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1. Abstract 

 This study investigated an important event-related potential (ERP) component 

concerning attention, the P300. 20 healthy control participants (12 men, eight women, mean 

age: 33.35 years) participated in an auditory three-stimulus oddball experiment that used pure 

tones of different pitch as standards and targets, and either environmental sounds (novel 

condition) or another pure tone (typical condition) as distracters. Additionally, all participants 

filled in two different self-report rating scales measuring ADHD symptomatology. 

Electroencephalographic (EEG) activity was recorded at four scalp sites including Fz, Cz, Pz, 

and Oz. Results indicate that targets and typical distracters elicited P3b components, whereas 

novel distracters elicited P3a components, suggesting that the important factor distinguishing 

P3a from P3b is the stimulus’s physical characteristics. Novel P300 displayed a higher 

amplitude than typical P300 across all electrode sites, and the amplitude ratio novel P300
target P300

 had a 

higher value than the corresponding ratio typical P300
target P300

, hinting at inefficient resource allocation 

in the case of novel distracters. Correlational analyses between ERP data and the two rating 

scales yielded heterogeneous results suggesting a methodological bias whose implications are 

discussed. Results are interpreted with reference to earlier research findings and alternative 

explanations.  
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2. Introduction 

2.1 What is Attention?  

 The construct of attention is, while extremely popular in everyday language, one of the 

constructs in scientific psychology that is most difficult to define and equally difficult to 

study. More than 120 years ago, William James proposed the following definition: 

 

Everyone knows what attention is: It is the taking possession by the mind, in clear and 

vivid form, of one out of what seem several simultaneously possible objects or trains 

of thought. Focalization, concentration of consciousness are of its essence. It implies 

withdrawal from some things in order to deal effectively with others, and is a 

condition which has a real opposite in the confused, dazed, scatterbrain state [...]. 

(William James, 1890, as cited in Gazzaniga, Ivry, & Mangun, 2002, p. 247) 

 

Generally, when talking about attention, it is helpful to differentiate between global 

states, states of behavioral arousal and selective states. Global states refers to being awake 

versus asleep. Within the sleeping state there are various sleeping stages as identifiable in the 

EEG, and within the awake state one can distinguish between two states of behavioral 

arousal, which are inattentiveness (being drowsy and relaxed) versus attentiveness (being 

alert). Attentiveness, finally, comprises two selective states, that is, ignoring or attending 

something. The latter case corresponds to selective attention, which can be defined as the 

ability to focus on relevant inputs, events or thoughts while ignoring such that are irrelevant. 

Selective attention, which is the most common definition of attention as applied in 

contemporary research, can be either voluntary (also called endogenous or top-down), 

meaning intentionally attending something, or automatic (also called exogenous, reflexive, or 

bottom-up), as when an event in our environment captures our attention (cf. Gazzaniga et al., 
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2002, pp. 246 f.). Interestingly, as Hermann von Helmholtz (1894, as cited in Gazzaniga et 

al., pp. 247 f.) found out, selective attention is a covert mechanism, that is, the focus of our 

attention is independent from the focus of our sensory organs, most remarkably of our eyes. 

Posner and Raichle (1996) put forward one of the most elaborate and influential 

models of attention, which tries to integrate the various facets of such a diverse construct. The 

authors suggest three different system (or, as they call it, ‘networks’) of attention, whereas the 

model was originally designed for visual attention only.  First, the posterior attention system 

involving the posterior parietal cortex as well as thalamus and midbrain is responsible for the 

automatic direction of visual attention in response to movement and visual cues in general. 

Posner and Raichle describe this process of attentional switch in three stages: disengaging 

attention from a location, moving attention over to a new location, and engaging attention 

onto the new location. In sum, this system is thought to reflect automatic attention and is 

often assumed to be related to the so-called orienting response, which can be overt or covert.  

Second, Posner and Raichle (1996) postulate the existence of an anterior attention 

system (located in the anterior cingulate gyrus), which controls voluntary focusing of 

attention in response to visual cues as well as goal-directed strategic considerations. Thus, this 

system shares major anatomical and conceptual features with the construct of executive 

control. Third, the authors suggest a vigilance network located in the right prefrontal and 

parietal cortex and subcortical areas, which is in charge of regulating arousal and maintaining 

alertness. 

 

2.2 Attention, Event-related Potentials, and the Oddball Paradigm 

 One approach of investigating attentional processes is by recording event-related 

potentials (ERPs), that is, electric potentials in the microvolt (µV) range, evoked after certain 

sensory events and recorded at the scalp using electroencephalography. Over the past decades, 
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research has identified several reliable event-related components, that is, waves with certain 

negative or positive peaks within specified time ranges, which occur after specific kinds of 

stimuli. A component is most frequently described by its amplitude (i.e. size of voltage) and 

its latency (i.e. time passed between the stimulus onset and the emergence of the component). 

Globally, these components can be divided into sensory components reflecting early 

processing (e.g. the N1 component), and cognitive components, which represent higher-order 

processes.  

Among the latter is the P300 component (also referred to as P3 or simply as the late 

component), a large positive-going waveform typically occurring between 250 and 500 

milliseconds (ms) after stimulus onset, whose amplitude is usually largest over parietal 

electrode sites (Polich, 2007). It is probably the most widely studied component with respect 

to attention. Taking into account the thousands of studies dealing with the P300, there is 

remarkably little consensus about the specific cognitive process this component reflects – an 

issue that I will address in more detail in a later section.  

A classic paradigm which is often applied in order to elicit the P300 is the so-called 

oddball paradigm. The central characteristic of this method is that participants are presented 

with at least two different sorts of (predominantly) auditory or visual stimuli, whereas one 

stimulus is presented much more frequently (e.g. in 80 % of all cases) than the other (e.g. in 

20 % of all cases), with the latter being interspersed randomly. Typically, participants have to 

respond to the less frequent stimuli (e.g. by pressing a button or by silently counting them), 

which are therefore referred to as targets, while the dominant stimuli are generally called 

standards. The target is a deviant stimulus, that is, it is clearly different from the standard.  

What I described so far corresponds to the two-stimulus oddball paradigm. However, 

the even more relevant and interesting variant of this paradigm in terms of event-related 

potentials is the three-stimulus oddball. The difference is that in a three-stimulus oddball 
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experiment, there are two deviant and infrequent stimuli in contrast to a frequent standard, but 

only one is defined as the target participants respond to, that is, only one stimulus is task-

relevant. The other infrequent stimulus is dubbed distracter and typically occurs just as often 

as the target; this stimulus is task-irrelevant. For instance, an auditory three-stimulus oddball 

paradigm might consist of a 1000 Hz tone presented in 80 percent of all cases (standard), a 

2000 Hz tone presented in 10 percent of all cases (target) and a 500 Hz tone or varying 

environmental noises presented in the remaining 10 percent of all cases (distracter).  

The crucial point with respect to attentional processes is the response to target and 

distracter, concerning outcome variables like reaction time (RT) and, most importantly, the 

P300 event-related potential as an indicator of an attentional process evoked by infrequent, 

deviant stimuli, in other words, the targets and distracters. As this distinction is essential, in 

the following I will distinguish between target P300, that is, the P300 in response to target 

stimuli, and distracter P300, that is, the P300 in response to distracters. 

 

2.3 The P300 as a Dependent Variable in the Oddball Paradigm 

 Research focusing on the P300 as elicited in oddball experiments started in the early 

1980s. One of the first studies was conducted by Polich (1986), who investigated various 

determinants of the P300 employing an auditory three-stimulus oddball paradigm. He found 

that target P300 amplitude was the higher the more attention participants allocated to the 

target stimuli (i.e. counting them vs. ignore them and think of something else vs. thoroughly 

reading a text while the tones were played), while P300 latency was not affected. In a second 

experiment, Polich found that the P300 component was only present when participants 

responded to the target, concluding that task relevance of the target stimulus works as a 

determinant of the P300. In contrast to further studies I will soon present, Polich did not find 

any effects of target probability in this study, that is, the percentage of target stimuli in the 
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oddball experiment. This might, however, be due to the fact that in this study it only varied 

between 5 and 20 percent. Greatly varying target and distracter probability indeed leads to 

differences concerning P300 amplitude, as Katayama and Polich (1996b) pointed out: P300 

amplitude was the higher the less probable the stimulus was, and this held for target P300 as 

well as distracter P300, whereas distracter P300 amplitude was generally smaller across 

conditions than target P300 amplitude. The fact that both target P300 and distracter P300 

seemed to be influenced by stimulus probability indicates that this factor overrides the factor 

of task relevance as a determinant of the P300.  

 Katayama and Polich (1996a) also compared target P300 depending on whether the 

oddball experiment comprised one tone (standard = no tone at all), two tones or three tones. 

What they found was that the target always elicited a P300 of similar amplitude, regardless of 

the deviant stimuli. P300 latency, however, was shorter in the one-tone condition as compared 

to the other two conditions.  

 In an extensive review, Polich (2007) summarizes which factors influence P300 

amplitude and latency. Concerning P300 amplitude there is, as discussed in the previous 

paragraph, stimulus probability, which has a negative correlation with P300 amplitude 

(Johnson & Donchin, 1982; Katayama & Polich, 1996b). However, as Polich (2007) 

concludes on the basis of the studies he reviews, the crucial factor appears to be the interval 

between two targets (the target-to-target-interval, TTI). When target probability is held 

constant, TTI determines P300 amplitude and short intervals lead to smaller target P300 

amplitudes than long intervals (Fitzgerald & Picton, 1984). Hence, the general rule seems to 

be: P300 amplitude is the higher the less frequently the target is presented. Pashler (1994) 

argues that this is because TTI determines the speed at which resources can be re-allocated to 

a target stimulus – an explanation which involves theoretical implications that I will address 

in the next section. 
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 Furthermore, as mentioned above, P300 amplitude seems to be larger the more 

attention participants allocate to the oddball task (Kramer, Wickens, & Donchin, 1985; 

Polich, 1986; Wronka, Kaiser, & Coenen, 2008). Third, Kok (2001) pointed out that memory 

load, or cognitive load, respectively, influences P300 in a way that its amplitude decreases as 

cognitive load, implemented by task processing demands, increases. The fourth factor Polich 

(2007) mentions is highly unspecific, namely the participant’s individual biological and 

genetic predisposition, which influences both P300 amplitude and latency.  

 Regarding P300 latency, Polich (2007) lists four main factors. First, topography has 

been shown to influence P300 latency: It is shorter over frontal and central sites as compared 

to parietal sites (Polich et al., 1997). Furthermore, age plays an important role: Latency 

decreases with age until adolescence (Polich, Ladish, & Burns, 1990b) and then increases 

again (Polich, 1996). Moreover, as Reinvang (1999) found out, P300 latency is highly 

correlated with results from neuropsychological tests that measure how quickly participants 

can allocate attentional resources, thus presenting P300 latency as an index of resource 

allocation speed. The fourth factor concerns cognitive performance: Johnson, Pfefferbaum, 

and Kopell (1985) report that targets which elicit a P300 with a shorter latency are 

subsequently better recognized, drawing the conclusion that the corresponding memory trace 

is stronger. Polich (2007) concludes that P300 latency indexes the time necessary to evaluate 

a stimulus, as stimulus discrimination processes have to be completed before being capable of 

responding to a deviant stimulus.  

 

2.4 What Does the P300 Reflect? Theories About the Underlying Mechanisms  

  Various explanations for the cognitive origin of the P300 component have been 

suggested over the past decades. There is the view that the P300 reflects inhibitory neuronal 

activity in order to disengage (in the sense as proposed by Posner & Raichle, 1996) attention 
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from task-irrelevant events in the environment (represented by the standards in the oddball 

paradigm) and to focus it on task-relevant events (i.e. the targets), also to facilitate memory 

processes concerning the target stimuli (Polich, 2007). However, there are other theoretical 

accounts of what the P300 reflects, which can be broadly divided into two main perspectives: 

the context updating perspective and the resource allocation perspective.  

 The context updating view is for instance represented by Donchin (1981). He 

considers the P300 as reflecting processes of updating the mental representation of the 

environment created on the basis of previous sensory stimuli in working memory. 

Furthermore, he claims that only events that elicit a P300 because they are surprising are 

eventually remembered. Similarly, Kujala and Näätänen (2003) posit that the P300 represents 

an evaluation process in working memory, that is, an attentional comparison between the 

latest stimulus and the contextual representation stored in working memory. Polich (2007) 

summarizes this perspective the following way: In case the cognitive system does not detect a 

deviance in a stimulus, the mental representation of the context is maintained and only 

sensory event-related potentials (e.g. N1, P1) are elicited, as is the case after standard stimuli. 

When a stimulus is classified as new, an attentional process updates this model, which 

is reflected by the P300. The origin of this perspective lies in those studies in which stimulus 

probability was varied (see above); the idea was that P300 amplitude grows as probability 

decreases because more context updating is necessary when the target is only rarely 

presented. Also, these findings gave rise to the idea that P300 generation involves working 

memory (Donchin, Karis, Bashore, Coles, & Gratton, 1986). The context updating approach 

is still widely recognized, despite 30 years that have passed since it has first been proposed 

and in spite of many refutations (Polich, 2007). 

 The resource allocation perspective was derived from experiments showing that P300 

amplitude is influenced by the amount of attentional resources allocated in dual-task 
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experiments.  Typically, a primary task that requires variable cognitive capacity (e.g. making 

visual choices) is performed by participants at the same time as a secondary task, for example 

counting auditory target stimuli in an oddball paradigm. The characteristic result is that as 

difficulty of the primary task increases, target P300 amplitude in the oddball task decreases, 

independent from modality or motor requirements of the primary task (Kramer et al., 1985; 

Polich, 1986). Kahneman (1973, as cited in Polich, 2007) proposed the following model: the 

availability of attentional resources depends on the overall arousal. When the primary task is 

not very cognitively demanding, many attentional resources can be allocated to the secondary 

task and the P300 displays a high amplitude and a short latency. When the primary task is 

very demanding, fewer resources are available for the oddball task and P300 amplitude is 

smaller, while latency is longer as resources are engaged in primary task performance (Kok, 

2001). According to Polich (2007), this also explains why amplitudes are smaller in passive 

tasks (e.g. an oddball task which does not require any behavioral response), as also non-tasks 

withdraw attentional resources from the oddball task. 

 

2.5 Subtypes of the P300: Contrasting P3a and P3b 

There is an ever growing bunch of evidence showing that the P300 component 

actually comes along in two different forms, which can be differentiated on the basis of 

several features: the P3a and the P3b. Generally, most findings display that these two 

versions of the P300 differ concerning topography, with P3a having a fronto-central 

maximum and P3b exhibiting a parietal maximum, as well as latency, which is usually shorter 

for P3a than for P3b. P3a is often also referred to as novelty P300. As Simons, Graham, 

Miles, and Chen (2001), as well as Katayama and Polich (1998) argued, there is no empirical 

justification for the distinction between P3a and novelty P300, which is why I will not deal 

with theoretical differences between the two terms.   
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The controversial question is in how far P3a and P3b can be distinguished on the basis 

of the stimuli which elicit these components. One widely accepted assumption is that P3a is 

evoked by deviant, but task-irrelevant stimuli (e.g. distracters in an oddball task) and therefore 

reflects kind of an orienting response, whereas P3b is a response to those deviant stimuli that 

are relevant for the task at hand (e.g. targets in an oddball task). This view is e.g. shared by 

Polich (2007), who regards P3a as an index of an early attentional process due to a change in 

the (frontal) representation of the environment in working memory. P3b, according to Polich, 

is elicited when the same signal is task relevant and thus is passed on to parietal areas for the 

purpose of memory processing. Both components, he argues, are the consequence of stimulus 

discrimination processes and can be distinguished only in a three-stimulus oddball. Although 

this is a widely accepted view, this distinction between P3a and P3b as evoked by distracters 

versus targets is not always found: Katayama and Polich (1999), for instance, report identical 

topographies for P300 components elicited by targets and distracters in both the visual and the 

auditory modality, concluding that both types of stimuli actually generate a P3b. 

Debener, Makeig, Delorme, and Engel (2005) conducted a study that addressed the 

question whether task relevance is really the crucial factor determining the occurrence of P3a, 

or whether physical stimulus characteristics (i.e. deviance from the other stimuli) play a 

greater role. Their auditory three-stimulus oddball paradigm used pure tones and 

environmental sounds. In contrast to most previous studies that used sounds as task-irrelevant 

distracters and tones as task-relevant targets, Debener and colleagues dissolved this confound 

and created two groups: In one group, the sounds were assigned the role of the targets and the 

tones were assigned the role of distracters, and in the other group the reverse was the case. 

What Debener and colleagues found was that a sound does not at all have to be task-irrelevant 

in order to elicit a P3a, as all sounds elicited a P3a independent from their assigned role. 

Additionally, it resulted that P3a was subject to habituation – but only in response to stimuli 
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that functioned as distracters. The authors concluded from these findings that the major 

determinant of P3a is the stimulus’s degree of novelty, not the degree to which a stimulus is 

expected because of task demands (i.e. task relevance). They further arrive at the conclusion 

that “the novelty P3 peak reflects an automatic process related to the detection of stimulus 

novelty or salience” (p. 320), thus displaying electrophysiological evidence for the posterior 

attentional system as proposed by Posner and Raichle (1996).  

A study using exactly the same design was conducted by Cycowicz and Friedman 

(2004), who obtained very similar results, extending the results obtained by Debener and 

colleagues by providing additional topographic evidence. In their study, all sounds (regardless 

of their role in the experiment) elicited a fronto-central distribution (P3a), whereas all tones 

led to a parietal distribution (P3b), thereby confirming the decisive role of stimulus 

characteristics.  

Much in line with those results are also the findings made by Gaeta, Friedman, and 

Hunt (2003). In another auditory three-stimulus oddball experiment, they manipulated the 

same two variables as Debener and colleagues (2005), also using tones and environmental 

sounds as either targets or distracters. The authors could demonstrate that the frontally 

distributed P300 depended mostly, regardless of task relevance, on the degree to which the 

infrequent stimuli differed from the standard stimulus, with frontal P300 amplitude being 

larger in response to environmental sounds (physically different from the standard) than to 

tones (physically similar to the standard). Therefore, Gaeta and colleagues conclude that the 

frontally distributed P300 (i.e. P3a) reflects some sort of salience of an infrequent event 

within the stimulus context. The parietally distributed P300 (i.e. P3b), by contrast, was shown 

in this study to be mainly influenced by task relevance, as it was larger in response to targets 

than to distracters.           

 In a previous study, Debener, Kranczioch, Herrmann, and Engel (2002) had 
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participants perform the same auditory three-stimulus oddball task twice with an interval of 

seven days in between. The striking result was that whereas P3a amplitude declined within 

each session (higher at the beginning than at the end) but did not show any differences 

between the two sessions, P3b amplitude displayed the reverse pattern: It did not vary within 

a session, but was smaller in the second compared to the first session. The authors therefore 

suggest that P3a changes represent habituation (as confirmed by Debener et al., 2005), 

whereas P3b changes reflect that fewer attentional resources are invested into the task when 

performed for the second time. They arrive at the conclusion that P3a indexes an automatic, 

or bottom-up process of attention, while P3b stands for a voluntary, top-down process 

necessary to differentiate a target from standards and distracters. Thus, these findings provide 

further experimental evidence for the taxonomy suggested in the model by Posner and 

Raichle (1996) and extend this model’s validity to the auditory modality. 

Another considerable issue in research on P3a and P3b concerns the impact of task 

difficulty on P3a and P3b in an oddball experiment. However, the term ‘task difficulty’ is 

anything but clearly defined. In most research articles, it is referred to as the difference 

between target and standard (e.g. Comerchero & Polich, 1999; Hagen, Gatherwright, Lopez, 

& Polich, 2006). In an auditory and visual three-stimulus oddball experiment, Comerchero 

and Polich (1999) provided evidence for the idea that the emergence of a P3a component 

depends on the degree to which standard and target differ. When the two stimuli differed by 

1000 Hz, both target P300 and distracter P300 had parietal maxima, with target P300 

amplitude being of greater size than distracter P300 all over the scalp. Only when target and 

standard differed by no more than 60 Hz, P3a and P3b could be separated from another, a 

finding that is supported by Combs and Polich (2006), who could show that P3a amplitude 

was the higher the more difficult the oddball task was. Katayama and Polich (1998) also 

replicated this result and additionally manipulated the difference between standard and 
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distracter, leading to the result that a P3a in response to distracters was only evoked when 

high task difficulty was combined with a large difference between standard and distracter. 

Both Comerchero and Polich (1999) and Katayama and Polich (1998) share the same 

interpretation of the results. They introduce the term stimulus context, which is supposed to be 

the neural representation of the sensory environment and thus what attentional processes work 

upon. If this context is characterized by a small standard/target difference (i.e. high task 

difficulty), this leads to the voluntary allocation of many resources to the task. In this case, 

automatic redirection of attention to the distracter is assumed to be implemented by frontal 

processes represented by the P3a component. If the context is defined by easy standard/target 

discrimination, the task does not require a lot of attentional resources. In this case, no shift of 

attention to the distracter is necessary, that is, no resources have to be re-allocated, a process 

indexed by P3a. This theoretical account hence provides an explanation for why P3a only 

occurs when task difficulty is high and shares major aspects with Näätänen’s (1990) 

suggestion that P3a represents early engagement of attention in the case of deviant sensory 

input, whereas P3b reflects an attentional matching process between the voluntarily 

maintained neural model of the context established by recent stimuli and an incoming 

stimulus. According to Näätänen, P3a is therefore enhanced by novel stimuli because the 

great discrepancy between the neural model and the incoming stimulus causes the automatic 

attentional switch to be so intense. 

While Demiralp, Ademoglu, Comerchero, and Polich (2001) provide confirmatory 

evidence for the impact of task difficulty on P3a amplitude, thus supporting the findings by 

Katayama and Polich (1998) and Comerchero and Polich (1999), their second finding 

contradicts the result that P3a amplitude depends on the degree of distracter novelty 

(Cycowicz & Friedman, 2003; Debener et al., 2005; Gaeta et al., 2004). In the authors’ visual 

three-stimulus oddball experiment, participants were presented with two sorts of distracters, 
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one of which was much more similar to the target than the other. Contrary to the studies listed 

above, their data did not reveal any difference between the two conditions with respect to 

P300 amplitude or latency. Instead, they found novel distracters to be associated with 

comparably more Theta activity in the EEG than typical distracters. Hence, Demiralp and 

colleagues argue that P3a amplitude is related to task difficulty, but not to the degree of 

stimulus novelty, and posit that that P3a represents the distraction of attention to the stimulus 

that is categorized as novel. However, the finding that physical stimulus characteristics 

appeared to be irrelevant with respect to the distinction between P3a and P3b might be 

restricted to the modality the experiment was conducted in and therefore raises an open 

question that is important for the present study.  

As described in the preceding paragraphs, ‘novelty’ can be conceptualized in different 

ways. In terms of auditory stimuli, the distracter in an oddball experiment is most often 

another deviant tone or some environmental sound. In case standard and target are both tones, 

a distracter sound is generally referred to as ‘novel’, while a distracter tone may be labeled 

‘typical’. In 2006, Sawaki and Katayama went beyond the research described above that 

investigated P300 responses to typical versus novel stimuli in terms of amplitude. In fact, 

Sawaki and Katayama did not even primarily focus on the P3a versus P3b distinction. What 

they investigated was the relation between attentional resource allocation and ADHD 

symptomatology.  

 

2.6 P300 and ADHD 

With a 12-month-prevalence of approximately 3-5 percent among schoolchildren 

(Polanczyk, Silva de Lima, Horta, Biederman, & Rohde, 2007; Sobanski & Alm, 2004), 

ADHD is the one mental disorder affecting more children than any other. Yet in a 

considerable amount of all cases, the disorder‘s pathology persists into adulthood. However, 
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estimates of the percentage of such cases are very heterogeneous, ranging from 4 to 66 

percent (adult prevalence: 1-7.3 %) depending on the method and case definition applied 

(Simon, Czobor, Bálint, Mészáros, & Bitter, 2009). In brief, this disorder is characterized by a 

cross-situational symptom pattern comprising motor agitation, distractibility and impulsivity.  

Today, even though the debate about this disorder’s aetiology is still going on, ADHD 

is most widely conceptualized as a deficit concerning self-regulation and behavioral inhibition 

(Barkley, 1997; Nigg, 2000b). A considerable amount of research has focused on differences 

between ADHD patients and healthy control participants concerning attention-related ERP 

components. Barry, Johnstone, and Clarke (2003b) stress the fact that while there are some 

findings in the ADHD-ERP literature about which there is remarkable consensus, there are 

also many contradictory results. One of the most consistent findings concerns the P300: In 

ADHD patients versus controls, posterior target P300 (P3b) amplitude seems to be reduced, 

and this difference is most often found in participants below the age of 12. This fits the 

assumption that the P300 corresponds to inhibitory neuronal activity (Polich, 2007). In 

adolescents, however, this amplitude effect between ADHD and controls seems to vanish 

(Lazzaro, Gordon, Whitmont, Meares, & Clarke, 2001). Contrasting evidence comes from a 

meta-analysis by Szuromi, Czobor, Komlósi, and Bitter (2010), which summarizes six studies 

that compare adult ADHD patients with adult controls in experiments using go/no-go tasks 

(conceptually similar to the oddball paradigm) in the auditory or visual modality. Five of 

these studies showed an attenuation of the P3 component (d = -0.55) in ADHD patients and 

one displayed an increase. Their results furthermore indicate that d grows as a function of age 

and of the percentage of males in the sample.	  	  

Sawaki and Katayama (2006) argue that more ADHD symptoms should come along 

with less effective allocation of attentional resources, and they define effective resource 

allocation as a combination of maximal allocation of resources towards relevant stimuli (i.e. 
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targets in a visual three-stimulus oddball paradigm) and minimal allocation of resources 

towards irrelevant stimuli (i.e. distracters). Following their line of argumentation, ADHD 

should lead to increased allocation of attentional resources towards distracters. Specifically, 

Sawaki and Katayama wondered which sort of distracters, that is, typical or novel ones, lead 

to ineffective resource allocation by distracting attention from the target stimulus. Based on 

the assumption that P300 amplitude reflects the amount of allocated resources (e.g. Kramer et 

al., 1985), Sawaki and Katayama used P300 amplitude as the corresponding indicator. Thus, 

they calculated two different ratios: first, the amplitude ratio typical P300
target P300

, and second, the 

amplitude ratio novel P300
target P300

. Both ratios were then correlated with ADHD symptom scores, 

resulting in a low and non-significant correlation in the case of novel distracters (r = .24), and 

a very high and significant correlation of r = .80 in the case of typical distracters. These 

results suggest that inefficient resource allocation in ADHD patients is due to the fact that 

distracter stimuli are similar to the target, rather than to the fact that distracter stimuli attract 

attentional resources because they are somehow new and surprising.  

This finding is partially in line with the results obtained by Kemner and colleagues 

(1996). In an auditory three-stimulus oddball experiment using different phonemes instead of 

tones and sounds, they also demonstrated that ADHD patients differed from healthy controls 

in terms of their P300 amplitude in response to typical, but not to novel distracters. However, 

Kemner and colleagues found P300 to be attenuated and not enhanced in ADHD patients, in 

contrast to Sawaki and Katayama (2006).  

 

2.7 Goals and Hypotheses of the Present Study  

 The study presented in this thesis is part of a larger research project comprising four 

studies (two Bachelor theses and two Master theses), which was designed to extend Sawaki 

and Katayama’s (2006) results by a comparison of healthy controls versus adult ADHD 
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patients in one auditory and one visual three-stimulus oddball paradigm. This study 

investigates healthy control participants in an auditory three-stimulus oddball paradigm and 

primarily focuses on the factors varying within participants, that is, the different stimuli in the 

oddball experiment with respect to the corresponding ERP components. The experiment 

conducted for this study largely replicated the method employed by Sawaki and Katayama, 

applying it to the auditory modality. Standards, targets and typical distracters were pure tones 

of different pitch, and novel distracters were different environmental sounds.  The present 

study aims at confirming the following hypotheses. 

 

2.7.1 Hypothesis 1 

Based on the extensive literature dealing with the distinction between P3a and P3b as 

partly reviewed in the preceding section, I firstly hypothesize that it will be possible to 

distinguish between a P3a and a P3b in response to different stimuli. I expect a P3b for target 

stimuli and a P3a for novel stimuli. The interesting question that remains is whether typical 

stimuli elicit a P3a or a P3b, reflecting the debate on the crucial factor differentiating between 

P3a and P3b: task relevance or physical stimulus characteristics. If typical distracters 

appeared to elicit a P3a, it would strengthen the task relevance view; if they evoked a P3b, it 

would support the stimulus characteristics perspective. In line with the findings made by 

Cycowicz and Friedman (2003), Debener and colleagues (2005) and Gaeta and colleagues 

(2004), I rather expect to find evidence for the latter perspective. From this, I derive the 

following six sub-hypotheses: 

Hypothesis  1.1. Targets  should   elicit  a  P300  of  higher  amplitude  than  all   other 

                                        stimuli across conditions (as in Katayama & Polich, 1996b, 1999). 

Hypothesis  1.2. Target P300 amplitude should have a parietal maximum. 

Hypothesis  1.3. Novel P300 amplitude should have a frontal or central maximum. 



ELECTROPHYSIOLOGICAL INVESTIGATION OF ATTENTIONAL PROCESSES 
 

	   18 

Hypothesis  1.4. Typical P300 amplitude should have a parietal maximum.  

Hypothesis  1.5. Target P300 latency should be longer than novel P300. 

Hypothesis 1.6. Typical P300 latency should be longer than novel P300 latency, but 

similar to target P300 latency. 

 

2.7.2 Hypothesis 2 

Given the assumption that stimulus characteristics or, respectively, the degree of 

novelty of a stimulus, is the major determinant of the P3a component (Cycowicz & Friedman, 

2003; Debener et al., 2005; Gaeta et al., 2004), an orienting response, reflected by the P300 

amplitude, should be stronger towards a novel stimulus than towards a typical stimulus, 

leading to the following hypothesis: 

Hypothesis 2.1. Novel P300 amplitude exceeds typical P300 amplitude across all 

electrode sites.  

As a related measure, I will calculate the same amplitude ratios as Sawaki and 

Katayama (2006) did. As the experiment for the present study was conducted with healthy 

participants, I expect results contrary to those obtained by Sawaki and Katayama. Whereas 

ADHD seems to be associated with distraction of attention towards typical stimuli (i.e. such 

that are similar to the target), I argue that in control participants the reverse is the case: There 

should be hardly any distraction of attention towards typical stimuli, but a considerable 

amount of distraction towards novel stimuli, due to the same reasons as displayed in the 

preceding paragraph. Or, to put it the way Sawaki and Katayama interpreted their results, the 

allocation of attentional resources should be less efficient for novel distracters. Thus, the 

following hypothesis is as follows: 

Hypothesis 2.2.  The amplitude ratio novel P300
target P300

 should have a higher value than the 

amplitude ratio typical P300
target P300

. 
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2.7.3 Hypothesis 3 

Even though all participants had comparably low ADHD symptom scores (as this 

diagnosis would have excluded them from the study) - in contrast to Sawaki and Katayama’s 

(2006) study where there was no range restriction - I will calculate the correlations of both 

ratios with the participants’ symptom scores. Despite the restricted range of symptom scores, 

I expect the following in order to replicate Sawaki and Katayama’s major findings:  

Hypothesis 3.1. There  is  a   significant   positive  correlation  between   the  typical P300
target P300

     

                           amplitude ratio and ADHD symptomatology. 

Hypothesis 3.2. The  correlation  between  the  novel P300
target P300

  amplitude  ratio  and  ADHD        

                           symptomatology  is not  significant and smaller  than  the  correlation   

  between  the  typical P300
target P300

 amplitude ratio  and ADHD symptomatology.	  

Hypothesis 3.3. There is no  significant  correlation between ADHD symptomatology  

  and the absolute typical and novel P300 peak amplitudes. 

 

3. Method 

3.1 Participants          

 The sample consisted of 20 healthy control participants (12 men, eight women). Mean 

age was 33.35 years (SD: 10.20), ranging from 20 to 51 years. All participants had already 

participated in a similar study on attentional processes (Stein, 2012) approximately one year 

ago and had agreed on being contacted once more if necessary. Stein’s study had also 

compared ADHD patients with healthy control participants with respect to differences in 

event-related potentials. Students of psychology had been excluded in order to avoid that 

confounding variables such as knowledge about the paradigm or the diagnostic tools 

contaminated the results. 
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3.1.1 Criteria for Inclusion 

Participants were included in Stein’s (2012) study in case they were between 18 and 

50 years of age, did not show any suicidal tendency and were free of any serious internal or 

neurological diseases and diseases of the facial skin (because of the abrading processes). The 

major criterion for exclusion from Stein’s study was a diagnosis of any mental disorder at that 

time (especially substance abuse) and a lifetime diagnosis of severe major depression, bipolar 

I disorder, obsessive-compulsive disorder, substance dependence, and severe substance abuse 

according to DSM-IV (American Psychiatric Association, 2000). Especially, as Stein’s study 

also investigated differences between patients of ADHD and healthy participants, control 

participants were excluded whenever there was a hint towards ADHD. The German version of 

the Structured Clinical Interview for DSM-IV (Wittchen, Zaudig, & Fydrich, 1997) was used 

in order to check whether participants met the criteria for any mental disorder and served as 

the basis for the decision whether or not participants were excluded from the study. Of the 20 

participants who participated in the present study, two fulfilled the criteria for a lifetime 

diagnosis of major depression, and one for a lifetime diagnosis of arachnophobia.  

 

3.1.2 Measures of ADHD Symptomatology     

 Importantly with respect to the present study, two different self-report measures of 

ADHD symptomatology were applied beyond that. First, this comprised the German 

shortened version of the Wender Utah Rating Scale (WURS-K; Retz-Junginger et al., 2002), a 

25-item self-report rating scale (score range: 0-4 each, 0-100 in total), which retrospectively 

investigates ADHD symptoms during childhood, and second, the ADHS-SB (Rösler et al., 

2004), a German 22-item self-report rating scale (score range: 0-4 each, 0-88 in total) 

investigating present ADHD symptomatology in adults. The ADHS-SB has got three sub 
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scales: attentional dysfunction, hyperactivity, and impulsivity. Appendices G and H display 

the original versions of these two rating scales. 

 

3.1.3   Recruitment  

Participants were recruited via telephone. In order to assure that during the time since 

their last participation in Stein’s study they had not developed any mental disorder, the 

telephone interview included various screening questions focusing on possible present 

diagnoses and lifetime diagnoses in the field of affective and substance disorders. Appendix 

M shows the complete telephone interview as conducted with every participant. Of all 20 

participants, 19 assured that since their last participation there had not occurred any 

significant change concerning their mental health. One participant (female, aged 51) reported 

having been under treatment because of depression within the last year. At the time of the 

telephone interview, she assured that she had already fully remitted, an impression that was 

confirmed when she eventually arrived to participate in the experiment. Taking into account 

this clinical impression and the fact that the major established finding concerning ERPs and 

depression is a prolonged P300 latency in depressive patients, (e.g. Vandoolaeghe, van 

Hunsel, Nuyten, & Maes, 1998), which is reversed after remission (e.g. Karaaslan, Gonul, 

Oguz, Erdinc, & Esel, 2003), this participant was not excluded from the experiment. 

 

3.2 Design of the Oddball Experiment 

The experiment employed an auditory three-stimulus oddball paradigm, which reflects 

the application of Sawaki and Katayama’s (2006) experimental setup to the auditory 

modality. The experiment was programmed with the computer program Inquisit Version 3 

(Millisecond Software, Seattle, USA).        

 The standard stimulus was a 200 Hz pure tone and was presented in 70 percent of all 
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trials. The target stimulus was a 500 Hz pure tone, presented in 15 percent of the trials. The 

distracter stimulus was also presented in 15 percent of all trials and was, depending on the 

condition, either a 650 Hz pure tone (typical condition) or one of 45 different environmental 

noises (novel condition). These sounds included human sounds (such as sneezing and 

coughing or clapping hands), animal sounds (e.g. a frog and a cow), various music 

instruments, and other sounds one usually encounters in everyday life. We chose 

environmental sounds in order to have an equivalent to the fractal images Sawaki and 

Katayama (2006) used as novel distracters in their visual oddball experiment, and also with 

reference to other studies investigating the P300 in response to sounds versus tones (e.g. 

Cycowicz & Friedman, 2003).  

Thus, the experiment was designed to circumvent the confound of physical stimulus 

characteristics and task relevance: Both distracters were task-irrelevant, but the typical 

distracter was very similar to the target in terms of stimulus category and pitch, whereas the 

novel distracter belonged to a different stimulus category and had a high novelty value.  

The experiment was made up of six trial blocks comprising 100 trials each. Three 

blocks featured the typical distracter, the other three blocks each included 15 of the 45 novel 

stimuli. Each novel stimulus was only presented once. Typical and novel blocks were 

alternated, and participants either started with a typical or a novel block, which was also 

alternated (a factor I will refer to as local order). The 100 stimuli per block were presented in 

a pseudo-randomized order designed according to three rules: 1) Each block started with a 

standard, in order to prevent that a participant was surprised by a deviant stimulus at the 

beginning, making it difficult to react if necessary. 2) Target and typical distracter were never 

succeeded by one another, in order to minimize the risk that the participant mixed up the two. 

3) Targets, as well as typical and novel distracters, were never presented twice in a row, for 

the purpose of avoiding that ERP epochs in response to the three relevant stimuli overlap. 
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Appendix L displays the pseudo-randomized order constructed according to these rules. 

 The interstimulus interval (ISI) amounted to 1500 ms, and all pure tones (i.e. standard, 

target and typical distracter) were presented for 339 ms at a sound pressure level of 75 dB 

(319 ms plateau, 10 ms rise and fall). Concerning the novel stimuli, presentation time varied 

between 160 and 400 ms, whereas sound pressure was also regulated to 75 dB. All stimuli 

were presented via a loudspeaker (LogitechTM model S 00094) placed on top of a screen that 

presented the experimental instructions. During the experiment, the screen turned light gray, 

and participants were instructed to fixate a red button (diameter: one centimeter) placed on the 

screen. This was done in order to minimize eye movements.  

 

3.3 Laboratory Setup 

Participants were seated in an upholstered armchair with armrests in an electrically 

shielded recording chamber representing a Faraday cage. They were encouraged to find a 

comfortable position they could remain in during the trial blocks and to rest their arms on the 

armrest, both in order to minimize muscle artifacts. Additionally, participants were told not to 

rest their heads at the back of the chair for two reasons: first, to avoid artifacts of movement, 

and second, to avoid that the cap shifts and that the scalp electrodes shift their positions. 

Seated in this chair, the distance between the participant’s head and the screen with the 

loudspeaker on it was 2.10 meters. The button participants used to respond to target stimuli  

(a push button with a parallel port output) was placed on a small table positioned above their 

knees. 

The light inside the chamber was dimmed in order to improve seeing conditions 

concerning the screen (which was more important for the visual oddball experiment, but kept 

constant in the auditory one, too). Lighting conditions were held constant across all conditions 

and participants. The experimental instructions were all presented on a 21” CRT screen 
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(Vision MasterTM 506), which was connected to the experimental computer in the neighboring 

room (i.e. the one the experiment was run on). The chair, the table, the screen, and the head 

box (SynAmpsTM model 5092C) were grounded in order to minimize electrical noise. All 

cables leading out of the recording chamber into the neighboring room, thus from the screen 

to the experimental computer, from the loudspeaker to the experimental computer, from the 

head box to the amplifier, from the button to the experimental computer and from all 

electrodes to the head box, were electrically shielded. 

The output of the button was connected to the experimental computer, which was in 

turn connected to the recording computer, so that performance data could be recorded 

simultaneously to the EEG data. Whenever a participant pushed the button, a corresponding 

numeric response marker (also called event code) was sent from the experimental computer to 

the recording computer. Similar event codes were sent from the experimental computer to the 

recording computer, with one event code pertaining to one of the four stimulus categories. 

Thus, the recorded data included the raw EEG data, information about correct and 

incorrect responses (correct: responding to the target stimulus; incorrect: responding to one of 

the other stimuli), and information about the stimulus category as revealed by numeric event 

codes visible in the EEG stream. This additional information was essential for the later 

segmentation into ERP epochs, as this segmentation was done separately for the different 

stimulus categories.  

 

3.4 Procedure  

First of all, participants signed a consent form that informed them about the method of 

the EEG and the overall goal of the study (i.e. investigating attentional processes). The 

original version of this consent form is provided by Appendix N. Next, participants were 
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asked to deposit all electrical devices such as cell phones outside the shielded chamber, for 

the purpose of keeping electrical noise as low as possible. 

What followed were several steps of abrading the scalp and the facial skin in order to 

reduce impedance. For the ocular electrodes, the skin in the area around the eyes was abraded 

with cotton wool pads soaked with pure alcohol. Impedance of the scalp was reduced in three 

steps. First, the scalp was abraded with a plastic brush immersed with pure alcohol, which 

was done by the participants themselves. Second, after placing the electrode cap on the 

participant’s head and adjusting it in a way that the Cz electrode lay halfway between the 

inion and the nasion and between the left and right porion, electrode gel was injected into the 

space between scalp and electrode. Third, the scalp was abraded with a cannula (1 mm in 

diameter), until impedance reached a value below 5 kΩ at all electrode sites. In a few cases, 

though, impedance could by reduced to no less than 10 kΩ in spite of increased effort.  

 As soon as seated in the armchair inside the recording chamber, the participant was 

shown her real-time EEG on the same screen the experiment was presented on. This was done 

for the purpose of demonstrating to the participant various sorts of artifacts as evoked by 

certain eye movements and muscle tension. Thus, the participants were instructed to blink, to 

make eye movements towards both sides, to contract their jaw muscles and to shrug their 

shoulders. On the basis of this demonstration, participants were instructed to keep such 

movements on a minimal level. Next, a first EEG recording was done in order to collect 

samples of each participant’s characteristic oculogram. Therefore, the participant was 

instructed to perform the following eye movements five times each: switching gaze slightly to 

the left, sharply to the left, to the upper edge of the screen and to the upper edge of the wall, 

always switching between one of these directions and the red fixation point on the screen. 

Finally, the participant was instructed to produce fifteen blinks.  
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 Subsequently, the oddball experiment was launched. Whether the auditory or the 

visual experiment was done first alternated across participants, a factor I will later refer to as 

global order. Before the actual experiment began, participants performed an exercise run 

consisting of 30 trials (20 standards, 10 targets), in order to make them familiar with the task. 

During the exercise run, the investigator remained in the chamber in order to intervene in case 

it emerged that the participant had mistaken the task. All experimental instructions that 

explained the task were presented on the screen, including the emphasized instruction which 

tone to respond to; while this instruction was presented on the screen, the target tone was 

played six times in order to make participants familiar with it and to reduce false-positive 

errors (especially responding to a typical distracter). For the same reason, this instruction, 

accompanied by the presentation of the target tone, preceded each of the six trial blocks. 

Appendix K shows all the instructions that were presented on the screen. Verbal instructions 

by the investigator included the advice to keep in mind the target tone as best as possible and 

to minimize eye movements and muscle activity during trial blocks. In case the participant 

assured that there were no more open questions, the actual experiment was started.  

Participants responded to target stimuli by pressing a button with their right index 

finger, with the whole right hand and arm rested on a small table in order to minimize muscle 

activity. Each trial block lasted 170 seconds, followed by a resting period whose length was 

maximally one minute, whereas the participant was able to continue earlier with the next trial 

block by pushing the same button as during the trial blocks. During some of the resting 

periods, the investigator would enter the room and offer the participant a glass of water, praise 

the participant for keeping eye movements and muscle activity on a minimal level or try to 

calm down the participant and encourage him to for instance reduce blinks in case of visible 

excitement. Especially in cases in which many alpha waves were visible in the EEG stream, 
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indicating that the participant was getting tired, a glass of water and some conversation were 

used as interventions to heighten the participant’s alertness.  

After a longer break of some minutes, the second experiment was launched. When the 

participant had completed both experiments, the investigator led the participant over to the 

neighboring room and removed the electrode cap and the facial electrodes. Participants were 

thanked and given an allowance of ten euros per hour. Also, they were asked to sign a consent 

form concerning the storage of their data (see Appendix P). 

 

3.5 EEG Recording  

 Electroencephalographic activity (EEG) was recorded at seven electrode sites using an 

electrode cap with sintered Ag/AgCl electrodes designed according to the international 10-20 

system (WaveGuardTM, product code: CA-104). Electrode sites comprised Fz, Cz, Pz, and Oz 

(midline electrodes), as well as M1 and M2, with a forehead ground electrode. Whereas for 

offline analyses, the mastoid electrodes (M1 and M2) served as a combined reference 

channel, during recording (i.e. online) the Cz served as the reference electrode for the other 

electrodes. This was because the reference channel in the head box (SynAmpsTM model 

5092C) was unipolar, requiring a unipolar reference. To monitor electrooculogram (EOG) 

activity, four additional electrodes were placed above and below the right eye (VEOG; to 

measure vertical eye movements) and beside the left and the right eye (HEOG; to measure 

horizontal eye movements).  

 The electrode cap and the EOG outputs were connected to a head box (SynAmpsTM  

model 5092C), which was connected to the EEG amplifier (SynAmpsTM  model 5083), which 

was in turn connected to the recording computer. Data were recorded using a sampling rate of 

1000 Hz and amplified by the factor 1000. Online filtering comprised an analog low-pass 

filter (cutoff frequency: 70 Hz) and an analog high-pass filter (cutoff frequency: 0.05 Hz). 
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EEG data were stored in the form of continuous data with the computer program SCAN 

Version 4.3 (Compumedics Neuroscan, Hamburg).  

 

3.6 Data Analyses 

All non-statistical analyses of the EEG data were performed using the computer 

program Brain Vision Analyzer 2.0 (Brain Products GmbH, Munich). Before data were 

averaged offline, several steps were taken to edit the EEG raw data. First, the sampling rate 

was reduced to 250 Hz by means of a spline interpolation. This value was chosen as a 

compromise between acceptable data size and acceptable temporal solution, as well as 

according to the cutoff frequency of the analog low-pass filter, which should be about one 

third of the sampling rate (cf. Luck, 2005, pp. 127 f.). Then, all data were re-referenced to the 

combined mastoid electrode channels in order to be able to evaluate the central electrode 

(Cz). The mastoid electrodes serve well as a combined reference channel because they include 

very little brain activity and offer the possibility of balanced referencing across both 

hemispheres.           

 What followed were the manual inspection of the raw data and the rejection of 

artifacts. First, the EEG data recorded during the exercise run and the breaks were deleted. 

Then, all trials that included deflections in the HEOG channel were deleted in case there was 

a visible contingency between these deflections and abnormal deflections in the scalp 

electrode channels, which were then classified as artifacts. Whereas in the EEG data from the 

visual oddball experiment all trials with horizontal eye movements were deleted regardless of 

their effect on the other channels, this was not done in the case of the auditory EEG data. This 

was because horizontal eye movements may indicate that the participant switches her gaze 

away from the stimuli on the screen, a confounding variable that was irrelevant for the 

auditory modality. The other typical sort of artifact that was deleted manually was the one 
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caused by muscle tension (whenever it was present in the majority of all channels). All other 

artifacts such as slow vertical eye movements and artifacts due to sweating were not rejected 

manually, for this was accomplished automatically in subsequent filtering processes.  

Manual inspection of the raw data was supplemented by a semiautomatic artifact 

rejection process which marked trials as artifacts according to two criteria: first, if the 

amplitude exceeded a value beyond +/- 100 µV, and second, if the gradient of the wave 

exceeded a value higher than 15 µV per second. In case these marked artifacts constituted 

blinks as revealed by the HEOG, the automatic rejection was reversed, while in all other cases 

it was generally accepted. 

Next, a digital high-pass filter (cutoff frequency: 0.75 Hz, slope: 24 dB/octave) was 

applied to the data to clean them from very low frequencies. This was followed by the ocular 

rejection method according to Gratton, Coles, and Donchin (1983), a regressional method that 

corrects for artifactual deflections in scalp electrode channels caused by blinks. After that, a 

digital low-pass filter (cutoff frequency: 17 Hz, slope: 24 dB/octave) was applied to the data 

for the purpose of evening out the data. This was succeeded by a final manual data inspection, 

which focused especially on alpha waves. In case the computer program marked alpha waves 

as artifacts, this was reversed manually, so that no alpha waves (which represent 

electrophysiological activity of the brain and no artifacts) were deleted from the EEG data set. 

Finally, the EEG data were segmented into stimulus-locked epochs, whereas one 

epoch corresponded to one trial in the oddball experiment. Only epochs locked to stimuli that 

the participant responded correctly to were later entered into the analysis.  Epoch length was 

set to 1200 ms including 100 ms pre-stimulus baseline measure serving as a reference that 

post-stimulus potentials could be compared with. All segments were averaged across trials, 

leading to one average waveform per participant and stimulus condition. These waveforms 

were then averaged across participants to calculate one grand average waveform for each of 
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the four stimulus conditions. On the basis of visual inspection of the grand average 

waveforms (see Appendices A and B) the P300 was defined as the highest positive-going 

peak within a time window of 470-670 ms (standard), 300-440 ms (target), 300-430 ms 

(typical distracter), and 250-410 ms (novel distracter), respectively. 

The grand average peaks for all four conditions were subsequently exported, edited 

with the computer program Excel 2010 (Microsoft, Redmond, USA) and finally imported into 

the statistics program SPSS Statistics Version 20 (IBM, Armonk, USA) to be submitted to the 

statistical analyses. 

 

3.7 Study Design 

 The present study used a within-participants design with repeated measures, 

characterized by two independent variables, which were stimulus category (standard vs. target 

vs. typical vs. novel), and electrode site (Fz vs. Cz vs. Pz vs. Oz). The dependent variables 

concerning the EEG data were peak amplitude and peak latency. In case of the performance 

data, the dependent variables were error rate and reaction time. However, analyses mainly 

focus on the EEG-relevant variables for economic reasons. The design of the study can 

therefore be regarded as 4 (stimulus category: standard vs. target vs. typical vs. novel) × 4 

(electrode site: Fz vs. Cz vs. Pz vs. Oz), with all variables varying within participants. 

 

3.8 Statistical Analyses 

 All statistical analyses presented in the next chapter use a significance level of            

α = .05. Most hypotheses were first tested by means of mixed analyses of variance 

(ANOVAs), whereas the two between-subjects factors entering the analysis were global order 

(i.e. whether participants began with the auditory or the visual paradigm), and local order (i.e. 

whether participants began with a typical or a novel trial block). In case these ANOVAs 
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demonstrated that these variables did not exhibit any influence on the dependent variables, 

two-factor repeated-measures ANOVAs were calculated without consideration of the 

variables named above, for the purpose of increasing statistical power.  

 The repeated-measures ANOVA is a very convenient tool for analyzing ERP data. 

However, this statistical method needs two requirements to be fulfilled: First, the data have to 

be distributed normally, and second, the data may not violate the assumption of sphericity 

whenever a factor has got more than two stages. Sphericity means the homogeneity of 

covariance, or, in other words, that the correlations between the different experimental 

conditions are approximately the same. Violations of this assumption increase the risk of a 

type I error (incorrectly assuming the alternative hypothesis), so that it is important to correct 

for such violations (cf. Luck, 2005, pp. 258 ff.) 

 Shapiro-Wilk’s test was used to check whether the data were distributed normally. 

Unless this test reaches significance (α = .05), it is just to assume that the data’s distribution is 

not significantly different from a normal distribution. As the repeated measures ANOVA is 

very robust towards violations of the assumption of normal distribution, it is acceptable to 

calculate an ANOVA even in spite of a significant test result (cf. Bortz & Schuster, 2010, p. 

214). 

 Mauchly’s test was applied for the purpose of checking the assumption of sphericity. 

The assumption has to be rejected when the test reaches significance (α = .05). The 

Greenhouse-Geisser epsilon adjustment corrects for violations of the assumption of sphericity 

by applying a mathematical algorithm to the degrees of freedom (cf. Luck, 2005, p. 259). 

Whenever I report Greenhouse-Geisser corrected data, I add an asterisk after the brackets 

including the degrees of freedom (dfs), which I round off down to the nearest whole number, 

as proposed by Bortz and Schuster (2010, p. 302). 
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T tests for paired samples or further ANOVAs were calculated whenever an ANOVA 

showed a significant main effect or interaction effect. As all possible post-hoc comparisons 

were formulated a priori according to my hypotheses and are theoretically reasonable, I did 

not reduce the level of significance for these comparisons (cf. Bortz, 1993, p. 250).  

 

4. Results 

4.1 Behavioral Data 

 Mean reaction time (i.e. the time it took participants to respond to targets) amounted to 

255.91 ms (SD: 76.38 ms). As the distribution of reaction times was fairly right-skewed 

(skewness index: 1.32), a more appropriate statistical index is the median value, which was 

230.39 ms. Furhermore, Table 1 lists the error rates, distinguishing between false negative 

responses (i.e. errors of omission), referring to the case in which participants missed to press 

the button after the presentation of a target, and false positive responses, representing the 

incorrect pressing of the button after the presentation of standards and distracters. What is 

striking is the high false-positive error rate for typical stimuli: On average, participants 

incorrectly responded to 12.28 percent of all typical distracters per trial block. This 

corresponds to 5.53 stimuli.  

 

Table 1 

Error Rates: False Positive and False Negative Responses to the Different Stimuli 

 False negative 
(errors of omission) 

False positive 
 

 Target Standard Typical Novel 
Min.  0 0 0 0 
Max. 16.00 2.00 40.00 2.00 

M 1.75 0.36 12.28 0.35 
SD  3.75 0.61 12.25 0.83 

 
Note. All numbers represent percentages. M = mean, SD = standard deviation, Min. = minimal value, Max. = 
maximal value. n = 19.  
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 In order to check whether the factors global order and local order exhibited any 

significant effect concerning reaction time, I conducted a two-factor ANOVA including these 

two variables. The ANOVA yielded no main effect neither of global order, F(1, 15) = 1.47,   

p = .244, partial η2 = .089, nor of local order, F(1, 15) = 0.04, p = .842, partial η2 = .003, and 

no interaction effect, F(1, 15) = 0.42, p = .527,  partial η2 = .027 (see also Appendix D). 

 The same sort of ANOVA was conducted with ‘false negative error rate’ as a 

dependent variable, for the purpose of checking whether the high rate for this sort of error was 

somehow related to the two factors concerning order. Similarly to the results presented in the 

preceding paragraph, there was no main effect neither of global order, F(1, 15) = 0.37, p = 

.552, partial η2 = .024, nor of local order, F(1, 15) = 1.16, p = .298, partial η 2= .072, and no 

interaction effect, F(1, 72) = 0.06, p = .818, partial η2 = .004 (see also Appendix D). Thus, 

reaction times as well as false positive responses after typical distracters seemed to be 

unrelated to both factors concerning order. 

 

4.2 Explorative Analysis of the ERP Data 

 As a first step, P300 amplitude and P300 latency data were examined in an exploratory 

analysis with respect to normal distribution and outliers. As the Oz electrode site had only 

served as an additional measure for clearly identifying ERP components in case of potential 

uncertainties, and for the P300 is hardly found at occipital scalp cites, data from this electrode 

site are excluded in all further analysis. However, images of the ERP grand averages 

waveforms including the Oz electrode site and the VEOG can be found in Appendix B, 

whereas Appendix A shows grand average waveforms from only the Fz, Cz, and Pz 

electrodes. Thus, the design of the statistical analysis was 3 (electrode site: Fz vs. Cz. vs. Pz) 

× 4 (stimulus category: standard vs. target vs. typical vs. novel).  
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4.2.1 Exclusion of Data  

 One participant (female, aged 22) was excluded after the examination of raw 

amplitude data. This was done because this participant hardly displayed any clear P300 across 

various electrodes and stimulus conditions, with P300 amplitude values varying around 0 µV 

and often assuming negative values. The inspection of that participant’s grand average ERP 

waveforms confirmed this impression, and thorough checking of all software settings ruled 

out the possibility that a software error (e.g. a wrong definition of the P300 time range) was 

responsible for this phenomenon. Based on the argument that statistical analyses focusing on 

the P300 do not make any sense if there is no clear P300, I applied a filter to the data, which  

was designed to exclude all participants displaying a voltage value below 0 µV at the Pz 

electrode in response to targets. This definition was chosen for the reason that targets usually 

elicit a P300 with a parietal maximum, so that it would be very odd to have a voltage below 0 

µV under such conditions. After applying the filter to the data, only the participant described 

above was excluded from the data set. Thus, sample size was reduced to n = 19. Note that this 

participant’s data are not included in the behavioral data (displayed in section 4.1), either.  

 

4.2.2 Peak Amplitude          

 The amplitude data revealed four mild outliers, that is, such that lay within a range 

between the 1.5-fold and the 3-fold of the interquartile range. The first of them was a voltage 

of -3.01 µV at the Fz electrode site in response to standards. The second outlier was a very 

high voltage of 16.67 µV at the Pz electrode site in response to targets. The third and fourth 

outlier were both produced by the same participant and comprised very high voltages of 11.59 

µV in response to targets and of 16.04 µV in response to typical distracters, both at the Fz 

electrode site.  
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 Shapiro-Wilk’s test did not yield any result that was significant at the specified .05 

level. However, in two cases p reached value below .10: The distribution of voltages at the Fz 

electrode site in response to standards reached a value of W(19) = 0.92, p = .099, and the 

distribution of voltages at the Cz electrode site in response to targets produced a value of 

W(19) = 0.91, p = .075.  

 

4.2.3 Peak Latency 

 The latency data included three mild outliers. The first of them refers to a very long 

latency of 408 ms at the Pz electrode in response to typical distracters, the second and third 

refer to very short latencies of 296 and 300 ms at the Pz electrode in response to novel 

distracters. All outliers were produced by different participants.    

 In three cases, Shapiro-Wilk’s test was significant at the .05 level. This affected 

latency at the Fz electrode site in response to standards, W(19) = 0.88, p = .023, at the Fz 

electrode site in response to targets, W(19) = 0.88, p = .019, and at the Pz electrode site in 

response to novel distracters, W(19) = 0.88, p = .024. Moreover, in four cases p reached a 

value below .10, which held for latency at the Fz electrode in response to typical distracters, 

W(19) = 0.91, p = .068, at the Cz electrode site in response to standards, W(19) = 0.91,           

p = .074, at the Cz electrode in response to novel distracters, W(19) = 0.92, p = .092, and at 

the Pz electrode in response to typical distracters, W(19) = 0.90, p = .051. 

 

4.3 Testing of Hypotheses 

4.3.1 Hypothesis 1 

Hypothesis 1 dealt with the distinction between P3a and P3b on the basis of 

topography, peak amplitude, and peak latency. In order to test this hypothesis, four repeated-

measures ANOVAs were computed, that is, two for each dependent variable (peak amplitude 
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and peak latency), with the first ANOVA per dependent variable including local order and 

global order as between-subjects factors and the second one excluding these factors. The 

repeated-measures ANOVAs excluding the order factors had a 3 (electrode site: Fz vs. Cz vs. 

Pz) × 4 (stimulus category: standard vs. target vs. typical vs. novel) within-subjects design, 

whereas the mixed ANOVAs had a corresponding 3 (electrode site) × 4 (stimulus category)   

× 2 (global order: visual vs. auditory task first) × 2 (local order: first trial block included 

typical vs. novel distracters) design, with the last two factors varying between subjects. See 

Appendix E for a detailed overview of all mixed and repeated-measures ANOVA results 

concerning amplitude, and Appendix F for the corresponding results concerning latency.  

Peak amplitude. The mixed ANOVA for the dependent variable peak amplitude did 

not yield any main effect neither of global order, F(1, 15) = 0.24, p = .630, partial η2 = .016, 

nor of local order, F(1, 15) = 0.23, p = .637, partial η2 = .015, and no interaction effect,        

F(1, 15) = 0.01, p = .937, partial η2 = .000. As the order factors apparently did not exhibit any 

relevant influence on peak amplitude, I only report the results of the repeated-measures 3 × 4 

ANOVA that was computed subsequently. Mauchly’s test indicated a violation of the 

assumption of sphericity for electrode site, χ2 (2)1 = 18.70, p < .001, and for the interaction of 

electrode site and stimulus category, χ2 (20) = 64.01, p < .001, but not for stimulus category 

itself, χ2 (5) = 8.76, p = .120. The ANOVA yielded a main effect of electrode site, F(1, 21)* = 

5.73, p = .021, partial η2 = .242, a main effect of stimulus category, F(3, 54) = 94.70,              

p < .001, partial η2 =.840, and an interaction effect of electrode site and stimulus category, 

F(2, 50)* = 5.89, p = .002, partial η2 = .246. These results are displayed in Figure 1.  

Peak latency. The mixed ANOVA for the dependent variable peak latency did not 

yield any main effect neither of global order, F(1, 15) = 0.13, p = .912, partial η2 = .001, nor 

of local order, F(1, 15) = 0.28, p = .604, partial η2 = .018, and no interaction effect, F(1, 15) = 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 This is an approximated χ2 value (just like all χ2 values that follow). 
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1.23, p = .285, partial η2 = .076, so that also in this case I concentrate on the results obtained 

from the repeated-measures ANOVA. In this case, Mauchly’s test was significant at the .05 

level for the interaction of electrode site and stimulus category, χ2 (20) = 56.48, p < .001. 

Whereas the test did not reach significance in case of electrode site, χ2 (2) = 2.15, p = .341, it 

was marginally significant for stimulus category, χ2 (5) = 10.81, p = .056. As the estimated 

Epsilon coefficient (Greenhouse-Geisser) was .743 and thus smaller than .75, I report 

Greenhouse-Geisser corrected values for this case, as well (cf. Bortz & Schuster, 2010, p. 

301). The ANOVA displayed a main effect of electrode site, F(2, 36) = 11.22, p < .001, 

partial η2 = .384, a main effect of stimulus category, F(2, 40)* = 345.52, p < .001, partial η2 = 

.950, but no interaction of electrode site and stimulus category, F(3, 53)* = 1.58, p = .206, 

partial η2 = .080. See Figure 2 for a visualization of these results. 

 

 

Fig. 1.  Mean peak amplitude (measured in µV) as a function of electrode site (Fz, Cz, Pz, from left to right) and 
stimulus category (standard, target, typical, novel, see legend on the right). Each data point is supplemented by 
the corresponding 95 % confidence interval. n = 19.  
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Fig. 2.  Mean peak latency (measured in ms) as a function of electrode site (Fz, Cz, Pz, from left to right), and 
stimulus category (target, typical, novel, see legend on the right). Each data point is supplemented by the 
corresponding 95 % confidence interval. Standard stimuli were excluded, as they hardly elicited any P300 at all 
and as their latency lay beyond 500 ms, making it impossible to include them in this graph. Confer Appendix C 
for data concerning standard latency. n = 19. 
 

As Figure 1 demonstrates, standard stimuli did not elicit any considerable P300, at all, 

which is why these stimuli were excluded from all further analyses. See Appendix C for a 
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comparisons were calculated to check whether typical P300 also significantly differed from 

target P300. At the Fz electrode, this difference was significant, t(18) = 4.37, p < .001, as well 

as at the Cz electrode, t(18) = 4.15, p < .001, while being marginally significant at the Pz 

electrode, t(18) = 1.55, p = .070. Taking all results together, there is overwhelming evidence 

against this hypothesis, indicating that both typical and novel distracters elicited higher P300 

amplitudes than target stimuli. The hypothesis has to be rejected. 

Hypothesis 1.2. This hypothesis postulated that target P300 has got a parietal 

maximum. Figure 1 already suggests that this is the case, which is confirmed by two 

comparisons: Target P300 amplitude at the Pz electrode differed significantly from target 

P300 at the Fz electrode, t(18) = 3.72, p = .001, and also from target P300 at the Cz electrode, 

t(18) = 5.34, p < .001. The hypothesis is accepted.  

Hypothesis 1.3.  This hypothesis suggested that novel P300 amplitude exhibits a 

frontal or central maximum. Figure 1 indicates a central maximum, however, two further 

comparisons were necessary to check whether novel P300 amplitude was significantly higher 

at the Cz electrode than at the Fz and Pz electrodes. T tests revealed that the difference 

between Cz and Fz was marginally significant at the specified .05 level, t(18) = 1.62, p = 

.061, whereas the difference between Cz and Pz was significant, t(18) = 1.98, p = .032. 

Taking these results together, it is reasonable to talk about a central or fronto-central 

maximum for novel distracters, so that the hypothesis is accepted. 

Hypothesis 1.4. The fourth sub-hypothesis stated that typical P300 has got a parietal 

maximum just like target P300. As for the preceding hypotheses, two further comparisons 

were calculated to confirm the differences suggested by Figure 1. It resulted that while the 

difference between Pz and Cz was not significant, t(18) = 1.43, p = .085, the difference 

between Pz and Fz actually was, t(18) = 1.86, p = .040. Therefore, it is just to deduce that 

typical P300 has got a parietal or centro-parietal maximum. The hypothesis is accepted. 
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Hypothesis 1.5. According to this hypothesis, target P300 latency should be longer 

than novel P300 latency. As the data relevant for the necessary comparisons partly violated 

the assumption of normal distribution, this hypothesis was tested by means of another 2 

(stimulus category: target vs. novel) × 3 (electrode site: Fz vs. Cz. vs. Pz)	 repeated-measures 

ANOVA, due to the ANOVA’s robustness towards such violations. Mauchly’s test suggested 

that the assumption of sphericity was violated for electrode site, χ2 (2) = 6.68, p = .035, but 

not for the interaction of electrode site and stimulus category, χ2 (2) = 1.28, p = .527. The 

ANOVA showed a main effect of electrode site, F(1, 27)* = 14.31, p < .001, partial η2 = .443, 

but neither a significant main effect of stimulus category, F(1, 18) = 1.60, p = .223, partial   

η2 = .081, nor of the interaction, F(2, 36) = 0.04, p = .963, partial η2 = .002. Thus, although 

Figure 2 suggests a trend towards a difference between novel and target that is in line with 

this hypothesis, this trend is not statistically significant, so that the hypothesis has to be 

rejected.  

Hypothesis 1.6. This last sub-hypothesis postulated that typical P300 latency should  

be longer than novel P300 latency, but similar to target P300 latency. This hypothesis was 

tested much the same way as Hypothesis 1.5, using a 3 (stimulus category: target vs. typical 

vs. novel) × 3 (electrode site: Fz vs. Cz. vs. Pz)	 repeated-measures ANOVA. This ANOVA 

corresponds to the ANOVA presented in section 4.2.3, with the only exception that this time 

standards were excluded from the analysis. Mauchly’s test indicated a violation of the 

assumption of sphericity concerning electrode site, χ2 (2) = 6.22, p = .045, and concerning the 

interaction of electrode site and stimulus category, χ2 (9) = 19.98, p = .019, but not concerning 

stimulus category itself, χ2 (2) = 3.81, p = .149. The ANOVA revealed a main effect of 

electrode site, F(1, 27)* = 7.48, p = .005, partial η2 = .294, but neither a main effect of 

stimulus category, F(2, 36) = 1.42, p = .256,  partial η2 = .073, nor an interaction effect,      

F(2, 44)* = 2.36, p = .094, partial η2 = .116. As there was no main effect of stimulus category 
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and no interaction effect involving stimulus category, the logical conclusion is that there are 

no substantial latency differences between the various stimuli. Beyond that, these results 

imply that the main effect of stimulus category found in the preceding ANOVA (section 

4.2.3) was due exclusively to the standards, which displayed latencies much longer than the 

other stimuli (see Appendix C). The hypothesis is rejected.  

 

4.3.2 Hypothesis 2 

Hypothesis 2 claimed that novel P300 amplitude is larger than typical P300 amplitude, 

both concerning its absolute value and its ratio with target P300 amplitude. In both cases, only 

the electrode site at which the amplitude of interest was maximal was entered into the 

analysis. In case of novel distracters, this was the Cz electrode, in case of typical distracters 

and targets the Pz electrode. That is, whenever in the following I talk about ‘novel P300’, I 

refer to the Cz electrode, and when talking about ‘target P300’ and ‘typical P300’, I refer to 

the Pz electrode. Thus, for instance, the amplitude ratio typical P300
target P300

 was calculated by dividing 

typical P300 peak amplitude at the Pz by target P300 peak amplitude at the Pz.  

Explorative data analysis of the two ratio variables did not reveal any outliers. 

However, Shapiro-Wilk’s test indicated that while the typical P300
target P300

 ratio (which I will refer to as 

typical/target ratio for the rest of this chapter) followed normal distribution, W(19) = .97,       

p = .839, the novel  P300
target P300

 ratio (that I will refer to as novel/target ratio) did not, W(19) = .896,     

p = .041. This is why alongside with a t test for paired samples (again using one-sided 

significance because of the directional nature of the hypothesis), Hypothesis 2.2 was 

additionally tested non-parametrically by means of Wilcoxon’s signed-rank test.  

 Hypothesis 2.1. This hypothesis refers to the absolute amplitude values and postulates 

that novel P300 amplitude exceeds typical P300 amplitude across all electrode sites, which is 
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suggested by Figure 1. To control for an influence of global and local order, this hypothesis 

was first tested with a 2 (stimulus category: typical vs. novel) × 3 (electrode site: Fz vs. Cz. 

vs. Pz) × 2 (global order) × 2 (local order) mixed ANOVA, with the order factors again 

varying between subjects. As the mixed ANOVA did not reveal any main effect neither of 

global order, F(1, 15) = 0.66, p = .429, partial η2 = .042, nor of local order, F(1, 15) = 1.85,    

p = .194, partial η2 = .110, nor of the interaction, F(1, 15) = 0.07, p = .801, partial η2 = .004, I 

only report the results from the corresponding 2 × 3 repeated measures ANOVA without 

consideration of the order factors. Mauchly’s test demonstrated a significant result concerning 

electrode site, χ2 (2) = 9.40, p = .009, and a marginally significant result in terms of the 

interaction of stimulus category and electrode site, χ2 (2) = 5.47, p = .065 (as the goal is to 

avoid a type I error, I report Greenhouse-Geisser corrected values for this case, too). The 

ANOVA itself displayed no main effect of electrode site, F(1, 25)* = 2.05, p = .160, partial 

η2 = .102, but a main effect of stimulus category, F(1, 18) = 28.90, p < .001, partial η2 = .616, 

and an interaction effect of Stimulus Category × Electrode Site, F(1, 28)* = 5.26, p = .017, 

partial η2 = .226. Whereas the interaction effect is most probably due to the fact that typical 

P300 has got its maximum at a different electrode than novel P300 (see Fig. 1), the strong 

main effect of stimulus category confirms that indeed novel stimuli elicit larger P300 

amplitudes than typical stimuli across all electrode sites. The hypothesis is therefore accepted. 

Hypothesis 2.2. This hypothesis suggested that, on average, the novel/target ratio has 

got a higher value than the typical/target ratio. The results revealed a mean value of 1.16 and 

a standard deviation of 0.46 concerning the typical/target ratio, whereas the mean value for 

the novel/target ratio amounted to 1.71 (median value: 1.40), with a standard deviation of 

0.70. The comparison of the two ratios was significant, t(18) = 3.91, p < .001, which was 

confirmed by Wilcoxon’s signed-rank test (p = .002), so that this hypothesis is accepted. 
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4.3.3 Hypothesis 3 

Hypothesis 3 predicted a significant correlation between the typical/target ratio and 

ADHD symptomatology, whereas the corresponding correlation between the novel/target 

ratio and ADHD symptomatology should be smaller and not significant. ADHD 

symptomatology was operationalized in two different ways. First, the ratio data were 

correlated with the sum score of the German shortened version of the Wender Utah Rating 

Scale (WURS-K, see section 3.1.2), in accordance with Sawaki and Katayama (2006). 

Second, the ratio data were additionally correlated with the sum score of the ADHS-SB rating 

scale (see section 3.1.2). The results from the explorative analysis of the ADHD data can be 

found in Table 2. Shapiro-Wilk’s test suggested that the WURS-K data followed normal 

distribution, W(19) = 0.92, p = .094., whereas it indicated that the ADHS-SB data violated the 

assumption of normal distribution, W(19) = 0.90, p = .049.  

 

Table 2 

Descriptive Statistics Concerning Measures of ADHD Symptomatology 

 WURS-K ADHS-SB 
M 11.79 7.36 
SD 7.73 6.25 

Median 9 6 
Min. 1 0 
Max. 31 22 

 
Note. M = mean, SD = standard deviation, Min. = minimal value, Max. = maximal value. n = 19.  
                                                                                                                                            

Analytic method. As the ratio data also partly violated the assumption of normal 

distribution (see section 4.3.2), non-parametrical correlational analyses were applied to the 

data, that is, Kendall’s Tau-b coefficient τ and Spearman’s rank correlation coefficient rs (also 

called Spearman-Rho). As Kendall’s Tau-b is not as sensitive towards outliers as Spearman’s 

Rho and makes use of real rank information instead of calculating differences between ranks 
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(which is what Spearman’s Rho does), Kendall’s Tau-b represents the more conservative 

measure (cf. Bortz & Lienert, 2008, p. 301). All correlational data for testing Hypothesis 3.1 

and Hypothesis 3.2 are displayed in Table 3. In addition to that, it is interesting to note that 

the correlation between the two different rating scales WURS-K and ADHS-SB was τ(19) = 

.45, p = .005, and  rs(19) = .57, p = .005, respectively (cf. Fig. 3).  

 

Table 3 

Correlations Between P300 Amplitude Ratios and Measures of ADHD Symptomatology 

 WURS-K ADHS-SB 
Ratio Spearman-Rho Kendall-Tau-b Spearman-Rho Kendall-Tau-b 

 rs p τ p rs p τ p 
Typical P300
Target P300

 .45 
 

 

.027 .32 .029 .13 .299 .10 .275 

Novel P300
Target P300

 .35 .071 .23 .091 .32 .094 .22 .097 

 
Note. All analyses used a one-sided significance level, as the hypotheses were directional. α = .05. n = 19. 
 
 

	   	  
 
Fig. 3. Scatterplot showing the ADHS-SB symptom scores as a function of the WURS-K  
symptom scores. The black line shows the linear trend. n = 19. 
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correlation with this ratio (see Table 3) suggests that this hypothesis should be accepted, as 

both Kendall’s Tau-b and Spearman’s Rho were significant at the .05 level when using one-

sided significance (which is justified as the hypothesis was directional). By contrast, there did 

not emerge any significant correlation between this ratio and the ADHS-SB symptom score, 

so that the hypothesis is rejected in terms of this rating scale. 

Hypothesis 3.2. According to this hypothesis, the correlation between the novel/target 

ratio and the ADHD symptom scores should be smaller than the correlation between the 

typical/target ratio and the ADHD symptom scores, while failing to reach significance. The 

results displayed in Table 3 suggest that this is the case concerning the WURS-K data, as both 

correlation coefficients show values lower than for the typical/target ratio, with p values 

above the .05 level. However, the reverse trend is evident in case of the ADHD-SB data: 

Here, the correlation between of the novel/target ratio is higher and much closer to the 

specified .05 level than the corresponding correlation of the typical/target ratio. Figure 4 

presents scatterplots of the two ratio’s correlations with the WURS-K score. Confer section 

5.3 for a discussion of these results.  

 

 

Fig. 4. Scatterplots showing the WURS-K symptom scores as a function of the typical/target amplitude ratios 
(left panel) and of the novel/target amplitude ratios (right panel). The black line shows the linear trend. n = 19.  
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Hypothesis 3.3. Table 4 displays all results relevant for Hypothesis 3.3. There was no 

substantial correlation between the absolute peak amplitude values and the WURS-K 

symptom scores. Surprisingly, however, both Spearman’s Rho and Kendall’s Tau-b indicated 

a significant correlation between novel P300 peak amplitude and the ADHD-SB symptom 

score, so that the hypothesis may be accepted in terms of the WURS-K, while it has to be 

rejected for the case of the ADHS-SB. Figure 5 displays a scatterplot that visualizes the 

association of ADHS-SB symptom scores and absolute P300 peak amplitude data. 

 

Table 4 

Correlations Between Absolute P300 Amplitudes and Measures of ADHD Symptomatology 

 WURS-K ADHS-SB 
 Spearman-Rho Kendall-Tau-b Spearman-Rho Kendall-Tau-b 

Amplitude rs p τ p rs p τ p 
Typical 
P300 

.27 .131 .19 .130 .19 .221 .13 .230 

Novel  
P300 

.32 .090 .20 .116 .41 .041 .31 .036 

 
Note. Novel P300 was measured at the Cz electrode; typical P300 was measured at the Pz electrode. All analyses 
used a one-sided significance level, as the hypotheses were directional. α = .05. n = 19.  
 
 

 
 
Fig. 5. Scatterplot showing ADHS-SB symptom scores as a function of novel P300 peak  
amplitudes as measured at the Cz electrode. The black line shows the linear trend. n = 19. 
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5. Discussion 

5.1 Hypothesis 1 

5.1.1 Distinction of P3a and P3b           

 The goal of Hypothesis 1 was to distinguish from another the two sub-components of 

the P300, that is, P3a and P3b. Apart from that, the major issue was whether typical and novel 

distracters elicit a P3a or a P3b. Contemplating all results from the six sub-hypotheses, I 

arrive at the conclusion that the distinction on the basis of the peak amplitudes’ topography 

was successful, whereas the latency data displayed a trend into the expected direction that 

was, however, not statistically significant. Targets and typical distracters generated an 

amplitude pattern characterized by a parietal (Pz) maximum, with voltage decreasing towards 

the more frontal electrodes, which corresponds to the pattern one would categorize as P3b. By 

contrast, novel distracters led to an amplitude maximum that may be called frontal or fronto-

central, with voltage being significantly lower at the parietal electrode site (Pz), a pattern that 

can be referred to as P3a. These results are perfectly in line with the topographic findings 

obtained by Cycowicz and Friedman (2004).   

Even though the latency differences were not significant, the trend indicated that novel 

distracters elicited P300 components with comparably shorter latencies than typical distracters 

and targets. Consequently, there is strong evidence for the interpretation that while typical 

distracters elicited the same component as targets (i.e. a P3b), novel distracters elicited a 

different component, in other words, a P3a. Except for the P3a component in response to 

novel distracters, this is in line with the results obtained by Sawaki and Katayama (2006), 

who found a parietal (Pz) maximum for targets and a central (Cz) maximum for both typical 

and novel distracters. 

 First of all, this has a crucial implication for the ongoing debate on whether a 

stimulus’s task relevance or rather its degree of novelty is the essential factor differentiating 
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between P3a and P3b. The results of this study suggest, at least for the auditory modality, that 

the stimulus’s physical characteristics, meaning the stimulus’s novelty value or its salience, is 

the relevant factor, and rather not the question whether the stimulus is relevant for the task at 

hand. Typical distracters were just as task-irrelevant as novel ones, but they elicited a P3b just 

like targets, probably because they belonged to same stimulus category (pure tones) and were 

additionally very similar to one another. By contrast, the more complex environmental sounds 

(novel distracters) pertained to a completely different stimulus category and had a much more 

‘novel’ character as compared to both targets and typical distracters.  

Therefore, these results support the findings made by Cycowicz and Friedman (2004), 

Debener and colleagues (2005) and Gaeta and colleagues (2003), while contradicting Polich’s 

(1986) findings and (in part) his theoretical view (Polich, 2007). According to Polich, P3a 

reflects a change of the environment’s representation in working memory (i.e. a context 

updating process in anterior brain areas), while P3b indexes memory processes affecting 

stimuli that have been categorized as task-relevant and that are therefore passed on to 

posterior brain regions. To be precise, only the second part of this theoretical statement (the 

one concerning P3b) is inconsistent with the results obtained in this study, as also task-

irrelevant typical distracters elicited a P3b pattern.  

Neither do the present results confirm what Gaeta and colleagues (2003) found: In 

contrast to their findings, posterior P300 (i.e. P3b) was not mainly influenced by task 

relevance: Target P300 and typical P300 differed significantly at most electrode sites, 

however, the P300 exhibited a higher, not a smaller amplitude in response to typical 

distracters. Hence, the results obtained in this study do not indicate any enhancing effect of 

task relevance on P300 amplitude.  

  Polich’s view concerning the P3a component, though, is less problematic in the light 

of this study’s results. It well suits other theoretical accounts about the origin of P3a, which 
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predominantly regard this component as reflecting an automatic orienting response that 

allocates attentional resources to stimuli that strongly deviate from the stimulus context (cf. 

e.g. Daffner et al., 1998; Demiralp et al., 2001; Opitz, Mecklinger, Friederici, & von Cramon, 

1999). The finding that P3a is mostly dependent on a stimulus’s salience (e.g. Combs & 

Polich, 2006), is in line with this theoretical account.  

In fact, this view can be well integrated into the model of attention as proposed by 

Posner and Raichle (1996), whose posterior attention system is thought to reflect such 

automatic attentional switches. The aspect that might seem unsuitable, though, is that the P3a 

is rather associated with frontal processes. However, it is impossible to infer anything about 

an ERP component’s generator solely on the basis of its topography (cf. Luck, 2005, p. 269), 

and what the model by Posner and Raichle at least shows is a conceptual overlap concerning 

that posterior attention system and the P3a component. And this does not go without saying, 

for Posner and Raichle’s model was originally developed to explain networks of visual 

attention. Yet it appears that this model’s validity may be extended to attention in the auditory 

modality, as well. 

Conversely, the results discussed in the preceding paragraphs appear to be restricted to 

the auditory modality. Just as in the visual oddball paradigm applied by Demiralp and 

colleagues (2001), the result that stimulus characteristics is more important a factor than task 

relevance was not found in the other study conducted in parallel, which investigated the same 

participants in a congruent visual three-stimulus oddball paradigm (Böhnlein, 2012). This 

result definitely leaves some room for further investigations.  

 

5.1.2 Unexpected Results 

 There is one really unexpected result that contradicts the findings made by Sawaki and 

Katayama (2006). Surprisingly, both novel and typical distracters elicited P300 components 
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of higher amplitude than targets, whereas in Sawaki and Katayama’s study targets elicited the 

largest P300 components across all electrode sites, a finding also reported by Katayama and 

Polich (1996b, 1999), who used similar three-stimulus oddball designs both in the visual and 

the auditory modality. However, the experiments conducted by Katayama and Polich were 

different from the present study in two ways: All auditory stimuli were pure tones (i.e. no 

environmental sounds), and these tones had frequencies very different from the ones used in 

this study (i.e. 500, 1000, and 2000 Hz).  

As to my knowledge there does not exist any study except the one by Böhnlein (2012) 

that applied exactly the same method as Sawaki and Katayama (2006), it is difficult to assess 

which factors might have led to this surprising result. On the one hand, it seems plausible that 

once again modality is a relevant factor, for two reasons: First, in the study conducted by 

Böhnlein, there emerged exactly the same pattern as in the study by Sawaki and Katayama, 

with target P300 exceeding typical and novel P300 in terms of amplitude. Second, the 

auditory oddball study conducted by Combs and Polich (2006) yielded results that are 

congruent with the results of the present study. The authors compared three different sorts of 

distracters: white noise, sounds, and a 4000 Hz tone. What they found was that P300 

amplitude in response to white noise and sounds exceeded the P300 amplitude elicited by 

both the distracter tone and the target tone. 

Besides, an effect of the experimental design seems plausible. It seems reasonable to 

argue that both in Sawaki and Katayama’s (2006) and Böhnlein’s (2012) study the visual 

novel distracters did not have an equally high novelty value as compared to the auditory novel 

distracters used in the present study, so that a higher distracter P300 in response to novel 

stimuli seems to be a logical consequence. And apparently, this also holds for the auditory 

typical distracters, as they also elicited P300 amplitudes with (slightly) higher peaks than 

auditory targets. 
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 Rather not surprising is the finding that standards virtually did not elicit any P300 

component. This fits the explanation by Polich (2007), which states that a P300 is evoked 

only when there is a deviance from the stimulus context, which was not the case in terms of 

standards. 

 

5.1.3 The Issue of Task Difficulty 

 Before dealing with Hypothesis 2, an important issue necessary to address is task 

difficulty. Although task difficulty in oddball experiments is usually defined as the difference 

between standard and target, here it is also supposed to mean the difference between target 

and typical distracter. As the error rates displayed in Table 1 demonstrate, participants 

perceived the oddball task as very difficult, which was confirmed by the participants’ 

comments concerning the task: Nearly all of them had difficulties with distinguishing the 

typical distracter from the target.  

 Therefore, it is reasonable to reconsider some empirical findings concerning task 

difficulty and P300, in order to assess whether this factor might limit the conclusions that can 

be drawn from the results. Comerchero and Polich (1999), as well as Katayama and Polich 

(1998), found that task difficulty determines the emergence of P3a in a way that this 

component can only be identified when the difference between standard and target is very 

small, and this result held both for the auditory and the visual modality. It is interesting to 

note that this finding is not supported by the results of this study, as standards and targets 

were very easy to distinguish, and a P3a emerged in spite of that.  

Katayama and Polich (1998) also manipulated the difference between standard and 

distracter. Interestingly, they found that a P3a arose only when the stimulus context fulfilled 

two conditions: The difference between standard and target was small, and the difference 

between standard and distracter was large. Although the latter condition is an interesting 



ELECTROPHYSIOLOGICAL INVESTIGATION OF ATTENTIONAL PROCESSES 
 

	   52 

finding, it is difficult to apply to the results of the present study, as both the typical distracter 

tone and the novel distracter sounds strongly deviated from the standard stimulus. The 

stimuli’s differences in Katayama and Polich’s study cannot really be compared to those of 

the present study, as a ‘small’ difference in their study amounted to no more than 60 Hz, 

whereas in the present study, standard and typical distracter differed by 450 Hz. Hence, it 

would not be sensible to argue that the emergence of a P3a in response to novel distracters 

was due to the fact that the difference between standard and novel distracter was larger than 

the one between standard and typical distracter. Therefore, those findings hardly serve as an 

explanation for why novel distracters elicited a P3a, while typical distracters did not.  

 Notably, the finding of a P3a in spite of a comparably large standard-target difference 

contradicts the model proposed by Näätänen (1990), which Comerchero and Polich (1999) 

and Katayama and Polich (1998) draw on to explain their results. According to this model, a 

P3a therefore only occurs when the difference between standard and target is small because 

only under such difficult conditions are enough attentional resources focused on the task at 

hand to make a re-allocation of resources to a distracter stimulus necessary - a process 

indexed by the emergence of a P3a. This study’s results are a problem for this model for two 

reasons: First, because a clearly identifiable P3a emerged in spite of a rather large difference 

between standard and target. Second, even if one extended this model to the difference 

between target and typical distracter, the model would suggest a P3a in response to typical 

distracters, but not to novel ones, for typical distracters constitute the more difficult task.  

 Unfortunately, to my knowledge there does not exist any study that systematically 

manipulated the difference between target and distracter, so that at this moment, it is hard to 

judge whether the small difference between target and typical distracter might have a causal 

relationship with the finding that novel distracters elicited a P3a, whereas typical distracters 

did not. As outlined, the most frequent finding is that high task difficulty, defined as the 
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difference between standard and target, leads to an increase in P3a amplitude (Combs & 

Polich, 2006; Comerchero & Polich, 1999; Katayama & Polich, 1998), whereas recent 

research also suggests that P3a may not be affected by task difficulty, at all (Frank, Yee, and 

Polich, in press).  

 Thus, a question future research should address is whether the difference between 

target and distracter exhibits any influence on the distinction between P3a and P3b. If so, this 

is closely linked to the question whether a P3a requires really ‘novel’ distracters (defined as 

belonging to a different stimulus category than the target) or whether strongly deviant 

‘typical’ distracters (i.e. such that belong to same stimulus category as the target but are more 

different from the target than the typical distracters used in this study) are also sufficient for 

this purpose. Thus, an interesting issue for future research is to dissolve this confound 

between target-distracter difference and equivalence of stimulus category. Only then can we 

be sure that a distracter’s novelty value depends on its stimulus category and not simply on its 

perceptual difference from the target stimulus.  

 

5.2 Hypothesis 2 

 Both postulations concerning hypothesis 2 have been confirmed. Novel P300 

displayed a higher amplitude than typical P300 across all electrode sites (as can be seen in 

Fig. 1), and the amplitude ratio novel P300
target P300

 was higher than the corresponding ratio typical P300
target P300

 

when regarding the electrode site at which P300 amplitude was maximal. Thus, novel P300 

can be considered as stronger than typical P300 both in terms of absolute peak amplitude and 

in relation to target P300. Hence, the orienting response reflected by the P300 was more 

marked towards novel than towards typical distracters. 

 When interpreting this result within the theoretic framework offered by Sawaki and 

Katayama (2006), one may draw the conclusion that novel distracters led to an inefficient 



ELECTROPHYSIOLOGICAL INVESTIGATION OF ATTENTIONAL PROCESSES 
 

	   54 

allocation of attentional resources, as more resources were allocated to the task-irrelevant 

novel distracters than to the task-relevant targets. By contrast, typical distracters received only 

slightly more resources than targets, so that in healthy control participants (as compared to 

such with ADHD) the opposite seems to be the trend: Whereas, according to Sawaki and 

Katayama, ADHD seems to be accompanied by inefficient resource allocation concerning 

typical distracters (i.e. such that are similar to the target), healthy participants are more 

distracted by stimuli that largely differ from the target and have got a novel character.  

 Yet it is interesting to note that Sawaki and Katayama (2006) did not find any 

differences concerning absolute amplitude sizes, in contrast to the present study. This, 

however, might also be due to the fact that their study used a visual oddball experiment. The 

assumption is supported by Böhnlein (2012), whose study did not reveal any significant 

differences between typical P300 amplitude and novel P300 amplitude, either. Unfortunately, 

Sawaki and Katayama do not report the values concerning the two ratios, so that it is 

impossible to compare the results obtained in the present study to theirs, at least with respect 

to Hypothesis 2.  

 Although this theoretical explanation is plausible and in line with my expectations, it 

is useful to consider different explanations for the results obtained, as well. Such an 

explanation is for instance provided by Kok (2001), who found that P300 amplitude was 

attenuated when cognitive load was high. It is sensible to argue that the auditory oddball task 

was easier during novel trial blocks as compared with typical trial blocks, which is reflected 

by the high false-positive error rate for typical distracters. The increase in perceived difficulty 

and the subsequent false-positive errors can be seen as being due to an increase of cognitive 

load in working memory, as keeping the target tone in memory was certainly more difficult 

when the stimulus context included a tone that was very similar (i.e. the typical distracter). 
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Hence, this difference concerning cognitive load might also explain why the amplitude for 

typical distracters was smaller than for novel ones.  

Assuming this perspective, the interpretation would be that, in terms of typical 

distracters, attentional resources are lost because they are allocated to certain processes in 

working memory, and rather not that fewer attentional resources are allocated to the typical 

distracter because it is not sufficiently ‘novel’.  In a way, this actually adds to the issue of task 

difficulty (as discussed in section 5.1.3), for one can equally argue that an oddball task always 

creates the more cognitive load the more difficult it is.  

 Thus, a challenge for future research may be to dissolve this confound of stimulus 

novelty and cognitive load, maybe by making the typical distracter less similar to the target in 

order to facilitate discrimination, while the other distracter could nevertheless keep its novel 

character by pertaining to a different stimulus category than target and typical distracter. At 

the same time, such a design could serve as a way to circumvent the confound of target-

distracter difference and stimulus category, as outlined in section 5.1.3. 

 

5.3 Hypothesis 3          

 The results concerning Hypothesis 3 are very heterogeneous. The correlation between  

the typical P300
target P300

 ratio and the WURS-K symptom score was significant at the specified .05 level 

and of medium size, τ(19) = .33, rs(19)  = .45, demonstrating a trend into the same direction as 

the study by Sawaki and Katayama (2006). Even though the range of the symptom scores was 

restricted, higher WURS-K symptom scores appeared to be associated with increasingly 

inefficient resource allocation concerning typical distracters.  

 On the contrary, the correlation between the novel P300
target P300

 ratio and the WURS-K symptom 

score was not significant and of smaller size, τ(19) = .23, rs(19)  = .35, which makes it very 

tempting to deduce that Sawaki and Katayama’s (2006) pattern of results has been entirely 
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replicated. However, there are three aspects that speak against this conclusion. First, even 

though the correlation between the novel P300
target P300

 ratio and the WURS-K symptom score was 

smaller than the one with the typical P300
target P300

 ratio and did not reach significance, it displayed a clear 

trend into the same direction, which would probably reach significance in a larger sample. 

Besides, the correlation coefficients concerning typical versus novel distracters were by far 

not as different as in Sawaki and Katayama’s study, so that the results of this study should not 

be interpreted as a replication of their findings.  

Second, it is important to keep in mind that Sawaki and Katayama (2006) did not only 

use the WURS-K rating scale as a measure: Instead, they calculated a sum score from the 

WURS-K data and a second ADHD rating scale, which consititutes a second argument for 

being cautious with respect to comparing their results to the findings of this study. 

 Third, the ratios’ correlations with the ADHS-SB symptom score indicate, though not 

significant at the .05 level, a reverse trend, that is, rather an association between ADHD 

symptoms and inefficient resource allocation affecting novel distracters. At the same time, the 

correlations between the typical P300
target P300

 ratio and the ADHS-SB symptom score were very low 

concerning all cases. Even more surprisingly, the ADHS-SB data revealed a significant 

correlation of medium size with the absolute novel P300 amplitude, τ(19) = .31,  rs(19) = .41. 

This result implies that high ADHD symptom scores are accompanied by very marked 

P300 components in response to novel stimuli, which fits the trend evident in the correlations 

between the ADHS-SB scores and the novel P300
target P300

 ratio. By contrast, all correlations between 

these amplitude data and the WURS-K symptom scores were small and not significant, 

whereas the novel amplitude values were again closer to the .05 significance level than typical 

amplitude values. The results obtained by Sawaki and Katayama (2006) can only partly be 

compared with those from this study, as Sawaki and Katayama calculated a sum score from 
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the WURS-K and a second rating scale. However, it is interesting to note that they did not 

find any substantial correlations between ADHD symptomatology and absolute amplitude 

values.  

Unfortunately, past research findings regarding ADHD are similarly ambiguous as the 

correlational results of this study. For example, Kemner and colleagues (1996) did not find 

the P300 in response to novel stimuli (which were complex phonemes in that case) to be 

changed in participants with ADHD, while ‘deviant’ phonemes (equivalent to the typical 

distracters in this study) elicited smaller P300 amplitudes in ADHD patients. This is the 

opposite of this study’s correlational results concerning the WURS-K, and also of what 

Sawaki and Katayama (2006) found. In contrast to that, the findings made by van Mourik, 

Oosterlaan, Heslenfeld, Konig, and Sergeant (2007) suggest that P300 in response to auditory 

novel distracters is indeed enhanced in patients with ADHD, which fits the correlations 

between novel P300 and ADHS-SB symptom scores found in this study. 

 In any case, the inconsistent correlational results discussed above raise the question in 

how far the two measures of ADHD symptomatology differ concerning the facets or 

constructs they actually measure, as this would shed some light on the question why these two 

rating scales display so divergent correlational results with the ERP data. The most striking 

and probably the only relevant difference is that the WURS-K items all refer to the age 

between eight and ten years and ask whether ADHD symptoms were present at that time, 

whereas the ADHS-SB asks for symptoms present right at the moment.  

 Based on this difference, it is worth considering the idea that an inefficient resource 

allocation towards novel distracters might actually be characteristic of adult ADHD 

symptomatology at present. The WURS-K, however, only asks for symptoms present during 

childhood, so that a high score in this rating scale does not tell anything about ADHD 

symptoms at present. This, in turn, suggests the possibility that an inefficient resource 
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allocation for typical distracters might be indicative of people who fulfilled the criteria for an 

ADHD diagnosis when they were children, whereas as adults they no longer do. This would 

mean that even though people do no longer display any symptoms as adults, an inefficient 

resource allocation concerning stimuli that are similar to a task-relevant stimulus (like in an 

oddball experiment as conducted for the present study) could be regarded as some sort of 

residual endophenotype concerning ADHD in remission.   

The idea seems plausible in a way that in the larger part of all cases, ADHD remits 

before adulthood (Simon et al., 2009; Sobanski & Alm, 2004), which is also reflected by the 

data from the two rating scales: The mean score and the scores’ range is smaller in case of the 

ADHS-SB as compared to the WURS-K, as one would expect in case of a disorder that tends 

to affect more children than adults (see Table 2). Also, the two scales’ correlation amounts to 

no more than τ(19) = .45, or rs(19) = .57, respectively, meaning only 20.25 percent or 32.49 

percent of shared variance, respectively (see also Fig. 3).  

Still, this idea remains mere speculation and lacks a theoretical basis, while 

nevertheless presenting an interesting perspective on this disorder’s psychopathology and 

thereby inspiring future research. Certainly, the corresponding Master thesis, which will 

compare the results from this study with those from adult ADHD patients who participated in 

the same auditory oddball experiment, will render interesting further insights into the relation 

between P300 in response to typical versus novel distracters and ADHD.  

 

6. Conclusion and Outlook 

	   In sum, this study has provided evidence concerning several controversial issues in 

ERP research. It was possible to distinguish from another the two sub-components of the 

P300, the P3a and the P3b, by making use of an elaborate form of the auditory oddball 

paradigm. By differentiating between typical and novel distracters, that is, such that were 
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either similar to or very different from the target stimulus, it was possible to shed some light 

on the crucial factor that works as a determinant of the P3a component. Whereas the scientific 

controversy deals with the question whether the stimulus’s physical characteristics or its task-

irrelevance is the essential factor, the results of this study suggest that the physical 

characteristics of the stimulus, be it its stimulus category, its novelty value, or generally its 

difference from the target, are determinant with respect to the question whether the stimulus 

elicits a P3a and a P3b. However, as outlined above, future research is needed to dissolve the 

confound between target-distracter difference and equivalence of stimulus category, in order 

to provide an answer to the question whether a P3a requires a stimulus from a deviant 

stimulus category to be elicited or whether a strongly deviant stimulus from the same stimulus 

category is sufficient to evoke this component. 

 Moreover, it has been demonstrated that novel distracters elicited P300 components of 

higher amplitude than typical distracters across all electrode sites, both in terms of absolute 

amplitude values and in relation to the P300 in response to targets. This can be interpreted as 

a piece of evidence for the notion that in healthy participants the presentation of novel 

distracters leads to an inefficient allocation of attentional resources, whereas typical 

distracters are allocated only slightly more resources than targets. Yet it has to be 

acknowledged that there exist other ways to interpret these findings, such as a decreased P300 

due to high cognitive load, which is an issue future research should address.  

 Finally, this study has provided heterogeneous findings concerning the relation 

between the P300 in response to typical and novel distracters on the one and ADHD 

symptomatology on the other hand. Whereas some results tended to confirm the findings of 

the experiment that inspired the present study (Sawaki & Katayama, 2006), such as the strong 

association of childhood ADHD symptoms as measured with the WURS-K rating scale and 

inefficient resource allocation concerning typical distracters, a large part of the correlational 
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results contradicts those obtained by Sawaki and Katayama. Apparently, the results varied as 

a function of the rating scale used to measure ADHD symptomatology, so that a 

methodological bias seems plausible. As the two rating scales differ concerning the age span 

they refer to (past/childhood vs. present/adulthood), this raises the question whether an 

inefficient resource allocation concerning novel distracters could be a psychopathological 

marker pertaining to adult ADHD, whereas the same phenomenon with respect to typical 

distracters might be indicative of remitted childhood ADHD. However, this idea lacks a 

theoretical basis and requires extensive longitudinal research to be investigated.  

 Thus, this study has addressed and discussed evidence for two large fields: a classic 

cognitive-neuroscientific and electrophysiological issue, that is, the relations between and the 

determinants of P3a and P3b on the one hand, and an issue concerning the neurocognitive 

psychopathology of ADHD on the other hand. Whereas the corresponding Master thesis is 

going to provide data that will allow much stronger conclusions concerning the relation of 

ADHD and P300, further-going neuroscientific research is needed in order to elucidate the 

complex processes pertaining to the multi-faceted construct of attention.  
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Appendix A: 
 

Grand Average Event-related Potential Waveforms From the Fz, Pz, and Cz Electrode 
in Response to Standards (A1), Targets (A2), Typical Distracters (A3), and Novel 

Distracters (A4) 
 
 
A1 

 

 
 

Fig. A1. Grand average event-related potential waveforms as measured at the Fz electrode (green line), the Cz 
electrode (blue line), and the Pz electrode (red line) in response to standards. The graph shows voltage 
(measured in µV) as a function of time (measured in ms). The dotted vertical line indexes the moment of 
stimulus onset, preceded by 100 ms baseline recording. Negative is plotted upward. n = 19.  
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A2 
 

 
 
Fig. A2. Grand average event-related potential waveforms as measured at the Fz electrode (green line), the Cz 
electrode (blue line), and the Pz electrode (red line) in response to targets. The graph shows voltage (measured in 
µV) as a function of time (measured in ms). The dotted vertical line indexes the moment of stimulus onset, 
preceded by 100 ms baseline recording. P300 peaks are indexed by asterisks. Negative is plotted upward.  
 n = 19. 
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A3  
 

 
 

Fig. A3. Grand average event-related potential waveforms as measured at the Fz electrode (green line), the Cz 
electrode (blue line), and the Pz electrode (red line) in response to typical distracters. The graph shows voltage 
(measured in µV) as a function of time (measured in ms). The dotted vertical line indexes the moment of 
stimulus onset, preceded by 100 ms baseline recording. P300 peaks are indexed by asterisks. Negative is plotted 
upward.  n = 19. 
 
 
 
 
 
 
 
 
 
 



ELECTROPHYSIOLOGICAL INVESTIGATION OF ATTENTIONAL PROCESSES 
 

	   74 

A4 
 

 
 
Fig. A4. Grand average event-related potential waveforms as measured at the Fz electrode (green line), the Cz 
electrode (blue line), and the Pz electrode (red line) in response to novel distracters. The graph shows voltage 
(measured in µV) as a function of time (measured in ms). The dotted vertical line indexes the moment of 
stimulus onset, preceded by 100 ms baseline recording. P300 peaks are indexed by asterisks. Negative is plotted 
upward.  n = 19. 
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Appendix B: 
 

Grand Average Event-related Potential Waveforms From the Fz, Pz, Cz, Oz, and 
VEOG Electrode in Response to Standards (B1), Targets (B2), Typical Distracters (B3), 

and Novel Distracters (B4) 
 
 
B1  
 

 
 

Fig. B1. Grand average event-related potential waveforms as measured at the Fz electrode (green line), the Cz 
electrode (blue line), the Pz electrode (red line), the Oz electrode (black line), and the VEOG electrode (pink 
line) in response to standards. The graph shows voltage (measured in µV) as a function of time (measured in 
ms). The dotted vertical line indexes the moment of stimulus onset, preceded by 100 ms baseline recording. The 
lines for the Fz, Cz , and Pz are intentionally printed thin, as here the focus lies on the Oz and the VEOG. 
Negative is plotted upward.  n = 19. 
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B2  
 

 
 
Fig. B2. Grand average event-related potential waveforms as measured at the Fz electrode (green line), the Cz 
electrode (blue line), the Pz electrode (red line), the Oz electrode (black line), and the VEOG electrode (pink 
line) in response to targets. The graph shows voltage (measured in µV) as a function of time (measured in ms). 
The dotted vertical line indexes the moment of stimulus onset, preceded by 100 ms baseline recording. The lines 
for the Fz, Cz , and Pz are intentionally printed thin, as here the focus lies on the Oz and the VEOG. Negative is 
plotted upward.  n = 19. 
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B3  
 

 
 
Fig. B3. Grand average event-related potential waveforms as measured at the Fz electrode (green line), the Cz 
electrode (blue line), the Pz electrode (red line), the Oz electrode (black line), and the VEOG electrode (pink 
line) in response to typical distracters. The graph shows voltage (measured in µV) as a function of time 
(measured in ms). The dotted vertical line indexes the moment of stimulus onset, preceded by 100 ms baseline 
recording. The lines for the Fz, Cz , and Pz are intentionally printed thin, as here the focus lies on the Oz and the 
VEOG. Negative is plotted upward. n = 19. 
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B4
 

 
 
Fig. B4. Grand average event-related potential waveforms as measured at the Fz electrode (green line), the Cz 
electrode (blue line), the Pz electrode (red line), the Oz electrode (black line), and the VEOG electrode (pink 
line) in response to novel distracters. The graph shows voltage (measured in µV) as a function of time (measured 
in ms). The dotted vertical line indexes the moment of stimulus onset, preceded by 100 ms baseline recording. 
The lines for the Fz, Cz , and Pz are intentionally printed thin, as here the focus lies on the Oz and the VEOG. 
Negative is plotted upward. n = 19. 
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Appendix C: 
 

Amplitude (C1) and Latency (C2) Data From the Fz, Cz, and Pz Electrode 
 

 

Table C1 

Peak Amplitude Data for Standards, Targets, Typical Distracters, and Novel Distracters as 
Measured at the Fz, Cz, and Pz Electrode 

 
 Standard Target Typical Novel 
 M SD M SD M SD M SD 

Fz -0.235 1.149 4.333 3.388 6.761 3.972 11.319 3.453 
Cz 0.483 1.002 5.953 3.221 8.211 3.361 12.511 4.509 
Pz 0.661 0.705 7.988 3.381 8.966 3.994 11.263 3.761 

 
Note. M = mean, SD = standard deviation. Numbers represent voltages (measured in µV). n = 19. 	  
 
 
 

Table C2 

Peak Latency Data for Standards, Targets, Typical Distracters, and Novel Distracters as 
Measured at the Fz, Cz, and Pz Electrode 
 

 Standard Target Typical Novel 
 M SD M SD M SD M SD 

Fz 551.789 42.530 349.684 28.885 357.684 33.262 341.895 29.885 
Cz 544.211 37.202 358.947 31.237 364.211 34.006 349.053 33.222 
Pz 570.526 53.586 372.000 27.968 360.211 21.847 364.000 28.095 

 
Note. M = mean, SD = standard deviation. Numbers represent time after stimulus onset (measured in ms).  
n = 19. 	  
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Appendix D: 
 

Results From the Analyses of Variance (ANOVAs) Concerning the Dependent Variables 
Mean Reaction Time (D1) and False Positive Error Rate (D2) 

 
 
 
Table D1 
 
Results From the 2 (Global Order: Auditory vs. Visual Task First) × 2 (Local Order: First 
Trial Block Included Typical vs. Novel Distracters) ANOVA Concerning Mean Reaction Time 
 

Source of 
Variance 

dfM dfR F p Partial η2 

ME Global 
Order 

1 15 1.47 .244 .089 

ME Local Order  1 15 0.04 .842 .003 

Interaction 1 15 0.42 .527 .027 
 
Note. dfM = dfs of the model, dfR = dfs of the residuals, ME = main effect. n = 19. α = .05. 	  
 
 
 
Table D2 
 
Results From the 2 (Global Order: Auditory vs. Visual Task First) × 2 (Local Order: First 
Trial Block Included Typical vs. Novel Distracters) ANOVA Concerning False Positive Error  
Rate 
 

Source of 
Variance 

dfM dfR F p Partial η2 

ME Global 
Order 

1 15 0.37 .552 .024 

ME Local Order  1 15 1.16 .298 .072 

Interaction 1 15 0.06 .818 .004 
 
Note. dfM = dfs of the model, dfR = dfs of the residuals, ME = main effect. n = 19. α = .05. 	  
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Appendix E: 
 

Results From the Analyses of Variance (ANOVAs) Concerning the Dependent Variable 
Amplitude 

 
 
 
Table E1 
 
Results From the 3 (Electrode Site: Fz vs. Cz vs. Pz) × 4 (Stimulus Category: Standard vs. 
Target vs. Typical vs. Novel) Repeated-measures ANOVA 
 

Source of 
Variance 

dfM dfR F p Partial η2 

ME Electrode 
Site 

1* 21* 5.73 .021 .242 

ME Stimulus 
Category 

3 54 94.703 .000 .840 

Interaction 2* 50* 5.88 .002 .246 
 
Note. dfM = dfs of the model, dfR = dfs of the residuals, ME = main effect. Greenhouse-Geisser corrected dfs are 
indexed by an asterisk. n = 19. α = .05. 	  
 
 
 
Table E2 
 
Results From the 3 (Electrode Site: Fz vs. Cz vs. Pz) × 4 (Stimulus Category: Standard vs. 
Target vs. Typical vs. Novel) × 2 (Global Order: Auditory vs. Visual Task First) × 2 (Local 
Order: First Trial Block Included Typical vs. Novel Distracters) Mixed ANOVA, Restricted to 
the Between-subjects Factors  
 

Source of 
Variance 

dfM dfR F p Partial η2 

ME Global 
Order 

1 15 0.24 .630 .016 

ME Local Order  1 15 0.23 .637 .015 

Interaction 1 15 .006 .937 .000 
 
Note. dfM = dfs of the model, dfR = dfs of the residuals, ME = main effect. n = 19. α = .05. 	  
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Appendix F: 
 

Results From the Analyses of Variance (ANOVAs) Concerning the Dependent Variable 
Latency 

 
 

Table F1 
 
Results From the 3 (Electrode Site: Fz vs. Cz vs. Pz) × 4 (Stimulus Category: Standard vs. 
Target vs. Typical vs. Novel) Repeated-Measures ANOVA 
 

Source of 
Variance 

dfM dfR F p Partial η2 

ME Electrode 
Site 

2 36 11.22 .000 .384 

ME Stimulus 
Category 

2* 40* 345.52 .000 .950 

Interaction 3* 53* 1.58 .206 .080 
 
Note. dfM = dfs of the model, dfR = dfs of the residuals, ME = main effect. Greenhouse-Geisser corrected dfs are 
indexed by an asterisk. n = 19. α = .05. 	  
 
 
 
Table F2 
 
Results From the 3 (Electrode Site: Fz vs. Cz vs. Pz) × 4 (Stimulus Category: Standard vs. 
Target vs. Typical vs. Novel) × 2 (Global Order: Auditory vs. Visual Task First) × 2 (Local 
Order: First Trial Block Included Typical vs. Novel Distracters) Mixed ANOVA, Restricted to 
the Between-subjects Factors  
 

Source of 
Variance 

dfM dfR F p Partial η2 

ME Global 
Order 

1 15 0.01 .912 .001 

ME Local Order  1 15 0.28 .604 .018 

Interaction 1 15 1.23 .285 .076 
 
Note. dfM = dfs of the model, dfR = dfs of the residuals, ME = main effect. n = 19. α = .05. 	  
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Appendix G: 
 

Shortened German Version of the Wender Utah Rating Scale (WURS-K)  
 
 
 

	  
Code-‐Nr.	  
____________________________________	  
	  

	  
Datum	  	  __________________________________	  
	  

	  
WURS-‐K	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
1.	  	  	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  Konzentrationsprobleme	  und	  war	  leicht	  
	  	  	  	  	  	  ablenkbar.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
2.	  	  	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  war	  ich	  zappelig	  und	  nervös	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
	  
	  
	  

Im	   nächsten	   Teil	   finden	   Sie	   eine	   Reihe	   von	   Aussagen	   über	   bestimmte	   Verhaltenweisen,	  
Eigenschaften	   und	   Schwierigkeiten.	   Bitte	   entscheiden	   Sie	   jeweils,	   ob	   und	   wie	   stark	   diese	  
Verhaltensweise,	  diese	  Eigenschaft	  oder	  dieses	  Problem	  bei	  Ihnen	  als	  Kind	  im	  Alter	  von	  ca.	  8	  bis	  10	  
Jahren	  ausgeprägt	  war.	  	  
	  
Dabei	  haben	  sie	  5	  verschieden	  Antwortmöglichkeiten	  
	  

• trifft	  nicht	  zu	  
• gering	  ausgeprägt	  
• mäßig	  ausgeprägt	  
• deutlich	  ausgeprägt	  
• stark	  ausgeprägt	  

	  
Bitte	  kreuzen	  Sie	  die	  entsprechende	  Antwortalternative	  an.	  Bitte	  lassen	  Sie	  keinen	  Punkt	  aus.	  	  
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3.	  	  	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  war	  ich	  unaufmerksam	  und	  verträumt	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
4.	  	  	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  war	  ich	  gut	  organisiert,	  sauber	  und	  ordentlich	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
5.	  	  	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  Wutanfälle	  und	  Gefühlsausbrüche	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	   	  ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
6.	  	  	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  ein	  geringes	  Durchhaltevermögen,	  brach	  	  	  
	  	  	  	  	  	  ich	  Tätigkeiten	  vor	  deren	  Beendigung	  ab.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
7.	  	  	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  war	  ich	  traurig,	  unglücklich	  und	  depressiv.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
8.	  	  	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  war	  ich	  ungehorsam,	  rebellisch	  und	  aufsässig.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
9.	  	  	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  ein	  geringes	  Selbstwertgefühl	  bzw.	  eine	  	  
	  	  	  	  	  	  niedrige	  Selbsteinschätzung.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	   	  ausgeprägt	   ausgeprägt	   ausgeprägt	  
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10.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  war	  ich	  leicht	  zu	  irritieren.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
11.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  starke	  Stimmungsschwankungen	  und	  war	  	  
	  	  	  	  	  	  	  launisch.	  	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
12.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  war	  ich	  ein	  guter	  Schüler	  bzw.	  eine	  gute	  Schülerin.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	   	  ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
13.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  war	  ich	  oft	  ärgerlich	  oder	  verärgert.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
14.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  verfügte	  ich	  über	  eine	  gute	  motorische	  	  
	  	  	  	  	  	  Koordinationsfähigkeit	  und	  wurde	  immer	  zuerst	  als	  Mitspieler	  ausgesucht.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
15.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  eine	  Tendenz	  zur	  Unreife.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
16.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  verlor	  ich	  oft	  die	  Selbstkontrolle.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
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17.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  die	  Tendenz	  unvernünftig	  zu	  sein	  oder	  	  
	  	  	  	  	  	  unvernünftig	  zu	  handeln.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	   	  ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
18.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  Probleme	  mit	  anderen	  Kindern	  und	  keine	  	  
	  	  	  	  	  	  	  langen	  Freundschaften.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
19.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  Angst,	  die	  Selbstbeherrschung	  zu	  	  
	  	  	  	  	  	  	  verlieren.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
20.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  bin	  ich	  von	  zuhause	  fortgelaufen.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	   	  ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
21.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  war	  ich	  in	  Raufereien	  verwickelt.	  	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
22.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  Schwierigkeiten	  mit	  Autoritäten,	  z.B.	  	  	  	  
	  	  	  	  	  	  	  Ärger	  in	  der	  Schule	  oder	  Vorladungen	  beim	  Direktor.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
	  
23.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  Ärger	  mit	  der	  Polizei.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
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24.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  war	  ich	  insgesamt	  ein	  schlechter	  Schüler	  /	  eine	  	  
	  	  	  	  	  	  schlechte	  Schülerin	  und	  lernte	  langsam.	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
	  
25.	  Als	  Kind	  im	  Alter	  von	  8	  –	  10	  Jahren	  hatte	  ich	  Freunde	  und	  war	  beliebt.	  	  
	  
¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   ¨ 	   	   ¨ 	   	   ¨ 	  
trifft	  nicht	  	  	  	   	  gering	  	  	   mäßig	  	   	   deutlich	   stark	  	  
zu	   	   ausgeprägt	  	  	  	  	  	   ausgeprägt	   ausgeprägt	   ausgeprägt	  
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In	  diesem	  Teil	  finden	  Sie	  einige	  Fragen	  über	  Konzentrationsvermögen,	  Bewegungsbedürfnis	  und	  
Nervosität.	  Gemeint	  ist	  damit	  Ihre	  Situation,	  wie	  sie	  sich	  gewöhnlich	  darstellt.	  Bitte	  orientieren	  
Sie	  sich	  an	  der	  Situation,	  wie	  sie	  in	  den	  letzten	  7	  Tagen	  gegeben	  war.	  
	  
Wenn	  die	  Formulierungen	  auf	  Sie	  nicht	  zutreffen,	  kreuzen	  Sie	  bitte	  „trifft	  nicht	  zu“	  an.	  Wenn	  Sie	  
der	  Meinung	  sind,	  dass	  die	  Aussagen	  richtig	  sind,	  geben	  Sie	  bitte	  an,	  welche	  Ausprägung	  -‐	  leicht	  -‐	  
mittel	  -‐schwer	  -‐	  Ihre	  Situation	  am	  besten	  beschreibt.	  	  
	  

• trifft	  nicht	  zu	  
• leicht	  ausgeprägt	  (kommt	  selten	  vor)	  
• mittel	  ausgeprägt	  (kommt	  oft	  vor)	  
• schwer	  ausgeprägt	  (kommt	  nahezu	  immer	  vor)	  

	  
Bitte	  kreuzen	  Sie	  die	  entsprechende	  Antwortalternative	  an.	  Bitte	  lassen	  Sie	  keinen	  Punkt	  aus.	  	  
	  
	  

Appendix H: 
 

The ADHS-SB Self-Report Rating Scale 
 
 

 
	  
Code-‐Nr.	  __________________________________	  
	  

	  
Datum	  	  __________________________________	  
	  

	  
ADHS-‐SB	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
1.	  	  Ich	  bin	  unaufmerksam	  gegenüber	  Details	  oder	  mache	  Sorgfaltsfehler	  bei	  der	  Arbeit.	  
	   	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
2.	  	  Bei	  der	  Arbeit	  oder	  sonstigen	  Aktivitäten	  (z.B.	  Lesen,	  Fernsehen,	  Spiel)	  fällt	  es	  mir	  	  
	  	  	  	  	  	  schwer,	  konzentriert	  durchzuhalten.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
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3.	  	  Ich	  höre	  nicht	  richtig	  zu,	  wenn	  jemand	  etwas	  zu	  mir	  sagt.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
4.	  	  Es	  fällt	  mir	  schwer,	  Aufgaben	  am	  Arbeitsplatz,	  so	  wie	  sie	  mir	  erklärt	  wurden,	  zu	  	  
	  	  	  	  	  	  erfüllen.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
5.	  	  Es	  fällt	  mir	  schwer,	  Aufgaben,	  Vorhaben	  oder	  Aktivitäten	  zu	  organisieren.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
6.	  	  Ich	  gehe	  Aufgaben,	  die	  geistige	  Anstrengung	  erforderlich	  machen,	  am	  liebsten	  aus	  dem	  	  
	  	  	  	  	  Weg.	  Ich	  mag	  solche	  Arbeiten	  nicht	  oder	  sträube	  mich	  innerlich	  dagegen.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
7.	  	  Ich	  verlege	  wichtige	  Gegenstände	  (z.B.	  Schlüssel,	  Portemonnaie,	  Werkzeuge).	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
8.	  	  Ich	  lasse	  mich	  bei	  Tätigkeiten	  leicht	  ablenken.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
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9.	  	  Ich	  vergesse	  Verabredungen,	  Termine	  oder	  telefonische	  Rückrufe.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
10.	  	  Ich	  bin	  zappelig.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
11.	  Es	  fällt	  mir	  schwer,	  längere	  Zeit	  sitzen	  zu	  bleiben	  (z.B.	  im	  Kino,	  Theater)	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
12.	  	  Ich	  fühle	  mich	  innerlich	  unruhig.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
13.	  	  Ich	  kann	  mich	  schlecht	  leise	  beschäftigen.	  Wenn	  ich	  etwas	  mache,	  geht	  es	  laut	  zu.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
14.	  	  Ich	  bin	  ständig	  auf	  Achse	  und	  fühle	  mich	  wie	  von	  einem	  Motor	  angetrieben.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
15.	  	  Mir	  fällt	  es	  schwer	  abzuwarten,	  bis	  andere	  ausgesprochen	  haben.	  Ich	  falle	  anderen	  ins	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  Wort.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
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16.	  	  Ich	  bin	  ungeduldig	  und	  kann	  nicht	  warten,	  bis	  ich	  an	  der	  Reihe	  bin	  (z.B.	  beim	  	  
	  	  	  	  	  	  	  	  Einkaufen).	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
17.	  	  Ich	  unterbreche	  und	  störe	  andere,	  wenn	  sie	  etwas	  tun.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
18.	  	  Ich	  rede	  viel,	  auch	  wenn	  mir	  keiner	  zuhören	  will.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
19.	  	  Diese	  Schwierigkeiten	  (Merkmale	  1	  bis	  18)	  hatte	  ich	  schon	  im	  Schulalter.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
20.	  	  Diese	  Schwierigkeiten	  habe	  ich	  immer	  wieder,	  nicht	  nur	  bei	  der	  Arbeit,	  sondern	  auch	  	  
	  	  	  	  	  	  	  	  in	  anderen	  Lebenssituationen,	  z.B.	  Familie,	  Freunde,	  Freizeit.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
	  
21.	  	  Ich	  leide	  unter	  diesen	  Schwierigkeiten.	  
	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
	  
22.	  	  Ich	  habe	  wegen	  dieser	  Schwierigkeiten	  schon	  Probleme	  im	  Beruf	  und	  auch	  im	  Kontakt	  	  
	  	  	  	  	  	  	  	  mit	  anderen	  Menschen	  gehabt.	  
	  
	   	  

¨	   ¨	   ¨	   ¨	  
trifft	  nicht	  	  

zu	  
leicht	  	  

ausgeprägt	  
mittel	  	  

ausgeprägt	  
schwer	  	  

ausgeprägt	  
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Appendix K: 
 

Screenshots of the Experimental Instructions  
 

 
 

 
 
 
Fig. K1a. The numbers indicate the order in which the instructions were presented on the screen. Instruction 2 
was presented once before each trial block, while the target tone was played six times.  
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Fig. K1b. The numbers indicate the order in which the instructions were presented on the screen. Instruction 5 
was presented once before each trial block, the instructions 6 and 7 were presented once after each trial block. 
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Appendix L: 
 

Pseudo-randomized Order of the Different Stimuli in the Oddball Experiment 
 
 
 
Trial Block 1 (Typical) 
 
standard, standard, target, standard, target, standard, typical, standard, standard, standard 
target, standard, typical, standard, standard, standard, target, standard, target, standard, 
typical, standard, standard, target, standard, standard, target, standard, standard, standard, 
typical, standard, standard, standard, standard, typical, standard, standard, target, standard, 
standard, typical, standard, standard, standard, standard, standard, typical, standard, typical, 
standard, standard, standard, standard, typical, standard, standard, standard, standard, 
standard, standard, typical, standard, target, standard, typical, standard, standard, target, 
standard, target, standard, standard, typical, standard, standard, target,standard, standard, 
typical, standard, target, standard, standard, standard, target, standard, standard, standard, 
standard, standard, standard, typical, standard, standard, standard, target, standard, typical, 
standard 
 
 
Trial Block 2 (Typical) 
 
standard, standard, typical, standard, standard, standard, standard, target, standard, target, 
standard, standard, standard, typical, standard, target, standard, standard, standard, standard, 
target, standard, standard, target,standard, target, standard, typical, standard, standard, typical, 
standard, standard, standard, standard, standard, standard, standard, standard, standard, 
standard, standard, standard, standard, typical, standard, standard, standard, target, standard, 
standard, typical, standard, target, standard, typical, standard, standard, standard, standard, 
target, standard, target, standard, typical, standard, standard, typical, standard, standard, 
standard, typical, standard, typical, standard, standard, standard, typical, standard, standard, 
typical, standard, target, standard, standard, typical, standard, standard, target, standard, 
target, standard, standard, target, standard, typical, standard, standard, standard, target 
 
 
Trial Block 3 (Typical) 
 
standard, standard, standard, target, standard, target, standard, typical, standard, standard, 
standard, target, standard, typical, standard, target, standard, standard, standard, standard, 
standard, standard, typical, standard, standard, typical, standard, standard, target, standard, 
typical, standard, typical, standard, target, standard, standard, target, standard, target, 
standard, standard, standard, standard, target, standard, typical, standard, standard, standard, 
standard, target, standard, typical, standard, standard, typical, standard, standard, standard, 
standard, standard, standard, standard, standard, standard, standard, typical, standard, typical, 
standard, standard, typical, standard, standard, target, standard, standard, standard, standard, 
typical, standard, standard, target, standard, standard, target, standard, typical, standard, 
target, standard, standard, typical, standard, target, standard, standard, standard, standard 
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Trial Block 1 (Novel) 
 
standard, standard, novel1, standard, standard, target, standard, standard, novel2, standard, 
standard, standard, novel3, standard, standard, standard, novel4, standard, target, standard, 
standard, standard, standard, novel5, target, standard, target, standard, novel6, standard, 
standard, target, standard, standard, novel7, standard, standard, target, novel8, standard, 
standard, standard, target, standard, standard, standard, standard, standard, standard, standard, 
standard, novel9, standard, standard, target, standard, standard, target, standard, target, 
standard, standard, novel10, standard, novel11, standard, standard, standard, standard, 
standard, standard, standard, target, novel12, standard, standard, target, standard, novel13, 
standard, standard, standard, target, standard, standard, standard,standard, standard, standard, 
standard, standard, target, novel14, standard, standard, standard, standard, target, standard, 
novel15 
 
Note. Novel stimuli were assigned a number between 1 and 45, as each novel stimulus was only presented once. 
 
 
Trial Block 2 (Novel) 
 
standard, standard, target, standard, target, standard, novel16, standard, standard, standard, 
target, standard, standard, novel17, standard, standard, standard, novel18, standard, target, 
standard, target, novel19, standard, standard, tandard, standard, novel20, standard, standard, 
standard, standard, standard, standard, standard, novel21, target, standard, standard, target, 
standard, standard, standard, novel22, standard, standard, standard, standard, target, standard, 
standard, standard, standard, target, standard, novel23, standard, standard, target, novel24, 
standard, target, standard, standard, standard, standard, standard, standard, target, standard, 
standard, novel25, standard, standard, target, novel26, standard, standard, standard, novel27, 
standard, standard, standard, standard, novel28, standard, target, standard, standard, standard, 
standard, target, standard, standard, novel29, standard, standard, novel30, standard, standard 
 
Note. Novel stimuli were assigned a number between 1 and 45, as each novel stimulus was only presented once. 
 
 
Trial Block 3 (Novel) 
 
standard, standard, standard, standard, novel31, standard, standard, target, standard, target, 
novel32, standard, standard, novel33, standard, target, standard, standard, standard, standard, 
standard, target, standard, novel34, standard, standard, target, standard, standard, novel35, 
standard, standard, standard, target, novel36, standard, standard, standard, novel37, standard, 
target, standard, novel38, standard, standard, standard, target, standard, novel39, standard, 
target, standard, standard, standard, standard, target, standard, target, standard, standard, 
standard, target, standard, standard, standard, standard, novel40, standard, standard, novel41, 
standard, standard, standard, standard, standard, standard, novel42, standard, standard, 
standard, target, standard, standard, target, standard, standard, standard, target, standard, 
novel43, standard, novel44, standard, standard, standard, standard, novel45, standard, 
standard, standard 
 
Note. Novel stimuli were assigned a number between 1 and 45, as each novel stimulus was only presented once. 
 
 
 



ELECTROPHYSIOLOGICAL INVESTIGATION OF ATTENTIONAL PROCESSES 
 

	   96 

Appendix M: 
 

Telephone Interview 
 
 
 

Rückruf eines möglichen Normprobanden, der letztes Jahr teilgenommen hat 
 
 
 
Allgemeine Informationen 

 

- Guten Tag, mein Name ist .... Ich rufe aus der Universität Münster an.  

 

- Spreche ich mit Herrn XY / Frau XY? 

 

- Sie haben letztes Jahr im Sommer an der Studie zu Aufmerksamkeitsprozessen bei Frau 

Stein teilgenommen und damals zugestimmt, dass wir Sie bei weiteren Studien 

kontaktieren dürfen, ist das richtig? 

 

- Ihre Daten werden natürlich weiterhin streng vertraulich behandelt und sind nur 

autorisierten Mitarbeitern in unserem Forschungsprojekt zugänglich.  

 

- Wir führen zur Zeit am Institut für Psychologie ein ähnliches Projekt wie Frau/Herr X 

durch, wiederum zu Aufmerksamkeitsprozessen, jedoch mit anderen Aufgaben, für das 

wir gesunde Probanden suchen. Ich arbeite als Student/in in der Arbeitseinheit von Prof. 

Rist in diesem Projekt mit. Wir wenden uns dabei speziell an Sie, da wir von Ihnen ja 

schon eine Reihe von Daten gesammelt haben, die wir wiederverwenden können, sodass 

das ganze Experiment deutlich weniger Zeit benötigen wird als letztes Jahr. 

 

- Sie erhalten eine Aufwandsentschädigung von 10 Euro die Stunde. Es wird alles in allem 

wahrscheinlich zwischen 2 und 2,5 Stunden in Anspruch nehmen. 

 

- Ihre Teilnahme wäre für unser Projekt wie gesagt daher besonders wichtig, weil wir im 

vergangenen Jahr bereits eine Menge Daten von Ihnen erhoben haben, die wir dieses Jahr 

nicht neu erheben müssten (Interview und Tests). Sie würden uns mit Ihrer erneuten 

Teilnahme daher immens bei unserer Forschung unterstützen! 
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- Im Vergleich zur Studie von Frau/Herrn X werden wir auch mit einer deutlich geringeren 

Zahl von Elektroden arbeiten, sodass das Befestigen der Elektroden auf ihrer Kopfhaut 

weniger Zeit in Anspruch nehmen und weniger unangenehm sein wird.  

- Wären Sie generell dazu bereit, an einem solchen Projekt teilzunehmen? 

 

 
Erläuterungen über die Teilnahme an der Studie 
 

- Unsere Untersuchung besteht nur aus einem Teil und  ist deutlich kürzer als die letzte, da 

wir die Daten aus dem Interview des letzten Projektes übernehmen werden. Zudem 

werden wir weniger Elektroden als letztes Jahr verwenden. Es geht wieder darum, dass 

Sie zwei Aufmerksamkeitsaufgaben am Rechner bearbeiten, während wir eine EEG-

Ableitung durchführen. 

 

- Wir untersuchen Aufmerksamkeitsprozesse bei Personen mit ADHS. Sie wären bei 

unserer Untersuchung Teil der gesunden Kontrollgruppe, deren Daten mit denen von 

Personen mit ADHS verglichen werden.  

 

- Das EEG-Verfahren dürfte Ihnen ja noch bekannt sein. Haben Sie dazu noch Fragen? 

 

 

Wenn er/ sie nach konkreten Inhalten fragt   

 

- Leider kann ich Ihnen heute wieder nicht ganz genau sagen, welche unterschiedliche 

Aufgaben und Tests Sie machen müssen, da das die Ergebnisse verfälschen könnte. Ich 

kann Ihnen aber versichern, dass es sich um Standard-Aufmerksamkeits- und 

Denkaufgaben handelt, und dass Sie die Aufgaben direkt vorher gut erklärt bekommen.   

 

- Haben Sie zu der Art der Untersuchung noch Fragen? 

 

- Können Sie sich vorstellen, daran teilzunehmen? 

 

- Dann habe ich noch ein paar weitere Fragen an Sie: s. nächste Seite 
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- Hat sich Ihr psychisches Befinden seit der letzten Untersuchung in irgendeiner Weise 

verändert (evtl. Beispiele wie Stimmung und Ängste nennen)? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________ 

 

 

 

Haben Sie sich in der Zeit 

seit Ihrer letzten 

Teilnahme in ärztliche 

oder psychotherapeutische 

Behandlung begeben? 

 

 

 

o nein 

o ja            

 

 

Rauchen Sie?  

 

o nein 

o ja 

             Wie viele Zigaretten pro Tag?  _____________ 

             Wie lange nach dem Aufstehen rauchen Sie die erste 

Zigarette? __________ 

 

 

Wie oft trinken Sie zur 

Zeit  

Alkohol? 

 

 

o nie  

o einmal im Monat oder seltener 

o zwei- bis viermal im Monat 

o zwei- bis dreimal die Woche  

o viermal die Woche oder öfter 

 

 

! 
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Wenn Sie Alkohol trinken, 

wie viele Gläser trinken 

Sie dann üblicherweise an 

einem Tag? (Ein Glas 

Alkohol entspricht  

0.33 l Bier,  

0.25 l Wein/Sekt,  

0.02 l Spirituosen.) 

o 1 bis 2 Gläser pro Tag  

o 3 bis 4 Gläser pro Tag  

o 5 bis 6 Gläser pro Tag  

o 7 bis 9 Gläser pro Tag  

o 10 oder mehr Gläser pro Tag  

 

 

Wann war der Zeitpunkt, 

zu dem Sie am meisten 

Alkohol konsumiert 

haben? 

 

 

 

__________________________________________________

________ 

Wie oft haben Sie da 

Alkohol getrunken? 

 

 

 

o nie  

o einmal im Monat oder seltener 

o zwei- bis viermal im Monat 

o zwei- bis dreimal die Woche  

o viermal die Woche oder öfter 

 

 

Wie viele Gläser haben Sie 

dann üblicherweise an 

einem Tag getrunken? (Ein 

Glas Alkohol entspricht  

0.33 l Bier,  

0.25 l Wein/Sekt,  

0.02 l Spirituosen.) 

o 1 bis 2 Gläser pro Tag  

o 3 bis 4 Gläser pro Tag  

o 5 bis 6 Gläser pro Tag  

o 7 bis 9 Gläser pro Tag  

o 10 oder mehr Gläser pro Tag  
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Nehmen Sie zur Zeit  

Irgendwelche Drogen? 

  

 

 

 

 

 

o nein 

o ja            

Welche?  

 

Wie oft konsumieren Sie 

zur Zeit diese Drogen? 

 

o nie  

o einmal im Monat oder seltener  

o zwei- bis viermal im Monat  

o zwei- bis dreimal die Woche  

o viermal die Woche oder öfter  

 

 

Leiden Sie unter 

Erkrankungen der Kopf- 

und / oder Gesichtshaut? 

 

o nein 

o ja            

Welche?  

 

Terminvereinbarung / weitere Absprachen 

 

Interesse, an der Studie teilzunehmen 

 

- Haben Sie weiterhin Interesse, an unserer Untersuchung teilzunehmen? 

 

- Dann könnnen wir jetzt einen Termin für das Experiment aussuchen. Wie gesagt sollten 

wir uns mindestens 2,5 Stunden Zeit nehmen. 

 

- Die Studie findet statt im Psychologischen Institut der Universität Münster (Fliednerstraße 

21). Wissen Sie noch, wo das ist? (nah am Coesfelder Kreuz, Von-Esmarch-Straße 
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Richtung Gievenbeck). Ich werde Ihnen ein paar Tage vor dem Termin zur Erinnerung 

noch eine Mail schicken. Dabei werde ich auch einen Lageplan anhängen.  

E-Mail-Adresse: ________________________________________________________ 

Handy-Nummer: ________________________________________________________ 

 

- Bitte kommen Sie zum Haupteingang des Institutes (auf dem Plan mit „Dekanat“ 

eingezeichnet), ich oder einer meiner Kollegen werden Sie dann abholen. 

 

- Bitte bringen Sie ggf. Ihre Brille / Seh- oder Hörhilfen mit.  

 

- Bitte verwenden Sie vor der Untersuchung möglichst wenige Haarstyling-Produkte, weil 

diese die Messung beeinträchtigen können. Nach der Untersuchung können Sie sich bei 

uns die Haare waschen (wegen des Gels in den Haaren).  

 

- Falls Sie uns kurzfristig erreichen müssen, rufen Sie uns bitte an unter: 

(Handynummer der Versuchsleiter) 

 

Kein Interesse an der Studie: 

 

- Wäre es Ihnen recht, wenn wir Ihre Daten dennoch aufbewahren und Sie eventuell noch 

einmal für eine andere Studie kontaktieren?  

 

Herzlichen Dank für das Gespräch! 
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Appendix N:  
 

Consent Form for Participation in the Study 
 
 

 

 

 

 

 

 

 

 
 
 

Einwilligungserklärung 
 
 
Name der Probandin / des Probanden ____________________________________  
 
 
Ich bin über die geplante elektrophysiologische Untersuchung eingehend und ausreichend 

unterrichtet worden. Ich konnte Fragen stellen, die Informationen habe ich inhaltlich ver-

standen. Ich habe keine weiteren Fragen, fühle mich ausreichend informiert und willige 

hiermit nach ausreichender Bedenkzeit in die Untersuchung ein. Mir ist bekannt, dass ich 

meine Einwilligung jederzeit ohne Angaben von Gründen und ohne jedwede Nachteile für 

mich widerrufen kann. Ich weiß, dass die Untersuchungen wissenschaftlichen Zwecken 

dienen und die gewonnenen Daten sowohl der Elektrophysiologie als auch der 

neuropsychologischen Untersuchungen eventuell für wissenschaftliche Veröffentlichungen 

verwendet werden. Hiermit bin ich einverstanden, wenn dies in einer Form erfolgt, die eine 

Zuordnung zu meiner Person ausschließt. Auch diese Einwilligung kann ich jederzeit 

widerrufen. 

 
 
 
 
Ort, Datum     Unterschrift der Probandin / des Probanden 
 
 
 
 
Ort, Datum     Unterschrift des Mitarbeiters 
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Appendix P: 
 

Consent Form Concerning Storage of Data 
	  
	  
          

 

 

 

 

 

 

 

 

 

 

Einwilligungserklärung zur befristeten Speicherung der Daten für weitere 

Untersuchungen 

 
 
 
 
Name der Probandin / des Probanden:___________________________________________ 
 
 
Ich bin damit einverstanden, dass meine Daten aus der Teilnahme an der wissenschaftlichen 
EEG-Untersuchung zu Aufmerksamkeitsprozessen maximal ein Jahr lang zur möglichen 
Teilnahme an weiteren Untersuchungen im Institut für Psychologie oder der 
Universitätsklinik Münster aufbewahrt werden. Ich bin damit einverstanden, dass mich 
Mitarbeiter dieser Institutionen bei Bedarf kontaktieren und mich über weitere Projekte 
informieren.  
 
Mir ist bekannt, dass ich meine Einwilligung jederzeit ohne Angaben von Gründen und ohne 
jedwede Nachteile für mich widerrufen kann.  
 
 
 
 
Ort, Datum     Unterschrift der Probandin / des Probanden 
 
 
 
 
Ort, Datum     Unterschrift des Mitarbeiters 
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