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CHAPTER 1
General Introduction
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Voluntary direction of attention 

Attention can be captured reflexively by stimuli with a sudden-onset or a high intensity. 

For instance, it is hard to ignore the unexpected honking of a car, even if you are not 

participating in traffic. This type of attention is present early in live and important for 

survival. In contrast, attention can also be goal-directed or voluntary. Imagine a busy 

train station with a lot of signs, people talking and trains arriving and departing. An 

announcement from the Nederlandse Spoorwegen (Dutch Railways) will be difficult to 

distinguish from all other sensory stimulation. However, when the message starts with 

an auditory cue such as a bell sound, we can prepare by orienting our attention to the 

expected event.

In addition to the ability to keep concentrating on a certain event (sustained attention), it 

is important to be able to switch attention from one event to the other. When driving a car, 

you need to focus on the traffic lights to identify whether yours is green, switch attention 

to the sidewalk to check whether pedestrians are waiting for the red light and maybe listen 

to the directions from your navigation system. This type of attention, sometimes referred 

to as ‘alternating attention’, is the subject of the current thesis. 

In order to study how attention is voluntary directed in preparation for a certain event, 

human participants are usually asked to identify a visual or auditory target stimulus. Similar 

to the broadcasting message in the previous example, a symbolic cue is shown prior to a 

stimulus that needs to be identified. This cue could indicate the location of the upcoming 

target (spatial attention) or could inform the modality of the target (e.g. visual or auditory) 

called a cross-sensory attention paradigm. Trials with valid cues are typically compared to 

trials with an invalid or uninformative cue (figure 1). Reaction times (RTs) are shorter and 

accuracy is higher for validly cued trials compared to trials with an uninformative cue. In 

contrast, presenting a target in a location that was not indicated by the cue (invalid trials) 

increases reaction times compared to neutral trials, showing the cost of orienting to a 

different location (Posner, 1980).
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Figure 1 Spatial cuing paradigm as designed by Michael Posner (1980). A target appearing at the 

left or right of a fixation point will be identified faster and with more accuracy when a preceding cue 

(arrow) indicates its location. Attention can be directed towards the location of interest, prior to -or in 

absence of- an eye-movement. The opposite is true for invalid cues.

Oscillatory neural activity and attention 

Neurons are electrically excitable cells in the brain that can transmit information through 

electrical and chemical signals. The summation of synchronous excitatory postsynaptic 

potentials can generate electrical fluctuations that can be measured along the scalp using 

Electro-encephalography (EEG), providing a real-time measure of neural activity. Earlier 

research mainly focused on changes in Event-Related-Potentials (ERPs): activity evoked 

by stimulus presentation that is phase-locked to the event. More recent studies also 

focus on oscillations, that is the rhythmic or repetitive activity that emerges as a result of 

synchronization in neural firing through interactions between neurons. Oscillations can be 

time-locked to events, but do not have to be phase-locked in order to be detected. This 

provides the opportunity to study ongoing activity without the need for a preceding event. 
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Different oscillatory rhythms have been linked to different brain states. For instance, the 

alpha rhythm (8 – 12 Hz of frequency, (Berger, 1929)) has been linked to attentiveness. 

High alpha power (synchronization of neural populations firing in the alpha band) is found 

when the brain is in a state of ‘idling’, while vigilance is related to low alpha power (alpha 

desynchronization). More important, local fluctuations in alpha power in sensory regions 

have been related to the excitability of that region (Lange, Oostenveld, & Fries, 2013; 

Romei, Brodbeck, et al., 2008; Romei, Rihs, Brodbeck, & Thut, 2008; Sauseng, Klimesch, 

Gerloff, & Hummel, 2009) as supported by the prediction of visual processing efficiency 

by prestimulus alpha activity on the occipital cortex (Ergenoglu et al., 2004; van Dijk, 

Schoffelen, Oostenveld, & Jensen, 2008).

Top-down modulations of local alpha power could be used as a mechanism to direct 

attention: irrelevant information is filtered out by increasing alpha power in regions 

associated with processing this information (Foxe, Simpson, & Ahlfors, 1998; Hanslmayr 

et al., 2007; Jensen & Mazaheri, 2010). Consistent with this hypothesis, cuing paradigms 

show that the fluctuations in alpha oscillations are not random, but can be controlled by 

top-down factors. After presentation of a cue signaling whether a target will be presented 

in the left or right visual field, alpha activity is increased over the occipital hemisphere 

contralateral to distractor presentation compared to alpha activity contralateral to target 

presentation (Kelly, Lalor, Reilly, & Foxe, 2006; Thut, Nietzel, Brandt, & Pascual-Leone, 

2006; Worden, Foxe, Wang, & Simpson, 2000). Similarly, when a cue indicates whether 

the upcoming target will be presented in the auditory or visual modality, alpha activity 

prior to stimulus presentation respectively shows a relative increase or decrease in the 

occipital cortex (Foxe et al., 1998; Fu et al., 2001; Mazaheri, van Schouwenburg, et al., 

2014). The top-down increase in alpha activity has been hypothesized to be involved in 

suppressing distracting input. However, it should be noted that the relative nature of 

the results ( the alpha activity was often compared between conditions) do not make it 

possible to separate processes related to active suppression of distractors from processes 

that increase excitability to enhance target processing. A few studies tried to separate 

inhibitory processes and found evidence supporting benefits of both increases to suppress 

distraction and decreases to enhance targets in a spatial attention task (Okazaki, De Weerd, 

Haegens, & Jensen, 2014; Zumer, Scheeringa, Schoffelen, Norris, & Jensen, 2014) as well as 

for a somatosensory attention task (Haegens, Luther, & Jensen, 2012). (Although another 

study only found a relation between behavior and alpha power contralateral to target 
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presentation (Gould, Rushworth, & Nobre, 2011). The relation between alpha increases 

during distraction and task performance in cross-sensory attention is studied less often. To 

the best of our knowledge  an increase from baseline  has been found only in a few studies 

(Foxe et al., 1998), proposing that alpha is actively suppressing distraction. However, these 

studies have not shown any behavioral consequence of the alpha increase, making its role 

in suppressing distracting input equivocal. The aim of the first study in this thesis was to 

collect additional support for the belief that alpha activity actively suppresses distraction 

in cross-sensory attention.

As described above, oscillations are mainly used to examine the influence of ongoing 

activity on processing of sensory input. However, modulations in alpha power could 

also be used a mechanism to select relevant information after sensory input. Such a 

mechanism would be relevant when one does not know beforehand which stimulus is 

relevant, or when a distracting information still captures attention even if spatial attention 

is was directed towards the target. Zumer et al. (2014) describe a modulation in alpha 

activity after target and distractor presentation in a spatial cuing task. We examined post-

target alpha activity in a feature based-attention task in chapter 5, to be able to investigate 

whether alpha modulations also take place when stimulus location is not known before 

presentation. 

Top-down modulation of the phase angle of ongoing oscillations 

In addition to power, also the phase angle of an alpha oscillation has been related to the 

extent to which briefly presented stimuli are processed (Busch, Dubois, & VanRullen, 

2009; Mathewson et. al., 2009). The phase angle at time of stimulus presentation is found 

to be different for detected and undetected stimuli. Whether the stimulus is presented 

during a peak or through influences its detection. The inhibitory influence of high power 

alpha oscillations on ongoing neural activity is therefore thought to be pulsed instead 

of continuous. Modulation of the phase of an oscillation could ensure that targets are 

presented at times of high neuronal excitability instead of inhibited firing. Research has 

shown that oscillations automatically entrain to rhythmically presented stimuli (Lakatos 

et al., 2016; Lakatos et al., 2008). Moreover, detectability is increased when target 
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presentation is in time with rhythmically presented stimuli in the alpha band, while 

detection of stimuli out of time is decreased ( Mathewson et al., 2012). Furthermore, a 

top-down modulation of alpha phase angle was reported in a temporal cuing paradigm, in 

the absence of rhythmic stimulus presentation (Samaha, Bauer, Cimaroli, & Postle, 2015), 

implying that the effect cannot be explained by entrainment. 

Importantly, the effect of alpha phase angle on stimulus detection found by Mathewson 

et al. (2009), was only present for high power trials. This means that a decrease in alpha 

power makes it sufficient to allow for targets to be processed thoroughly. We assume that 

a modulation of phase-angle is important during inhibition of distraction. In chapter 3 

we examine whether the phase of an alpha oscillation is controlled by top-down factors, 

such that a suboptimal phase for processing is present when a brief distractor needs to be 

inhibited.

The caveats of phase angle estimations 

Modulations in the phase-angle of alpha oscillation are examined in various ways. For 

instance, the instantaneous phase angle can be assessed and compared between conditions 

with different attentional requirements. However, a large amount of trials are needed to 

make a reliable estimation of the preferred phase angle for a certain condition. Another 

disadvantage is that both conditions must show a preferred phase-angle to reliably assess 

whether a significant difference is present. Therefore, when a phase modulation is only 

expected in one condition, but phases are expected to be random in the other condition, 

more commonly a difference in inter-trial-phase locking (ITPC) is assessed (sometimes also 

referred to as Phase-Locking-Factor (PLF)). ITPC indicates whether the phase angle is similar 

across trials (ITPC = 1) or whether phase angles are random (ITPC = 0). A difference in ITPC 

between conditions, in which no notable difference in sensory stimulation is present , 

points toward a top-down modulation of phase angles in at least one condition. However, 

some scientists argue that a difference in oscillatory power between conditions could lead 

to differences in ITPC and thereby cause false discoveries. In chapter 4 we investigated 

this belief and in addition examined whether evoked responses could also influence ITPC 

estimates of ongoing oscillations. Evoked responses are highly phase-locked to stimulus 
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presentation. Inter-trial phase-locking can therefore be overestimated due to temporal 

leakage of the ERP when ITPC is estimated at a time point close to stimulus presentation. 

Furthermore, we examined whether differences in ERP amplitude or latency could lead to 

differences in ITPC. When ITPC can indeed be influenced by power and evoked responses, 

this could be an explanation for the divergence in results from studies examining phase 

angle modulations. 
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Outline of this thesis

The main aim if this thesis is to fine-tune knowledge about the role of alpha oscillations in 

attentional selection. 

In chapter 2 we were interested to see whether active suppression of distraction contribute 

to performance (i.e. speed) in a cross-sensory attention task through increases in alpha 

power. 

The aim of the experiments in chapter 3 was to find out whether the phase of alpha 

oscillations can be adjusted towards the optimal angle for processing of predictable 

targets and/or to the suboptimal phase for inhibition of distraction. 

Because contradicting results are obtained regarding the question whether the phase 

angle of an oscillation can be adjusted, in chapter 4 a caveat is proposed of a measure 

that is often used during the examination of phase angle modulations; inter-trial phase-

coherence (ITPC).

Since relevant information in the real is not always preceded by cues, in chapter 5 we 

examined post-target alpha modulations during trials in which targets were selected 

based on features (i.e. shape); trials with spatial cues were added to study the interaction 

between spatial and feature-based attention. 

In chapter 6 of the thesis we examined the EEG responses to auditory sounds in a newly 

discovered psychiatric disorder that has the inability to suppress attention to specific sounds 

as its core symptom: misophonia. The central hallmark of misophonia is an aggressive 

impulse automatically triggered by sounds, such as breathing, chewing, and eating. To 

date, there has been no neurophysiological marker linked with this disorder. Our aim was 

to explore if the pathophysiology of this disorder manifested itself in some dysfunction of 

the auditory processing system. This was carried out by examining differences in specific 

components of the auditory event-related potentials (ERPs) between misophonia patients 

and controls, elicited by pure tones in an oddball paradigm.
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