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ABSTRACT

The study of mechanisms involved in spatial attanis one of the most investigated field in
modern neuroscience, but in the last years a ggpwiterest has been devoted to unveil the
mechanisms concerning also the temporal aspeetesftion. In this thesis three experiment
are reported that tried to cast more light on t#mdoral aspects of attention and on the
relationship between spatial and temporal atteatiorechanisms.

In the first experiment the relationship betweeatisph and temporal deficit in selective visual
attention has been investigated in a group of mégbatients using a temporal order
judgement task (TOJ). The main finding is a stronggairment in temporal selection for
spatial position in which the attention selectisnrmore impaired, suggesting an interaction
between the two aspects in the modulation of tlieitle

The second and the third experiment investigatedpteal expectations generated by a
regular rhythm. In particular, the impact of exoges and endogenous temporal expectation
has been compared in a discrimination task, revgale pervasive effect of regularity of
movement and speed in orienting attention in tidereover, it has been confirmed the
combined effect of spatial and temporal expectatimnmodulation of electrophysiological
response.

These results suggest the existence of an interadbetween spatial and temporal

mechanisms of attention.



ABSTRACT

| meccanismi attentivi consentono di selezionaradabiente circostante le informazioni
utili allo svolgimento di un determinato compitoedi ultimi trenta anni, i processi coinvolti
nella selezione di informazioni di natura spazsd®o stati ampiamente investigati, mentre
rimangono ancora da chiarire i meccanismi coinvaatjli aspetti di selezione temporale. | tre
esperimenti riportati all'interno di questa tesigwolti ad indagare alcuni degli aspetti legati
alla capacita di selezionare gli eventi nel temganeche modo gli aspetti temporali e quelli
spaziali interagiscono tra loro.

Nel primo esperimento e stato impiegato un comgitGiudizio di Ordine Temporale (TOJ)
per investigare la relazione esistente tra distdibselezione nello spazio e nel tempo in
pazienti con eminegligenza spaziale unilateralaa fdnte compromissione dei meccanismi di
selezione nel tempo € stata rilevata per le cogipg&imoli presentate in porzioni dello spazio
in cui il deficit spaziale € piu marcato, sugge@idsistenza una relazione tra gli aspetti
spaziali e quelli temporali nella modulazione deficlt.

Nel secondo e nel terzo esperimento e stato imastil'orientamento dell'attenzione nel
tempo utilizzando stimoli che, grazie ad un movitoecon velocita regolare o irregolare,
rendono possibile il generarsi di aspettative teralpe di verificare cosa avviene quando tal
aspettative vengono disattese. La regolarita delimiento si € rivelato essere un indice
importante nel generare aspettative temporali clegcavolta influenzano profondamente la
performance diminuendo sensibilmente la velocitaridposta del soggetto. Inoltre, la
registrazione dei potenziali evocati ha evidenzietone aspettative spaziali e temporali

interagiscano influenzando I'analisi dello stimfitodalle prime fasi di elaborazione.
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CHAPTER 1

1.1 Introduction

“Every one knows what attention is. It is the takpossession by the mind, in clear and vivid
form, of one out of what seem several simultanggos$sible objects or trains [p. 404] of
thought. Focalization, concentration, of conscicess are of its essence. It implies
withdrawal from some things in order to deal efifigaly with others, and is a condition which

has a real opposite in the confused, dazed, statared state...'(James, 1890 pp.403-404)

The definition of attention proposed by James is ohthe most famous and cited definition
and, even though it is quite old, is still actusitention is a complex cognitive function. It is

articulated in many different subcomponents andstntly influences our behaviour and

mental state.

The study of attention has been one of the corie fopestigated by neuroscience in the last
30 years. A great amount of energy has been invéstenveil the mechanisms of attention
selection, the effect of attentional deployment mehaviour and the interaction between
attention and other cognitive functions. Electropblpgical and modern neuroimaging

techniques have been extensively employed to reatieaheural mechanisms of attention and
the cerebral structures that are involved in attergrocesses.

A particular type of attention is selective attenti It serves as an important filter that
regulates the impact of external stimulation ondvébur. When subjects are confronted with
multiple sources of stimulation, selective attemtis responsible for choosing which objects
or events is relevant with respect to the actuall.gdechanisms of selective attention are
thought to bias the competition between differdnjects or events favouring the information

that is most important for the actual behaviourqid®mne & Duncan, 1995).

Spatial attention, a subtype of selective attentisnone of the most studied attentional
mechanisms and refers to the ability of directitigraion towards a specific portion of space

relevant for the current behaviour. The presendysts concerned with temporal attention, a



process that only in the last years has startebetonvestigated. Coull & Nobre (1998)
reasoned that temporal information about stimulildgrovide useful information to select
important stimuli in a dynamic world. It is welltablished that to know in advance where
one stimulus will appear increase the level of ganance. So far, many studies have tried to
unveil the mechanisms involved in temporal oriegtaf attention and the brain area devoted
to the code of temporal information. In particulagme studies have compared the
mechanism of spatial and temporal attention in otdeunderstand if the two processes are
completely distinct or if they share some commopeats (Coull & Nobre, 1998; Griffin et
al., 2002). A growing interest is also being dedote the study of how temporal and spatial
mechanisms interact in influencing the behaviowh(@rty et al., 2005).

The experiments presented in this thesis try to wase light on the processes involved in
attention to space and time and how these two ifumgtinteract influencing the neural

activity and the behaviour.

1.2 Thesisoutline

During the 3 years of my PhD course | collaboratedlistinct projects covering different
aspects of the mechanisms related to consciouessimg of spatial and temporal visual
information.

The three experiments reported here cover quiterdiit topics in the study of attentional
mechanisms in space and time and in the possitéegtion between them.

The first experiment is the result of an internadilo collaboration of our group at the
Department of Neurological and Vision Scienceshef Wniversity of Verona with the Center
of Neurology of the Hertie-Institute for Clinicar&8n Research (University of Tubingen) and
has been granted by the Italian CRUI and the Ge#ehD within the project “Vigoni”.

A TOJ paradigm has been employed to verify whether manipulation of the temporal
presentation of the stimuli plays a role in the mation of the deficit of spatial selection of
neglect patients. The neuropsychological syndroh&patial Neglect has been employed as a
model to study the mechanisms of spatial cognidod selective attention. These patients
present a severe impairment in detecting stimas@nted in the controlesional space and in
initiating movements towards this part of the sp&dany studies reported a severe deficit in

selective spatial mechanisms. Longer manual orasiceeaction times and a decrease in the



exploratory activity (both tactile and ocular) halveen reported when the patients had to
detect stimuli presented in the left hemispaceh wérformance dramatically improving when
moving from the leftmost to more ipsilesional pmsis (Natale et al., 2005; Smania et al.,
1998; Natale et al., 2007; Karnath & Fetter, 199 &arnath & Perenin, 1998). This
evidence suggests the presence of an abnormalbdigin of spatial attention with a
rightwards bias favouring the ipsilesional space.

Recently, evidence has been provided that neghdanis may also manifest a deficit in the
temporal selection of visual—spatial informatioro(&en et al., 1997 and Baylis et al., 2002).
In the present experiment, we used a temporal gudgement task (TOJ) to verify whether a
similar distortion of attentional mechanism canftwend also for attention selection in time.
The aim is to manipulate the spatial position af sttmuli within each visual hemifield. Thus

it is possible to verify whether the deficit in tparal selection has the same rightwards biased
distribution found using reaction time (RT) or sphéxploration. In previous TOJ studies this
comparison was not possible because the stimuk ywersented across the vertical meridian,
one on each hemifield.

The last two experiments have been conducted irmAStristina Nobre’s Lab during the year
that | spent as graduate visiting student at Oxtdma/ersity.

In these two experiments | tested the influencetemhporal expectation on attentional
orienting using a naturalistic paradigm alreadyvainan previous studies to be highly
effective in mimicking the activity linked to theearance of an attended upcoming event
(Correa & Nobre, 2008; Doherty et al., 2005).

The task consists of a ball that moves along thgahal of the screen from top or bottom left
to the opposite corner. The movement of the balllccdollow a regular or an irregular
rhythm. In the last part of its trajectory it digmars for one step under an occluding band
positioned on the right side of the screen. Whenlall appears again after this occlusion
period, the subject has to discriminate the preserica cross or a plus in the last ball by
pressing a key. Two experiments have been condusiad this paradigm.

The aim of the first experiment was to verify tiregence of behavioural differences between
endogenous and exogenous temporal expectationsporaimexpectations are built by the
temporal predictability of a perceptual input. Thee of timing to establish temporal
expectation may be unintentional and unconscioxgg@nous expectations) or conscious and
deliberate (endogenous expectation) (Coull & No2@)8). We want to verify if different

kinds of expectation exert a different effect ohdaour.



In the second experiment event related potentiaRPE) have been recorded for stimuli that
appeared after the occlusion period. The validify temporal expectancy has been

manipulated and the effect of temporal orienting baen analyzed for the early components
(P1 and N1) linked to perceptual mechanisms, anthilater component related to response

selection and motor preparation (N2 and P3).



CHAPTER 2

Mapping spatial attention with a TOJ task in patients with spatial neglect

2.1 INTRODUCTION

2.1.1 Visual spatial neglect and extinction

Unilateral spatial neglect (otherwise known as lspaiial neglect, hemineglect, hemi-
inattention, neglect) is a disorder characterizga loeficit in orienting, detecting, responding
to stimuli presented in the controlesional portiohthe space or to initiate movements
towards this side. The impairment cannot be singiglained by a primary sensory loss or
motor deficits.

Neglect is frequently observed after lesions ofrigat hemisphere caused by strokes of the
right middle cerebral artery (Bowen et al. 19994 dass frequently observed after left
hemisphere lesions. However, in the latter casepgyms are less severe and long-lasting
than in the former (Beis et a., 2004). Brain lestaising neglect was found to involve the
right parietal lobe, in particular the angular gyia the inferior parietal lobule (Mort et al,
2003), the temporo-parietal junction (Vallar & P&ral986), the superior temporal cortex
(Karnath et al., 2001), and subcortical structykesnath et al., 2002).

According to the definition proposed by Mesulam&1p patients with severe neglect behave
as if half of the world had ceased to exist. During acute and sub-acute phase (first days
after the lesion) caregivers can easily reportpitesence of neglect by simply observing the
patient’s behaviour. Often the patients show a s&pwous deviation of the head and eyes
towards the ipsilesional side (Fruhmann Berger.e2808), ignore food on the left side of
the plate, read only the rightmost page of a nepapgParton et al., 2004). Common clinical
examination of neglect is based on tasks that reqitention to be deployed over both sides
of the space. For example, in paper-and-pencs tesbwn as cancellation tasks patients are
asked to mark all the stimuli presented in the sf@&lbert, 1973) or all targets (stars, bells)

presented among distracters (Gauthier et al., 1988igan et al., 1989). Copying a figure or
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drawing from memory are also used to assess tlsemee of neglect (Johannsen & Karnath,
2004; Halligan et al., 1989). The typical perforrmamf neglect patients in cancellation tasks
reveals an asymmetrical detection of stimuli incgpavith an high hit rate in the ipsilesional
side and an increasing omission rate for more otagional stimuli. When requested to draw
from memory or reproduce pictures, neglect patieften omit or misreport left sided aspects
of the figures or do not reproduce items preseintdte left side of the sheet of paper. Thus,
signs of neglect, as evident during spontaneousvielnr or assessed by formal clinical
examination, indicate an asymmetrical distributmiperformance in the left and right
hemispace. This is taken as evidence of a distortiothe deployment of spatial attention,
favouring stimuli in the ipsilesional portion ofage.

Damage to the right hemisphere may also resulhénpghenomenon of extinction. Unlike
neglect patients, extinction patients can easikgaecontralesional stimuli presented alone,
while failing to report them when presented simmatausly to stimuli in the ipsilesional
space.

Extinction is usually assessed by the “confrontdtitechnique, where the examiner uses
fingers of both hands to randomly deliver brieflat@ral or bilateral stimulation. The task is
to report the quantity (one, two) and the sidet,(lgght, both left and right) of the stimulation.
Whether extinction might be a mild form of neglect rather, it might represent a distinct

syndrome is still matter of debate (Driver et 4897).

2.1.2 Space exploration in neglect

The clear asymmetrical distribution of performasbhewn by patients with neglect in copying
and cancellation tasks can be also assessed iniraepéal setting where a larger portion of
space than ever with paper-and-pencil tests caexbenined. Several studies mapped the
performance of neglect patients in space and aedlythe distribution of exploratory
behaviour or the performance in detection tasksh wstimuli presented at different
eccentricities.

Behrmann and colleagues (1997) recorded eye mousnwehile neglect patients were
looking for a target in an array of letters extend25° to the left and the right of fixation. The
spatial distribution of eye movements of the pdtiemas characterized by a steep gradient

from left to right with a maximum at 18° to thehlitg A similar distribution of eye movements
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was also found in a study where neglect patient® wearching for a non-existent target in
darkness (Hornack, 1992). Karnath and Fetter (168B)irmed and extended these results by
analysing a more extended portion of space (5@ddeft and the right of fixation). A similar
U-shaped distribution of exploratory movements ¥easd in neglect patients as in control
groups. However, while in normal subjects suchsrithution was centred at 0°, in neglect
patients was shifted towards an off-centred saattine ipsilesional field (from about 10° to
20°). A similar rightwards bias in the distributiofiresponses has been also found in a study
of tactile exploration of the peripersonal spacar(tath & Perenin, 1998). Kerkhoff and
colleagues (1999) employed a sound localisatiok tasd demonstrated that in neglect
patients the subjective straight ahead, indexiegpirceived orientation of the body along the
horizontal plane (Ferber and Karnath, 1999), isificantly deviated toward the ipsilesional
side as compared to control subjects.

The topography of the spatial deficit in neglectiggets has been also examined by using
speeded detection tasks with visual stimuli brigfhgsent at different positions along the
horizontal meridian (Natale et al., 2005; 2007; Saat al., 1998).

Smania and colleagues (1998) analyzed the disimibudf speed and accuracy of manual
responses to brief stimuli presented along thezbatal meridian and spanning a wide
portion of space (40° to the left and to the righthey found a strongly asymmetrical
distribution of speed and accuracy of responsesnardahe vertical midline. Both reaction
times (RTs) and omission rate of neglect patieméemy decreased from the left-most
position to an off-centred position in the rightriBeld (around 20°), while they increased
again from 20° up to 40° in the right field. Mor@oy Natale and collaborators (2005)
highlighted that the U-shaped rightwards centresfrithution of RTs did not change when
stimuli were presented in a blocked-point conditithrat is when subjects knew in advance
where the stimuli would appear. However, negletiepgs were overall faster in the blocked-
point than in the random condition. This indicatedt the spared endogenous control of
spatial attention cannot compensate for the dpatistorted distribution of exogenous
attention favouring the ipsilesional space. Finadlvidence has been provided that a similar
distribution of responses in neglect is found isaacadic as in a manual RT task, suggesting
that different types of motor responses are equaiffgcted by abnormal mechanisms of
spatial coding and attention selection (Natald.e2807).

In sum, the asymmetrical distribution of orienteuwgd exploring behaviour in neglect patients
can be taken as evidence of a spatial bias fawplam off-centred sector of space, where

attention is abnormally deployed.
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2.1.3 Thetemporal order judgement paradigm

The temporal order judgement task (TOJ) is a pgradraditionally employed to study the
effects of the deployment of attention on the spgfddansmission of sensory information and
the perception of temporal order of stimuli. In tpast, this task has been extensively
employed in studying the mechanisms of perceptiborder and successiveness (Exner,
1875), especially for stimuli presented in diffdareensory modalities (for example Hirsh &
Sherrick, 1961). As reviewed by Stelmach and Kii®873), the procedure of a TOJ task
involves the presentation of pairs of asynchrorsiusuli and the manipulation of the interval
between the onset of the two stimuli (SOA, stimutunset asynchrony). In particular, the
SOA varies on a trial-by-trial basis, so to haveaditons where one (or the other) stimulus
leads in time. However, conditions where the twiongli are simultaneous are usually
included. At the end of each trial, the subject tmgudge which stimulus appeared first
according to a two-forced-choice (“Right first” 6Left first”) or a three-forced-choice,
including also the “simultaneous” response. Thecgatage of one type of response (for
example “Right stimulus first then left stimulugd plotted as a function of the different
SOAs and a psychometric function (sigmoid functi@nfitted to the data Two parameters of
the sigmoid function are usually analysed: the PairSubjective Simultaneity (PSS) and the
Just Noticeable Difference (JND). The PSS is thé &®which the observer judged the left
(or right) stimulus as coming first on the 50% loé trials and reflects the point at which the
observer is maximal uncertain about the order af stvmuli (Shore & Spence, 2005). The
PSS has to be distinguished from the Point of Qive&imultaneity, that corresponds to the
SOA equal to zero, that is the real simultaneityieen the stimuli (Sternberg & Knoll,
1971). The JND is the value that refers to theeslopthe sigmoid curve and is calculated as
the half of the interval between the SOA valuesdpoing the 25 and 75% points on the
psychometric function (Shore & Spence, 2005). Sitee beginning of XX century, it has
been recognized that the perception of the temmodar of two stimuli can be influenced by
the direction of selective attention in the spddtchener (1908) in his law of the prior entry
stated thatthe stimulus to which we are predisposed requiess time than a like stimulus,
for which we are unprepared, to produce its fulhsoious effect’ The main idea conveyed
by Titchener’'s law is that sensory events occurahg spatial location where spatial attention
is focused are perceived prior to physically synobus events at unattended locations,
suggesting that attention speeds up the rate ofnrdtion processing at attended relative to

unattended positions. The TOJ task has been weateployed to study the effect of attention
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on prior entry and, in particular, how the deployitnef attention to a particular stimulus or
spatial position influences the judgement of teraporder (for a review see Spence et al.,
2001). The study by Stelmach and Herdman (1991)omasof the first to test the prior entry
law in a TOJ task with visual stimuli and an explimanipulation of visual attention.
According to the traditional TOJ paradigm, thesthats manipulated the SOA between two
stimuli presented in two symmetrical positions, dneeach hemifield. They found that
attended stimuli were perceived to appear befoettended ones, even when the two stimuli
were presented at the same time. Moreover, theamuked stimulus had to physically lead the
attended one by at least 40 ms in order to be peatas first. The prior entry effect has been
replicated also in other studies with a TOJ tadko(8 et al., 2001; Schneider & Bavelier,
2003) and reveals the profound impact that selecttention has on conscious perception of
sensory events, speeding up the perceptual progefsiattended as compared to unattended
events. With respect to the two parameters of fyelppmetric function described above, the
prior entry effect is evident in the magnitude bk tdifference between PSS and real
simultaneity, corresponding to the temporal advgamtaceded by the unattended stimulus in
order to be perceived as simultaneous to the atestimulus(Shore & Spence, 2005). A
general rule is that the more the attention focusesne stimulus, the bigger the PSS. The
JND, instead, is a measure of temporal resolutiwhrafers to the precision of the temporal
judgement. Specifically, it indicates how far apartime the two stimuli have to be presented
for the temporal asynchrony between them beingbblijudged (Shore & Spence, 2005). It
is still an open issue whether the direction oéraibn may influence both the parameters or
whether it may affect more the PSS than the INDESE Spence, 2005).

2.1.4 Performance of neglect and extinction patientsin the TOJ task

The TOJ paradigm has been also employed to vetiigther the rightwards bias in neglect
may result in a prior entry effect favouring théesdon in time of the ipsilesional over the
contralesional stimulus.

Rorden and collaborators (1997) analysed the pwdnce of two patients with visual

extinction and mild signs of neglect. In their versof the TOJ task, two horizontal bars were
presented, one in each visual hemifield, at vari®@#s. The patients had simply to judge

which bar appeared first. On average, the leftesgtemulus had to lead in time by about 200
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ms for the two stimuli to be perceived as simultarge This result proved for the first time
the presence of a prior entry phenomenon in extinctleading to an earlier conscious
detection of stimuli presented on the ipsilesidhah the contralesional hemifield. Moreover,
Rorden and colleagues (1997) highlighted that émepbral disadvantage for controlesional
stimuli might provide a useful measure for the sgy®f the ipsilesional bias. The evidence
shown by Rorden and colleagues (1997) has beeirmmef by successive studies. Robertson
and collaborators (1998) tested 8 patients witlntrigemisphere lesions, showing neglect
and/or visual extinction and found a substantiallayed time course of awareness for
controlesional stimuli. On average, left stimuleded an advantage of almost 500 ms in order
to be perceived as simultaneous to right stimulicéatrol group of patients with left-
hemisphere lesions and comparable clinical and despbic characteristics were also tested.
They did not show any prior-entry advantage fanegitside of the space. In their study, Baylis
and colleagues (2002) exactly replicated theseirfgs] supporting the existence of an
ipsilesional bias associated to a delayed peraemticstimuli presented to the controlesional
visual field. Interestingly, these authors showkdt tthe contralesional deficit was present
both in patients with left and in those with rigttinction. Evidence of a prior-entry bias
favouring ipsilesional stimuli has been also reporin studies using auditory and tactile
stimuli (Karnath et al, 2002; Guerrini et al., 20@3uerrini & Aglioti, 2006) as well as a
cross-modal presentation (Costantini et al., 2B&mudugolla et al., 2007; Sinnett et al,
2007).

2.1.5 Rationale and aim of the study

The aim of this study was to verify whether thehtigards bias in mechanisms of attention
selection in space found in neglect and extincpatients by previous studies (Behrmann et
al., 1997; Hornack, 1992; Karnath & Fetter, 199%yhath & Perenin, 1998; Kerkhoff et al.,
1999; Natale et al, 2005; 2007; Smania et al., 1988y also apply to mechanisms of
attention selection in time. In particular, we asald the performance of patients on a TOJ
task in which both the temporal asynchrony in thespntation of the stimuli and the spatial
position of stimuli was manipulated. Previous stsd{Baylis et al, 2002; Bueti et al, 2007;
Eramudugolla et al., 2007; Guerrini et al., 20030& Karnath et al., Robertson et al., 1998;
Rorden et al., 1997; Sinnett et al, 2007) consistetemonstrated that the TOJ paradigm is
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useful in revealing distortions in the distributiaf spatial attention favouring particular
sectors of the space at the expenses of otherskeUplevious studies, here pairs of
asynchronous stimuli were randomly displayed atetbht spatial locations “within” each
hemifield, rather than between hemifields (e.gosstthe vertical meridian). We expected the
PSS values to be modulated by the position of tlmus, with higher values for stimuli
presented in the left, contralesional than in tightr ipsilesional field. This prediction is
based on the hypothesis that spatial and tempdsardirs of conscious information
processing in neglect may have a common functibaals. In particular, temporal and not
only spatial deficits would relate to the sameadtistd distribution of attention as that assessed
by mapping, for example, speeded reactions to Vistwauli (Natale et al., 2005; 2007,
Smania et al., 1998). Thus, in neglect patientstaeper the attentional gradient between the
spatial locations of two stimuli (as with pairssifimuli presented in the left as compared to
the right hemifield) the greater the impairmenttbé temporal selection of the left one.
Clearly, the presentation of stimuli across thetigar meridian (between-hemifields
condition) cannot be useful to test the above hygss. Indeed, it does not allow to compare
a condition in which there might be a steep gradimtween the spatial locations of two
stimuli (within left hemifield presentation) withnather one in which the same stimuli are
presented in a spatial sector where attention nmighimore evenly deployed (within right
hemifield presentation).

To our knowledge, this study would represent tha fittempt to investigate in a suitable way
the possible interaction between spatial and teal@®pects of the attentional impairment in
neglect. So far, only two studies presented thaudtiin a within field condition (Snyder &
Chattergjee, 2004; Cate and Behrmann, 2002). QadeBehrmann (2002) asked neglect
patients to report the temporal order of two asymebus stimuli presented in different
positions within each hemifield. Unfortunately, yhatroduced both a temporal and a spatial
bias, by presenting stimuli only within the rigtgrhifield and having an higher percentage of
trials in which the right stimulus preceded thet lehe than vice versa. The unbalanced
manipulation of both spatial and temporal variabteskes it difficult to clear interpret their
result. In another study, Snyder and Chatterjedd4p(Ppresented one pair of vertically
arranged stimuli within each hemifield. They foubelter temporal judgements for stimuli
presented in the ipsilesional, than in the consioleal space. However, in this study only one
spatial location per hemifield was tested, theralgults could merely confirm the overall

advantage of the right over the left hemifield irahanisms of attention selection in time.
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22METHODS

2.2.1 Subjects

A total of 15 right-handed patients with right hephiere lesions has been recruited for this
study. Demographic and clinical information is rdpd in Table 1. The presence of neglect
was assessed by cancellation tasks (two tasksteslamong the following: Albert, 1973;
Gauthier et al., 1989; Weintraub & Mesulam, 1985]ligan et al., 1989) and figure copying
(Johannsen & Karnath, 2004). In the cancellatiskdasubjects were required to mark all the
stimuli presented in a horizontally oriented 21%72cm sheet of paper (Albert, 1973), or to
detect a target stimulus among distracters (Gauttieal., 1989; Weintraub & Mesulam,
1985; Halligan et al., 1989). In the figures comyiask, the subjects had to reproduce four
pictures (a fence, a car, a tree, and an house)ptesented in the left and two in the right
side of the sheet of paper . Severe neglect wamased following these criteria: at least five
omissions of left-sided targets in cancellationksagAlbert, 1973; Gauthier et al., 1989;
Weintraub & Mesulam, 1985 and Halligan et al., 19&9score higher than 1 in the copying
task, where omissions of left-sided features wemresl as 1 and omissions of a whole left-
sided figure was scored as 2. The standard clicmadrontation technique was used to detect
the presence of visual extinction. The experimekégt his hands at the eye level of subject
and rapidly flexed one or both the two index firggawhile the subject was fixating at the
experimenter’s nose. Extinction rate was the peaggn of left misses in the bilateral
condition corrected by the percentage of left nisaethe unilateral condition. An extinction
rate of 50% was the criterion to assess the presanextinction.

The above criteria for a severe form of neglectengtrictly fitted by six out of seven patients.
However, also one patient with mild signs of negl@ase P13) was included in the study.
Finally, nine right-damaged patients without negland visual extinction and ten right-

handed subjects without neurological deficit serasaontrol subjects. See Table 2.1.
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Subject Age Sex Time since Lesion location in the right hemisphere Cancellation Figure Extinction rate

lesion (days) (LR coping score
omissions)
Right brain-damaged controls subjects (RBD)
P1 38 F 3 Frontal cortex Letters: 0/0 0 0
Bells: 0/0
P2 46 F 5 Putamen Letters: 1/0 0 0
Bells: 0/0
P3 56 M 7 Basal ganglia Letters: 6/4 0 0
Bells: 2/1
P4 75 F 8 Basal ganglia, insula, frontal cortex Letters: 0/0 0 10
Bells: 0/0
P5 43 M 88 Fronto-temporo-parietal cortex, basal ganglia Lines: 0/0 0 0
Bells: 1/1
P6 60 M 25 Thalamus, internal capsule Letters: 0/1 0 0
Bells: 1/1
P7 68 F 35 Lenticular nucleus, internal capsule Letters: 2/0 1 0
Bells: 2/0
P8 60 M 110 Internal capsule Letters: 0/0 0 0
Bells: 0/0
P9 49 M 62 Fronto-parietal cortex Lines: 0/1 0 0
Bells: 0/0
Mean 55 38
Neglect/extinction patients
P10 71 F 170 Fronto-parietal cortex Lines: 18/0 3 0
Bells: 13/0
P11 49 M 203 Stars: 4/5 0 100
Bells: 8/8
P12 68 F 231 Frontal cortex, insula Letters: 2/0 3 100
Bells: 15/0
P13 79 M 180 Temporo-parietal cortex Letters: 0/1 2 20
Bells: 3/3
P14 79 F 11 Fronto-temporal cortex, insula Lines: 21/2 0 0
Bells: 10/0
P15 43 F 12 Lines: 28/6 1 0
Bells: 15/1
P16 54 M 8 Basal ganglia, internal capsule Letters: 15/9 7 100
Bells: 30/16
Mean 63 116

Healthy control group
HC (n=10) Mean 61 Males (n=6)

Table 2.1:Demografic and clinical data

2.2.2.Stimuli and apparatus

The experiment took place in a dimly illuminatecomo with patients sat in front of a
computer screen at a distance of 57 cm. Stimulesenmtation was controlled by a PC using
the software MEL2 (Micro Experimental Laboratorych8eider, 1995). A white fixation
point was presented in the middle of the othervbtsck screen throughout the whole
experiment and subjects were instructed to fixatstimuli were white squares subtending 1°
of visual angle, presented in 5 different positiprst above the horizontal meridian: there was
one central position (0°) and two peripheral posii (6°, 12°) within each hemifield. The

experimenter monitored the eye movements of thgstgband pressed a key to start the trial
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only when subjects were keeping fixation. Stimypeared after a random delay between
1300 and 1800 milliseconds from the beginning efttial.

2.2.3 Procedure

Preliminary visual detection task

In the simple visual detection task a white squeas randomly presented for 100 ms in one
of the 5 possible locations (see Figure 2.1). Subjead to verbally detect both the presence
and the spatial location of the stimulus on a 4opglrials basis. Ten stimuli at least were

presented at each spatial position. A detectiomegual or higher than 85% was the criterion

to test subjects in the TOJ task.

Temporal order judgement task

In this task, a pair of squares (6° apart) waseesl at four different positions: one near (0°-
6°) and one far (6°-12°) within each hemifield. TheBmulus onset asynchrony (SOA)
between the two stimuli was manipulated. There wane SOAs: 0, £100, £200, +300, +400
ms (plus and minus signs indicate that the right-ladt-sided stimulus of the pair,
respectively, was leading in time by the SOA).Tdmktwas to indicate which square appeared
first by a two-forced choice (“first left then rigfhor “first right then left”). Stimuli remained
on the screen until subject's verbal response. &kgerimenter collected the subject’s
temporal judgment and started the new trial. AstielD pairs per spatial position per SOA

were presented in six blocks of trials.
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Figure 2.1: Spatial location examined in the detection taskiartle TOJ task.

2.2.4 Dataanalysis
Percentage of “first right then left” responses whdted as a function of the SOA, and fitted

by a sigmoid curve for each spatial position. Sjpeadly, data were fitted by the following
function (Lewald & Karnath, 2001, Karnath et 2003):

100

f (SOA) =
(1 + ek(SOA—SOASO%)

where F is the percentage of the response “fighit then left”, SOAq is the SOA where the
frequency of “first right” judgement is 50%, k iset slope of the of the function at S§#4

and e is the base of the natural logarithm. Twapaters of the sigmoid function were
analysed to evaluate the performance of the subjdwt PSS, assessing possible differences
in the efficiency of attention selection in timetween the two stimuli; the JND, assessing the
temporal resolution and precision of the tempgrdgement. Moreover, the coefficient of
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determination (B was analysed to assess the presence of an ¢&tetiporal judgement for
any position. The Rvalue indexes the goodness of the fitting of theady the sigmoid
function. In a previous study by Zimmer and co-vesek(2003), Rvalues smaller than 0.75
were regarded to as indicative of an “erratic” perfance. This means that the subject is
unable to perform the task. Zimmer and colleag2€93) also argued that in case of erratic
performance data cannot be properly fitted by tigensid function. Accordingly, in the
present study PSS and JND were not analysed faretleaperimental conditions (spatial
locations) where Rvalue was smaller than 0.75. PSS and JND were sethlgs a function of
two within-subject factors, stimulus side (lefght) and location (near, far), and one between-
subjects factor, group (neglect/extinction patienisain-damaged and healthy control
subjects). The Kruskal-Wallis test and Mann-Whithéyest were used to analyse between-

subjects effects, whereas the Friedman test ancbWdh test to analyse within-subject effect.

23 RESULTS

Simple detection task
All normal and brain-damaged control subjects penfd almost at ceiling. Also patients
with neglect and/or extinction showed an high detecrate (overall above 85% for any

location). See Table 2.2.

LVF RVF
Group Near Far Centre Near Far
Neglect 97 100 100 98 100
(n=7)
rBDC 100 99 100 100 100
HC 100 100 100 100 100

Table 2.2:detection rate for the 5 spatial locations analylzg the simple detection task
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Figure 2.2: sigmoid functions reproducing the performance ord T&3k

Temporal order judgement task

Figure 2.2 shows sigmoid functions, fitting thetdmition of the percentage of “first right
then left” judgements as a function of the spdtahtion of stimuli and the SOA, for each
group.

As can be seen by simply inspecting Figure 2.2A Bndboth brain-damaged and healthy
control subjects showed well-shaped curves thataddaliffer from each other. This indicates
an overall good performance.

On the contrary, the performance of neglect/extincipatients was overall impaired as
compared to control groups. This can be seen irur€ig2.2C, showing the overall
performance of seven patients with neglect/extimctirhe shape of the sigmoid functions is
on average more “flatted” in neglect/extinctionigats than in control groups, suggesting that

patients had troubles in deciding the order of apmece of the two stimuli. This was
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remarkably more evident for pairs presented inldfethan in the right hemifield. In the
former case, minimum and maximum points of the sigimfunction are far from the
minimum and maximum value of the y-axis, as it wlobé expected, whereas this is not the
case for the functions fitting responses to ipflesl pairs. This indicates a more severely
impaired performance for left, contralesional thasilesional pairs in neglect/extinction
patients. In order to find out which factor mighave specifically contributed to the
performance of neglect/extinction patienté Malues were first analysed in all groups.

No evidence of erratic judgements was found in rmbrgroups. Erratic judgements were
found in four out of seven patients, whosevlue was inferior to 0.75 for stimuli at the far
right position and in the whole (near and far) leémifield (P16), for stimuli at the far and
near left positions (P14), for stimuli at the faftIposition (P10 and P12). Based on the results
of this analyses, data of neglect/extinction pasiemere then plotted and fitted again, this
time excluding cases P16 and P14, because of #semre of erratic judgments in most
conditions, and responses to far left stimuli oafycases P10 and P12. As can be seen in
Figure 2.2D, the performance of the group of foeglact/extinction patients without erratic
responses improved as compared to the overall npeafice of the seven patients, especially
for stimuli at near and far locations in the legnmfield. However, it remained overall
impaired as compared to control groups, particyln stimuli at the far left location.

As a second step, PSS and JND were analysed astafuof side, location and group.

LVF RVF
Group Near Far Near Far
Neglect -160 -179 -5 -25
(n=4)
rBDC -9 -4 21 12
HC -11 -5 -4 0
Neglect 73 158 43 91
(n=4)
rBDC 22 34 22 25
HC 18 27 23 27

Table 2.3:Mean PSS and JND values calculated for each sppatsiion
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PSS

PSS values for the three groups are reported ifeTaB.

In control groups, the position (near, far) of stlndid not affect PSS values for pairs in the
right and in the left hemifield (healthy subjectight hemifieldy* = 0, P = 1 and left
hemifieldy® = 2.78, P = 0.096; brain-damaged patients: rigimifield y> = 1, P = 0.317 and
left hemifieldy® = 0.5, P = 0.48). This was also true for negletiamts (right hemifielg? =

0.2, P = 0.655; but note the tendency toward aifaignt difference in the left hemifielgf =

3, P =0.083). Data were then collapsed acrossipognear, far) in each hemifield to test for
the effect of the side (left, right) within eaclogp.

Side did not affect PSS in healthy contrgfs< 0.111, P = 0.739), whereas it did affect PSS
both in RBD control patientg{ = 5.444, P = 0.02) and neglect/extinction pati¢gfts 5, P =
0.025).

Finally, between-groups effects were analysed witach hemifield. A significant effect of
the group was found for the left hemisphere= 10.526, P = 0.005), but not for the right
hemisphere)f = 5.556, P = 0.062). Post-hoc comparisons reveaigider PSS values for
neglect/extinction patients than healthy contro(22.939, P = 0.003) and RBD control (Z =
-2.867, P = 0.002) subjects in the left hemifieldhereas no difference between healthy and
RBD control groups was found (Z =-0.327, P = 0.78)

JND

JND values for the three groups are reported if€ral3.

In control groups, the position (near, far) of stlndid not affect JIND values for pairs in the
right and in the left hemifield (healthy subjeatight hemifieldy? = 0.4, P = 0.527 and left
hemifieldy* = 0.5, P = 0.739; brain-damaged patients: rigmiifield y* = 0.111, P = 0.739
and left hemifieldy® = 2.78, P = 0.48). This was also true for negbetients (right hemifield
y?=1.8, P = 0.18; but note the tendency towardyaifitant difference in the left hemifield
v* = 3, P = 0.083). Data were then collapsed acrositipn (near, far) in each hemifield to
test for the effect of the side (left, right) witheach group. Side did not affect JND in any
group (healthy subjectg:? = 0.111, P = 0.739; RBD control patients:= 2.778, P = 0.096;
neglect/extinction patientg? = 1.8, P = 0.18).

As to the between-groups effects, only a marginsithyificant effect of the group was found
for the left §? = 5.438, P = 0.066) and the righ(= 5.536, P = 0.063) hemifield.
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2.4 DISCUSSION

In the simple detection task, neglect/extinctiotigrds performed almost at ceiling similarly
as control groups. This ensured that any betweeunpgrdifference in performance in the TOJ
task cannot be simply accounted for by differennesletection rate at any spatial position as
well as by differences in the level of vigilancedamotivation to perform a visual detection
task. Thereby, between-groups differences in perdoice found in the TOJ task, with
neglect/extinction patients performing overall viditsan control groups, can be reasonably
taken as evidence of a specific impairment of retfggtinction patients in performing a TOJ
task.

We analysed three factors which might contribute the impaired performance of
neglect/extinction patients. First, we wanted taifyethe possible contribution of erratic
judgements to the performance. The presence dfceresponses, as assessed by thésran
index of inability to perform the TOJ task and tésin a modification of the typical S-shape
of the sigmoid curve fitting the distribution ofn@oral judgements as a function of the SOA
(Zimmer et al.,, 2003). As can be seen in Figureviiile the sigmoid curves fitting the
performance of healthy and brain damaged contriémig have the typical “S” shape of the
psychometric function for temporal order judgemeriteose fitting the performance of
neglect/extinction patients are overall more fidttean in control subjects, although this is
more evident for the left than the right side. Hoer the shape of the curves did not
significantly change when erratic responses frogilea/extinction patients were not plotted
(compare Figure 2 C and D). This means that erjatigements do not completely account
for the performance of neglect/extinction patiemgen if they are more frequent in those
patients than in control subjects.

The shape of the sigmoid curve also depends odNie To our knowledge, only one study
has analysed the JND value in neglect patientsus(Dove et al., 2007). While based on the
R? one can evaluate the presence of erratic judgenzentstherefore, the reliability of the
performance, based on the JND one can evaluateprhasion of a reliable temporal
judgement. Between-subjects analyses indicateddebey towards a difference as an effect
of the group. This might be due to the fact thahéglect/extinction patients JND values are

overall higher than in control subjects. Importgntithere was no difference in
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neglect/extinction patients as an effect of the siddicating that the temporal impairment as
indexed by the JND is not spatially lateralised. iAlall, these findings support evidence of
non-spatially lateralised deficits in processing tefnporal information in neglect and
extinction (Husain et a., 1997; but see also Dlggeho et al., 1998; Hillstrom et al., 2004
for evidence favouring a lateralisation of the innpeent).

For the purpose of the present study, the anabfsise PSS values was crucial. Unlike the
JND, effecting the shape of the sigmoid functidmargying in the PSS value results in shifts
of the curve from zero. As can be seen in Figutd curves of controls subjects are centred
around SOA values very close to zero indicating sidjective simultaneity is really close to
real simultaneity. The two sigmoid functions theters to performance of neglect/extinction
patients for right sided stimuli are really closezero and were not different from the ones of
controls subjects. The performance in the leftali$iled is characterized by a consistent shift
of the curves towards negative SOA values. Theaeshosition of the two functions indicate
a temporal disadvantage for the left sided stimoluthe pair. Statistical analysis confirmed
that, while on the right visual field the perfornsanof neglect/extinction patients was not
different from the performance of both controls jeah on the left side he PSS values of
neglect/extinction patients were significantly mowsgative with respect to the PSS reported
by the controls groups. Neglect/extinction patiemeded a temporal advantage for the left-
sided stimulus of almost 180 ms in the far locatod 160 ms in the near location in order to
perceive the two stimuli as simultaneous. Thisdaths a consistent delay in the mechanisms
of spatial selection in time and supports a strpugteriorated deployment of attention on the
left side. These findings are in line with predcs: the strong effect of the side confirmed a
deteriorated performance only in the left visualdieven with a within field presentation,
while for stimuli presented on the right side, gfegformance was not different with respect to
both healthy controls and RBD controls. Within Isitle, statistical analysis highlighted a
tendency towards a difference for the two spabtahtions, where the PSS values are more
negative for far location than for near ones. TiBisuggestive of the existence of a steep
gradient in the performance within the left sidesphce, and replicate findings of previous
studies that employed different methods (Behrmanral.e1997; Hornack, 1992; Karnath &
Fetter, 1995; Karnath & Perenin, 1998; Kerkhoffakt 1999; Natale et al, 2005; 2007;
Smania et al., 1998).

A significant difference between PSS values fot #&fd right side has been found also for

RBD patients. These subjects reported negative iR8® left and positive PSS in the right
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side indicating a different deployment of attentiorthe two visual fields, probably caused by
the lesion on the right cerebral hemisphere.

According to present data, the PSS seems to berlyeparameter of the sigmoid curve

reflecting a spatial bias in neglect/extinctionigaits and confirmed that PSS values are
modulated by the side of presentation of the siimulparticular, it has been demonstrated
that spatial and temporal disorder of consciousqgion information processing share a
common functional basis and that both temporal spatial deficit are related to the same

distorted distribution of attention.

2.5 CONCLUSIONS

We found evidence of spatio-temporal disorder ofisoious information processing in
neglect/extinction patients, thus supporting figgirirom previous studies (Baylis et al, 2002;
Bueti et al, 2007; Eramudugolla et al.,, 2007; Gueret al., 2003; 2006; Karnath et al.,
Robertson et al., 1998; Rorden et al., 1997; Sireteal, 2007). Importantly, we also found
that the PSS is the parameter of the sigmoid cuhz reflects the spatial bias in
neglect/extinction patients. It indicates that ansistent delayed perception of left sided
stimuli, even with a within-field presentation. Ttedency towards a significantly difference
between the two locations on the left side suggbsiisthese disorders might be related to a
similar gradient of spatial attention as that asseésy mapping speeded reactions to visual
stimuli (Natale et al., 2005; 2007; Smania etE98) as well as different responses across all
sensory modalities (Behrmann et al., 1997; Horna8®2; Karnath & Fetter, 1995; Karnath
& Perenin, 1998; Kerkhoff et al., 1999). Specifigalin neglect patients the steeper the
attentional gradient between the spatial locatiohsvo stimuli the greater seems to be the
impairment in temporal selection of the left stioml In keeping with this possibility,
neglect/extinction patients showed a comparablopeance to that of control subjects when

stimuli were presented in a sector of the ipsilesidield where attention is evenly deployed.
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CHAPTER 3

Temporal expectation induced by regular rhythm

3.1 INTRODUCTION

We live in a complex environment that changes sk instant and provides spatial and
temporal information which needs to be decoded amerpreted in order to plan
advantageous behaviour. Expectations are generet@abining different sources of
information and help us anticipate where and wher\aent will occur. Attention processes
play a crucial role in detecting important informoatfrom the environment and preparing an
effective response. Mechanisms of spatial oriendihgttention have been widely investigated
and it has been demonstrated that the preventigatation of attention to a particular spatial
position affects performance by improving detectaord decreasing the time of response.
These benefits of spatial orienting are well illagtd by the experimental paradigm
developed by Posner and colleagues (1980). It stsnsf a central symbolic cue that informs
in advance where a target stimulus will appear. Whe information delivered by the cue is
correct, subjects show shorter reaction times (Rfig)an improved stimulus detection, while
when the cue is misleading, response is slowed d&wmilar behavioural advantages have
been found not only with spatial cueing, but al$ew attention can be focused in advance on
objects (Yantis & Serences, 2003) or particulatuiess (Maunsell & Treue, 2006).

Also temporal information plays an important ralegenerating expectations and improving
behaviour, but the study of allocation of attentomer time has been overlooked with respect
to spatial attention. In the last years, the irgefer temporal attention has greatly increased
and many studies have tried to cast light on theralemechanisms and cerebral areas
involved in temporal expectation and attentionneetintervals.

In the next paragraphs some of the main topics eraimeg attention to time and temporal
expectations will be briefly considered in orderibndroduce the theoretical frame within

which the two experiments subsequently describedisnchapter have been devised.
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3.1.1 The taxonomy of temporal expectations

In a recent review, Coull and Nobre (2008) underlas a complex construct as the one of
time need to be analyzed considering the singles plaat form the main structure. The studies
on spatial attention revealed different mechaniantsbrain structures involved, for example,
in endogenous and exogenous orienting (Corbetdh,e1993; Nobre et al., 1997). A similar
taxonomy is possible also for attention in timeeThain distinction proposed by Coull and
Nobre (2008) is between explicit and implicit tigiand it is based on the task instructions.
Explicit timing mechanisms are recruited when scbjis required to provide an overt
estimate of duration, while implicit timing is ermggd when sensory stimuli or motor
responses adhere to a strict temporal framework éweugh the goal of the task is not
temporal. Temporal expectations are a sub-categfoiyplicit timing and refer to situations
where expectations about some event are conveyethéyemporal predictability of a
perceptual input. Timing may also emerge as a mtodia temporal regularity of a motor
output and in this case is defined “emergent tirhinge last important distinction is between
exogenous and endogenous temporal expectations1 Waesubject explicitly uses a cue or a
regular rhythm to predict temporal appearance weiral situation of endogenous temporal
expectations. Temporal expectations establishedtemtionally and not consciously as a
result of a regular temporal structure are defiaetexogenous. Recent electrophysiological
studies in monkeys (Ghose & Maunsell, 2002; Jan&s8hadlen, 2005; Riehle et al., 1997)
demonstrated a modulation of the firing patternexpgenous temporal expectations. The
neural discharge varies dynamically as a functibthe conditional probability that a target
will occur at a particular time, given that it hast yet occurred (the “hazard function”). A
common finding in studies that tried to localizee thrain areas involved in temporal
expectations, is the activation of areas associattdaction, like premotor or inferior parietal
cortex, even in perceptual tasks (Assmus et aD5208ield & Wann, 2005; O'Reilly et al.,
2008). The activation of motor-related areas bypmral expectations suggests that the
primary scope of orienting in time is to optimiseogpective motor behaviour (Coull &
Nobre, 2008).

The functional taxonomy proposed by Coull and Nof2608) is not the only way to
categorize the mechanisms involved in time peroaepfor example, Lewis and Miall (2003)
proposed a distinction based primarily on the lengt the time interval, distinguishing
between automatic mechanisms for sub-seconds aitand cognitively controlled involved

in supra-second intervals. Anyway, the distinctpoposed by Coull and Nobre (2008) in
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exogenous and endogenous temporal expectationrtisybarly useful with respect to the
experiments presented in this chapter.

3.1.2 Temporal cueing paradigms

In the classical studies of orienting of spatideation a warning signal (cue) is presented
before the target stimulus and gives informatiooudlwhere the stimulus will appear (Posner
et al., 1980). When the information given by the ¢ correct (valid condition) subjects are
faster and more accurate, while when the cue pgsethe wrong location (invalid condition)
performance decreases. Attention may also be edemt time and temporal information
about when a relevant event will appear optimizekabiour. To study the mechanisms
involved in temporal attention, Coull and Nobre &89 developed a temporal analogue of the
spatial orienting paradigm. In their task a celrptesented cue with high validity (75-85%
probability) predicts the time interval at whichetharget stimulus would occur. Many
different versions of this basic task have beerelbped to analyze the effect of different
variables on temporal orienting (Coull & Nobre, 89€oull et al., 2000; Griffin et al., 2001,
2002; Miniussi et al., 1999). In particular diffateexperiments manipulated the physical form
of the stimuli, the duration of the temporal int@rbetween cue and target and the kind of
response required. Nobre (2001), Griffin and caltabors (2002) and Griffin and Nobre
(2005) reviewed the main results of studies tha¢stigated the effects of temporal orienting.
Large RTs benefits were obtained when the targetiroed at the correctly predicted time
with respect to trials in which an invalid cue waesented. Moreover, comparing RTs of
valid and neutral trails (when no temporal expéotatvas possible), it has been possible to
highlight a facilitation of responses to stimulatrappeared at the predicted time with respect
to trial in which there were any temporal expeotati These results demonstrated that
symbolic cues were effective in generating tempergectation that influenced some aspect
of target processing and behavioural performanée &ffects of temporal orienting were
independent from the specific stimulus configunatior the shape of cue and target. A
behavioural effect has been found for temporal ruas of different length (300/700,
600/1200, 600/1400 ms) demonstrating that tempariahting is under a flexible control.
Importantly, the behavioural benefits were morenproced for short intervals with respect to

long ones, possibly reflecting the effects of imfiation inherent the passage of time itself (the
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“hazard function”) (Elithorn & Lawrence, 1955) atite ability to re-orient towards a longer
interval when the predicted short one failed to egpp(Coull et al.,, 2002; Elithorn &
Lawrence, 1955). The advantage of temporal origntims been demonstrated also in
experiments requiring difficult target discrimir@ts and production of a choice response
(Griffin et al., 2001). This demonstrates that #ftects of temporal orienting are not only
related to the preparation of a specific motor oese. However, the effect of temporal cueing
was smaller in discrimination with respect to detettasks, suggesting that motor related

mechanisms may contribute to temporal orienting.

3.1.3 Electrophysiology of attention to time

The temporal cueing paradigm was successfully eyeploalso to investigate the online
modulation of neural activity by temporal orientir@ne of the first experimentdesigned to
study temporal orienting was carried out by Miniumsd colleagues (1999). They recorded
electroencephalographic (EEG) activity while sut§docused attention to short (500 ms) or
long (1300 ms) temporal intervals signalled by cugsth cue and target were presented
foveally thus eliminating the influence of spatétention. Evoked related potentials (ERPS)
time locked to valid and invalid trials in the sha@ondition were compared. The major
finding was a enhancement of P3 amplitude and eedse in the latency of P3 when the cue
predicted correctly the time of appearance of #rgdt. The authors suggested that temporal
information may be used to prepare motor processeaprove processes related to decision
and response preparation. Also N2 was modulatddrbporal expectations with an increased
negativity in invalid trials. This effect has beattributed to an inhibition of the response
process (Kok, 1986), or to the detection of a demiafrom an established stimulus-response
association (Mantysalo, 1987). Primary visual congras (P1 and N1) were not modulated
by temporal orienting processes. Subsequent expeteam(Griffin et al., 2001; 2002)
confirmed this result for N2 and P3 components. ddafation of N1 amplitude was found in
the attended condition, but these results not beplicated (experiment 2 in Griffin et al.,
2002). A possible explanation for this effect anf@ral orienting on N1 was related to the
difficulty of the task that required a perceptulcdimination.

Correa and collaborators (2006) conducted an exyet in which they tried to replicate the

modulation of components by temporal expectatiorubyg a perceptual demanding task.
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They found that targets appearing at attended mtaedicited a larger P1 than unattended
targets.

A completely different approach has been used bggeaand colleagues (2003) who
investigated temporal orienting in the auditory mldgt. They adapted the sustained spatial
attention paradigm developed by Hillyard and caless (1973). The subjects had to attend in
different blocks to the offset of a short or a logmmpty interval, marked by bursts of white
noise. Their task was to detect infrequent offsarkars that differ from standard ones in
frequency. The main comparison was between stara#edded stimuli (for example, the
short interval) and standard unattended stimudi [timg intervals). They found a larger N1 for
attended standard stimuli with respect to the endttd ones. The authors speculated that,
because of the superiority of auditory modalityhmiéspect to vision in temporal processing
(Repp & Penel, 2002), temporal attention could cffmarlier processes in auditor modality.
Even though suggestive, this result may be duéffiereinces in the characteristics of the task
and in the manipulation of temporal expectationsr(€a et al., 2006).

All together these studies demonstrate that tenhjpoienting modulates late components like
N2 and P3, suggesting a role in response choicenaotdr preparation. Moreover, some
evidence of a modulation of primary components dlas been found for highly perceptual
demanding tasks and for auditory stimuli.

3.1.4 Rhythm induced temporal expectations

The paradigm employing central symbolic cues hanamstrated efficacy in revealing the
effects of temporal orienting. Anyway, this kind takk is quite far from the way in which
temporal attention and expectation are built inrgd@y situations. In a natural context,
temporal expectations are created by the propeofiebynamic stimuli, like the pattern of
movement. A more naturalistic paradigm has beereldped by Doherty and collaborators
(2005) based on previous works (for example Assadatinsell, 1995). In this task temporal
expectation are created by the regular movemeatstimulus (a small ball) from the left to
the right side of the screen. On the right sid¢hef monitor an occluding band was present,
under which the ball disappeared. Once the balppeared after the occlusion period the
subject had to discriminate the presence of a sdwdlin the centre of the ball. Doherty and

collaborators (2005) manipulated the pace of theement to induce temporal expectation
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(with a regular pace) or to create a situation imclw no expectations were possible (irregular
and unpredictable pace). Faster RTs were recoatetbhdition of temporal expectation. The
analysis of ERPs time locked to the ball that reaped after the occlusion period revealed an
attenuation of N1 and N2 amplitudes by temporaraibn. The conjunction of temporal and
spatial expectations (conveyed when the ball mdokowing a linear trajectory) highlighted
an enhancement of P1 amplitude. Finally, the mduiuaof P3 reported by previous studies
has been replicated.

Correa and Nobre (2008) used the same paradignextedded previous results to different
speed of movement. Moreover, it also the duratibrihe occlusion foreperiod has been
manipulated introducing a perturbation of the spekthe ball during the period in which it
disappeared. According to the moment of reappearahe temporal expectancy could be
valid when the last ball reappeared at the expettee or invalid, if it appeared earlier or
later than the expected moment. In valid trialsnaléer N2 has been found. For the first time,
temporal expectations modulated also the latenciNfby anticipating it with respect to
invalid conditions. As found in previous studies30B was significantly larger in valid
condition.

Utilizing this paradigm, we developed two experitseto confirm and extend previous
results. The first experiment is aimed to evidelnekavioural differences between exogenous
and endogenous temporal expectation. In the seeapdriment we analyzed the neural

modulation induced by temporal expectation by réicay ERPs.
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3.2EXPERIMENT 1

This experiment was designed to verify the impdoermdogenous and exogenous temporal
expectations on the performance of a perceptuaridigiation task. In different blocks,

participants were instructed to pay attention te 8peed of a regularly moving circle
(exogenous condition) or to the colour of the stimuwhich was previously associated to
foreperiods of different lengths (endogenous camalit We were interested in revealing

differences in performance (RTs and accuracy)edl&t the different instructions.

METHODS

3.2.1 Participants

Twelve participants (8 females, mean age 30.8 yamge informed consent to take part in
the experiment. All reported being free of neuratagdisorders and had normal or corrected

to normal visual acuity.

3.2.2 Stimuli and task

Participants were comfortably seated in a dimiyniinated room facing a computer monitor
positioned 100 cm in front of them. They were reegito fixate a small square (diameter :
0.2°) in the centre of the screen and to keep thas still during the trials.

The background of the screen was of a uniform lggey and a white bar was present during
the whole experiment on the right side of the gstr€E2-14° eccentricity). The bar was
vertically oriented, had a width of 2° and the same&ht of the screen. At the beginning of
each trial a small square appeared in the midditbeotcreen and after 500 ms a white circle
(diameter: 1°) appeared in the left top or bottamer of the screen and moved towards the
opposite corner in regular steps following a diajdrajectory. The final position of the circle

was the opposite corner of the screen with redpetie starting point. For example: when the
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stimulus started to move from the upper left coritsrfinal position at the end of the trial was
the bottom corner on the right. The sense of mowtwmas conveyed by the appearing and
disappearing of the circle from the screen in @itcsteps. The stimulus stayed on the screen
in each position for 200 ms then it disappearedafeariable time and reappeared in a new
position, always with a diagonal movement. Theleireached the last spatial position before
the white occluding band and than it “disappeaffed 6ne step and reappeared again for the
last time in the right top or bottom corner of thereen depending on the starting point.
During the reappearance of the stimulus after ttobusion period, within the circle appeared
an upright or a tilted cross (50% of trials). Afi00 ms the small square in the middle of the
screen disappeared for 1000 ms signalling the étitkedrial (see Figure 3.1).

Participants were instructed to discriminate agklyiand correctly as possible if in the last
circle an upward or a tilted cross was presentrieggng one of two keys. The response for
“upward cross” always correspond to the “D” keytloé keyboard and “tilted cross” to “K”
key. Participants used the two index fingers tpoes. Eye tracker recordings were used to
monitor the eyes of the participants (IView X, SMI)

Participants completed 10 blocks of 48 trials eant the whole experiment took around 1
hour.

The circle could move across the screen accordingvo different kinds of movement:
regular and irregular. In regular trials, the intrbetween the disappearance of the circle and
the reappearance of the next one had always the f¢amporal length conveying an
impression of a rhythmic movement. In irregulaalsj all the SOAs between successive
stimuli were randomly varied between 100 and 700amd it was not possible to predict
when the next ball would appear. Moreover, in ragtiials also the speed of the ball was
manipulated and in the fast condition the SOA wia80® ms while in the slow one it was of
600. The whole trial had different durations widspect to the speed of the circle. For fast
moving balls one trial lasted 2600 ms, for slow8800ms and in the irregular condition
where each step had a different duration triatethffom a minimum of 2100 to a maximum
of 5000 ms.

The temporal expectation was manipulated in diffeldocks. In “endogenous expectations”
trials the paricipant was instructed that the colofuthe circle was indicative of the length of
the occlusion period (foreperiod). Three differeablours (green, blue and vyellow
approximately equated in luminance) have been usethdicate short, long, or neutral
durations of the foreperiod. The coupling betweetowr and the different durations of

occlusion was counterbalanced between subjechdr‘éxogenous expectations” condition
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the participant was required to focus atentionlendpeed of the circle. In this condition the
length of the foreperiod could be valid if it magchthe speed of the ball during the first part
of the trial, or neutral for trials with irregulapeed.

The occlusion period preceding the appearanceeofas$t ball containing the target was the
real moment in which temporal expectations playedrtrole. In the exogenous condition we
expected that the regular movement on which sulbgeetsed during the trial could help in

responding, while in the endogenous condition éskhowledge of the duration of foreperiod

that is supposed to help the participant in pregarihe response. We compared the
performance in these two conditions to verify iffelient kind of temporal expectation have a
different impact on performance.

Fixation

Moving circle

Occlusion
(foreperiod)

Fast 2600ms
Slow 5000ms
Neutral 2100-5500 ms

Target

Short 600ms
Long 1400 ms

. Fixation
Time

Interval

1000 ms

Figure 3.1: schematic representation of one trial. In experiniethe circles were coloured (blue, green or
yellow) according to the different duration of theclusion foreperiod.
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3.2.3 Data analysis

Mean RTs were analyzed using a repeated-measureVANWIth the following factors:
speed of movement (fast and slow), temporal expenta (endogenous and exogenous),
speed (regular and neutral) and colour (predicive neutral).

Paired samples t test were used for post-hoc casagpar and p values were corrected

according to Bonferroni.

3.3RESULTS

The statistical analysis of RT yielded a the mdieat of speed of movement (1) =
13.134, p = 0.004) and speed:(fr) = 11.452, p = 0.006), while no significant effecas
found for the factor temporal expectationg, (p = 0.005, p = 0.944) and colour{fr) =
1.676, p = 0.222). Post-hoc t test revealed thatiats in which the movement of the circle
was fast, RTs were significantly faster than sloals (§.1) = -3.624, p = 0.004). Moreover, a
decrease of RTs was found also for conditions wtiexespeed of the circle was regular with
respect to neutral conditions in which the stimuhmved with steps of different lengtly(§ =
-3.384, p = 0.006). See Graph 3.1.

Interaction between instructions and coloug (= 5.298, p = 0.042) and speed and colour
(Fa,11= 5.356, p = 0.041) were found to be significavitjle a tendency towards significance
was found for the interaction between speed of ®re and speed condition{f) = 3.525,

p = 0.087). The significant interaction between genal expectations and colour did not
survive post-hoc comparisons and all p values wegker than 0.05. Post-hoc t test for the
interaction between speed and colour revealed atadlition where both speed and colour
were informative (regular and predictive, respestiy, RTs were faster with respect to trials
in which none of cues was informative (both coland speed were neutraly{§ = -3.590, p

= 0.004) or when only the colour was informatiye(t -3.850, p = 0.003).

37



SPEED B COLOUR
570 4 570 4

565 - 565 4

560 - 560 -

555 555

550 - 550 -

545 - 545 4

i
_

540 540

exogenous endogenous exogenous endogenous

[ valid Il Neutal

Graph 3.1: mean RTs averaged over 12 subjects divided fod\eadd neutral speed trials (A) and valid and
neutral colour trials (B). Data are divided accogio the temporal expectation (exogenous and edngg).

3.4 DISCUSSION

The main result of this experiment was that thdriumsion to pay attention to a particular
temporal cue with respect to another one has noein€e on performance. It seems that this
lack of effectiveness could be ascribed to the phweess of the exogenous cue that has a
greater impact on speed of response with respethedknowledge of foreperiod length.
Temporal expectancy is more effective when it isthwp by the regular speed of the circle.
This seems to confirm the superiority of exogentmumsporal cues compared to endogenous
ones, irrespectively of instruction. Participanteedotally reported that even if their attention
was focused on the colour of the ball and this rimftion was used to expect the
reappearance of the ball after the occlusion faregdeit was impossible not to be not
influenced by the rhythmic movement of the ball.yay, endogenous and exogenous
expectation interact significantly indicating thpetrticipants have some advantage on focusing
on both kinds of information.

Also an effect of the speed of movement was fowvith faster RTs for trials in which the
circle moved fast with respect to trials in whitle tmnovement was slow. This result confirms
again the pervasive effect of the exogenous cueoameinporal expectancy provided by the
rhythm of the stimulus. The frequency of the rhyttimat conveys the sense of movement
clearly affects the preparation of the motor resgorwhen the rhythm is more frequent RTs
are faster.
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3.5EXPERIMENT 2

The aim of this experiment was to replicate ancerdtprevious findings on the neural

mechanisms of the effects of temporal expectatidhe. task was similar to previous ones
(Correa & Nobre, 2008; Doherty et al., 2005) in ethtemporal expectation is generated by
the regular rhythm of a moving stimulus. With resp® previous studies, we kept a regular
trajectory of the stimuli without introducing unt@inty about spatial variables and

manipulated the regularity of the rhythm. In para, we were interested on the effect of
exogenous expectancy elicited incidentally by tbgutar movement of the stimulus on the

different components of the ERPs.

METHODS

3.5.1 Participants

Thirty-one students (mean age 24.8) of Oxford UrsiNg took part as paid volunteers and
gave informed consent to participate. All were ffe@mm neurological disorders and had
normal or correct to normal visual acuity. Eleveartgipants were eliminated from the
analysis because of high percentage of errors ssasnior unsatisfactory ERP recording (eye
movements or noise caused by muscle activity). d&fbes, behavioural and
electrophysiological data analyzed in this expentmefer to 20 subjects (13 females).

3.5.2 Stimuli and task

All the experimental conditions (size of the stimand their timing of presentation) were the
same as in the previous experiment except for th#gewcolour of the circle in all the
conditions (see Figure 3.1). Also the task was shene: participants were required to
discriminate as fast and correctly as possiblestigpe contained in the last circle after the
occlusion foreperiod (an upward or a tilted crdsgpressing two keys of the keyboard (“D”
and “K").
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The circle moved across the screen with regulgrss{with two speeds, fast and slow) or
irregular steps of different temporal duration. ®pecific characteristic of this experiment
was the implicit construction of temporal expedas and their breakdown on some trials. On
a trial by trial basis, the movement of the circteveyed specific temporal predictions about
when the circle would re-appear after the occludiag except in the condition of irregular
movement. Across trials, the time at which theleirappeared after the occlusion period
could confirm (valid trial) or violate (invalid &ls) the temporal expectation generated by the
movement of the circle. In the “irregular” movemenod temporal expectation was possible
(neutral trials). In fast invalid trials, the lastcle reappeared with a delay of 800 ms with
respect to the expected time, while in invalid stbe circle reappeared in advance after only
600 ms instead of the expected 1400 ms.

Participants were seated in a dimly illuminatedmpdacing a computer monitor positioned
100 cm in front of them. They were required to fexéhe small square in the centre of the
screen and to keep fixation steady. The whole exget took 1 hour and 15 minutes and

participants completed 14 blocks of 36 trials each.

Short foreperiod Long foreperiod

610

600

590 A

580 ~

570 4

560 -

550 4

540 4

530 A

i

i

N

valid invalid neutral

520

Graph 3.2: mean RTs of 20 subjects divided with respect tdehgth of the foreperiod (short and long) and
with respect to validity of temporal expectatiomngrated by the movement (valid, invalid, neutral).
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3.5.3 EEG recording

The EEG was recorded using Ag/AgClI electrodes nealioh an elastic cap according to the
10-20 International system. The montage includeddine electrodes (Fz, FCz, Cz, Pz, and
0Oz), and 14 sites over each hemisphere (Fpl/FPEBFF3/F4, FT7/FT8, FC3/FC4, T7/T8,
C3/C4, TP7/TP8, CP3/CP4, P7/P8, P3/P4, PO7/PO8/HRII3 and O1/02). Additional
electrodes were used to record the vertical anzdmatial eye movements and as ground and
reference sites. Electrodes placed at the oculathicavere used to record horizontal eye
movements while vertical eye movements and blinkuege detected by an electrode placed
under the right eye. Eye movements were also mautosing an infrared eye tracker (IView
X, SMI). All the electrode were referenced to tight mastoid during the recording and re-
reference off-line to the average of left and rigtastoids. Data were acquired at a sampling
rate of 1000 Hz. using a NuAmp amplifiers (Neurosdal Paso, TX). Recording was done
with a low pass filter at 200 Hz and with no higisp filter (DC).

3.5.4 Data analysis

Behaviour

Mean RTs were analyzed using a repeated-measur€VANwith the following factors:
occlusion period (long and short), temporal expemta(valid, invalid and neutral), position
of the last circle (top and bottom) and responge tfupward cross or tilted cross). Paired
samples t test were used for post-hoc comparisodgavalues were corrected for repeated

measures (Bonferroni).

ERPs

The continuous EEG was filtered off-line with a K@ low pass filter and segmented into
epochs starting 200 ms before and ending 600 neslbcked onto the onset of the last circle
reappeared after the occlusion foreperiod. As @vipus studies, a strict baseline from 0 to 50
ms has been used to minimize the misalignmentefriiveforms caused by the anticipatory
neural activity (CNV) (Correa et al.,, 2006; Corr&aNobre, 2008; Griffin et al., 2002).
Epochs with large (5QV) deflections on the eye channels or excessiveenor drifts in the
other channels (100V) were rejected.

Trials were averaged according to temporal expectsivalid, invalid and neutral) and only

the trials with correct responses have been indudé¢he average. A minimum criteria of 20
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trials for condition has been set in order to easar sufficient signal-to-noise ratio.
Participants with less than 20 trials in any caodithave been eliminated from the analysis.
A repeated-measure ANOVA assessed the effectsmgddral expectation (valid, invalid and
neutral), electrode position (different for eachmpmnent) and electrode side (left, midline
and right, substituted by the factor hemisphertaénanalysis of P1 and N1). When necessary,
Greenhouse-Geissercorrection for nonsphericity was applied (Jenni&g#/ood, 1976). T
tests were employed for post-hoc comparisons amdeBmni correction was used to correct
p values.

Time windows and electrodes were chosen by visnapdaction of the grand average
waveforms and according to previous studies (Dgheral., 2005; Correa & Nobre, 2008).
The P1 was analyzed over occipital and parietaitielde (01/2, PO3/4 and PO7/8). Because
of callosal transmission time two different timendows were employed for this component:
an interval between 105 and 125 ms for contralbtdemtrodes, with respect to the position
of the last circle, and 115 and 135 for ipsilatena¢s. N1 was recorded between 160 and 200
ms on the same electrodes as P1. N2 was analyteedre 250 and 300 ms over centro-
parietal and parietal electrodes (CP3/Z/4 and B3/H3 was evident between 400 and 500
ms over frontal, fronto-central, central and parieéntral position (F3/Z/4, FC3/Z/4, C3/Z/4
and CP3/Z/4).

3.6 RESULTS

3.6.1 Behavioural results

A mean error rate of 7% was found in this tasksTkiatively high percentage of errors could
be caused by an objective difficulty in discrimingtthe two targets presented within the last
circle given the peripheral position of the visfiald where the target appeared.

Statistical analysis of RTs revealed a main efééatcclusion foreperiod (E19)= 10.24, p =
0.005), temporal expectation f{ks) = 21.521, p = 0.001) and of response typg,6F=
26.342, p = 0.001), where RTs for the tilted wexstdr than that for the upward cross. Post-
hoc comparisons revealed that valid trials weraiBantly faster than both invalid s = -
5.812, p = 0.001) and neutrap4} = -3.483, p = 0.002) trials which were faster thavalid
(to2) = -4.74, p = 0.001) trials. The only significamttaraction was between occlusion
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foreperiod and temporal expectationg gk = 32.461, p = 0.001). Paired t test revealed that
for short foreperiod valid trials were faster thamalid ({22 = -8.43, p = 0.001) and neutral
(te2) = -6.621, p = 0.001) trials and that neutral wiargter that invalid (i) = -5.62, p =
0.001) trials. For the long foreperiod, the onlgrsiicant difference was that RTs for valid
trials were longer than neutrap = 3.008, p = 0.006) trials.

VALID
INVALID
NEUTRAL

HEOG VEOG

/

Figure 3.2: Waveforms for posterior electrodes. Average of ERfs locked to the last circle for 20
participants for valid, invalid and neutral condits after short occlusion foreperiod.
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3.6.2 Electrophysiological results

Electrophysiological analysis was conducted onlytf@ls of the short occlusion foreperiod
condition.

The mean amplitude of P1 showed a marginally sipmt main effect of temporal
expectations (f3s = 3.884, p = 0.052) and post-hoc t test revealstymificant difference
between valid and neutral trails:gf = 3.625, p = 0.002). Moreover, the main effect of
electrode position (k3s)= 8.166, p = 0.004) and hemispherg (g = 4.521, p = 0.047) also
resulted significant indicating higher amplitude RO7/8 with respect to O1/2¢; = -5.484,

p = 0.001) and also to PO3/4.4f = -2.804, p = 0.011) and on the right hemisphgg € -
2.126, p = 0.047) with respect to the left hemisphe

N1 was not modulated by temporal expectationgséf= 0.25, p = 0.78), but the main effect
of electrode position (k3s) = 4.254, p = 0.022) and hemispherg (= 17.477, p = 0.001)
were found to be significant and also the intecachetween these two factorsy(fs) = 4.637,

p = 0.016). N1 was more negative on the PO3/4reldes and over the left hemisphere. Post-
hoc comparisons revealed that N1 was more negatige the left hemisphere for electrode
O1 (i) = -4.285, p = 0.001), PO3 4 = -3.355, p = 0.003) and PO74f = -4.143, p =
0.001) with respect to =2, PO4 and PO8, respegtiiegure 3.2).

The amplitude of N2 was marginally affected by tenah expectation (g3s = 3.625, p =
0.057) and post-hoc comparisons revealed a signifidifference between valid and neutral
condition (t19) = 2.622, p = 0.017) and a marginally significaiftedence between valid and
neutral (f19) = -3.355, p = 0.003) trials. N2 was more posit(amd less wide) in valid
temporal expectations. The main effect of electrpdsition was also significant gs) =
4.565, p = 0.042) and post-hoc tests revealed rafisgntly more negative N2 for central
electrodes with respect to central-parietal ongg €-2.901, p = 0.017).

P3 amplitude was affected by temporal expectafigrsd) = 8.948, p = 0.001) and valid trials
were more positive than invalida¢y = 3.710, p = 0.001). Also electrode positionu (k) =
5.481, p = 0.001) and electrode side g5 = 3.822, p = 0.031) were found to be significant.
Over more frontal electrodes P3 amplitude was l@ssounced and increased moving
towards more posterior electrodes (F vs. g%, -9.006, p = 0.001; FC vs. Gig} = -6.850,

p = 0.001; C vs. CP:14) = -5.146, p = 0.001). P3 amplitude was higher owedline
electrodes with respect to electrodes over thet figimisphere (ty) = 2.925, p = 0.009).
Interactions between temporal expectation and reléetside (f,76)=, 4.605 p = 0.007) and
electrode position and electrode sides{) = 10.437, p = 0.001) were found to be
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significant. Paired T tests revealed that in valxhdition P3 was more positive over middle
electrodes than left electrodegdft= -3.864, p = 0.001) or right oneg{f= 3.8, p = 0.001),
while in invalid condition the amplitude of P3 oJeft hemisphere was lower than on right
ones (ko) = -4.626, p = 0.001). The post-hoc analysis ofititeraction between electrode
position and electrode side revealed that the d@nadiof P3 increased significantly moving
from the more frontal electrodes towards more pastsites for electrodes on the left and
right hemisphere and for electrode on the midlif@ ¥s. FC3: {q) = -6.439, p = 0.001; FC3
vs. C3: t1g) = -6.323, p = 0.001; C3 vs. CP@uf=-3.44, p = 0.003; Fz vs. FCzof = -7.924,

p = 0.001; FCz vs. Czpud = -6.585, p = 0.001; Cz vs. CPzayst= -5.336, p = 0.001; F4 vs.
FC4: t19)=-7.701, p = 0.001; FC4 vs. Céif= -5.006, p = 0.001; C4 vs. CP4st= -5.864,

p = 0.001) (Figure 3.3).
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Figure 3.3: Waveforms for parietal central and frontal elecéwdAverage of ERPs time locked to the last circle
for 20 participants for valid, invalid and neutcainditions after short occlusion foreperiod.

3.7 DISCUSSION

The aim of this experiment was to verify the effe€texogenous temporal expectations on

behaviour and

in particular

on neurophysiologicasponses.

Exogenous temporal

expectations are generated incidentally by a regidaporal structure (Coull & Nobre,

2008). In this specific case, the regular appeaaind disappearing of a small circle in the
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screen conveyed a sense of regular movement aablissed a rhythm. Participants did not
receive any particular instruction about the moveinaé the circle but the behavioural results
confirmed that they used it to improve performantke effect of temporal expectations
generated by the rhythm of the circle was eviderd decrease of RTs in the valid condition,
that is, when the movement was not perturbed duhagcclusion foreperiod, with respect to
the invalid condition, but also to the neutral ofe difference between neutral and valid
expectations of attention in time confirmed the powf the temporal information conveyed
by the regularity of the rhythm in enhancing bebaval performance. This enhancement of
performance agrees with the classical findingstotliss that used explicit symbolic cues
(Nobre, 2001). Moreover, the benefit obtained ®/rtiythmic movement was present both in
fast and slow conditions confirming the flexibilitpf temporal expectations already
highlighted by a previous study (Correa & NobreQ&)0

The shortening of RTs for longer occlusion forepesi has been already described in the past
(Elithorn & Lawrence, 1955):. with long foreperiodthe variability produced by the
foreperiod is reduced by using the information juled by the flow of time itself. In terms of
“hazard function” this means that the probabilligttan event occurs increases if it is not yet
occurred. In our task, with long occlusion forepds the probability of target appearance
increases with time and the participant is morerance prepared to respond.

The effect of temporal expectations on the ERPspomants has been investigated by
previous studies and it is quite well establish@dienting attention in time affects later
components related to decision processes and resgpwaparation like N2 and P3 (Miniussi
et al.,, 1999; Nobre, 2001; Griffin et al.,, 2001 a@d2). One study (Griffin et al., 2002)
revealed an enhancement of N1 when participantsddd to stimuli occurring after a short
temporal interval with respect to a long one. Unfpately, this result has not been replicated
by the authors (Griffin et al., 2002) and still dedo be explained. In a paradigm similar to
the one employed in this experiment, Doherty anithloorators (2005) found an increased
amplitude of P1 in conditions when spatial and terap expectations interact. It is well
known that P1 amplitude is modulated by spatiardibn (Eimer, 1998; Mangum, 1995).
Interestingly, the enhancement of P1 by Doherty emittagues (2005) was greater in the
condition that combines the two kinds of expectajcspatial and temporal, with respect to a
condition of spatial expectation alone. In our expent we found that P1 amplitude was
modulated by temporal expectancy. The task didonettly manipulated spatial expectancy
and the last position of the target was inferredh®yregular diagonal trajectory followed by

the circle. This result corroborates previous fmdiadding new evidence that temporal
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information can influence perceptual analysis ashes case with spatial information. N1
amplitude was not modulated by temporal orientingst confirming previous findings
(Correa & Nobre, 2008).

We found a modulation of N2 by temporal expectatower central and parietal electrodes.
With respect to previous studies (Correa et aD82Moherty et al., 2005), the modulation of
N2 was present only on midline electrodes and tveright hemisphere and no modulation
was evident for electrodes on the left hemisph&lee N2 component reflects temporal
orienting and several studies reported that tempxpectation attenuated it (Correa et al.,
2006; Doherty et al., 2005; Griffin et al., 2002he meaning of this modulation it is still not
clear. N2 has been associated to temporally degiamuli in oddball paradigms (Loveless,
1986) and response inhibition (Kok, 1986). Corrad &lobre (2008) hypothesized that N2
reflects a mechanism of response inhibition thav@nts response in the wrong moment. This
explanation is consistent with the increased neatof this component for invalid trials
where the target appeared later than the expeabeaemt.

As in previous studies (Griffing et al.,, 2002; Missi et al., 1999), P3 was strongly
modulated by temporal expectation and this effeets wonnected to response-related
processing. This component is more positive fordvaalals and is related to motor response
preparation (Mangun, 1995).

The electrophysiological analysis of this experitmane still in progress. We are also
interested in analyzing the frequency activity e alpha ¢) and mu ) band generated by
the rhythm and to highlight how the oscillatoryieity is modified by the breakdown of

temporal expectations.

3.8 CONCLUSIONS

These two experiments shed light on some aspedtseaiechanisms involved in temporal
expectations. They have highlighted the pervasweing effect exerted by the rhythmic
movement that cannot be deleted by the use of embog temporal expectations. These
results suggest a superiority of exogenous mecmasnis driving temporal expectation with
respect to more cognitively-controlled instructioMoreover, they confirmed the synergistic
effect of the combination of spatial and temporgbextation. To know how and when a

stimulus will appear has a strong impact on theraleactivity linked to primary steps of
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visual analysis indicating an influence of both kiaf mechanisms on sensory processing

stages.
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CHAPTER 4

General conclusions

The three experiments reported in this thesis aite glifferent among each other. They cover
different topics within the main field of attent@inselective mechanisms in space and time
and different techniques (TOJ paradigm, RTs and€tRBve been employed to highlight the
multifaceted mechanisms involved in these processes

The first experiment used a TOJ paradigm to mapl#iit in selective spatial attention of
patients with signs of neglect or visual extinctidhis paradigm allows to obtain an index of
the temporal advantage for unattended stimuli wapect to attended ones. Previous studies
(Bueti et al., 2007; Eramudugolla et al., 2007; Guoeet al., 2003; 2006; Karnath et al, 2002;
Robertson et al., 1998; Rorden et al., 1997; Siretadl, 2007) used TOJ tasks to evaluate the
performance of neglect patients in different sepsopdalities. The common finding is a
consistent temporal delay in the perception of dtiulus presented in the left hemispace
with respect to the one presented in the rightigorof space. We extended the previous
findings by manipulating both the temporal delay d@ime spatial position of the stimuli and
analyzing the performance of patients at differdentricities within each visual field. The
results confirmed a strong temporal disadvantagestimuli presented within the left visual
field, while in the ipsilesional visual field theeggormance of neglect patients did not differ
from control subjects. Moreover, it has been foundendency towards a significantly
different performance within left visual field. Theft-sided stimulus of the pair presented in
far left position needs a greater temporal advantagh respect to the left-sided stimulus
presented in near position. The modulation of grerince according to eccentricity adds
new evidence to the existence of a gradient indefecit of attentional selection reported by
previous studies (Behrmann etal., 1997; Hornackl®arnath & Fetter, 1995; Karnath &
Perenin, 1998; Kerkhoff et al., 1999; Natale et28I05; Natale et al., 29007; Smania et al.,
1998). Interestingly, the present results provideence for the existence of a modulation of
the temporal selection within a deficit in spasalection. In the left visual field, where the
spatial selective mechanisms of neglect patierdsrapaired there is also an impairment of
temporal mechanisms and both deficits decreasdhgenoving towards more ipsilesional
positions. This interaction between spatial andpteral aspects of the stimulation suggests a

possible common basis for these mechanisms.
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The two experiments that investigated temporal ebgh®ns built by regularly moving
stimuli have a different theoretical backgroundhwigspect to the TOJ task but are still useful
in demonstrating an interaction between attentspace and time. In particular, the ERPs
experiment corroborated previous findings (Dohedy al., 2005), proving that the
combination of spatial and temporal expectatiofisi@mces the amplitude of the early visual
component P1 thus reflecting an improvement infitts¢ stages of visual analysis. Doherty
and colleagues (2005) demonstrated that this effewit simply caused by spatial focusing. It
is well known that spatial attention enhances thwplaude of P1 (Eimer, 1998; Mangun,
1995), but in Doherty’s experiment the increasegléaaode in the condition of both temporal
and spatial focusing was significantly greater th@arthe condition of spatial expectations
alone. The synergistic effect obtained by combinsmgatial and temporal information
demonstrates that spatial and temporal informat@m be used simultaneously to improve
attentional selection over the benefit obtainedtliy use of either information alone. The
same results have been obtained also with diffggarddigms. Kristiinsson and Nakayama
(2002) added a spatial component to an AB tasklen®oull & Nobre (1998) and Milliken
and colleagues (2003) used cues with both temmordl spatial properties. Trying to cast
more light on the specificity of the mechanisms gsgatial and temporal attention,
neuroimaging studies compared the anatomical ameadved in temporal and spatial
orienting. Coull and Nobre (1998) employed both ippos—emission tomography and
functional magnetic resonance imaging in a taskiirggy to attend to spatial locations or
temporal intervals according to a symbolic centtad. A strong hemispheric asymmetry was
found between regions activated by spatial witlpeesto temporal orienting. While spatial
attention preferentially activated right posteriparietal areas, temporal orienting was
associated with activation of left inferior parietoortex and left inferior lateral premotor
cortex. The pattern of cerebral areas activatedebyporal orienting of attention has been
confirmed also in a successive study (Coull et 2000). This evidence suggests that a
parietal-frontal sensorimotor circuit may contributo general mechanisms involved in
attentional orienting, while differently lateraldesub-system are activated by specific type of
expectations (Nobre, 2001).

The scenario reproducing the relationship betweétsm@onal mechanisms in space and time
is complex and articulated. Recent findings (armb atudies reported in this thesis) suggest
the existence of strong interactions between thesenechanisms but still many aspects need

to be clarified. It is still unclear if spatial anemporal attention depend on the same general
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mechanisms, or the way in which information abgoaice and time interact successfully
increasing performance.

In the last years the interest in studying the raa@ms of temporal orienting is greatly
increased and hopefully always more and more engiljype devoted to the investigation of

this emergent topic in neuroscience.
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