malaysia under application number HYC150221.

4.4.2.2 Materials and apparatus
The greyscale images in the hand category used in this experiment were 5 cm long and

3cm wide. All hand images were presented vertically from the thumb perspétiise.
choice was made for two primary reasons. First, thumbs are simple, easily recognisable
stimuli, allowing easier identification and processing of hand images. Second,

observation of thumbs can activate motor areas related to hand movement, which may
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facilitate the processing of hand images and enhance understanding of hand postures
andgesturesThere were five images of five different hands. The hand images were
generated by Blender which is a computer graphics software t¢e¢eftppendix 2:
Stimuli creation for hand model in motaognitive task In Experiment 9A, there were
three blocks and there were 120 trials in each block. Of the 120 stimuli in each block,
5 images were presented for each combination: hand laterality (left or right) and degree
of rotation (0°, 36°, 72°, 108°, 180). In Expeagnt 9B, there were also three blocks
each with 120 trials. 60 of the 120 trials in each block shdwedlifferent hand images
presented either palm to palm or back of hand to back of hand. The other 60 trials
showed the sanfesre hand images presented as parallel left pairs or parallel right pairs.
The visual search display was 35 c¢cm horizontally and 18 cm vertiddily.
experiment was presented and coded using Pavlovia online, which is an online hosting
service that accommodates different types of JavaScript experif@oistswagers,

202Q Sauter et al., 2020

4.4.2.3 Design andprocedure
Participants sat 57 cm from the monitor and selected keys on the keyboard as instructed

in response to the stimukxperiment 9Atask:when theparticipantsaw thdeft hand,
they were instructed to use the ring fing
the keyboardWhen theparticipants saw a right hand, they were instructed to use the
ring finger on the right hand&ExperimenpdBess t
Task:when participants saw a pair of left hands, they were instructed to use the ring
finger on the | eft ThapewdoustSonomtaskeexperimerisse 0 GO
this thesigmaximised the Simon effect (slower responses wherukisrand response

locations are incompatible) by using widely spaced keys. This experiment intentionally

places the 'H' and 'G' keys closer together to investigate the impact of spatial proximity
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on automatic mental simulation and response seledtren participants saw a pair

of right hands, they were instructed to use the ring finger on the right hand to press the
OHOG butt on dNhenttheyesawkbetly Hards, thel were instructed to use the

left and right ring fingers simultaneously presstheb ut t ons o l&dé b amntdons

respectively(Figure4-8). The RT was used as the dependent variable.
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participant saw right hand hand

Trial2, press 'V’ and ‘B’ when
participant saw both hands

RSI: 500 ms
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Trial1, press V" when
participant saw left hand

RSI: 500 ms

Trial1, press V" and ‘B’ when
participant saw both hands

Figure4-8 Stimulus timeline in Experiment 9A and 9B.
(A) Stimuli timeline in Experiment 9A. (B) Experiment timeline 9B.
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4.4.3 Results

The standard for selecting the det@rethe same as for Experiment 7.

In Experiment 9Athe RT of the left hand (mean = 841 ms, SE = 37 ms) is
slower than that of the right hand (mean = 818 ms, SE = 35Riis)were analysed
using tweway repeated measures ANOVA over the hand stimuli (left and right hands)
and rotation degree (left or right position). The rotation degree showed a significant
main effect (F(7,147) = 6.649, p < 0.0a}? = 0.240) (Figure 4-9). There was a
significant interaction between hand stimuli and rotation degree (F(7,147) = 54.038, p
< 0.001,dy = 0.720).

In Experiment 9BThe RT of the normal layout (mean = 728 ms, SE = 34 ms)
is slower than that of the abnormal layout (mean = 802 ms, SE = 33 ms).
RTs were analysed usingtdst for normal (hands uncrossed) and abnormal (hand
crossed) layout hand stimullhe results showed significantly different between
normal and abnormal layout hand stimuli (t(2135:098, p < 0.001d =-1.087). The
RT of the normal layout hand stimuli is 74 ms faster than the abnormal hand layout

stimuli.
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Figure4-9 Experiment 9A and 9Besults
(A) The RTs of hand stimuli and degree of rotation in Experiment 9A. The RTs of
normal layout and abnormal layout in Experiment 9B.
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4,44 Discussion

As mentioned in the literature review, automatiental simulation occurs when
experiment participants look at han@Barsons, 1994Wohlschlager, 2001 In
Experiment 9A, it was predicted that previous experiments could be duplicated
(Parsons, 1994Nohlischlager, 2001 The results of Experiment 9A indicated that the
degree of hand rotation affected the RTs and the results were not different from the
results of the previous experiments in the literature reviegu(e4-9). This pattern of
results aligns with previous experiments discussed in the literature rewigeh
consistently demonstrated that the mental rotation of hands is influenced by the
biomechanical constraints of real hand movem@assons, 1987<Sekiyama 1983
- Mental and physical movements of hands.pdf$ékiyama, 1982 The current study
extends these findings by showing that the plausibility of the hand rotations also plays
a role in the RTs. Specifically, the RTs for the left hand 108 and right 10&31
conditions were disproportionately longer than the others,estigg that participants
had more difficulty mentally rotating their hands to these less natural positions. This is
consistent with the idea that the automatic mental rotation of body parts is not only
affected by the angular disparity between the stimalod the participant's body
position but also by the feasibility of the imagined movem@tdrsons, 1994
Experiment 9A supports evidence from previous experimental observations that RTs
are affected by the degree of hand rotatidrpossible explanation for this is that
sensorimotor structures are integral to the mental simulation of hands, as they are
responsible for processing sensory information and controlling hand movements, both
in reality and in mental simulations.

Based on the results in Experiment 9A, Experiment 9B was executed. This

experiment set out to assess whether mental simulation occurred for a single hand or
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for both hands together. The results of this experiment showed that the RTs in the palm
facing/palm facing condition were significantly faster than the back of hand/back of
hand condition. A possible explanation for this might be that mental simulatien doe

not occur only for a single hand, but also for both hands togdttuymé4-9).
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4.5 Experiment 10: Hand Laterality Judgement Task - Responses to Specific
Fingers
4.5.1 Introduction

Mental simulations of hands were found in Experiments 9A and 9B for hand rotation
and for single hands and both hands together. Based on the results of Experiments 9A
and 9B that found that mental simulation occurs in humans when they look at hands,
Experment 10 was conducted to examine whether thereorsautomatic mental
simulation for individual fingers alone.
The perceptiomf individual fingers is now receiving more interest in the field
of visual research. When humans receive the visual informatibarafs they also of
course receive the visual informatiohfingers.From previous experiments described
in this thesis, ithas beershown that mental simulation occurred for hand postures.
However, it was debatable whether mental simulation occurred for individual fingers.
This study therefore set out to examine whether ompaautomatic mental
simulation for individual fingers occurkh order to clarify this issue, a motoognitive
experiment was conducted to examine whether participants responded faster when the
responding finger was the same digit as the bent finger which they were viewing. For
example, responding index finger réag to index finger image compared to
responding index finger reacting to middle finger image or ring finger imHugje.
experiment soughb investigate the deliberate and aatomatianental simulation of
individual fingers, focusing on participants' ability to vissalibent fingers upon

explicit instruction.
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4,5.2 Methods
45.2.1 Participants

22 students from the University of Nottingham Malaysgfemales and 15 males (18

45 yearsM = 23.80 yearsSD = 2.12)with no history of neurological or psychiatric
disorders or drug abuse by seport,participated in the experiment. The recruitment
requirements for this experiment were the same as for Experiment 7. The accuracy of
eight participants was significantly below the group average, leading to their data being
excluded from further analysis. &be participants were more than two standard
deviations away from the mean accuracy. Based on ass@nfbiigck 1, block 2 and

block 3) x 3 (invisible dorsal and visible palm view; visible dorsal and invisible palm
view; invisible dorsal and invisible palm) x2 (distorted and normal) x3 (index, middle
and ring) withinsubject factors and keeping the saméeotparameters as in
Experiment 7 ira priori analysis for G*Power, a sample size of eight was sufficient.
The a priori power analysis, even with a small sample, suggested a sufficient effect size
to detect meaningful differences within the experimentaldi®mns. This gives
confidence in the validity of the results, even with a limited sample size. These
procedures received approval from the SEREC of the University of Nottingham

Malaysia under application number HYC150221.

45.2.2 Materials and apparatus
The stimuli in the experiment were images of hands with different fingers in distorted

finger postures. The stimuli were 7.5 cm long and 7.5 cm wide, reduced to half of the
real size. The hands were presented at a 30° angle from horizontal and rotate@ 15°
diagonal with the palm (or the back of hand) facing the viewer.

The visual search display was 35 cm horizontally and 18 cm vertically.
Participants were asked to sit 57 cm away from a monitbe experiment was

presented and coded using Pavlovia online, which is an online hosting service that
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accommodates different types of JavaScript experinm{@rtsotswagers, 202@auter

et al., 202

4.5.2.3 Design andprocedure
In this experiment, thgarticipants saw different fingers in twisted finger postures. In

block1, when they saw a bent (distorted or unusual) finger posture, they were instructed

to use the right index f i nge(Figute4lOpim ess t I
block 2, when they saw a bent (distorted or unusual) finger posture, themstareted

to use the right middle finger to press t
(distorted and unusual) finger posture, they were instructed to use the right ring finger

to press the ONO6 button. | nrallthdnd, théysverd , 2 ¢
instructed to use the right thumb to pr e

dependent variable.

Trial1, press ‘V’ when participant
saw the conspicuous index finger

| Trial2, press ‘B’ when participant
saw the conspicuous middle finger

Trial3, press ‘N’ when participant
saw the conspicuous ring finger

Figure4-10 Stimulus timeline in Experiment 10
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4.5.3 Results
The standard for selecting the data was the same as for Experiment 7. RTs were

analysed using factorial repeated measures ANOVA over the responding finger
(responding indexesponding middlandresponding riny views (invisible dorsal and
visible palm view; visible dorsal and invisible palm view; invisible dorsal and invisible
palm), configuration (distorted and normal), bent finger (index, middle and ring)
(Figure 4-11). This factorial repeated measures ANOVA design permits a
comprehensive analysis of how RT is influenced by the different viewing conditions,
hand configurations, specific fingers bent, and potential changes across repeated blocks,
as well as any interaoms between these factqiEgure4-11). The block showed a
significant main effect (F(2,42) = 3.970, p = 0.02F, = 0.159). The configuration
showed a significant main effect (F(2,42) = 15.140, p < 0.8% 0.419). There was
a significant interaction between views and configuration (F(2,42) = 4.196, p = 0.022,
dw?> = 0.167). There was a significant interaction between views and bent finger (F(2,42)
=4.196, p = 0.022,> = 0.167). There was no significant interaction between blocks,
views, configurationand bended finger (F(8,168) = 1.119, p = 0.3p3= 0.051).

From marginal mean of both distorted and unusual finger postures, tbé RT
theindex finger (mean = 697 ms, SE = 24 ms) in block 1 was fdsaerthemiddle
finger (mean = 737 ms, SE = 29 nas)d thering finger (mean = 734 ms, SE = 30 ms),
the RTof themiddle finger (mean = 651 ms, SE =26) in block 2 is fastethan the
index finger (mean = 673 ms, SE = 26\ thering finger (mean = 673, SE = 29 ms);
the RTof thering finger (mean = 694 ms, SE = 33 ms) in block 3 was féséer the
index finger (mean = 725 ms, SE = 4#)d themiddle finger (mean = 702, SE = 37
ms). The manipulation of blocks, in which participants were instructed to respond with

a specific finger, reveals a significant interaction between the responding finger and the
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stimulus finger. The fastest reaction times were consistently observed when the
responding finger matched the stimulus finger. This suggests a form of$ipgeific
priming, where the preparation to use a particular finger facilitates the response to a

stimulus on that same finger.
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Figure4-11 Experiment 10esults
(A) Distorted finger postures results, (B) Unusual finger postures results.
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4.5.4 Discussion
Whilst the existing literature offers limited insights on mental simulation with

individual fingers, recent research using transcranial magnetic stimulation (TMS)
suggests its potential for inducing and refining mental simulation of specific finger
movemets (Mihelj, Bachinger, Kikkert, Ruddy, & Wenderoth, 202 Additionally,

the precise mapping of motor representations in the brain with TMS lays a foundation
for understanding how such simulations might occur. Whilst not directly focused on
individual finger simulation, the work on thBINS provides a framework for
understanding how the brain might represent and simulate actions, potentially including
those of individual fingergRizzolatti & Craighero, 2004Rizzolatti & Sinigaglia,

2016. This experiment was designed to determine the existence of mental simulation
of individual fingers. The results of this experiment showed that the RTs were faster
when each responding finger was the same digit as the twisted stimulus finger (either
index middle, or ring fingers). It can be predicted that the mental simulation did occur
with individual fingers. So, when partici
was the same digit as the twisted stimulus finger (e.g., index finger), automatal me
simulation was indicated.

The effect of finger bending on response time is intriguing. Contrary to what
one might expect, the distorted finger posture led to slower responses, potentially due
to the absence of automatic mental simulation. This suggests that our brains struggle to
process and react salientfinger positions, asumandack an automatic mental model
for such distortions. The concept of automatic mental simulation helps explain why
humansrespond more quickly tealientpostures. The brains can easily simulate and
understand positionlumansfrequently encounter. These findings may have been

somewhat influenced e experiment instructions, which brought to the attention of
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the participants the twisted positions of the stimuli. It is possible that these results are
only valid for situations in which participants allocate their attention to this. The
findings of this experiment suggested that mental simulation does occumditidual

fingers as well as hands. A question that remained unanswered was whether the results
were caused by explicitness or not. In order to clarify this issue, further research should
be undertaken to investigate what triggers automatic simulatibnnitvidual fingers.

This can only explain that in allocate their attention but cannot explain the
situation in automatic mental simulation because automatic mental simulation is
spontaneous. The current study's findings are limited in their ability to fully explain the
phenonenon of automatic mental simulation. Whilst the experiment instructions
directed participants' attention to the twisted positions of the stimuli, thereby potentially
influencing the results, it does not account for the spontaneous nature of automatic
mentad simulation. Automatic mental simulation is thought to occur without explicit
effort or intention(Grush, 2004 It is a process that happens spontaneously, often in
response to observed actions or stimuli. The current study's design, which explicitly
drew attention to the stimuli, may not accurately capture the automatic and spontaneous
aspects of mental simulatioMoreover, previous research has shown that automatic
mental simulation can occur even when attention is not explicitly directed towards the
stimuli. Viewers automatically simulated observed actions, even when they were not
instructed to do so. This suggls that automatic mental simulation is a fundamental
cognitive process that occurs independently of conscious attention allo{@itass,
Bekkering, Wohlschlager, & Prinz, 2000To better understand the mechanisms
underlying automatic mental simulation with individual fingers, future research should
employ designs that capture the spontaneous nature of this process. This could involve

paradigms that measure implicit responsesuse distractor tasks to ensure that
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participants' attention is not explicitly directed towards the stif®@dbanz, Knoblich,
& Prinz, 2003. By investigating automatic mental simulation under conditions that
more closely resemble reaiorld scenarios, researchers can gain deeper insights into

the triggers and neural underpinnings of this phenomenon.
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4.6 Experiment 11: Hand Laterality Judgement Task: Left or Right- Hand
Recognition
4.6.1 Introduction

In Experiment 10, participants were asked to respond to bent distorted finger postures
whi ch wer e 0 elxguderitoest the differeneetolucongatibility between
the responding hands and the hand stimuli, Experiment 11 was performed to investigate
bent finger postures as O6implicitd featur
In Experiment 10, the role of explicit features in a finggEsponse task was
investigated. Participants were instructed to use a designated finger (index, middle or
ring) to respond to a corresponding bent finger image, including distorted and unusual
vai ati ons. The phrase O6a bent fingerdéd wa
awareness of the task. By analysing response times and accuracy, the purpose was to
determine whether the mechanism driving their finger selection was primarily explicit
(involving deliberate decisiomaking based on the instruction and image) or implicit
(triggered by automatic mental simulation of the viewed finger positiémisa, Erden,
& Sedda, 2028
The predictionin Experiment 11 was that RTs would be faster when the
responding finger was the same digit as the bent stimulus finger, for either left or right
hand.To clarify the conscious response issue, the task and the instructions given to
participants were altered Experiment 11the behaviour method used in Experiment
10, to collect left and right recognition RTs, was also used in Experiment 11.
Participants in Experiment 11 were asked to look at images of a left or a right hand and
were instructed to use tlsame responding hand as they saw on the screen, i.e., to use
the left hand when a left hand was shown and the right hand when a right hand was
shown. However, in each block, participants were instructed to use different fingers to

respond on the keyboard@ihe experimeral design was used to remove the effect of
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recognising explicit features (here referring to bent individual fingers) amctdEed

participants did not consciously respond
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4,6.2 Methods
4.6.2.1 Participants

Nineteenstudents from the University of Nottingham Malaysia 15 females and 16
males (1845 yearsM = 22.80,SD= 2.62)with no history of neurological or psychiatric
disorders or drug abuse by sedport,participated in the experiment. The data from 7
participants were rejected because their accuracy scores were notably low compared to
their peers, falling outside the range of two standard deviations from the mean. Based
on assuming 2 (left and right harel8 (-180°,-108°,-72°,-36°, 36°, 72°, 108°, and

180°) within-subject factors and keeping the same other parameters as in Experiment 7
in a priorianalysis for G*Powr, a sample size of 16 was sufficient. These procedures
received approval from the SEREC of the University of Nottingham Malaysia under

application number HYC150221.

4.6.2.2 Materials and apparatus
The stimuli in this experiment were images of different fingers in bent (distorted or

unusual) finger postures, as in Experiment 10, but included bothateftrighthand
images and there were no standard hand images.

The visual search display was 35 cm horizontally and 18 cm vertically.
Participants were asked to sit 57 cm away from the monitor. The experiment was
presented and coded using Pavlovia online, which is an online hosting service that
accommodates differetgpes of JavaScript experimeriGrootswagers, 202@Gauter

et al., 202).

4.6.2.3  Design andprocedure

Il n bl ock 1, participants wethleftindexéngaruct ed
when they sawaletand | mage; t o wih tieesight indexfinged | 6 b u
when they saw a rightand image(Figure 4-12). In block 2, participants were

instructed to prestheb u t t owith thielEfdmiddle finger when they saw a léfand
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image; to prestheb u t t with thérighi middle finger when thegaw aright hand.
I n block 3, participants wihnheleftirimdingeruct ed
whentheysaw deftth and 1 mage; t owitherighsring fingerwbend b ut f

they saw a right hand. The RT was usethaslependenvariable

fffff Trial1, press ‘I' when participant
saw the right-hand images

Trial2, press ‘E' when 8N
participant saw the left-
hand images

Figure4-12 Stimulus timeline in Experiment 11
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4.6.3 Results
The standard for selecting the data was the same as for Experimieiis Avere

analysed usindactorialrepeated measurddNOVA over the response finger (index
finger, middle finger and ring finger), views (invisible dorsal and visible palm view;
visible dorsal and invisible palm view; invisible dorsal and invisible palm),
configuration (distorted and unusual), bent fingers (indeddle and ring ringers) and
stimulus types (left and right hand§).contrast to Experiment 10, where bent finger
was an exptit feature directly manipulated in the experimental design, the current
experiment incorporates bent finger as an implicit feature. This means thsittiil

bent finger factor is still analysed, it is not a primary manipulation but rather an inherent
characteristic of the hand stimuli usd@the responsénger showed a significant main
effect (F(2,36) = 30.386, p < 0.0a}2 = 0628 (Figure4-13). There was a significant
interaction between stimulus types, configuration and bent fingers (F(2,36) = 3.809, p
= 0.032,ds%> = 0.175). There was no significant interaction between response finger,

configuration, bent fingers and stimulus types (F(8,144) = 1.081, p = @,380).057).
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Figure4-13 Experiment 1Xesults
(A) RT for response finger as a function for bent finger in distorted cond{B)rRT
for response time for twisted finger in unusual condition.
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4,6.4 Discussion
As highlighted in Experiment 10, the results indicated that mental simulation occurred

consciously with individual fingers. Experiment 11 was therefore designed to
investigate the mental simulation of hands withautlicit feature stimuli The task in
Experiment 11 was designed to be implicit, focusing on indirect measures of automatic
mental simulation. Participants were not instructed to simulate individual fingers, and
the task did not require explicit awarendssvas surprising to observe that there was
no marginal difference on individual fingers, either indexgddle or ring fingers
(Figure 4-13). This is not inaccordwith the earlier observations in Experiment 10,
which showed that there wasmarginaldifference on individual fingers. A possible
explanation for this might be that mental simulation does not occur on individual fingers
without consciousnes3.hese findings suggest that mental simulation of individual
fingers may be facilitated by conscious attention. This aligns with previous research
demonstrating that attention plays a crucial role in modulating the vividness and
accuracy of mental imagefiosslyn, Ganis, & Thompson, 2001

The inconsistent results between Experiments 10 and 11 may be due to the
differing task demands. Experiment 10 required participants to explicitly focus on
individual fingers bending, treating each finger as an explicit feature of the task. In
contrast, Egeriment 11 involved a more holistic hand stimuli where the bending of
fingers was an implicit feature, not directly emphasigdw discrepancies observed
between Experiments 10 and 11 raise intriguing questions about the interplay between
deliberate efirt and automatic mental simulation. W#tiExperiment 10 suggests that
deliberate effort may facilitate or enhance the automatic mental simulation of individual
fingers, the lack of significant differences in Experiment 11 challenges this notion. It is

possible that the absence of deliberate efforExperiment 11 did not eliminate
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automatic mental simulation but attenuated its effects or shifted the simulation's focus
to the whole hand as opposed to individual fingers. This interpretation aligns with the
dualprocess theory of cognition, which posits that mental processes caegersatl

as either automatic or controlld@aumeister, Vohs, & Funder, 2016Automatic
processes are typically fast, effortless, and unconscioustwadritrolled processes are
slower, effortful, and consciou¢ValdesSosa et al., 2034 Automatic nental
simulation likely involves both automatic and controlled components, with the relative
contribution depending on task demaifdeberman, 200 The findings underscore

the need for further research to disentangle the contributions of deliberate effort and
automatic processes to mental simulation. Future studies could employ neuroimaging
techniques to examine the neural correlates of mental siotulatder varying levels

of deliberate effort, such as comparing brain activation patterns during active motor

imagery tasks versus passive observation of movements.
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4.7 General Discussionfor Chapter 4

The experiments in this chapter provide valuable insights into the complex
interplay between motor and cognitive processes when perceiving landsnce
supports the notion that cognitive processes related to hand perception involve
automatic mental simulation, potentially engaging the motor sy#tdditionally, the
experiments demonstrate that spatial stimubsponse compatibility affects manual
responses to stimuli in the hand category, suggesting that automatic mental simulation
modulates these respses.Overall, these findings have important implications for
understanding moterognitive processes in hand perception and may inform future
research in this area. They highlight the significance of spatial stirmegpsnse
compatibility and automatic mentaimulation in hand recognition tasks, influencing
RT and accuracy. Moreover, understanding the factors involved in hand laterality
judgement including visual cues and motor experiences, has implications for fields
such as neural science, rehabiida and embodied cognition. This research expands
our understanding of how to perceive amiggract with handsThey also contribute to
a growing body of literature on embodied cognition, which suggests that cognitive
processes are closely linked to bodily experiences and actions. However, it would be
beneficial to explain the connection betwethiesefindings and the principles of
embodied cognition in more detdBly investigating how motor and cognitive processes
interact during hand perception, particularly in the context of a distorted finger, this
research aims to provide a deeper undedstgnof whether and how individuals
automatically mentally simulate hand movements stipérceiving the world around

them
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Chapter 5 Electroencephalography Experiment for the

Visual Perception of Hands

This chapter describes &G experiment on the desynchronisation of mu oscillations

in response to distorted finger posturgdinks to earlier sections that hands suppress
mu rhythm through automatic mental simulatidrne following section describes
Experiment 12, which addressed whether distorted finger postures suppress mu
desynchronisationThe study aimed to investigate the relationship between distorted
finger postures and mu desynchronisation. The outcomes of Experiment 12 could
provide insightsnto the neural mechanisms underlying perception of body parts. The
outcomes of Experiment 12 could provide insights into the neural mechanisms
underlying perception of body parts. It could reveal an automatic mental process that
fits well with the neuralrepresentation of motor goals and intentions. It is also
purportedly relevant in distorted finger configurations that might result in inclination in
automatic mental simulation. Mu desynchronisation is a measure of motor cortex
activity that reflects thergparation and execution of movement. Investigation of how
the mu rhythm desynchronisation, an important marker of motor cortex activity, is
affected by distorted finger postures could advance theoretical framewak®ofatic
mental simulation Moreover, findings of this research might contribute to
understanding the conceptual processes
in the absence of its actual execution, demonstrating the tight relationship between

perception, action, and cogion within the human motor system.
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5.1 Experiment 12: Mu Rhythm Modulation by Distorted Finger Postures

5.1.1 Introduction

Hand perception is a sensory process. It plays a crucial role in shaping the mental
processes and representations that guide the behaviour. As an intrinsic part of human
behaviour, hand perception is associated with cognitigior processefKang &
Tversky, 2016Schillaci, Hafner, & Lara, 20)6As such, when individuals encounter
distorted hand postures, this not only challenges their perceptual systems but also
activates a complex interplay between cognitive understanding and motor response,
highlighting the intricate connection between hamucpption and cognitivenotor
processesDistorted postures represent deviations from expected motor patterns,
potentially engaging greater cognitive processing and motor system activity as the brain
attempts to interpret these atypical configurations.

The research conducted in Experiment 12, based on secondary analysis of EEG
data acquired in the eauthored earlier experiment completed by Héiran Chen (the
author of this PhD thesis) and Dr Martin Schirmann (theupervisor of this PhD
project)(Espirito Santo, Chen, et al., 2Qlihvestigated whether mu rhythm responses
to distorted finger postures differ from responses to natural finger postures. This
characteristic is a parameter for understanding the properties of-reiadet]
oscillations. Chairs (in distorted and standasdfiguration) served as control stimuli,
matching the geometric complexity of hands.

In response to salient distorted finger postures (vs natural), an fMRI study
found stronger activation in right sensorimotor cof@ghirmann et al., 20L1Using
images of static postures, the fMRI study can be used to predict results of the EEG
analysis. Less relevant, but still of interest, is another fMRI study showing sensorimotor
activation in response to videos of biologically impossible finger momefGestantini
et al., 200} activation was found in the parietal lobe, extending into postcentral gyri

255



Chapter5

(right > left). The purpose of the experiment reported here was to assess mu rhythm
responses to distorted finger postures compared with responses to natural finger
postures. Distorted and standard chairs served as control stimuli. Mu rhytt3rH8),
which is attenuated during action observation and execution, is an oscillation detected
across sensorimotor regions, and it is a type of alpha frequency oscillation that occurs
in the sensorimotor cortex of the EEG, distinct from the occipital alpha rhythaotis
Press, Hobson, Catmur, & Bird, 2Q1Df particular interest is the sensorimotor area,
where these electrophysiological responses to distorted finger postures appear. This
area is involved in the formation of motor programmes, which are necessary for the
execution of hand movements. Apadrfr executing hand movements, mu rhythms are
crucial in mental processing. They engage the motor system to tap into stored
knowledge, facilitating the planning and execution of the actions. In addition, mu
rhythms engage in anticipating, predicting, anérptteting the actions of others.

The EEG activity is categaed intoERPs which are signals averaged in the
time domain, and evemelated oscillations analysed through tiimequencymethods.
The diagram highlights two key phenomena: evefdted and desynchr@ation
(ERD) and synchrosation (ERS). A crucial aspect of the diagram is its detailed
exploration of ERD in the mu frequency range, especially how mu suppression serves
as an indicator of brain activity during automatic mental simulation. This occurs during
action observatiorsuggesting that simply watching an action triggers neural processes
similar to those activated when the observer performs the action themselves. This points
to the brain's automatic engagement in mental simulation of observed activities, a
fundamental comonent in understanding mechanisms like empathy and learning by

imitation.
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‘ Event-related EEG activity ‘

/ \

Event-related potentials (ERPs, Event-related oscillations (studied in
averaged in time domain) time-frequency analysis)

N

Event-related desynchronisation
(ERD)

/\

ERD in mu frequency range (mu
suppression)

N

mu suppression during preparation mu suppression during action observation
and execution of movement (as automatic mental stimulation)

| Event-related synchronisation (ERS)

| ERD in frequency range other than mu

mu suppression during imagined movement
(with explicit motor imagery task)

Figure5-1 Overview of EveniRelated EEG Activity

This diagram illustrates the classification and pathways of EEG responses to events,
focusing on ERPs and oscillations. It highlights the specific roles of-eeleateéd ERD
across different scenarios, including the critical process of mu suppressiog durin
automatic mental simulation observed during action watching.

Mu rhythm has been used to measure mirror neuron activity based on identical
responses during action observation and execution in processes including empathy,
theory of mind, and many other so@ognitive processe@runsdon, Bradford, &
Ferguson, 2019 For example, differences in mu rhythm responses between clinical
and normal samples reveal aberrant mirror neuron responses in autism spectrum
disorder and schizophrenielamilton, 2013. Experiment 12 used data from previous
researclwhich had collected EEG data and had anal{ERBsusing a factorial design
(the definition ofERPscan be found in Chapter (Bspirito Santo, Chen, et al., 2017
Here, in this experiment, the data were used to analyse-elated brain oscillations
rather tharERPs eventrelated oscillations are measured in a resting state and become
organised, amplified and connected during mental activity triggered by an event or

stimulus, leading to evoked or induced oscillatory responses. Becauseaeatatt

oscillations canndicate whether automatic mental simulation of the hands occurs, if
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there is a difference in everglated oscillations between observed distorted and natural
finger postures, then this may suggest that the differences are consistent with the
automatic mental simulation processing of distorted and natural finger postures.

The study of eventelated oscillations caused by distorted finger postures,
particularly the mu rhythm, is crucial for understanding how the brain adapts to unusual
sensory input from the hands. This research could elucidate the mechanisms underlying
autamatic mental simulation, shedding light on how the brain processes and integrates
unexpected sensory information. Many previous studies show that mu rhythm
desynchronisation reveals the interaction of motor skills between hand action and object
recognition(Babiloni et al., 2002Drew, Quandt, & Marshall, 2018umar et al., 2013
Kumar, Yoon, & Humphreys, 201 3etti, Borghi, & Tessari, 2009In addition, some
studies show that the desynchronisation of osaillationsreveals the underlying
mechanism of automatic mental simulation for static héBdehoun et al., 201 $Hyde
etal.,201. The term O6mu rhythm desynchronisati o
to refer to theERD of the mu rhythm. RD designates a sheldsting and localised
power attenuation of rhythms, whereas evefdted synchronisation describes a short
lasting and localised enhancement of rhyth(i&urtscheller, 1991Pfurtscheller &
Klimesch, 1992

It was predicted that there would be reduced mu band power for distorted finger
postures compared to natural postures. This reduction would suggest increased
sensorimotor processing to adapt to the unusual sensory input caused by the distorted
postures. The-frequency analysis of EEG signals was used in this experiment as it
provides the correct visualisation of those signals to extract the various rhythms of
frequencies such as alpha, beta, and gamma wBhesdwaj et al., 2015Newson &

Thiagarajan, 2008 The prediction was thalistorted finger postures would suppress
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mu rhythm more strongly than would natural finger postures. The mu suppression in
the hand region is a wellocumented phenomenon. This suppression is thought to be
due to a process called oO6cortical i nhi bit
out irrelevant information. If eventlated oscillations are also suppressed by
difference between distorted and natural finger postures, then this could serve as a new
explanation for the emergence of automatic mental simulation. To measure the
suppres®n of mu rhythm, theime-frequencyanalysis for mu desynchronisation and

mu synchronisation was used. The measurements of-mlated oscillations of mu
rhythms were performed usitighe-frequencyanalysis because it is a powerful tool for
identifying changes in neural oscillations that occur over time and across different
frequency bands. This method helped researchers pinpoint which brain wave patterns
changed when people performed certain actwrisad specific thoughts. Specifically,

it allowed then to identify the particular changes in mu rhythms, a type of brain activity

often linked to movement and observation.
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Bandpass-filtering (8-1 1r Hz)

1:N T-ﬂ”
l v
qd {
Squaring
: _|iEJ1|'T }-
1N o B B :
-

ERD

Relative power

50

TW«H&

[Ve]

— = | el T mii

0
-50
-10

—

4-3-2-1012 3 [
Figure 5-2 Calculated event synchronisation mu suppression in shown in the time
windows
Adapted from Pfurtscheller and Lopes da Silva (1999). Notice timescale (bottom of
diagram),-5 to 4 seconds relative to movement onset (different from timescale in
Experiment 12 of this thesis). (1) Top row: After artefact removal, raw EEG has been
bandpas filtered, here &1 Hz. Notice reduction of amplitude (suppression)
approximately 2.5 seconds before movemen
Preprocessing isolates signal but does not confirm source or role. (2) Second row from
top: Signal frontop row has been squared (all amplitude values > 0), in preparation for
averaging. (3) Third row from top: Squared signal from all trials (1:N) has been

averaged. (4) Bottom row: Averaged squared signal has been smoothed and rescaled
(relative to baselinamplitude from-4.5 to-3.5 seconds which equals 100%).

Lo
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5.1.2 Method

5.1.2.1  Participants
Fifteen righthanded patrticipants, 11 females and 4 malegiflgears, M = 24.80, SD

= 3.62) with no history of neurological or psychiatric disorders or drug abuse by self
report., participated in an magtlereGs ekegen
(Espirito Santo, Chen, et al., 2017). All participants gave written, informed consent and
had normal or corrected to normal visual acuity by-ssgbrted, and all received either
course credits or inconvenience allowances. The currentisttidged a larger sample

size than the previous studyhierry et al.,, 2006 Data from one participant was
omitted due to excessively noisy signals during the experiment, a potential issue that
could stem from technical problems or participant movement, which could not be
conclusively resolved. Written informed consent was obthiftom all participants.

The experiment was approved by the Ethics Committee of the School of Psychology
(University of Nottingham, ethics code 300) and carried out following the Helsinki

Declaration.

5.1.2.2  Materials and apparatus

Two types of stimuli were used in the Masters experiment. (1) Images of hands,
computergenerated from 3D models based on photographs of real hands that were
processed according to arhouse protocolEspirito Santo, Chen, et al., 2Q1i&ing
Blender software (https://www.blender.org). Altogether 48 hand images were
generated (24 distorted, 24 natural). (2) Images of chairs, congrrerated from 3D
models using Blender software. To complement the hand images, 48 chair images were
geneated (24 distorted, 24 standa(8&)gure5-3).

Participants were asked to sit in a Faraday cage (2.5 x 2.3 x 2.3 m) in a quiet
room at room temperature. EEG signals were recorded using ttiea6del Active

Two acquisition systenfBioSem) (BioSemi, Amsterdam, Netherlands). 64 active
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el ectrodes were placed using a BioSemi ca
additional 6 Ag / AgCI electrodes were mounted at mastoid, frontal and temporal
positions (M1, M2, F9, F10, T9, T10). Triggers were sent and acquired by Cedrus
Stimtracker.EEG signals were sampled at 1024 Hz, digitised at 24 bit depth and
collected using BioSemi ActiView 7.0 software. EEG data were analysed using
MATLAB version R2020aMathWorks, 202Ppand FieldTrip toolboxegOostenveld,

Fries, Maris, & Schoffelen, 20)11A bandpass filter (1100 Hz) was applied to remove

the noi se. Data were subsequently segment
800 ms. Each trial was baseknerrected {200 to 0 ms)Filtering, segmentation, and

baseline correction were applied to remove noise, isolate relevant epochs, and

normalsethe signal for each trial, facilitating everglated analysis.
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Hands Chairs

Standard Distorted Standard Distorted
(Matural)

Button
press +
count

Jittered 1S
(1000 ms
to 1600 ms)

Figure5-3 Stimulus setufpn Experiment 12

(A) Stimulus categories, 3 (out of 6) exemplars per category, each in natural and
distorted configurations. Stimuli are compuggnerated using an-tmouse protocol.

(B) Stimulus timeline. Stimulus timeline includes one distorted finger posture image
with superimposed shadow and one without shadow. Stimuli not shown to size (actual
size 4° of visual field). This figure is taken from a previous s{bpirito Santo,

Chen, et al., 2037
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5.1.2.3  Design andprocedure
Stimuli were presented on a computer sci@dawPixx3D, 1920 x 1080 pixels, 23.6

inches, 120 Hz refresh rate, 1 ms pixel response time) from a distance of approximately
60 cm. The stimuli were presented as 250 x[2%@| images, corresponding to a size

of 4 degrees visual angle on a grey backgdoiime images were presented for 200 ms,
with an interstimulus interval of 1000, 1200 or 1600 ms randoRigu(e5-3). In order

to maintain participantsd attention, a
shadow', was applied to some images. This white shadow, sized 100 x 100 pixels, was
used as a visual effect to influence viewer attention. The number of shumiws
appeared was randomly assigned between 8 and 16 per block of hand stimuli.
Participants were informed of the minimum and maximum numbers at the beginning.
They responded with their right hanthis was the same hand as the viewed hand
images, which could be an advantage because it nsesthie cognitive load required

for motor preparation and response executioraddition, @rticipants were instructed

to mentally keep track of the number of shadows they detected. At the conclusion of
the experimentthey reported their total shadow couBéfore they began, they were
shown example images to practise for about two minutes. Each of the stimuli was
presented twice during a 1®®age block of stimuli in pseudorandom order, using

PsychoPy. Each block took about five min, and each participargletad five blocks

5.1.2.4  Data preprocessing
Segmented trials were put through an independent component analysis to remove blink,

eye movement, anelectromyogranactivity related to artefacts. EEG in thel8 Hz
frequency band was examined, and activity in this band found in central scalp
electrodes C3 and C4, directly over the motor and premotor cortices, was identified as
mu rhythm. Time-frequency analysis for eventrelated oscillatioa involves
decomposition of the EEG signals into magnitude and phase information for each
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frequency present in the EEG and characterises their changes over time concerning task
events (Natraj et al., 20L.3Roach & Mathalon, 2008 Time-frequency analysis
comprises methods and measures that capture different aspects of EEG magnitude and
phase relationship8eren, YuvalGreenberg, & Deouell, 2010ruval-Greenberg,
Tomer, Keren, Nelken, & Deouell, 200&€ ompared t&RPswhich are calculated by
averaging the EEG signal from all trials, EEG signal from all trials in the time domain,
eventrelated oscillatiorwere studied bytime-frequencyanalysis of single trials and
subsequent averaging in th@me-frequency domain. Averagedtime-frequency
representations show eveamlated oscillations in different frequency bariBsssi et
al., 2020 Oostenveld et al., 2011

To estimate everelated desynchronisation and eveglated synchronisation,
the EEG power spectrum was cut into 1006 time windows, each beginning at the
onset of the stimulus in each trial. This method accounts for variations in response time
and jiter between trialsStarting at the onset of each trial, the EEG power ratio of each
successive 100Ms epoch relative to baseline was calculétagmphreys et al., 2013
Kumar et al., 2013 Ratios were transformed to account for individual variability and
nonnormality of the distribution. An enhanced EEG power indicates eradated
synchronisation, whilst a diminished EEG power indicates enatated
desynchronisatio(Bernier, Dawson, Webb, & Murias, 20Raymaekers, Wiersema,

& Roeyers, 2009
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