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“the deficit therefore is not one of seeing, hearing, feeling, or moving but one of looking,
listening, touching, and exploring” (Mesulam, 1981, p. 318).
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Prologue

Prologue

This thesis explores visual priming, therapy, and literature research on unilateral neglect.
Visual priming is of great interest because it provides one of the most important windows into
the function of the visual system and the theoretical underpinnings of neglect. Therapy is
widely studied since the disorder lays a heavy burden on modern society in general. Literature
research on neglect plays an important role in explaining the phenomenon and stimulating
new lines of research. By studying the fundamentals and progression of the disorder, we can
gain better insight that might lead to better prevention and treatment.
This thesis uses the term “neglect” in various ways in reference to different aspects of
unilateral neglect, such as visual or motor neglect. Furthermore, I use the words “visual
inattention” as a synonym for “visual neglect”, but it generally involves attentional problems
in one side of space. Finally, the meaning of the term “neglect” should not be confused with
the unrelated phenomenon of child neglect .
The seven studies presented in this thesis and the pre-existing research literature
referred to herein explore the phenomenon of unilateral neglect. These reports are based on
systematic studies of neglect patients and other control subjects that have not suffered from
neglect.
Despite the great amount of research literature on neglect that has been published in
the last two centuries, no consensus has been reached among neuropsychologists and other
scientists about what neglect really is and how it is best treated. I hope that the studies that are
presented here will increase our understanding of neglect and improve the quality of life of
patients suffering from this affliction.
The thesis was written according to the Concise Rules of APA Style (APA, 2007).
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1. Summaries

1.1. Summary in English
Unilateral neglect is a multimodal neuropsychological disorder that is often caused by
a right hemisphere stroke. Patients with this disorder fail to respond, notice or orient to
important or novel stimuli on their contralesional left side, even though primary motor and/or
sensory processes are intact. The seven studies introduced in this thesis all focus on different
aspects of the disorder.
Study 1 examines visual priming from repeated distractor sets in conjunctive visual
search in four neglect patients and control subjects. The results indicate that priming arose
from the right and left hemifields independently, as well as from both fields together. The
results suggest that visual grouping, or the perceptual organization, of distractor sets is
relatively intact in the affected visual field of neglect patients. The findings are consistent
with claims that grouping is distinct from attentional processing and that it operates on lower
levels of the perceptual hierarchy. In addition, the experimental outcome underlines claims
that the repetition of context may even temporarily improve search impairments of neglect.
The therapeutic effects of PA (prism adaptation) are explored in Study 2 with pop-out
visual search tasks and standard neglect tests in eight neglect patients. When feedback was
provided in each search trial, no improvement was found in all tasks following PA. These
results are in line with claims that increased cognitive load leads to prism de-adaptation or
unimproved performance following PA. When patients were not given any feedback on their
performance, it resulted in improved performance on both tasks. These findings indicate that
cognitive load such as feedback may negate the positive effects of PA in neglect.
Subsequently, Study 3 explored whether PA improves the therapeutic effects of NV
(neck vibration) when it is combined (NVPA). Neglect was assessed with the same feedback
based visual search task and many of the same classical neglect tests as used in Study 2. The
2
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interventions were found to improve the performance of the visual search for two groups of
neglect patients. However, the patients that received the combined therapy showed
improvement in the standard paper and pencil tests for the disorder in contrast to the NV-only
experimental group. These findings suggest that PA strengthens the therapeutic effects of NV
and that feedback-based assessment of the effects does not negate the beneficial effects of PA
when NV is applied at the same time. More generally, the results support the view that the
most effective intervention for neglect involves a combination of different treatments.
In line with this, Study 4 systematically explores the literature on neglect with the aim
of detecting the most effective therapeutic design and its coaction to different interventions.
Many scientists have speculated that applying different therapeutic methods in combination
would facilitate healing. The study confirms that combined approaches of different therapies
lead to increased general improvement and that this may be further facilitated by repeating the
sessions. The sequential approach was found to result in less therapeutic success than
combined designs.
Study 5 examines neglect-like symptoms in healthy subjects in response to facial cues
communicating danger and happiness. Individuals with elevated hypomanic emotional traits
showed bilateral neglect-like symptoms to fearful cues in contrast to subjects who did not
have these personality traits.
Finally, Studies 6 and 7 discuss many aspects of neglect such as symptoms, incidence,
diagnosis, prognosis, causes, anatomical localization, theories and interventions. These
articles were written for a general audience, not for neglect experts.
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1.2. Zusammenfassung in Deutsch
Unilateraler Neglect ist eine multimodale neuropsychologische Störung, die häufig
nach rechtshemisphärischen Schlaganfällen auftritt. Betroffene Patienten sind nicht in der
Lage, Stimuli auf der kontralateralen (linken) Seite adäquat zu verarbeiten, obwohl die
primären motorischen und sensorischen Systeme intakt sind. Die sieben Studien dieser
Doktorarbeit beleuchten verschiedene Aspekte des Störungsbildes.
Studie 1 untersucht an jeweils vier Patienten und Kontrollprobanden visuelles Priming
durch wiederholte Darbietung von Distraktoren im Rahmen einer kombinierten visuellen
Suchaufgabe. Die Resultate zeigen einerseits, dass Priming einerseits in beiden Hemifeldern
unabhängig auftrat, andererseits, dass kombinierte Effekte zu beobachten waren. Dies deutet
darauf hin, dass die perzeptuelle Organisation der Distraktorgruppen in den betroffenen
visuellen Hemisphären der Patienten relativ intakt ist. Diese Ergebnisse sind konsistent mit
der Annahme, dass „visual grouping“ sich von Prozessen der Aufmerksamkeitsverarbeitung
unterscheidet und auf einer niedrigeren Stufe der Wahrnehmungshierarchie angesiedelt ist.
Zusätzlich unterstreichen die experimentellen Befunde frühere Ergebnisse, dass die
Wiederholung des Kontextes zu einer vorübergehenden Verbesserung der Leistung von
Patienten im Rahmen von Suchaufgaben führen kann.
Studie

2

untersucht

an

acht

Patienten

die

therapeutischen

Effekte

der

Prismenadaptation (PA) auf visuelle „pop-out“ Suchaufgaben und klassische Neglect-Tests.
Wurde nach jedem Durchgang ein Feedback gegeben, zeigte sich bei keiner der Aufgaben ein
Effekt der Prismenadaptation. Diese Ergebnisse stehen in Einklang mit Befunden, dass
erhöhte kognitive Beanspruchung zu Deadaptation bzw. nicht-erhöhter Leistung nach
Prismenadaptation führt. Erhielten die Patienten kein Feedback, zeigte sich bei beiden
Aufgaben ein Effekt der Prismenadaptation. Die Ergebnisse deuten darauf hin, dass Feedback
die positiven Effekte der Prismenadaptation bei Neglectpatienten negieren kann.
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Darauf aufbauend untersucht Studie 3 an 10 Patienten, ob eine Kombination aus PA
und Nackenvibration (NVPA) einer reinen Behandlung mit PA überlegen ist. Die zu
bewältigenden Aufgaben entsprechen denen aus Studie 2. Es zeigte sich, dass die kombinierte
Behandlung zu einem besseren Abschneiden in den klassischen Papier- und Bleistifttests
führte. Dies weist darauf hin, dass PA die therapeutischen Effekte der NV verstärkt und dass
Feedback bei der kombinierten Behandlung die Effekte der PA nicht negiert. Auf einer
allgemeineren Ebene kommt man zur Schlussfolgerung, dass die effektivste Intervention bei
Neglect eine Kombination aus verschiedenen Verfahren darstellt.
Hierauf bezieht sich auch Studie 4, eine systematische Analyse der Neglect-Literatur
mit dem Ziel, das effektivste therapeutische Vorgehen durch das optimale Zusammenwirken
der verschiedenen Interventionen herauszuarbeiten. Viele Forscher haben spekuliert, dass die
Anwendung kombinierter Methoden die Genesung erleichtern könnte. Studie 4 bestätigt den
überlegenen Effekt kombinierter Interventionen und weist darauf hin, dass eine wiederholte
Therapie diesen Effekt weiter verstärken kann. Dabei war der sequentielle Ansatz in puncto
Therapieerfolg den kombinierten Verfahren unterlegen.
Studie 5 untersucht an Probanden mit hypomanischen Persönlichkeitszügen das
Auftreten von neglectartigen Symptomen, die nach der Präsentation von Gesichtsausdrücken
auftreten, die Gefahr und Freude signalisieren. Die Personen zeigten bilateral neglectartige
Symptome nach der Präsentation von angstbesetzten Hinweisreizen, während dieser Effekt
bei Probanden ohne diese Persönlichkeitsveränderungen nicht auftrat.
Schließlich diskutieren die Studien 6 und 7 verschiedene Aspekte der NeglectStörung, von Symptomen über Inzidenzraten, Diagnose, Prognose, Verlauf, Ursachen,
anatomische Lokalisation, Modelle und Interventionen. Diese Beiträge sind an ein breiteres
Publikum gerichtet.
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1.3. Ágrip á íslensku
Gaumstol er margþætt taugasálfræðileg röskun sem orsakast einkum af heilablóðfalli í
hægra heilahveli. Sjúklingar sem hafa þessa truflun gefa áreitum til vinstri eða öfugum megin
miðað við heilaskaða ekki gaum, jafnvel þótt að frum skyn- og hreyfiferli eru ósröskuð. Þær
sjö rannsóknir sem verður lýst í ritgerð þessari snúa að ólíkum þáttum gaumstols.
Rannsókn 1 snýr að sjónrænni ýfingu vegna endurtekinna truflara í sjónleit hjá fjórum
gaumstolssjúklingum og samanburðar þátttakendum. Niðurstöðurnar gefa til kynna að ýfing
eigi sér stað frá bæði vinstra og hægra sjónsviði, og báðum sviðum samtímis. Niðurstöðurnar
benda til að sjónræn hópun, eða skynræn skipting fyrir truflara sett sé tiltölulega eðlileg í
truflaða sjónsviði gaumstolssjúklinga. Niðurstöðurnar eru í samræmi við staðhæfingar að
hópun sé aðskilin frá athylgisvinnslu og að hópun starfi á lægra stigi skyn-stigveldis. Þar að
auki styrkja niðurstöðurnar staðhæfingar um að endurtekning samhengis geti jafnvel
tímabundið aukið leitargetu gaumstolssjúklings.
Meðferðaráhrif strendingsaðlögunar (PA) voru könnuð í rannsókn 2. Þetta var gert
með einföldu sjónleitarverkefni og stöðluðum gaumstolsprófum hjá átta sjúklingum. Þegar
viðgjöf var gefin eftir hverja leit, varð engin framför eftir PA meðferð. Niðurstöður þessar eru
í samræmi við staðhæfingar um að aukið hugrænt álag geti leitt til strendings af-aðlögunar eða
framfararleysi eftir PA meðferð. Aftur á móti, þegar sjúklingum var ekki gefin árangurstengd
viðgjöf, kom bæting í ljós í öllum verkefnum. Þessar niðurstöður gefa til kynna að hugrænt
álag eins og viðgjöf geti eytt jákvæðum áhrifum PA meðferðar við gaumstoli.
Í rannsókn 3 var kannað hvort NV (hálstitrun) yki meðferðaráhrif PA þegar
meðferðunum er beitt samhliða og mælt væri með sama sjónleitarverkefninu sem gefur
viðgjöf ásamt mörgum sömu klassísku gaumstols prófunum sem voru notuð í undanfarandi
rannsókn. NV og NVPA (samþætting NV og PA) stuðluðu að bætingu hjá báðum hópum á
sjónleitarverkefninu. Sjúklingarnir sem fengu samþætta meðferð sýndu framför á stöðluðu
pappírs prófunum fyrir gaumstol ólíkt hinum hópnum sem fékk NV. Þessar niðurstöður gefa
6
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til kynna að PA styrki meðferðaráhrif NV og að viðgjafarháð mat áhrifa eyði ekki jákvæðum
áhrifum PA þegar NV er beitt á sama tíma. Almennt séð styðja niðurstöðurnar þá skoðun að
áhrifaríkasta meðferðarleið gaumstols felist í samþættingu ólíkra meðferða.
Rannsókn 4 skoðaði kerfisbundið rannsóknargreinar gaumstols með það að markmiði
að greina áhrifaríkustu meðferðarhönnunina og samvirkni hennar við ólíkar meðferðir. Margir
vísindamenn hafa getið sér til að beiting ólíkra meðferða sem eru samþættar flýti fyrir bata.
Rannsókn 4 staðfestir þetta og að endurtekning meðferðarlotna geti aukið enn frekar
meðferðaráhrifin.
Rannsókn 5 skoðaði einkenni sem svipar til gaumstols í heilbrigðum einstaklingum
gagnvart svipbrigðum hættu og gleði. Einstaklingar sem voru greindir með væga oflætis
persónuleikaeinkenni sýndu tvíhliða gaumstols-lík einkenni gagnvart hættu vísbendum ólíkt
einstaklingum sem voru án þessara persónuleikaþátta.
Að lokum, snúa rannsóknir 6 og 7 að mörgum hliðum gaumstols eins og til dæmis
tíðni, greiningu, batahorfum, orsökum, taugalíffræðilegri staðsetningu, kenningum og
meðferðum. Þessar greinar voru aðallega skrifaðar fyrir leikmenn og aðra með takmarkaða
þekkingu á gaumstoli.
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2. Theoretical Background

2.1. Unilateral neglect
Neglect (e.g. visual neglect, hemispatial neglect, visual inattention) was first described by
Hughlings Jackson in 1876 when he investigated a patient in London with a right temporal lesion
who started to read on the right side of a page and in the middle of words (Robertson, 1993).
Today, neglect is defined as a multimodal syndrome in which patients fail to respond to stimuli
and events in their contralesional hemifield which cannot be attributed to motor or sensory deficits
(Heilman, Watson, & Valenstein, 2003; Mesulam, 1985). An example of neglect is when a patient
cannot find his/her keys in a pocket on the left side of the body. The English novelist Charles
Dickens, the US president Woodrow Wilson, and the artist Anton Raderscheidt are among the
famous sufferers of neglect (Bogousslavsky & Hennerici, 2007; McManus, 2001; Weinstein,
1981).

2.2. Subtypes
Unilateral neglect is a heterogeneous syndrome that can be subdivided by impairments in
many types of modalities such as visual, tactile, auditory, olfactory, and spatial. This can be seen
when a patient shows only visual neglect while another subject is impaired in a different modality
(Vallar, Sandroni, Bignamini, & Perani, 1991). Cubelli, Nichelli, Bonito, De Tanti, and Inzaghi
(1991), for instance, demonstrated a dissociation between visual and tactile neglect in a search
task. Furthermore, neglect can entail various degrees of spatial deficits.
Visual neglect refers to problems in detecting stimuli in contralesional hemispace where
patients omit, for instance, the right side of a plate. One form of visual neglect is neglect dyslexia,
in which patients read only half sentences or words (Robertson & Halligan, 1999). Tactile
(somatosensory) neglect is the ignoring of tactile stimuli, such as on the contralesional half of the
body. This happens, for example, when patients do not react to cold and unpleasant stimuli or
pressure on their left arm (De Renzi, Faglioni, & Scotti, 1970). Olfactory neglect is described as
8
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an impairment to sense of smell in the contralesional nostril. This is of particular interest because
RHD (right hemisphere damaged) subjects neglect stimuli presented to their contralesional nostril
in contrast to the olfactory nerves (cranial nerves number 1) that do not cross (chiasm) each other
(Bellas, Novelly, Eskenazi, & Wasserstein, 1988). However, this is rarely observed in daily life
because one nostril alone can detect olfactory stimuli very well, and thus the impairment goes
unnoticed. Motor neglect describes a reduced movement or use of contralesional limbs of the
body in absence of severe sensory-motor deficits. This can be seen in bimanual activities such as
walking, eating, and carrying. Motor neglect is considered qualitatively different from motor
extinction, hemiakinesia, bradykinesia, and directional hypometria (Robertson & Halligan, 1999).
Spatial neglect refers to impairments in personal, extrapersonal, peripersonal, and
representational domains of space (Robertson & Halligan, 1999). Personal neglect refers to
neglect symptoms in certain or all spaces of a patient’s body (Bisiach, Vallar, Perani, Papagno, &
Berti, 1986). An example of personal neglect is buccal hemineglect in which food stays in the left
side of a patient’s mouth (André, Beis, Morin, & Paysant, 2000). Peripersonal neglect refers to
neglect symptoms in the "reaching" space around a patient. Most neuropsychological tests are
performed in this patient’s space (Robertson & Halligan, 1999). Extrapersonal neglect refers to
space that is beyond normal reaching. A patient that can only describe the right side of a
therapist's office and another subject that can play darts without any problems are examples of the
impairment and its absence, respectively (Halligan & Marshall, 1991; Vuilleumier, Valenza,
Mayer, Reverdin, & Landis, 1998). Representational neglect can be described as a deficit in
imagining the contralesional side of a scene compared to the ipsilesional side. This can be seen,
for instance, when a patient draws a clock freehandedly and leaves out the numbers on the left
side (Robertson & Halligan, 1999). Furthermore, spatial neglect is sometimes divided into
allocentric, egocentric, and object-centric impairments. We speak of allocentric neglect when
there are two stimuli in space and the contralesional target is estimated to be closer to the right
one than it really is, as can be seen on a horizontal line bisection. Egocentric neglect indicates
impaired spatial perception in relation to the sagittal midline of the body; this can, for instance,
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impair the patient in her/his ability to point straight ahead. Object-centric neglect (or environmentcentered neglect) refers to hemispatial deficits on the contralesional side of something such as a
watch or picture (Kerkhoff, 2001).

Taken together, the dichotomy of neglect can be sub-classified into many subterms
that may overlap each other in many ways. For example, visual neglect is usually spatial in
some sense and many patients fulfill criteria for more than one sub-classification of neglect.

2.3. Incidence
Neglect has been found to be quite common among stroke sufferers and more
prevalent in right hemisphere compared to left hemisphere patients (Heilman et al., 2003).
Incidence of neglect is relative to the time of measure after a cerebrovascular injury and to the
methods that are used to detect it. Fullerton, McSherry, and Stout (1986) found that 49% of
right hemisphere and 25% of left hemisphere damaged (LHD) patients from a pool of 205
subjects showed signs of neglect within 48 hours of a stroke. Halligan, Marshall, and Wade
(1989) reported that 48% of right and 15% of left hemisphere stroke patients (N=80) had
neglect symptoms about two months following the occurrence of stroke. Zoccolotti and
coworkers (1989) explored 104 right hemisphere patients who came to rehabilitation at least
two months after a cerebrovascular accident. Estimates varied according to the tests applied:
they reported 27-52% to have the disorder. Stone et al. (1991) assessed 171 patients three
days after a stroke and reported 82% of the right and 65% of the left hemisphere subjects to
have the disorder. Pedersen, Jørgensen, Nakayama, Raaschou, and Olsen (1997) explored 602
acute stroke subjects and found 23% to have neglect, 42% which were right hemisphere
patients and 8% were left hemisphere patients. Ringman, Saver, Woolson, Clarke, and Adams
(2004) showed that 43% of right hemisphere patients and 20% of left hemisphere patients had
neglect in the first week after a stroke; neglect was present for 17% and 5% for these same
groups three months following the stroke. In addition, they reported that handedness and
10
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gender do not predict the development and incidence of neglect symptoms. Appelros,
Karlsson, Seiger, and Nydevik (2002) studied 272 acute stroke patients, and found 24% of
them to have neglect, 32% with right and 17% with left hemisphere injuries.
Taken together, the incidence of neglect has been explored in numerous studies that
have underlined the clinical importance of the disorder. Based on these studies, one can
estimate that about one in every three stroke patients have neglect. In line with this, Corbetta,
Kincade, Lewis, Snyder, and Sapir (2005) have estimated about three to five millions new
cases yearly, worldwide.

2.4. Comorbidity
Although neglect per se is not explained by motor or sensory impairments, it is commonly
accompanied by other stroke-related problems such as anosognosia (a condition in which a patient
who suffers disability such as neglect seems unaware of or denies the existence of his or her
disability), anosodiaphoria (a condition in which a subject who suffers disability due to brain
injury seems indifferent to the existence of their handicap), visual field deficits, hemianaesthesia
(loss of sensation of the affected part), hemiplegia (paralysis affecting only one side of the body),
paraesthesia (a skin sensation, such as burning, itching, or tingling, with no apparent physical
cause), emotional disorders and extinction (patients do not show any or minimal deficit for an
isolated visual event on the contralesional side; the deficit only emerges when stimuli are
presented concurrently on the left and right sides, in which case the more contralesional event
goes undetected). Hemiplegia has been reported to be found in 88% neglect subjects (Saevarsson,

Kristjánsson, Hildebrandt, & Halsband, 2009). Pedersen et al. (1997) have reported anosognosia
to be present in 73% of neglect patients. Vallar and Perani (1986) and Kerkhoff (1999) detected
visual field defects (e.g. quadrantantopia) in 80% of subjects. Hemianaesthesia was found in 63%
of patients (Ghika, Ghika-Schmid, & Bogousslavsky, 1998; Sterzi et al., 1993; Vallar, Guariglia,

Magnotti, & Pizzamiglio, 1995; Vallar, Guariglia, & Rusconi, 1997). Pseudoparesis of the hand
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has been found in 90% of subjects (Ghika et al., 1998). Saevarsson, Kristjánsson, Hildebrandt,

and Halsband (2009) have reported ipsilesional deviation of body position in 50% of patients.
Tijssen and Gisbergen (1993) and De Renzi, Colombo, Faglioni, and Gibertoni (1982) found that
50% of their patients with neglect had tonic ipsilesional eye deviation. Disorders such as anxiety
have not been explored systematically in neglect (but see Barrett et al., 2006). Nys et al. (2006)

have reported that neglect, among all cognitive disorders, carries the greatest risk of
developing depressive symptoms.

2.5. Prognosis and recovery
Few studies indicate that acute stroke patients with neglect are more likely to be
dependent on others (Buxbaum et al., 2004; Denes, Semenza, Stoppa, & Lis, 1982; Katz,
Hartman-Maeir, Ring, & Soroker, 1999; Kinsella & Ford, 1985). Cherney, Halper, Kwasnica,
Harvey, and Zhang (2001), for instance, reported that the presence of neglect and its severity
correlate to reduced general and cognitive-communicative performance better than other
disorders.
Full or partial spontaneous recovery of neglect occurs in the greater part of patients after
the onset of the disorder, while it remains a chronic affliction in the smaller fraction of patients.
Stone, Halligan, and Greenwood (1993) have reported that 82% of right and 65% of left
hemisphere patients show acute neglect symptoms, while Halligan et al. (1989) found that 48% of
right hemisphere and 15% of left hemisphere patients show symptoms of neglect for at least two
months following a stroke. Farnè et al. (2004) reported that spatial attention impairments improve
in less than 50% of patients during acute stages of neglect, and during chronic stages only partial
recovery of the disorder occurred. However, the degree to which this recovery was confounded
with post-stroke therapy is not known. Furthermore, it is currently unclear how neglect therapy
may interact with spontaneous recovery. Spontaneous recovery usually occurs naturally in the
weeks or months following a stroke, usually within the first three months but sometimes even a
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few years following brain injury. Different aspects of the syndrome may, in addition, recover at
different rates (such as motor dysfunction and anosognosia; see Cramer, 2008).

2.6. Assessment
The clinical symptoms of hemispatial neglect are typically assessed with behavioral
analysis and neuropsychological test batteries such as the Behavioural Inattention Test
(Wilson, Cockburn, & Halligan, 1987) which includes the Albert’s test (e.g. Albert, 1973;
Mesulam, 1985) and line bisection task (Schenkenberg, Bradford, & Ajax, 1980). However,
there is currently no standardized or fully accepted method of measuring and determining
different aspects of neglect (see Robertson & Halligan, 1999 for details). A problem with
most neglect tests is that patients may be able to compensate for their deficits because the
tasks might not sufficiently mimic the attentional demands of the patients’ daily environment.
Over time, patients may learn how to complete a cancellation test, although it will perhaps not
be an indication of any improvement in their condition and the way that they complete the
task may be quite abnormal. On the other hand, some neuropsychological patients can also
show clearer deficits on neuropsychological tests (see fig. 1 and 2 for examples) compared
with their behavior in their daily environment (see fig. 3; De Renzi, 1985; Hjaltason, 1997).
For example, a neglect patient may be able to sort a pile of socks without any difficulty while
showing abnormal performance on the Albert’s test. More studies are needed on the possible
improvements of symptoms from neglect therapy which takes place in more realistic
circumstances that mimic the requirements of daily life. The research designs of such studies
are of great importance. Random assignment to control and therapy groups which prevent
selection bias is often lacking (Lincoln & Bowen, 2006). In addition, more studies using
placebo control groups are needed (see Rossetti et al., 1998), although such studies can be
problematic for ethical reasons.
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Fig. 1. Typical performance of a neglect patient on neuropsychological tests (Albert’s, digit,
star, and letter cancellation tests along with a line-bisection) that are sensitive for visual
modalities in neglect.

Fig. 2. Usual performance for a neglect patient on four drawing tests (free drawings of a clock
and a flower; copy drawing of a Greek cross and a house) and a line-bisection task that are
sensitive to visual and representational aspects of neglect.
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Fig. 3. Performance on a crossword puzzle in a patient with neglect.

2.7. Causes
The most common cause of neglect is a lesion in the right hemisphere generated by a
stroke in the artery cerebri media (Vallar, 1993). Other less common causes are, for instance,
tumors and epileptic seizures (Prilipko, Seeck, Mermillod, Landis, & Pegan, 2006). A wide
variety of lesions is believed to cause neglect in humans (Vallar & Perani, 1987). Lesions in
the superior temporal cortex (BAs 22 and 37, Karnath, Fruhmann-Berger, Küker, & Rorden,
2004) or the inferior parietal cortex (BAs 7 and 40) and the medial temporo-parietal junction
(BAs 39 and 40; e.g. Mort et al., 2003; Vallar & Perani, 1987) have been reported to produce
neglect symptoms. In addition, lesions in the frontal lobes (BAs 4, 6, 44 and 45; Husain &
Kennard, 1996), the insular cortex (BAs 13 and 14; Manes, Paradiso, Springer, Lamberty, &
Robinson, 1999), the thalamus (e.g. Vallar, 1993), the putamen, the caudate nucleus, and
pulvinar subdivisions of the basal ganglia (Karnath, Himmelbach, & Rorden, 2002; Vallar,
2001) have also been found to cause neglect (Halligan, Fink, Marshall, & Vallar, 2003;
Smania et al., 1998). Neglect can also be caused by a left hemisphere lesion. Although, the
exact and relative importance of these areas in causing neglect is currently debated, it is most
likely that they all play some role in the manifestation of the disorder. Bird et al. (2006)
showed that an interruption of the white matter fibers connecting the angular gyrus with the
15
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parahippocampal gyrus may be important in determining whether a patient develops neglect
or not (see fig. 4 to 7 for the relevant neuroanatomical locations of the lesions; see e.g.
Doricchi, Thiebaut de Schotten, Tomaiuolo, & Bartolomeo, 2008 for a review on this matter).
Indirect functional brain imaging methods such as fMRI and PET have revealed some support
for the neuroanatomical location of the lesions (Saevarsson, Kristjánsson, & Hjaltason, 2009).
However, the current animal studies on neglect have provided minimal support for an analog
of human neglect (e.g. Barrett et al., 2006; Milner, 1987; Wardak, Olivier, & Duhame, 2002).

Fig. 4. Lateral surface of the right hemisphere and important neuroanatomical locations of
lesions in neglect (adapted from Martin, 2003).
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Fig. 5. Inferior surface of the diencephalon, the two cerebral hemispheres and an important
neuroanatomical location of a lesion in neglect (adapted from Martin, 2003)

Fig. 6. Several important locations of lesions in neglect. The figure shows a horizontal slice of
the diencephalon and both cerebral hemispheres through the anterior thalamic nuclei (adapted
from Martin, 2003).
17
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Fig. 7. The thalamus on the surface of the brain steam. The cerebellum is not shown on the
figure (adapted from Martin, 2003).

2.8. Theories of neglect
Neglect is not a unitary disorder because of various symptoms and etiology; therefore,
more than one explanation is needed to explain its symptoms and subtypes. One theory may
explain certain aspects while leaving other models unexplained. In addition, some theories
may contract others or be in agreement. Moreover, accordance and differences are not always
so obvious because various terminologies are used by their proponents. The following
introduction to theories will reflect these differences. But due to our limited understanding of
the nature of neglect syndrome, we cannot exclude any central theory of neglect. The main
models of neglect can be grouped into at least five main categories: attentional,
representational, transformational, dorsal/ventral, and cerebral imbalance theories. However, a
future theory of neglect will most likely include many aspects of the current models of the
disorder (e.g. Kerkhoff, 2001; Saevarsson, Kristjánsson, & Hjaltason, 2009).
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2.8.1. Attentional theories
Attentional theories try to explain why neglect is more common following right
hemisphere damage compared to left. These theories have received the most attention in the
recent years. According to the “hyperarousal” theory proposed by Heilman and Valenstein
(1979) that hypoarousal of the damaged right hemisphere causes neglect. They assume that
the both hemispheres have different attentional functions; the right hemisphere is responsible
for attentional shifts to the right and left sides, while the other can only shift the attention to
the right. Accordingly, an impaired response to the left side would be predicted following
contralesional cerebral hemisphere damage. However, Kinsbourne (1987, 1993, 1994) argues
that it is not adequate to conceive neglect as a hemispheric disorder because a damage in the
left hemisphere can also produce neglect. He suggests that neglect is a directional impairment
followed by an imbalance of reciprocally inhibitory opponent processes that are responsible
for the direction of attention along the left and right axis. Therefore, attention to the left is
based on a right-hemisphere processing while the left hemisphere influences shifts to the right
side. Following a hemispheric lesion, the intact hemisphere produces an unopposed
orientation to the opposite side; thereby, biasing the attention to the ipsilesional side of space.
To explain why neglect is more common following right hemisphere damage compared to left
hemisphere damage, he suggests that the directional control of the left hemisphere is stronger.
Consequently, neglect develops because of an impaired hemisphere that directs attention to
the contralesional side and due to the intact processing of the other hemisphere that pulls
attention to the ipsilesional side. These approaches do not take into account the effects of
emotional factors (e.g. Saevarsson, Kristjánsson, & Hjaltason, 2009).
Posner and coworkers (1984, 1987, 1990) argue in their “spotlight-of-attention” theory
that the posterior-parietal attentional system disengages our awareness from a current focus to
another target. Damage in this brain area causes impaired attentional shifts to the
contralesional side compared to intact shifts to the other side. They have suggested three
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cognitive operations of the posterior brain to explain this covert attention deficit. First, the
operation of unlocking attention from a current focus in space causes a shift in attention to a
target on the contralesional side. This operation is affected by a posterior parietal lesion.
Second, the process of moving attention to a new stimulus is based in the superior colliculus
and surrounding midbrain areas damage. Lastly, the process of locking our selective attention
onto a new contralesional target is impaired by a lesion in the lateral pulvinar nucleus of the
thalamus (Davies, 2004; Saevarsson, Kristjánsson, & Hjaltason, 2009).
The attentional theory of Mesulam (1981, 1998) is most likely the best known of all
theories of neglect (Saevarsson, Kristjánsson, & Hjaltason, 2009). He assumes that the right
hemisphere operates a network that directs spatial attention for left and right visual space. The
comparable system in the other hemisphere subserves the right side. The network covers the
basal ganglia, thalamus, cingulate cortex, posterior parietal cortex, and frontal eye fields. The
more posterior areas in the parietal cortex in both hemispheres are relevant for the visual
silence of stimuli while the more anterior ones guide exploration and attentional shifts in
space. For instance, lesions in the parietal cortex will produce more sensory-based neglect
while frontal damages will more likely cause motor and representational neglect. Therefore,
selective lesions in the right hemisphere will produce neglect while damages in the left
hemisphere will only occasionally cause neglect because the dominant right hemisphere
system may compensate for the impairment with its bilateral attentional processing (Kerkhoff,
2001; Saevarsson, Kristjánsson, & Hjaltason, 2009).

2.8.2. Cerebral imbalance theories
The cerebral imbalance theories are similar to attentional theories in that both favor
explanations of neglect that focus on attentional mechanisms in the two cerebral hemispheres.
These theories differ in several other ways, however. The cerebral imbalance theory is based
on physiological findings in non-human animals while attentional theories are mostly based
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on human neuropsychological data. Furthermore, the theories assume that different areas play
a key role in the disorder. Payne, Lomber, Geeraerts, van der Gucht, and Vandenbussche
(1996) have provided empirical support for this: They showed how unilateral cooling of the
superior colliculus in cats (medial temporal cortex in humans) produces intense neglect
symptoms in the contra-cooled hemifield (see also Geraerts & Vandenbussche, 1999 and
Lomber & Payne, 1996 for further evidence). This type of cooling reduces neuronal activity
in the target area. Payne et al. (1996) speculated that these findings may indicate that the
medial temporal cortex in both hemispheres plays a key role in the spatial-attentional network
in neglect. These findings cannot be directly replicated in humans because of ethical reasons.
Transcranial magnetic stimulation might provide some indirect support for the theory,
however (e.g. Ghacibeh, Shenker, Winter, Triggs, & Heilman, 2007).

2.8.3. Representational theories
It is assumed that each sensory event is coded in the brain as a representation, which
can be activated by memory traces and direct sensory experiences. Bisiach, Pizzamiglio,
Nico, and Antonucci (1996) suggested that the memory of neglect patients is impaired for
contralesional events, whereas memory for ipsilesional events is stronger compared to healthy
subjects. This theory is based on studies in which neglect patients had to use their memory of
internal representations of the world. A famous study by Bisiach and Luzzatti (1978) assessed
how well two neglect patients could describe the cathedral square in their hometown of Milan
when they imagined that they were looking at it. Both subjects omitted the buildings on their
contralesional left side. When the patients changed their perspective, they could describe the
other half of the square. However, neglect is not present in all patients as a representational(Anderson, 1993; Bartolomeo, D’Erme, & Gainotti, 1994) or a visual- (Guariglia, Padovani,
Pantano, & Pizzamiglio, 1993) based impairment. These findings support the main claim of
this theory, namely that neglect is to some extent a representation based phenomenon in some
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sense. Furthermore, Rizzolatti et al. (1983, 1997) have provided a more physiologicallyoriented account of representations in neglect. They suggest that representations of space are
dependent on premotor cortical processing. In other words, spatial information is motorically
coded. An injury in these premotor areas is believed to cause neglect by these scientists (see
Halsband & Freund, 1990; Halsband, Ito, Tanji, & Freund, 1993; Halsband, Schmitt, Weyers,
Binkofski, Grützner, & Freund, 2001, for opposite findings). These two representational
theories are categorized as retrograde memory defects in neglect. Heilman and coworkers
(1974, 1987) detected difficulties of neglect patients in reporting a sound stimulus that had
been projected into the neglected ear compared to the non-neglected ear. This can be labeled
as anterograde and retrograte memory deficit (see also: Husain et al., 2001; Malhotra et al.,
2005; Natale, Posteraro, Prior, & Marzi, 2005; Wojciulik, Husain, Clarke, & Driver, 2001) in
contrast to retrograde memory impairments reported by Bisiach and Luzzatti (1978).

2.8.4. Transformational theories
The transformation of sensory (visual, tactile, auditory, vestibular, and olfactory)
information into an ego- and a bodycentric reference frame of space is reported to be impaired
in neglect patients (Jeannerod & Biguer, 1987, Karnath, 1994). This process has been
associated with lesions in the superior temporal cortex, temporo-parietal junction, and the
insula since they are substantial parts of the human vestibular system (Karnath & Dieterich,
2006). Furthermore, coordinate transformations of sensory input are likely to take place in the
parietal cortex (Andersen, 1995). Since these areas are all likely to be affected in neglect, they
may impair this multisensory process and cause neglect. Karnath (1997) and Vallar (1997)
suggested that straight-ahead direction from the body midline is transformed 15-20°
ipsilesionally. Karnath (1997) postulates this to happen because of a rightward rotation
(similar change like when we unscrew a tap) of the midline, while Vallar (1997) speculates
this to occur because of a rightward shift of the midline (the line does not turn, rather moves
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to the right side). Transformational theories do not cover object and allocentric impairments
in neglect.

2.8.5. Dorsal/ventral theories
This theory claims that neglect is caused by impairments in the ventral and dorsal
system of the brain. The ventral stream (sometimes called the “what” stream) is proposed to
be responsible for conscious spatial object recognition and form representation. The system
runs downward from the primary visual lobe (V1) into the temporal cortex and is
interconnected with the dorsal stream. The main input comes from the parvocellular layer of
the lateral geniculate nucleus in the thalamus. The dorsal system (sometimes called the
“where” and “how” system) directs spatial coding for action and estimates the location of
objects. This system stretches from the striate cortex (V1) in the occipital lobe and upward
into the parietal cortex. The main input comes from the magnocellular layer in the thalamus
(Corr, 2006; Ettlinger, 1990; Goodale & Milner, 1992; Karnath, Himmelbach, & Perenin,
2003; Mishkin & Ungerleider, 1982). Milner (1995, 1998) has reported neurophysiological
neglect data that favor this dual mode of spatial cognition and action representations.
However, the model is most likely an oversimplification since it does not fit completely with
current neuroscientific findings on neglect and visual cognition (e.g. Raz & Buhle, 2006).

2.9. Visual priming
Studies on visual priming (or visual trial history) indicate that what occurs in a
previous visual search trial has a powerful effect on how a following scene is processed (e.g.
Kristjánsson & Driver, 2008; Maljkovic & Nakayama, 1994). These studies indicate that our
attention tends to be drawn to those features and details in our visual field that we have been
recently processed; stimuli that occured a short time ago were important to us for some
reason, or the locations of those stimuli (Maljokovic & Nakayama, 1996). In light of this, it
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was suggested that a target repetition in visual search may lead to attentional processing
facilitation (Kristjánsson, 2006b; Kristjánsson & Nakayama, 2003). Subsequent studies have
reported that repetition of context (distractor sets) in visual search speeds up visual search
processing in a similar way – independent of any target priming (Geyer, Müller, &
Krummenacher, 2006; Kristjánsson & Driver, 2008; Kristjánsson, Wang, & Nakayama, 2002;
Wang, Kristjánsson, & Nakayma, 2005).
Kristjánsson, Vuilleumier, Malhotra, Husain, and Driver (2005) studied visual priming
for neglect patients with damage in parietal cortex with the aim of investigating claims that
visual trial history in visual search reflects facilitated attention deployments to recent features
of interest. The subjects performed a visual search task in which they had to locate target
stimuli of a unique color. Relatively intact location and color priming were confirmed for the
patients. Furthermore, they found that location priming requires conscious processing of a
preceding left target when brief displays were used, unlike color priming, which was not
dependent on the patient’s awareness of a preceding left target, suggesting dissociation
between the priming of color and position. Interestingly, Kristjánsson et al. (2005) concluded
that such priming might help neglect patients to overcome their attentional deficits.

2.10. Interventions
A large number of experiments have evaluated the clinical value of many different
therapies designed for the treatment of neglect. Only a handful of therapies have been
developed that have been shown to have clinical value in terms of functional effectiveness
and neuropsychological testing (Luauté, Halligan, Rode, Rossetti, & Boisson, 2006). These
include visual scanning training, neck muscle vibration, mental imagery training, video
feedback training, and prism adaptation. However, the clinical value has not been estimated
sufficiently for all therapies (Robertson, 2002). Furthermore, those interventions that have not
been reported to be clinically useful as determined by the duration of beneficial effects might
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nevertheless be found to play a role in treating neglect. For instance, it may be helpful to use
this kind of therapy by shrinking the neglected space during the application of another
intervention; therefore, strengthening the overall clinical effects when used together with
other therapies. There is a general consensus that interventions should lead to benefits for
patients which last at least a day if the therapies are to be recognized as having any clinical
value. Patching techniques, to name only one example, might increase the attentional
alertness of neglect patients while other therapies, such as visual scanning, are applied
simultaneously. Effective treatments for neglect are of tremendous value to patients and their
families, in addition to contributing to a more efficient health care system.
In what follows, I review three intervention methods - prism adaptation, neck
vibration, and patching techniques - which I focused on over the course of my doctoral
studies.

2.10.1. Prism adaptation
Wedge-shaped prism lenses produce light-distorting shifts which can change our
visual world to the left, right, up, down and invert the entire visual field. When people wear
these lenses, they show initially problems while interacting with their environment; for
instance, pointing becomes harder, and grasping objects gets problematic. However, the
visuomotor system adapts to this new reality and restores accuracy quite fast with increased
experience. Interestingly, when subjects are exposed to their environment, a new period of
recalibration (adaptation) is established during which patients see in the opposite direction
compared to the initial stage of adaptation (e.g. Manly & Mattingley, 2003; Spillmann &
Wooten, 1984). Prism adaptation (PA) has only recently been used as a therapy for neglect
patients (Rossetti et al., 1998), although such adaptation effects have fascinated visual
scientist such as Helmholtz (1962) since the nineteenth century. However, Ivo Kohler was the
first to explore PA systematically (e.g. Spillmann & Wooten, 1984).
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Prism adaptation has gained the most attention of all interventions in the recent years
(e.g. Davies, 2004; Manly & Mattingley, 2003; Parton & Husain, 2004; Parton, Malhorta, &
Husain, 2004; Rossetti et al., 1998; Rossetti & Rode, 2002). The method has many
advantages. It is simple, inexpensive, and easy to use (Saevarsson, Kristjánsson, & Hjaltason,
2009). Studies on PA have shown that it improves physical posture, visual imagination, eye
movements, among other aspects (e.g. Ferber, Danckert, Joanisse, Goltz, & Goodale, 2003;
Rode, Rossetti, & Boisson, 2001; Rode, Pisella, Rossetti, Farnè, & Boisson, 2003; Rode,
Rossetti, Li, & Boisson, 1998; Rossetti & Rode, 2002; Tilikete et al., 2001).
Prism adaptation therapy involves the patient performing 60 to 80 pointings to certain
targets while wearing prism glasses, before and after the open-loop task (see fig. 8). The
subjects show pointing errors on the right side that are gradually reduced by a visuo-motor
adaptation (see fig. 9). This produces a negative after-effect that can be seen on the open-loop
task. When pointing “straight ahead”, patients move their finger significantly more to the left
side compared to the pre-exposure baseline.

A)

B)

C)

Fig. 8. Panel A shows 10° right shift prism glasses. Panel B indicates the adaptation box at the
time of open-loop testing. Panel C shows a prism adaptation of a subject.
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Fig. 9. The photographs show pointings during the three main parts of the prism adaptation
procedure. The drawing indicates how targets are horizontally displaced at the start of the
prism adaptation period on the right side with respect to the optical axis of the eyes (the figure
is adapted from Parton et al., 2004).

Redding and Wallace (2006) have speculated that neglect patients have a reduced and
dysfunctional “task-work space”, and have difficulties shifting its locus from the right to the
left or vice versa. They suggest that visuomotor adaptation ameliorates such pathological
spatial reference frames and visual calibration, but neither the affected “task-work space” nor
the higher order visuo-spatial representation. However, many studies have shown that PA
may lead to improvements in several forms of impaired higher level cognitive functioning,
such as visual search, imagery of geographic maps, mental number bisection, spatial
dysgraphia, disrupted spatial and body representations, and regional pain syndrome (e.g.
Rode, Pisella, et al., 2006; Rode, Rossetti, & Boisson, 2001; Rossetti et al., 2004; Saevarsson,
Kristjánsson, Hildebrandt, et al., 2009; Serino, Angeli, Frassinetti, & Ladavas, 2006; Sumitani
et al., 2007).
The physiological effects of PA have been explored with modern functional brain
imaging methods. Using PET, Luauté, Michel, et al. (2006) reported that low level
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visuomotor adaptation modulated activity in the right cerebellum, the right posterior cortex,
the left thalamus, the left temporo-occipital cortex, and the left medial temporal cortex (see
also Clower et al., 1996; Shiraishi, Yamakawa, Itou, Muraki, & Asada, 2008; Wischusen,
Schutze, & Fahle, 2007). Thalamus and temporal cortex are all areas that have been found to
be important in the development of neglect. Currently, no fMRI studies exist that have
explored these effects in neglect patients.

2.10.2. Neck vibration
Neck vibration (NV) is an intervention technique that has been explored extensively in
the last few decades. The method has many advantages. It is easy to use; in most cases,
patients can administer NV themselves without any support from others. Furthermore, the
therapy can be applied without a patient’s cooperation. The main disadvantage of the method
is that it can not be used for people with a heart pacemaker.
In a pioneering study, Lackner and Levine (1979) showed how applying vibration to
the neck-muscle in healthy observers produces a proprioceptive illusion of egocentric
coordinates in space. Karnath, Christ, and Hartje (1993) reported how this illusion could be
used to produce positive after-effects in neglect patients. Karnath, Fetter, and Dichgans
(1996) suggested that the improvement of neglect after manipulating neck, optokinetic, and
vestibular proprioceptive input is caused by a general correction of the underlying neural
transformation process (e.g. Doricchi, 2002; Fruhmann-Berger & Karnath, 2005; Gonshor &
Jones, 1976a, 1976b, 1980; Guariglia, Coriale, Cosentino, & Pizzamiglio, 2000; Johannsen,
Ackermann, & Karnath, 2003; Karnath, 1994, 1995; Karnath, Reich, Rorden, Fetter, &
Driver, 2002; Lackner, 1988; Lewald & Ehrenstein, 1998; Lewald, Karnath, & Ehrenstein,
1999; Perennou et al., 2001; Rorden, Karnath, & Driver, 2001; Vallar, Rusconi, et al., 1995;
Vallar, Guariglia, et al., 1995; Vallar, Rusconi, & Bernardini, 1996). This process converts
the afferent input of the peripheral sensory organs into a body and egocentric coordinate
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frame (Jeannerod & Biguer, 1987; Karnath & Dieterich, 2006). Two studies have indicated
that NV produces long-lasting therapeutic benefits in neglect patients. Schindler, Kerkhoff,
Karnath, Keller, and Goldenberg (2002) showed long lasting therapeutic effects of NV when
used with conventional exploration training. Johannsen et al. (2003) discovered similar effects
with non-functional measurements when NV was used without concurrent interventions. NV
has been found to have few limitations. Some studies have however indicated that some
patients do not show any improvement following NV (e.g. Johannsen et al., 2003).
Patients are normally stimulated for 20 minutes on the left posterior neck muscle in
each therapy session. Different HZ values have been used in studies with good results. The
location at the neck is found by asking the patients to watch a small green light that is two
meters away from the subject. While the apparatus is adjusted, the patients are asked if they
noticed any changes in the light. If a patient reports an alteration, the NV module is
immediately placed where it is located on the neck. The NV module can be glued with
medical tape onto the patients’ neck muscles or fixated by other support (see fig. 10).
A)

B)

C)

D)

Fig. 10. Panels A and B show devices that can be used for NV. Panel C shows how the neck
vibration module is fixed onto a subject’s neck. Panel D shows the approximate location
where the module should be fixed on a right hemisphere patient (the figure is from
benchmed.com).
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The neurophysiological effect of NV has been explored in one study of neglect
patients. Bottini et al. (2001) reported increased neural activations in the right insula and right
somatosensory area SII of the perisylvian cortex, deactivation was found in fusiform gyri
bilaterally. The insula and the perisylvian areas have been found to play a role in the
manifestation of neglect. Like with PA, fMRI has not been used to explore the
neurobiological effects of NV.

2.10.3. Patching techniques
Monocular eye-patching and both eye hemifield-patching is an interesting form of
therapy for neglect. These methods force a leftward scanning of the patient´s environment
(Saevarsson, Kristjánsson, & Hjaltason, 2009). However, the main advantages of these
methods are that they are inexpensive and very easy to use. In addition, these interventions
may not suit or require great care when applied to patients with deficits in the visual fields.
Hemifield-patching and eye-patching are normally applied for several days (see fig.
11). Patients do not wear the glasses while sleeping. Some studies report improvement in
many neglect symptoms following patching therapy (e.g. Arai, Ohi, Sasaki, Nobuto, &
Tanaka, 1997; Beis, André, Baumgarten, & Challier, 1999; Zeloni, Farnè, & Baccini, 2002;
see however Fong et al., 2007). The therapeutic effects of patching techniques have been
confirmed both with functional and non-functional measurements. Beis et al. (1999)
compared the therapeutic effects of these two methods in neglect. They reported that
hemifield-patching yielded three months of positive effects, while the eye-patching group did
not show any difference compared to the control group. Furthermore, the hemifield-patched
group showed more spontaneous eye movement to the left and improvement in daily life
activities. Hemifield-patching may have some important links to visual scanning training
where patients are systematically encouraged to scan the left side of something for many
days.
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Fig. 11. Panel A shows glasses that are completely patched on the right side and panel B
shows right-half patches (adapted from Beis et al., 1999).

Eye-patching techniques are based on neuropsychological and physiological
theoretical accounts. However, the method has not been explored yet in human neglect with
functional brain imaging. Sprague (1966) reported how cats with surgically-produced
posterior cortex lesions showed visuo-attentional impairment that resembled human neglect
symptoms. Interestingly, these neglect-like deficits improved when the animals were also
lesioned on the other side of the brain in the superior colliculus (subcortical area). This area is
important for the control of eye movements. Each superior colliculus is believed to receive
less contralaterial retinal input compared to ipsilateral information. These findings suggest
that the recovery of spatial cognition is established by increasing the effects of the undamaged
ipsilesional superior colliculus (“the Sprague effect”). Posner et al. (1987) speculated that
patching ipsilateral visual input in humans might produce similar neurophysiological
functional changes to those found in cats where input from the eyes to the superior colliculus
is made predominantly contralateral.

2.11. Designs of neglect therapy
Therapeutic designs are of great importance in neglect rehabilitation. Interventions can
be applied in many different ways. Several authors have argued that combined and sequential
applications of interventions may increase the therapeutic effects of current therapy methods
(e.g. Manly & Mattingley, 2003; Rossetti & Rode, 2002). Kerkhoff (2001, p. 21) suggests the
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following question for further research: How can different treatment approaches be combined
effectively to reach a maximal outcome for the patient?” To answer this question, one needs
to systematically compare studies that have used different therapeutic designs. One review
has addressed this question (Study 4). By drawing this comparison, it was concluded that
combinations of different interventions and applying different interventions repeatedly are the
most promising avenues for future intervention procedures for hemispatial neglect. The
principal reason is the multimodal and multicompentent nature of neglect that can be caused
by dysfunction or damage in several cortical and subcortical neural circuits.

2.12. Control subjects
Control subjects are of great importance in empirical research. Although, it is
impossible to control for all potential confound variables, we can come quite close to that goal
in theory and practice. Control subjects in neglect research normally include brain damaged
patients with and without neglect, and healthy subjects. Therapy studies include all these
types of control subjects that are usually assigned randomly to avoid selection bias and to
ensure factors such as age, lesions, severity of neglect, and general fitness level to be similar
between the experimental and control groups. When neglect patients are used as a control, it
is important to control for possible placebo effects such as training effects of the experimental
tasks. Different types of control subjects may be suitable to shed light on different aspects of
neglect. Rossetti et al. (1998) used for instance prism lenses that looked the same as real
prism lenses for their control group of neglect patients. Their patients did not notice the
difference. This study concluded that PA really helps patients because the control group that
received the placebo PA did not show any improvement in contrast to the experimental group.
However, control groups like these raise some ethical dilemmas. Furthermore, brain damaged
patients that do not have neglect are of great importance in lesion studies of neglect. Karnath
et al. (2004), for example, used this type of control subjects to exclude areas that might be
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involved in neglect by subtracting their lesions from those of the neglect patients. Lastly,
healthy control subjects are particularly important to explore intact cognitive function in
neglect. Saevarsson, Jóelsdottir, Hjaltason, and Kristjánsson (2008) showed how visual
grouping worked similarly in groups of healthy controls and neglect patients. This study
indicated that visual grouping of distractors in visual search are intact in neglect and that this
cognitive function works at lower levels of the perceptual hierarchy.

2.13. Objectives and hypotheses
The purpose of the current experiments and reviews was to explore the symptomology
and therapy of neglect to shed further light on basic issues concerning visual priming, and to
explore how therapeutic effects can be maximized for neglect patients. For this propose,
several computer-based tasks were applied. A visual search task was used in the first
experiment that consisted of different sets of distractors to explore priming of a context. In the
second study, feedback- and non-feedback-based visual search tasks were used to explore the
role of feedback in PA. The third study was on therapeutical effects of combined therapeutic
effects of NV and PA. The same feedback-based task as in the second study was used to
explore the additive improvements of this combination and to compare NV and PA. Study 4
systematically reviewed different experimental designs of neglect therapy studies with the
aim of confirming the most optimal application of interventions. Study 5 explored bilateralneglect like symptoms in hypo-manic subjects, and Studies 6 and 7 reviewed different general
aspects of the neglect literature.

2.13.1. Priming of a context (Study 1)
The aim of the first study was to investigate the possible trial history benefits of
distractor set repetition in visual search performed by neglect patients. Given the great amount
of evidence for a residual processing of stimuli that goes unnoticed in neglect, the goal was to
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see whether the benefits of context repetition would facilitate performance in search tasks.
This may address some important aspects of neglect – for example, whether the perceptual
organization of vision is affected in the respective hemifield. Several studies suggest that
attentional processing is not necessary for the visual grouping of distractor sets to occur
(Moore & Egeth, 1997; Russel & Driver, 2005). This is in line with claims that surface
analysis and grouping, often thought to reflect “mid-level” visual processing (Marr, 1980;
Nakayama, He, & Shimojo, 1995), precede object-based and attentional-based processing
(Duncan & Humphreys, 1989; Torralba, 2003; Treisman, 1982). If grouping does not require
the operation of attention, one might expect to find a relatively intact priming of context in
neglect. Indeed, Sasaki (2007) has argued that grouping processes involve mainly striate and
extrastriate areas which do not play any role in neglect.

2.13.2. Prism adaptation facing feedback (Study 2)
The purpose of the second study was to assess whether PA improves visual search
performance in neglect patients as previous studies have revealed inconsistent findings. This
was explored in two groups of neglect patients who performed two different visual search
tasks: one experiment was time restricted and feedback-based, while the other had neither
feedback nor time restrictions. Contrasting tasks with and without feedback may prove to be
important, since factors such as cognitive load, strategic thinking, and feedback have been
found to lead to the recalibration of PA (Lee & Lee, 2006; Redding, Rader, & Lucas, 1992;
Redding, Rossetti, & Wallace, 2005). This might explain why Morris et al. (2004) found no
beneficial effects of PA when they used feedback-based search tasks, and why Rossetti et al.
(1998) found benefits of PA in tasks without time restrictions or feedback. In light of this, it
was hypothesized that PA would lead to improvements in non-feedback-based versus
feedback-based visual search tasks. In this study, we attempt to elucidate some important
aspects of PA in neglect and some inconsistencies in the previous studies.
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2.13.3. Combination of neck vibration and prism adaptation (Study 3)
The goal of the third study was to explore PA and NV when these therapies are used
in combination (NVPA) and when NV is applied on its own. Many authors have speculated
that the most promising way to maximize therapeutic effects is to combine different
approaches because of the multimodal nature of neglect. In other words, different therapies
are believed to affect mechanisms of neglect in a different and stronger way when combined.
In line with this, Johannsen and coworkers (2003) suggested that the combination of PA and
NV might increase the therapeutic effects because the two methods seem to target the spatial
impairments of neglect in different ways. The secondary aim of the study was to provide a
direct comparison for the therapeutic effects of PA and NV, which, to the best of my
knowledge, has not been offered by any previous studies. Two groups of neglect patients
performed a feedback-based visual search task that was time restricted. This is the same task
as the one used in Study 2. Furthermore, nine different standard neglect tests were used before
and after intervention. It was hypothesized that NVPA would lead to both stronger and more
general therapeutic effects than PA and NV on their own. Additionally, we assumed that NV
would lead to different therapeutic effects compared to PA (e.g. Morris et al., 2004).

2.13.4. Therapy designs (Study 4)
The fourth study systematically explores how therapeutic designs interact with
different types of interventions. Some authors have speculated that stronger and more longlasting intervention effects might result from combinations of treatments and/or the repeated
application of treatments (e.g. Kerkhoff, 2003; Rossetti & Rode, 2002). The particular
therapeutic design may thus play as large role as the different intervention techniques. Our
current aim is to explore the effects of combined and sequential designs of therapies and to try
to understand what benefits might be gained by using combined therapies to treat neglect,
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compared with single-session and sequential approaches. This topic has not been
systematically addressed in earlier reviews of the neglect syndrome.

2.13.5. General aspects and neglect-like symptoms (Studies 5, 6, and 7)
Studies 5, 6 and 7 explore general aspects of neglect in terms of literature and
experimental findings. Study 5 focuses on neglect symptoms in hypo-manic individuals that
show bilateral neglect-like symptoms in response to fearful faces. Neglect is commonly
accompanied by emotional problems and factors (Barrett et al., 2006). Therefore, it is
advisable to compare healthy subjects with or without emotional problems to neglect patients.
Interestingly, emotional stimuli were found to be less likely to be ignored in neglect compared
to neutral stimuli (Halsband, Gruhn, & Ettlinger, 1985).
The motivation behind Studies 6 and 7 was to introduce neglect in a general way to
readers that have limited or no background in neuropsychology. The symptoms, frequency,
prognosis, causes, anatomical locations of lesions, theories and interventions of neglect were
reviewed in order to provide a general overview of the disorder. Furthermore, the link
between neglect symptoms and other health problems such as epilepsy is discussed.
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3. Main reports

3.1. Repetition of context improves visual search performance in hemispatial neglect (Study
1)

Saevarsson, S., Sigrúnsif, J., Hjaltason, H., & Kristjánsson, Á. (2008). Repetition of context
improves visual search performance in hemispatial neglect. Neuropsychologia, 46, 11611169.
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3.2. Prism adaptation improves visual search in neglect (Study 2)

Saevarsson, S., Kristjánsson, Á., Hildebrandt, H., & Halsband, U. (2009). Prism adaptation
improves visual search in neglect. Neuropsychologia, 47, 717-725.
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3.3. Combination of neck vibration and prism adaptation produces additive therapeutic
effects in unilateral neglect (Study 3)

Saevarsson, S., Kristjánsson, Á., & Halsband, U. (submitted). Combination of neck vibration
and prism adaptation produces additive therapeutic effects in unilateral neglect.
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3.4. New frontiers in therapy for unilateral neglect: Sometimes the whole is larger than its
sum of the parts (Study 4)

Saevarsson, S., Halsband, U., & Kristjánsson, Á. (under revision). New frontiers in therapy
for unilateral neglect: Sometimes the whole is larger than the sum of the parts.
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4. Additional reports

4.1. Hypomanic trait is associated with a hypovigilant automatic attentional response to
social cues of danger (Study 5)

Putman, P., Saevarsson, S., & van Honk, J. (2007). Hypomania is associated with a
hypovigilant automatic attentional response to social cues of danger. Journal of Bipolar
disorder, 9, 779-783.
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4.2. Unilateral spatial neglect: A review of symptoms, frequency, diagnosis, and prognosis
(Study 6)

Hjaltason, H. & Saevarsson, S. (2007). Unilateral spatial neglect: A review of symptoms,
frequency, diagnosis, and prognosis. Icelandic Medical Journal, 93, 681-687.
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4.3. Unilateral neglect: A review of causes, anatomical localization, theories, and
interventions (Study 7)

Saevarsson, S., Kristjánsson, Á., & Hjaltason, S. (2009). Unilateral neglect: A review of
causes, anatomical localization, theories, and interventions. Icelandic Medical Journal, 95,
27-33.
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5. Discussion: Main findings and previous studies

5.1. Visual priming and search (Study 1)
Study 1 assessed priming from repeated distractor sets in conjunctive visual search
tasks in four patients with hemispatial neglect. Sets were either changed or repeated while the
target was kept constant. Visual priming was found to arise from both (the ipsilesional and
contralesional) hemifield, as well as when overall context was repeated at the time of search.
The results suggest that the visual grouping (perceptual organization) of distractor sets is
relatively intact in the affected hemifield in cases of neglect and the repetition of context may
temporarily improve symptoms of the disorder in search performance. Additionally, the
findings indicate that the grouping process of the visual system is distinct from attentional
function and that it operates at lower levels of the perceptual hierarchy.
Many previous studies have explored visual search in neglect and control subjects.
Visual search is one of the key impairments in neglect because it is commonly impaired and
causes patients great problems in their daily life (Behrmann, Ebert, & Black, 2004; Husain et
al., 2001; Mort & Kennard, 2003). In addition, functional neuroimaging studies reveal
activations in the intraparietal sulcus and superior parietal lobule during visual search in
healthy subjects (e.g. Corbetta, Kincade, & Shulman, 2002; Corbetta & Shulman, 2002; Geng
et al., 2006; Kristjánsson, Vuilleumier, Schwartz, Macaluso, & Driver, 2007).
Studies indicate that a preceeding search trial has a strong effect on how a scene is
subsequently processed by the visual system (e.g. Kristjánsson, 2006a; Kristjánsson et al.,
2002; Maljkovic & Nakayma, 1994). This process has been termed “visual priming”. Reports
have revealed that the attention of healthy subjects tends to be shifted to those targets,
locations, and features in our visual field that have been recently processed (e.g. Maljkovic &
Nakayama, 1996). Interestingly, subsequent reports have revealed that the repetition of
context sets in visual search, i.e. context repetition will speed search in a similar manner,
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independent of any target priming (Geyer et al., 2006; Kristjánsson et al., 2002; Kristjánsson
& Driver, 2008; Wang et al., 2005). In line with claims that priming of visual search reflects
facilitated attention deployment to recent features and locations of interest, Kristjánsson et al.
(2005) studied visual priming in neglect. The participants performed a search task in which
they had to search for a unique colored target. They found relatively intact location and color
priming in subjects with the disorder. The neuronal mechanisms of target priming were
investigated with fMRI. Kristjánsson et al. (2007) reported that the priming of a target seems
to involve the well-known frontal-parietal cortex attentional mechanisms (see also Geng et al.,
2006; Yoshida, Tsubomi, Osaka, & Osaka, 2003). The neurophysiological underpinnings of
context priming have not been explored in previous studies. However, Durston, Thomas,
Worden, Yang, and Casey (2002) have shown that repetition of context in a modified go nogo task affects the frontal and parietal cortex in healthy subjects. Taken together, the previous
findings that have been discussed here seem to assume similar perceptual grouping in healthy
subjects as Study 1 indicated.

5.2. Prism adaptation improves visual search in neglect (Study 2)
Study 2 explored the effects of 10° prism adaptation upon visual search performance
and performance on six standard neglect tests for eight neglect patients. Baseline and
intervention measures were performed on different days for all patients. The first experiment
explored whether prism adaptation improves performance on a time restricted and feedbackbased visual search task. No positive after-effects of prism adaptation were detected on
accuracy in visual search and standard neglect tests. Response times in visual search tasks
became faster following the intervention, but not for the standard neglect tests. In the second
experiment, the same search task was applied, but the neglect subjects had unlimited search
time and received no feedback on their key presses. In this case, the patients showed
improvements in accuracy in visual search tasks and standard neglect tests. Response time
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became faster on all tasks. Based on the time length of neglect assessment, the therapeutic
effects lasted for at least 90-120 minutes. Overall, the findings indicate that PA improves
visual search performance in cases of neglect and that these beneficial effects can be negated
by a feedback.
Several previous studies have explored the therapeutic value of PA in neglect. Rossetti
et al. (1998), Rode, Klos, Courtois-Jacquin, Rossetti, and Pisella (2006) and Rode, Pisella et
al. (2006) reported that PA improves visual search performance on standard neglect tests such
as Albert’s test and letter cancellation task that are not feedback-based. These findings are in
apparent contrast to the results of Morris et al. (2004) that used different types of search tasks,
namely computerized single feature, pop-out, and conjunctive search tasks in which search
time was restricted. Patients received visual feedback on whether their responses were
incorrect or correct. They reported improvement following PA on non-time restricted standard
neglect tests but not on the computerized task that was performed after the standard tests.
Based on these findings, Morris et al. (2004) assumed that PA does not affect the allocation of
spatial attention in visual search performance; therefore, PA does not improve the core
deficits of neglect. This is, however, in seeming contradiction to the results of several PA
studies on neglect that have used non-timed (Rode, Klos et al., 2006; Rode, Pisella et al.,
2006; Rossetti et al., 1998) and timed (Berberovic, Pisella, Morris, & Mattingley, 2004;
Maravita et al., 2003) experimental tasks. Furthermore, Morris et al. (2004) did not assume
that cognitive load such as feedback might explain their findings. Interestingly, general
cognitive load, strategic thinking, age related declines in working memory, and feedback have
been reported to eliminate PA (Anguera, Reuter-Lorenz, Noll, Willingham, & Seidler, 2007;
Lee & Lee, 2006; Redding et al., 1992; Redding et al., 2005). Additionally, many authors
have showed impairments in spatial working memory in neglect patients (e.g. Husain et al.,
2001). This might explain why increased cognitive load negates PA effects. All in all, the
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foregoing reports seem to be in line with the current findings. Cognitive load may negate the
positive after-effects of PA and explain the heterogeneous findings of previous studies.

5.3. Combination of neck vibration and prism adaptation produces additive therapeutic
effects in unilateral neglect (Study 3)
Study 3 explores two well-known interventions for neglect - NV and PA - that are
considered to be among the most effective therapeutic treatments. This was done in two
experiments. Both experimental groups received 20 minutes of NV stimulation, while the
second group also received simultaneous PA. Performance in both groups was measured with
the same time restricted and feedback-based search task that was used in Study 2 and
comprised nine different standard neglect tests. Baseline and intervention measures were
performed in both experimental groups on separate days. Findings for both groups indicated
improved visual search performance following intervention. The combined intervention group
showed clear improvements on classical neglect tests unlike the NV-only group. The results
suggest that PA may strengthen the therapeutic effects of NV and that feedback-based deadaptation does not negate the beneficial effects of PA when PA and NV are applied in
combination.
NV and PA have been extensively explored in previous studies. However, these
methods have never been directly compared or combined with regard to neglect. Originally,
Lackner and Levine (1979) reported how NV produced the proprioceptive illusion of
egocentric coordinates in space. Similarly, Karnath et al. (1993) showed that this illusion
could be used to treat neglect patients. Karnath et al. (1996) speculated that this improvement
is caused by a general correction of the underlying neural transformation process of neck,
optokinetic, and vestibular proprioceptive information. Jeannerod and Biguer (1987)
suggested that this process converts the afferent input of the peripheral sensory organs into a
body and ego-centric coordinate frame. Two studies have indicated long-lasting improvement
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in neglect following NV. Schindler et al. (2002) reported how NV, when used in combination
with conventional exploration training, produced long-lasting therapeutic effects upon neglect
symptoms. Johannsen et al. (2003) observed similar effects when NV was used on its own.
The influence of feedback-based tasks on NV effects has not been addressed in previous
studies.
PA has been studied since the nineteenth century (Helmholtz, 1962). Rossetti and
colleagues (1998) reported short-term improvements in neglect following PA. A few studies
have indicated long-term therapeutic effects following PA. Humphreys, Watelet, and Riddoch
(2006) showed how beneficial effect can last up to one year following sequential application
of PA. Interestingly, PA improved visuo-spatial processing, but had no effect on the detection
of errors on the contralesional side of words and chimeric faces. The findings suggest that PA
may be especially sensitive to spatial aspects in neglect. Frassinetti, Angeli, Meneghello,
Avanzi, and Làdavas (2002) have reported similar long-term effects for PA. In sum, the
current findings seem to be in an agreement with previous findings. NV seems to improve
neglect symptoms in combination and on its own. Furthermore, NV and PA applied in
combination seem to produce superior therapeutic effects compared to when NV and PA are
used alone.

5.4. New frontiers in therapy for unilateral neglect: Sometimes the whole is larger than the
sum of its the parts (Study 4)
The review (Study 4) considered many important aspects of unilateral neglect such as
lesions, theories, prognosis, recovery, and therapy in a critical way. The main focus was on
studies of therapeutic techniques where interventions were applied sequentially and/or
combined. Here, it is argued that studies that use a combined approach may be more effective.
This after-effect may be further improved by the systematic repetition of sessions. Sequential
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approaches, in certain cases, seem to result in less therapeutical success than combined
designs.
Many authors have speculated that stronger and longer-lasting therapeutical effects
may result from combinations of treatments and/or the repeated applications of treatments
(e.g. Kerkhoff, 2001, 2003; Rossetti & Rode, 2002). The particular intervention design may
thus play an equally important role as the actual therapeutic method itself. However, no study
has reviewed these claims in a systematic way. Previous reviews only estimated the
effectiveness of different methods in light of neuropsychological tests and behavioral analysis
(e.g. Bailey & Riddoch, 1999; Bowen, Lincoln, & Dewey, 2002; Luauté, Halligan, et al.,
2006; Pierce & Buxbaum, 2002; Robertson & Halligan, 1999; Robertson, Halligan, &
Marshall, 1993; Rode, Rossetti, Badan, & Boisson, 2001; Rossetti & Rode, 2002). Most of
these reviews concluded that the interventions for neglect are exploratory and preliminary at
the current stage. Luauté, Halligan, et al. (2006) concluded that PA, video feedback training,
mental imagery training, NV combined with an extensive training program, trunk rotation,
and visual scanning are the most effective therapeutic options for neglect patients. Many
theoretical explanations support the claim that the interaction between different therapies and
designs are of great importance. First of all, neurophysiological underpinnings of
interventions have been found to affect different areas of interest in neglect (see Arene &
Hillis, 2007 for a review). For instance, Luauté, Michel, et al. (2006) have shown that PA
produces neuronal activation in the parietal cortex in contrast to what has been shown for NV
(Bottini et al., 2001). Furthermore, different methods have been found to affect different
patients and symptoms in an unpredictable way (e.g. Rossetti & Rode, 2002; Vuilleumier,
2007). Studies 2 and 3, for instance, showed different therapeutic effects on visual search
tasks. Since interventions affect different modalities (e.g. motor, visual, tactile, olfactory, and
auditory) in neglect, some methods may suit certain patients better than other interventions
(Rossetti & Rode, 2002). In conclusion, the current findings are in line with the previous
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suggestions of various authors, i.e. that stronger and more long-lasting therapeutical effects
may result from combinations of different treatment methods.

5.5. Additional findings: General reviews and neglect-like symptoms (Studies 5, 6, and 7)
The two reviews (Studies 6 and 7) systematically covered the main aspects of
unilateral neglect, such as symptoms, frequency, prognosis, causes, anatomical localization,
theories, and interventions. The reviews were written for medical professionals as well as
others who have no or limited experience with the disorder. The discussion was kept simple,
major concepts were explained and practical examples were provided. A lack of literature on
neglect written for health professionals in most languages such as Icelandic is reflected in
relatively poor understanding of the disorder. The main aim of the articles was therefore to
increase the life quality of patients by increasing the public’s general knowledge of neglect.
The main impact of the review was that the authors stimulated a systematic search of
previous reviews with the aim of exploring whether combined and sequential designs have
been covered in any depth (Hjaltason & Saevarsson, 2007; Saevarsson et al., 2008).
Furthermore, the reviews stimulated the first therapeutic study to be performed in Iceland on
neglect.
Study 5 tested whether healthy participants with hypomanic-like personality traits
would neglect threat cues and produce hypervigilant responses to cues of reward compared to
subject with non-hypomanic-like temperament factors. A group of over 500 healthy subjects
was assessed by the General Behavior Inventory (GBI) for this purpose. Based upon scores on
hypomanic and neutral items, 28 participants were selected to performe a computerized task
that measured responses to dynamic fearful and happy facial gaze cues. Subjects with
elevated hypomanic scores demonstrated attentional hypovigilance for threatening cues and
hypervigilance for happy gaze cues in contrast to the “neutral” contral group. Individuals with
hypomania-like traits neglected fearful gaze cues bilaterally.
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Previous studies have confirmed the importance of studying neglect patients’ reactions
to emotional and threatening stimuli. Halsband et al. (1985) reported that neglect patients are
more likely to notice fearsome and sexually arousing pictures than neutral pictures of
furniture and colleague buildings when presented to the contralesional hemispace. Marshall
and Halligan (1988) repetitively showed a patient two pictures of the same house that were
identical except for one detail. Bright-red flames burst out of a window on the left side of the
house in one of the pictures. Interestingly, the patient firmly denied any difference between
the two houses, but when the patient was asked in which house she preferred to live in, she
consistently chose the non-burning house. In a similar study, Bisiach and Rusconi (1990)
reported that neglect patients may prefer the burning house because of an attraction to the red
flames. Emotional problems such as depression, hyper-arousal, and anxiety have been found
to have high comorbidity with neglect and stroke (Diller, Goodgold, & Kay, 1988; Nys et al.,
2006), although these impairments have not been studied specifically in relation to neglect.
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6. Outlook

6.1. Methodological issues
Methodological issues of neglect have long been a mainstay of neuropsychology,
since in many ways theoretical speculations rest on behavioral and physiological assessments.
A large number of authors have studied the neuropsychological assessment of neglect (e.g.
Lezak, Howieson, Loring, Hannay, & Fischer, 2004; Robertson & Halligan, 1999;
Saevarsson, Kristjánsson, & Hjaltason, 2009). However, no general consensus has been
reached about how the disorder should be explained and defined. Scientists most often use the
so-called “Heilman definition” of unilateral neglect: “When patients do not report, respond, or
orient to the stimuli and the defect cannot be attributed to a sensory or motor defect”
(Heilman et al., 1987, p. 116). However, this definition does not fully cover all aspects of the
disorder such as visual priming (Kristjánsson et al., 2005), memory deficits (e.g. Bisiach &
Luzzatti, 1978; Malhotra et al., 2005) or the reduction of neglect symptoms in darkness
(Hjaltason & Tegnér, 1992). Nonetheless, many aspects of the disorder are unknown. The
future definition of neglect will therefore most likely be divided into subtypes of the disorder
similar to other neuropsychological disorders such as aphasia. For example, Study 1 increased
our understanding of how objects are processed in personal and extrapersonal domains of
space in spatial neglect. One interesting question for the future definition(s) is whether some
dissociation exists between color and position for context priming in neglect patients and
healthy subjects. Future studies may be more fruitful in offering a more fundamental
understanding of neglect and more precise definition(s) of this phenomenon. Additionally, the
following aspects will shed further light on how neglect will be defined in the future.
Assessment is of great importance for future studies of neglect. As with the definition
of the disorder, general consensus is lacking regarding how the disorder itself should be
measured and diagnosed. Scientists and clinicians have used many different ways to assess
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neglect. The most common way is to use neuropsychological test batteries. Several batteries
have been developed such as the Behavioural Inattention Test (Halligan, Cockburn, &
Wilson, 1991; Wilson et al., 1987) and the French test battery for neglect (Azouvi et al.,
2006). Although these batteries and many standard neglect tests are useful for fast clinical
screening, they may not reflect a patient’s performance in everyday life. In other words, they
may lack ecological validity. Study 2 shows the importance of feedback in testing which is
normally not part of standard neglect assessment. Forthcoming studies need to explore other
methods such as direct behavioral analysis and explore its correlation to classical neglect
tests. No standardized methods have been developed to measure the general therapeutic
effects in cases of the disorder. Furthermore, many factors, such as the patient’s emotional
condition and physical fitness level, may affect the assessment of neglect. Therefore, it is
advisable to assess other factors that may affect the symptoms of neglect indirectly and to
develop standard test batteries that measure patients’ performance in their normal, everyday
environment. This is essential to explore the clinical value of different interventions.
Structural and functional measurements of neglect have been made with a variety of
neuroimaging methods, such as PET, fMRI, MRI, and CT, with the aim of understanding the
neurophysiological underpinnings. However, these methods have considerable limitations due
to our limited understanding on factors such as the BOLD signal and neuronal activity, and
premature assumptions about comparable brains of healthy individuals and injured subjects
(e.g. Logothetis, Pauls, Augath, Trinath, & Oeltermann, 2001; Rorden & Karnath, 2004).
Logothetis (2008) and Logothetis and Wandell (2004) have speculated that studying animal
models is the only way to understand the BOLD signal that is fundamental to fMRI.
Although, fMRI is believed to be one of the most important tools to explore the
neurophysiological underpinnings of different neuropsychological interventions, the
therapeutic effects of methods such as NV and PA are still unexplored with fMRI in neglect
patients.
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Furthermore, international databases of lesions and neuropsychological problems
need to be developed systematically to shed further light on neglect and related disorders.
Studies 1 to 7 would have profited from a more accurate understanding of the patient’s
lesions.
In the current literature, trial numbers of the visual search tests and the sample sizes of
neglect patients such as those in the present empirical studies (4, 8 and 12) are regarded as
sufficient in terms of statistical considerations (e.g. Field, 2005). Studies 1 to 3 suffered in
some ways because of difficulties in obtaining chronic neglect patients to participate and in
testing subjects at a scheduled appointment. There are several different reasons for this. Some
patients were unable to participate in the experiments due to medical reasons, such as fatigue.
Furthermore, some neurological clinics, such as the “Schmieder Kliniken”, did not want to
cooperate for political reasons. Therefore, an improved access to neglect patients would
strengthen the future studies of the disorder.

6.2. Clinical issues
The findings presented here have important implications for neglect since only a few
therapeutic clinics use specific neglect therapy in a systematic way. The life quality of
patients can, most likely, be improved by means of the increased use of NV and PA.
Availability of both intervention methods needs to be made easier. As yet, only a few
companies (e.g. Benchmed and Optique Peter) have made NV and PA devices commercially
available. In addition, the high price of both types of apparatus is well above 1000 Euro,
which limits their use in clinical and daily life settings. The turnaround time for the devices is
normally several months following payment. Access to these devices seems to be very limited
for health professionals and lay people. In addition, the NV module broke down when it was
used in Study 3 and caused a significant delay of the study since a replacement device had to
be arranged. This raises questions about the reliability of the device, which is very important
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for clinical practice. Study 1 suggests that visual priming might be used to improve symptoms
of neglect in everyday life. However, future research will have to answer how this can be
done in practice. Study 5 indicates how emotional factors affect our visual attention. No study
has explored how they can be used to help patients to overcome their neglect symptoms.
Many important clinical treatments remain unexplored in neglect, such as deep brain
stimulation and steam cell implants. The new generation of TMS that is able to stimulate
subcortical areas might be an important tool to explain and treat neglect. Furthermore, a brain
scan that combines PET and MRI functional imaging will be soon on the market from
Siemens. This method gives us the strong hope that we can overcome the limitations of MRI
and PET, which will result in a greater understanding of neglect etiology and treatment.
However, one can speculate that the future approach will include interdisciplinary
combination of methods such as neuropharmacology and neuropsychological interventions,
like for instance NV. Only the future will reveal whether these interventions will prove to be
clinically effective.

6.3. Literature reviews
The reviews on the current literature that are relevant to neglect are of great
importance for health professionals, lay people, and patients in understanding the disorder.
Neglect is commonly misunderstood and not diagnosed by many health professionals. The
current peer-reviewed reviews (Studies 4, 6 and 7) were written for diverse audiences: Study
4 was aimed at specialists in the field of neglect therapy, while Studies 6 and 7 were more
thought for the general public. These reviews underline how valuable the systematic literature
research is to bring new knowledge to light and to introduce important aspects of neglect.
Future literature studies for general audience should lay more emphasis on pictures to explain
neglect, especially in general reviews. Furthermore, it would be very helpful if scientists
studying neglect would establish a webpage that lists comprehensive references for the
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available international neglect with the aim of facilitating all literature research. Study 4
covered therapeutic studies in neglect that applied different therapeutic designs. Future studies
will have to explore this topic again due to a lack of studies that have used certain designs
such as a combined approach.
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7. Conclusions

To sum up the findings here, impaired visual search performance in neglect patients can be
improved by repeating distractors sets in the right and left visual fields of patients. This
suggests that the perceptual organization of target context is relatively intact in the affected
and the non-affected hemifields of neglect patients. Attentional processing seems to operate at
a hierarchically higher level of perceptual organization than vision. This knowledge may be
used to improve visual search performance in neglect patients. In a similar way, PA was
found to improve visual search ability in patients with the same disorder when cognitive load
was kept low in contrast to when it was high. These effects were found to last for at least 90120 minutes. Improvements were found in visual search tasks and standard neglect tests to
last for a similar length of time following NVPA, despite a high cognitive load. NV produced
improvement in the visual search task but not in the classical neglect tests. The findings
suggest that a combined approach of NV and PA produces longer-lasting and generally more
therapeutic effects than when these interventions are used separately. Many different
therapeutic designs are possible. When a great number of therapeutic studies were explored
systematically, combined and sequential approaches yielded the clearest improvements in
various neglect symptoms. This underlines the new frontiers of neglect therapy and the
importance of coaction between different interventions and designs. Lastly, there is a lack of
general understanding of neglect among people who are acquainted with patients suffering
from this disorder. It is important to explain to these people the nature of the impairment in a
simple and non-technical way. In addition, it is important to explore neglect-like symptoms in
healthy subjects, as it can be influenced by emotional factors to maximize our understanding
of the disorder.
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Invited talks:
1. 1/2009: Introduction to neglect and my current neglect data at the department for
Experimental and General Psychology, Ludwig-Maximilians-University Munich,
Germany.
2.

10/2008: Introduction on neglect and my current neglect data. UniversitätsAugenklinik, University of Freiburg, Germany.

3. 5/2008: Introduction on neglect. Neurol. Praxis Prof. Fries, Munich, Germany.
4. 12/2007: The international DENKN/DENR conference, Saarbrücken, Saarland.
5. 11/2007: Prism adaptation affects visual search in Neglect. SFN conference, San
Diego, California.
6. 6/2007: Colloquium Neuropsychology. Title: Rehabilitation of Neglect. Freiburg
University.
7. 2/2007: Introduction of my PhD projects: Spring School on “Neurosensory and
Cognitive Science”, Hansa Institute, Delmenhorst, Germany.
8. 3/2006: Short introduction on my PhD project at “FBI” meeting for Freiburg Brain
Imaging group at Freiburg University.
9. 10/2005: MSc defense of research projects, UMC Hospital Utrecht, the Netherlands.
10. 2003: BA research presentation at the Psychology Science Conference of Landspítali
University Hospital.
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9.2. Conference posters:
9.2.1. 1st congress for Icelandic Society for Neuroscience 2008
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9.2.2. 2nd International symposium on visual search and selective attention 2008
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9.2.3. 6th Forum of European Neuroscience 2008
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9.2.4. 23rd Conference of the Germany Neuropsychology Society
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9.2.5. Experimental internship (III/IV), Poster sessions, Institute of Psychology, University of
Freiburg: Group 1
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9.2.6. Experimental internship (III/IV), Poster sessions, Institute of Psychology, University of
Freiburg: Group 3
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9.2.7. Experimental internship (III/IV), Poster sessions, Institute of Psychology, University of
Freiburg: Group 4
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9.2.8. Experimental internship (III/IV), Poster sessions, Institute of Psychology, University of
Freiburg: Group 5
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