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Johanna R. Schelhaas 

Abstract 

Research on semantic processing focused mainly on isolated units in language, which does not reflect 

the complexity of language. In order to understand how semantic information is processed in a wider 

context, the first goal of this thesis was to determine whether Swedish pre-school children are able to 

comprehend semantic context and if that context is semantically built up over time. The second goal 

was to investigate how the brain distributes attentional resources by means of brain activation 

amplitude and processing type. Swedish preschool children were tested in a dichotic listening task 

with longer children’s narratives. The development of event-related potential N400 component and its 

amplitude were used to investigate both goals. 

 

The decrease of the N400 in the attended and unattended channel indicated semantic comprehension 

and that semantic context was built up over time. The attended stimulus received more resources, 

processed the stimuli in more of a top-down manner and displayed prominent N400 amplitude in 

contrast to the unattended stimulus. The N400 and the late positivity were more complex than 

expected since endings of utterances longer than nine words were not accounted for. 

 

More research on wider linguistic context is needed in order to understand how the human brain 

comprehends natural language.  
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Rollen av semantisk kontext och 
uppmärksamhetsbaserade 
hjärnresurser för semantisk 

förståelse hos svenska 
förskolebarn  

Johanna R. Schelhaas 

Sammanfattning 

Tidigare forskning på semantisk processning har fokuserad på isolerade språkliga enheter vilket inte 

reflekterar språkets komplexitet. För att kunna förstår hur semantisk information processeras i en 

större kontext, var studiens första syfte att undersöka om svenska förskolebarn om svenska 

förskolebarn förmår att förstå semantisk kontext och om denna kontext byggs upp över tid. Det andra 

syftet var att undersöka hur hjärnan fördelar uppmärksamhetsbaserade resurser i avseende på 

hjärnaktiveringsamplitud och olika processesningstyper. För detta testades svenska förskolebarn i ett 

dikotiskt lyssningstest med olika barnsagor. Utvecklingen av N400-komponenten, en händelse-

relaterad potential, användes för detta. 

Nedgången av N400 komponenten och den sena positiviteten visades i både de uppmärksammade och 

ouppmärksammade kanalerna och detta indikerar semantisk förståelse och att semantisk kontext 

byggdes upp över tid. Därutöver kunde en större N400-amplitud observeras i den uppmärksammade 

kanalen, vilket indikerar att den fick mer hjärnresurser och använde sig av top-down-bearbetning i 

större utsträckning än bottom-up-processer. N400-komponenten och sena positiviteten visade sig vara 

mer komplex än förväntat. Det kan bero för att de sista orden i ett yttrande som var längre än nio ord 

exkluderades från analysen. 

 

Det finns ett behov av forskning som använder sig av längre lingvistiska kontexter och deras effekter i 

människohjärnan. 

Nyckelord 

Semantisk kontext, fördelning av hjärnresurser, uppmärksamhet,  N400, diktotisk lyssningstest, 

svenska  förskolebarn  
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1 Introduction 

An important part of language comprehension is to interpret underlying semantic meaning in all kinds 

of situations. We need to decode the meaning of language in order to understand others and make 

ourselves understood, but also to understand what is happening around us.  

Language is processed at a very fast pace in the brain. After only 100-150 milliseconds, the brain 

starts to process the received language input and make sense of it. Language is complex and consists 

of several levels. How these levels are processed can vary from level to level. The study of language, 

linguistics, has several disciplines that are concerned with the different language levels: phonetics 

(phonemes and syllables), morphology (words), syntax (clauses and sentences), semantics (meaning) 

and pragmatics (meaning of language in different situations). This thesis is investigating the semantic 

level and in particular semantic comprehension and how semantic context is built up over time.  

When the brain reacts to language stimulus such as a word or story, there are several ways of 

measuring how and why the brain reacts to language. One of the ways is to observe the electric fields 

in the brain. Charge changes in the electric fields can be linked to timed events, which in turn can be 

used to find out what exactly in languages elicits a certain reaction in the brain. Since language 

processing is fast, one needs to use a technique that captures the temporal resolution precisely. A 

technique that matches this criterion is the electroencephalograph (EEG). EEG measurements can be 

used to find brain responses and link them time-wise to certain events; so-called event-related 

potentials. This study is concerned with semantic comprehension and the building up semantic context 

over time. An appropriate candidate for this is the N400 component which reacts to meaningful 

stimuli. The N400 component and its amplitude can also be used to study attentional brain resource 

distribution in a dichotic listening task. The key to this is the ability of the brain to channel attention 

towards one of the stimuli and therefore allocate more of the brain resources to attend more efficiently 

to the selected stimulus.  

The gradual change and amplitude of the electric fields in the brain also allow us to examine how 

attentional brain resource distribution are distributed, how semantic comprehension is achieved and if 

semantic context is built up over time. Most of the previous studies have been conducted with adults, 

but the present study focuses on Swedish preschool children and their abilities to allocate attentional 

resources in a dichotic listening task.  
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2 Background 

Language is perceived through our senses. The brain then organises and interprets the received stimuli. 

The brain uses resources that are spread out according to which parts of the brain are activated in order 

to understand and derive meaning from the surrounding context. The resource distribution can in some 

cases depend on attention; namely the selective concentration on one task or stimulus whilst trying to 

ignore other stimulus. Previous studies on language have been conducted foremost on isolated units of 

language such as phonemes, words and shorter sentences which can feel rather unnatural in 

comparison to everyday language. These units are important parts of language, but are nevertheless 

just a small proportion of the complex layers that make up human language. Language is not an 

isolated phenomenon here and there but occurs within different kinds of contexts. Recently, the focus 

has been shifting from studying smaller units towards wider contexts and natural speech. This thesis is 

aimed to add more to the on-going research on wider contexts. In particular, this thesis investigates 

how Swedish pre-school children process semantic information since a majority of the previous 

studies have been concentrated on adults.  

2.1 Context is everything 
As soon as the brain receives language stimuli, it starts to analyse the auditory and/or visual input and 

assigns meaning to it. This is done by accessing stored knowledge in the brain. When the brain 

encounters language e.g. listening to an utterance or reading a text, a process called ‘semantic access’ 

starts. This access is influenced and facilitated by the surrounding context and also by long-term 

memory (Kutas & Federmeier, 2000:465f). As soon as the brain registers a word, it tries to retrieve 

information from the ‘mental lexicon’ in order to make sense of it. Lexical tasks focusing on different 

aspects influence the participants’ behaviour and brain responses which in turn can be used to 

investigate semantic access. Chwilla, Brown and Hagoort (1995:282) propose that the different 

responses to stimuli e.g. reaction time indicate that lexical input is processed on several language 

levels; the semantic level being one of them.  

Previous research has argued that the process of unlocking semantic meaning in a sentence is a 

bottom-up process. Activation processes have been regarded as isolated bottom-up processes that 

successively complement each other (Foster, 1981). Adding to this, it has been suggested that internal 

mental lexicon activations do not take other context into consideration (Kutas & Federmeier, 

2011:627). It might be plausible that some of the language processing mechanisms build up sentential 

meaning by adding up the individual meanings of smaller components in an utterance. Kutas and 

Federmeier (2011:632) argue on the contrary that an utterance is interpreted when all information is 

available. In other words, it has been hypothesised that top-down or post-lexical processes are more 

likely to occur when it comes to semantic processing.  

Bottom-up processing uses the local, smaller context like phonemes and words to puzzle together 

meaning; the top-down processes use higher level contexts that can involve an utterance or an entire 

story. The higher-level contexts are assumed to overwrite lower-level contexts (Kutas & Federmeier, 

2011:632). Both sides of this debate have evidence that strengthens their theory of how semantic 

information is processed. Though, it is more plausible that both types of processing work in parallel 

(Federmeier, 2007:502) and complement each other. Older adults are hypothesised to use bottom-up 

semantic processing due to accumulated knowledge in contrast to younger adults who apply predictive 

mechanisms for semantic processing (cf. Federmeier, 2007). It would be too far-fetched to assume that 

children use more of a top-down processing type, but investigating this is out of the scope of this 

thesis, since there are no recordings made with adults that are comparable with the findings of this 

study. This thesis researches semantic comprehension and how semantic context is built up in 

children. There is a need to investigate how children process semantic information and which might 

answer the question how children accomplish semantic access and how this effects language 

acquisition.  



3 

 

As already mentioned, higher level processing can overwrite lower levels. Studies that used longer 

contexts showed that semantically odd components could be accepted as semantically coherent if the 

context provided enough background information (Van Berkum, Kornneef, Otten & Nieuwland, 2007; 

Schumacher, 2013). Van Berkum, Kornneef, Otten and Nieuwland (2007:1108f) investigated if local 

context (a sentence) could be overruled by global context (a longer coherent story). In that study, 

animacy violations (e.g. ‘that a peanut falls in love’) could be accepted and elicited a less prominent 

brain reaction if enough context supported the idea that an inanimate object can behave like a human. 

Adding to this, context has an effect on brain activity. Kutas & Federmeier (2000:465f) pointed out 

that context information results in a reduced amplitude of brain activity since less resources are needed 

to comprehend the meaning of an utterance. The amplitude decrease in longer contexts allows an 

insight into the mechanics of semantic processing and when comprehension is achieved.  

Expectations arise when coherent context is offered. Context information can influence expectations of 

what comes next in a sentence or further ahead in the context (Hellman, 1992:69). This can lead to 

sentential constrains. The degree of constriction can vary significantly. These constraints elicit 

different N400s (Thornhill & Van Petten, 2012; Van Berkum et al., 2003), depending on how 

constricting the stimulus is. Humans are continuously looking for the most plausible meaning with the 

help of the surrounding context (Van Berkum et al., 2003:702). The listener immediately tries to 

makes sense of what is said to reach a meaningful conclusion of the processed input (Schumacher, 

2013:163).  

2.2 Event-related potentials: N400 
Measuring magnetic and electric activity has shed some light on the brain processes and shows where 

and how the brain distributes resources to make sense of the perceived stimuli. At present, there is no 

single technique that satisfyingly combines both spatial and temporal aspects in brain processing. 

Also, the different techniques show different things and are not always comparable to each other. 

Nevertheless, in the future we might be able to get combined techniques that use both spatial and 

temporal resolution at the same time that help us understand the underlying processing mechanisms of 

the brain. 

The investigation of how the language-dependent resources are distributed can be done with the help 

of event-related potentials (ERPs). ERPs are brain responses to timed events in EEG recordings. 

Electrodes are placed on the scalp and measure changes in the electrical fields with sources in the 

brain. Different kinds of stimuli yield different ERPs that can be used to study how the brain processes 

meaning or syntax. ERPs give us an opportunity to study the human brain with a non-invasive and 

relativity inexpensive technique. The EEG output also pinpoints the exact time when the brain reacts 

to a stimulus (Luck, 2014). This proves to be useful when language and its effects on the brain are 

studied. Language comprehension seems effortless and happens at an incredible speed. Behavioural 

studies say a lot about the structure of how the brain sorts knowledge, but in order to understand how 

the brain achieves this, one must dig a little deeper and take the temporal aspect of language 

processing into consideration. 

One of the most researched ERPs regarding language is a monophasic negativity with broad-scalp 

distribution: the N400 component. The N400 occurs around 200-600 milliseconds (ms) after the 

reception of a meaningful stimulus (Figure 1). The initial negativity is often followed by a late frontal 

positivity (Thornhill & Van Petten, 2012:385; Schumacher, 2013:161) that indicates semantic 

comprehension. The N400 component was discovered by Kutas and Hillyard in 1980 by contrasting 

semantic congruent and incongruent sentences with each other. The brain activity of participants 

showed that incongruent sentences elicited a stronger N400 component than semantically acceptable 

sentences (Kutas & Hillyard, 1980:204). The different amplitude of the reactions to the congruent and 

incongruent sentences can be seen in Figure 1. Thus, the N400 component is present in semantically 

acceptable sentences with reduced amplitude but present nevertheless (Van Berkum, Zwitserlood, 

Hagoort & Brown, 2003:715). The N400 can therefore be used to investigate semantic processes and 

activation of areas in the brain. This allows us to investigate how language comprehension unfolds 

step by step. 
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Figure 1 A typical N400 component elicited by congruent and incongruent sentences. Graph courtesy of 

Thomas Hörberg in an unpublished study on semantic incongruence in a Swedish reading task. 

The N400 is highly sensitive to context (Kutas & Federmeier, 2000:464) and meaning, including 

semantic manipulations. Rather than just being a marker for language processing, the N400 is used as 

a label for several semantic processes (Kutas & Federmeier, 2011:623). This has been shown in a 

range of linguistic and non-linguistic semantic processing tasks (reviewed in Kutas & Federmeier, 

2011).  The N400 component and other event-related potentials can be used to test different language 

levels such as the phonetic, syntactic or semantic level. Language is built of units that gradually make 

up larger and larger meaning-bearing contexts. Smaller units, for instance phonemes and words, have 

been extensively investigated in neuro- or psycholinguistics with the help of the N400- and other ERP-

studies (Bentin, Kutas & Hillyard, 1995; Kutas & Hillyard, 1980; Grainger & Holcomb, 2015). 

Researchers are aware of that natural speech consists of more than just isolated words or target 

sentences. The present study contributes to the latest trend in research that is focusing on wider 

semantic contexts.  

Studying natural language comes with a variety of complications in psycholinguistics and presumably 

in all other linguistic disciplines. One of the problems is that the testing environment is ‘unnatural’ in 

comparison to the ‘real’ world where natural language occurs. EEG-recording devices are easily 

disturbed and the testing situation is limited to a rather unnatural situation where the participant sits 

quietly on a chair and receives language input. Even small eye movements and blinks disturb the 

recordings. The unnatural testing environment has been for a longer time a problem for natural speech 

studies. Still, there is a great difference between studies that use larger linguistic contexts and studies 

that use a continuous flow of isolated phonemes to test brain responses. The difference is that studies 

on larger linguistic contexts investigate language in its natural environment. The narratives that are 

used in this study are not natural speech per se since they are written narratives that are read aloud, but 

one can argue that they are closer to natural language than isolated words.  

Most of the previous research on the N400 has had a focus on adults due to that adults are more 

accessible for research than children. There are even more ethical aspects to consider when children 

are the object of interest. Despite the complications it is necessary to understand how children acquire 

language in order to understand how adults reach the level of language comprehension that is typical 

for the normal adult population. This is crucial step for understanding how language becomes what it 

is despite the difficulties that arise in child studies. Federmeier (2007:494f) suggests that overall 

language comprehension, and more particularly prediction abilities, changes gradually as we age. The 

prediction ability is reflected in the N400 component. A significant negative trend that matches the 
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criteria for the N400 component can be elicited in younger children (Friederici, 2005: 487). Friederici 

(2005: 487) proposes that children reach adult-like sentential processing by the age of circa 30-36 

months. The development and changes in how we process semantic information could help shed light 

on how the language acquisition unfolds in humans.  

2.3 Dichotic tasks 
Attention allocates the distribution of brain resources. Dichotic tasks can be used to examine how 

these resources are divided. In a dichotic task, two different stimuli are presented to the participant. 

Both stimuli are played simultaneously and the participant is asked to attend to one of them. This 

results in one stimulus being attended and the other one to be ignored or less attended. The perception 

and processing of the different stimuli in this thesis will be called ‘channels’. The attended stimulus 

will be referred to as the attended channel and the unattended stimulus as the unattended channel. 

Results from previous dichotic studies with auditory stimuli showed a reduced N400 component in the 

unattended channel (Bentin et al., 1995:64) suggesting that processing the received stimuli is more of 

an automatic than controlled nature. This means that the unattended channel is not entirely ignored. 

Participants in a dichotic listening task were aware of words in the unattended channel, but could not 

identify which words they had heard (Grainger & Holcomb, 2015:294). Nevertheless, the two 

channels can be compared to each other. Kutas and Federmeier (2011:640f) argue that the semantic 

processing system is probably always active; regardless of reduced awareness to stimuli (Bentin et al., 

1995:64). These findings have proven to be reliable measurements for attention studies in adults and 

how the brain distributes resources. In addition it allows us to study children and their abilities to 

allocate attentional brain resources. 

2.4 Summary of background 
 

The first step to accomplish semantic comprehension is for the brain to access semantic information 

about the perceived language stimulus. How the brain processes and accesses the information is 

theorised to either to be a bottom-up or top-down process, though it is more plausible that both types 

interact and work in parallel. Both adults and children use semantic access to gain information on the 

language output. For the retrieval of information, context is vital since it has an impact on how 

information is analysed. High- and low-level contexts have different effects on the semantic access, as 

high-levels contexts can over-write lower ones.  

The processing of semantic information can be investigated with the help of behavioural studies, but in 

order to better understand how the brain works, other means are needed as well. This is due to that 

behavioural studies cannot account for all of the raised questions about semantic understanding. 

Reactions to the stimuli and shifts in the charge of the electric fields on the scalp can be measured and 

recorded e.g. with EEG in order to determine what exactly elicited the observed effects. The analysis 

of event-related potentials shows that the e.g. semantic and syntactic levels of language are processed 

differently. The amplitude of the event-related potentials in the attended and unattended channels also 

indicates the processing type of the stimuli, but also the allocation of brain resource distribution. 

All of this is essential to better understand how humans comprehend language and more importantly 

decode the underlying meaning of language. The gained insight can then be used to help people who 

encounter difficulties to understand what others mean, to develop better speech recognition algorithms 

and also to learn more about how the neural networks in the brain function.   
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3 Purpose and research questions 

The purpose of this thesis is to determine the impact of wider contexts on comprehension and the 

difference of attentional resource distribution in Swedish preschool children. Adding to this, types of 

processing language and how context is built up are investigated in an auditory dichotic listening task. 

The following research questions are investigated in this thesis: 

1) Is there a correlation between the decrease of the N400 component in the attended and unattended 

channel, and semantic context comprehension over time?  

2) Are there brain resource distribution-dependent differences in how context is built up as for the 

attended and unattended channel? 

3) Are there context-type dependent differences in amplitude and development of the N400 component 

between the attended and unattended channels? 
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4. Material and method 

All of the material that was used in this study came from a part of the “Enhancing preschool children´s 

attention, language and communication skills” project1. This project is an intervention study that tests 

pedagogical methodologies in Swedish preschools. A part of the project is an N400-study examining if 

the intervention methods can affect increase in attention and language skills. The EEG-experiment set-

up of that study is the same as in this thesis. It should be noted though, that the collected material from 

the “Enhancing preschool children´s attention, language and communication skills” project is 

primarily focused on attention. In contrast, this thesis explored mainly how semantic context is built 

up and how semantic information is processed in the human brain, but also the allocation of brain 

resource distribution. 

4.1 Participants 
All participants are taking part in the “Enhancing preschool children´s attention, language and 

communication skills” project. The parents and preschools from suburbs of Stockholm have been 

contacted beforehand and asked if they would like to participate in the pilot study. Twenty-four 

Swedish speaking children (12 females), between the ages of three to six were randomly selected. 

Four children were not able to participate. Another EEG-recording was excluded due to equipment 

malfunction. Two incomplete EEG-recordings were omitted. In total, seventeen EEG-recordings (10 

females) were used for the analysis of the N400 component in the attended and unattended contrast 

analysis. 

4.2 The auditory stimulus 
The auditory material that was used in this experiment consisted of recordings of four different 

children’s narratives. The stories were read by two female and two male adults who are native 

Swedish speakers. The narratives were recorded in a sound-proof recording studio at the Department 

of Linguistics, Stockholm University. 

The stories were read in pairs: Reader 1 (male) and Reader 2 (female) read both story A and B. Reader 

3 (male) and reader 4 (female) read in the same way story C and D. The readers were asked to read the 

narratives like one would read a story to a child: slowly, dramatically and with enthusiasm. The 

duration of each story was circa 7 minutes. A total of 56 minutes of reading material was used for 

testing and analysing the collected material in this thesis. 

4.3 Segmentation and transcription 
An extensive segmentation and transcription of the above mentioned auditory material was conducted. 

The auditory material was segmented as precisely as possible to maintain word and utterance onsets. 

These onsets were later synchronised with the ERP-responses in order to verify the timing of the EEG-

recording and to be able to align the ERP-responses with the exact word onsets.  

All four of the above mentioned audio files were segmented with the help of the Prosogram software2, 

a script that was implemented in Praat (Boersma & Weenik, 2016). Prosogram segmented speech on 

a syllable-level. The script determined the nucleus within the rhyme (nucleus + coda) and identified 

                                                      

1 http://www.buv.su.se/english/research/research-projects/early-childhood-education/enhancing-

preschool-children-s-attention-language-and-communication-skills-1.209094 

2 Prosogram: http://bach.arts.kuleuven.be/pmertens/prosogram/ 
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the intensity drop of the local peak (Mertens, 2004). The nucleus contains most of the intensity in the 

syllables and is easier to identify than the onset or coda3. In addition, syllables are easier to identify 

than words, when it comes to a language-independent segmentation script.  

The obtained ‘syllable-like’ segments were adjusted and then transcribed by the phonetically trained 

author of this thesis with a semi-phonetic, semi-orthographic transcription key. The modified 

transcription key allowed inclusion of Swedish language-specific phonemes that have several different 

spellings. Examples for those phonemes are the voiceless alveolo-palatal sibilant fricative [ɕ] as in 

/ɕisa/ kisa ‘to peer’ and the voiceless palatal-velar fricative [ɧ] as in /ɧʉk/ sjuk ’sick’. The syllable 

segments were then fused together into orthographic words. In total, the transcribed and segmented 

material contained 7820 tokens and 3111 unique types of words (see Table 1). The distribution of 

content and function words was balanced. The auditory material yielded a total of 886 sentences in all 

narratives. Figure 2 displays the distribution of words per utterance. The length of an utterance ranges 

from one word to a maximum of 43 words. The most frequent word length is six words. The longer 

utterances were more complex than the shorter ones since the longer utterances contained relative and 

dependent clauses. Within-pauses were included in the utterance analysis and sentence length due to 

maintaining the onsets of the words in an utterance (Table 1). The distribution of utterance length is 

shown in Figure 2. 

 

 

Figure 2 Distribution of words per utterance in the four stories (of all 886 sentences) 

Pauses were tagged with different symbols as either a pause within an utterance (e.g. taking a breath 

mid-sentence) or as a pause that concluded an utterance (e. g. taking a breath before the next 

sentence). Table 1 shows the distribution tokens, types and pauses between all of the narratives. In 

total 1371 pauses occurred in all narratives with 876 concluding and 504 with-in utterance pauses. The 

length of a pause helped determine utterance boundaries in some cases, though it was not as reliable as 

a semantic analysis of the utterance. Both concluding and within-utterance pauses could both be 

equally short and long; independent of pause type. 

 

 

 

 

                                                      

3 In Swedish, almost all of the nuclei in a syllable are vowels. 
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Table 1: Word types/ tokens, utterance amount per narrative and pause types are displayed below. The 

total amount of within-utterance and concluding pauses and also content and function words are shown. 

Reader   Token  Types  Concluding Within-utterance 

            Pause   Pause 

A-female 1152   460   115    21 

A-male  1122   436   103    68 

B-female 952   428   142    57 

B-male  966   437   137    83 

C-female 819   364   88     73 

C-male  813   350   78     62 

D-female 739   323   99     94 

D-male  716   308   105    46   Pause total 

Total   7277   3106   867    504  1371 

Content words  Function words  Word total 

3394      3883     7277 

47%      53%     100% 

4.4 Set up of the ERP-study 
The recording sessions took place in a silent room at the child’s preschool. When the child entered the 

room, he/she was seated on a small chair. To the left and to the right of the child, two loudspeakers 

were located ca. 75 cm from the child’s head (see Figure 3b). When the participant sat comfortably on 

the provided chair, the EEG-cap was placed carefully on the child’s head (for the exact positions of the 

electrodes see section 4.2.3). After that, a researcher explained the setup and procedure of the 

experiment. 

4.5 Procedure of the ERP-study 
The child was instructed that two different stories would be played at the same time. The child was 

told to listen to only one of the stories and try to ignore the other. Each session lasted ca. 30 minutes 

from that the child entered and exited the room. Each child listened to both story pairs (AB and CD). 

Each story pair lasted seven minutes and all children listened to both story pairs. In total, the children 

listened to fourteen minutes of auditory material. Each session had an attended story on the left and 

one on the right. All of the stories were read by female and male readers. The distribution of which 

story was attended to and the gender of the reader were in counterbalanced order. Linguistic and non-

linguistic probes were sent to differentiate between lexical from auditory processing. Pictures from the 

attended story were played on a laptop in front of the child. The visual stimulus was used to maintain 

focus on the attended story. It has been suggested that congruent auditory and visual stimuli enhance 

task performance in comparison to incongruent stimuli (Guttman, Gilroy & Blake, 2005:234). After 

the listening, some metadata was used to double check whether the child managed to attend to the 

instructed narrative. All recordings were included in the analysis, regardless of whether the child 

succeeded to answer all of the questions correctly or not.  
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Figure 3 A) Sound wave from the auditory material; B) EEG-set up for recording; C) Online EEG-recording 

4.6 EEG-recording procedure and analysis 
The recordings were conducted at the preschools. BioSemi, a portable EEG-recording device was used 

for the EEG-recordings. The electrodes used in the experiment are: Fz, Cz, Pz and Oz (prefrontal to 

occipital); Fp1, Fp2, F3, F4, P3, P4, C3, C4, O1, O2, T7 and T8 (lateral pairs) including DRL and 

CMS electrodes for reference. Mastoids were placed on the left and right mastoid site for scalp site 

reference. Mastoids below and above the left eye were used to catch blinks and vertical eye 

movement. Two mastoids were placed on the left and right temple to detect horizontal eye movement. 

High and low pass filters were applied between 0.5-25 Hertz (Hz). A sampling rate of 250 Hz was 

used for the recording. Moreover, non-neural signals such as eye movement, blinks and amplifier 

noise were isolated and gathered as an independent variable (artefacts). The artefacts were then 

removed manually with an independent component analysis (ICA). No artefact rejection method is 

flawless, but ICA was used since it is one of the widely used methods (Luck, 2014:213). ICA 

separates multivariate signals into sub-components that allow filtering out single components. 

Artefacts in the EEG-recording that were above and below -150 to 150 microvolts (μV) were 

eliminated. 

After the preparation of the material for further analysis, the auditory segmentation and the collected 

EEG data were synchronised. The previously mentioned segmentation method preserved the word and 

utterance onsets. The amplitude of the N400 component was measured for each and every one of the 

words and utterances; which was done separately for the attended and unattended channel. Then the 

amplitude of each word was grouped according to word order. The synchronisation and sorting of the 

words according to word order offered the opportunity to observe the gradual development of the 

N400 component over each word, utterance and entire story. 
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The attended and unattended channels were analysed in isolation from each other. The extraction of 

the N400 component occurred with a 320-695ms time frame of in both channels. The output from the 

extractions were then compared to each other .The mixed-model analysis was chosen due to enabling 

multivariate analysis (Luck, 2014:339). Three variables were compared to each other: amplitude of the 

N400, word position in an utterance and difference between the two channels. A t-test was applied to 

test the significance between the amplitude of the attended and unattended channel. For the visual 

analysis, a topographic map was created to show the gradual change in brain activity between the 

words according to word order. An analysis of the parietal distribution of the N400 component was 

carried out as well.  
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5 Results 

The spoken narratives that the children received were used to elicit event-related potentials. The 

extensive segmentation and transcription process was used to maintain the syllable, word and 

utterance onsets in order to synchronise the onsets with the EEG-output data. This allows observations 

of the gradual development of the N400 component and enables comparisons between the attended 

and unattended channel.  

After the listening task, most of the children could answer the follow-up questions. The collected 

material came from a project with a focus on attention and therefore all children were included in the 

collected material. Some of the children had a hard time to sit still for longer periods of time and one 

child asked halfway through which story he/she should attend to.  

5.1 EEG analysis 
.  

A total of 66579 trials were collected. Artefacts, for example eye movements and blinks (3709 trials, 

5.6%), were rejected with ICA. The remaining trials (62870, 94.5%) were used for analysis. 

5.1.1 Visual analysis 

For the purpose of the analysis, a time frame of 320-695ms in BioSemi (16 electrodes) was used. 

Usually, smaller time frames are used for the N400 component, but the test subjects in this study were 

pre-schoolers. Longer time frames in N400 studies are more appropriate when it comes to children. 

Below in Figure 4a, the first and second words from the attended and unattended channel are 

displayed. The first and second word display an initial positivity that then declined as expected into an 

N400. Figure 4a shows that the processing amplitude of word one and two differs. The observed initial 

positivity in Figure 4a is reflected in Figure 4b as well. The first word shows a greater reaction to 

speech in comparison to the second word. This reaction is not only the processing of the word, but also 

a reaction to sound after a silence. Each first word occurred after a silence. The reaction to ‘sudden’ 

sound overshadowed the processing of the word and due to that, the first word was omitted in later 

analyses. 

Figure 4b shows the electric activation over the scalp and therefore also the distribution of brain 

resources. On the left, the unattended channel is pictured. The attended channel can be found on the 

right. The electric activity in attended channels shows that the distribution of resources in the attended 

channel is higher than in the unattended channel. Both parts show the positive and negative amplitude 

according to word position in relation to time. The attended channel shows a more prominent N400 

with broad scalp distribution. The unattended channel has a more frontally concentrated N400. Bin 

word 1-9 show the corresponding word order of each utterance. Bin 10 contains all words that occur 

after the ninth word in an utterance. For example, if an utterance contained 13 words, words 10-13 

were placed in the tenth bin and so on. Bin 10 was a catch-all-bin that was less comparable to the rest 

of the bins and contained many of the words in the last position of the utterance. Many words in the 

last position are suspected to include positivities that were not related to the N400 component. Bin 10 

was therefore not included in further analyses.  

Figure 4b shows a typical N400 component. Particularly, the brain activity in the attended channel 

changed suddenly from negative to positive after the sixth word. The change was expected to be more 

gradual and not as abrupt. The N400 component after the sixth word was more complex than was 

initially expected. Interestingly, in Figure 2, a sudden increase and decline similar to the changes in 

Figure 4b are observed at utterances that were six words long. 
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To sum up, Figure 4a displays a greater effect in the first word due to the reaction to sound after a 

pause. The N400 component is present in both the attended and unattended ear which indicates 

semantic processing. The effects in Figure 4b are driven by the first words of the sentence. 

 

 

Figure 4 A) ERPs from the first and second word in the attended (more prominent black) and unattended 

channel (less prominent black); B) Topographic maps of the electrical amplitude in the unattended and 

attended channel  
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5.1.2 Mixed model analysis 

The y-axis in Figure 5a shows the amplitude of the measured effects. The x-axis shows different 

words in bins. The graphs display the means of the attended and unattended channels respectively. The 

confidence intervals are within 95% and illustrate the interaction between the attended and unattended 

channel. The graph for the unattended channel in Figure 5a shows that the channel stays in the same 

confidence interval approximately until word bin 7-8. The attended channel leaves the confidence 

interval more rapidly after the third word. A N400 component was observed in both the channels. 

Figure 5a shows that the effect of the component was greater in the attended channel but nevertheless 

present in the unattended one. 

A mixed model analysis was used. The mean amplitude in 5b and 5c was the result of a mixed-models 

analysis of amplitude, word position and the attended and unattended in the previous mentioned time 

frame of 320-695ms. The upward trend in both channels indicated that the negative effect became 

more and more positive over time. 

Amplitude was tested against word position 2-9 and differed significantly (t (788)=2,393, p= <0,05). 

The attended and unattended channels were compared to each other in regards to word position and 

amplitude. In Figure 5b the subject averages in relation to the word position and the amplitude of the 

N400 component. A positive correlation can be observed. Figure 5b shows the decrease of the N400 in 

the attended and unattended channel. The decrease of the unattended channel is less prominent in 

comparison to the decrease in the attended channel over time and word position (t(788)=-1,111, 

p=0,267). A parietal follow up analysis was conducted that did not show any kind of significance on 

laterality. 
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Figure 5 A) The electric amplitude (μV) of the attended and unattended channels according to word order 

in an utterance; B) Regression model of the N400 in the attended and unattended channel with amplitude 

on the vertical y- axis and word order on the horizontal x-axis 

Word position 

A
m

p
li

tu
d

e 
(μ

V
 )

 



16 

 

6 Discussion 

6.1 Result discussion  
The goal of this thesis was to investigate three research questions. The first one was to investigate the 

relationship between the N400 component in both channels and semantic comprehension. The N400 

component did decrease as expected at the beginning of the utterances and a positive trend after the 

initial negative peak was observed. The observed positivity was too complex to account for. In the 

second question, the distribution-dependent differences in how context is built up was investigated for 

the attended and unattended channel.  The decrease of the N400 component in the unattended channel 

was statistically less prominent in comparison with the attended channel. This goes in line with 

previous research on dichotic tasks (Grainger & Spaldning, 2015; Bentin, et al.1995). Also, the 

findings in this thesis indicated that context over time allows the brain to use less and less resources in 

order to achieve semantic comprehension. The final research question explored the different context-

type and their differences in amplitude and development of the N400 component in the attended and 

unattended channels. The attended channel used more of a top-down processing type and the 

unattended channel used more of a bottom-up processing type. 

6.1.1 Decrease of amplitude in the N400 and context comprehension 

Though a N400 component could be observed in both channels, the results were more complex than 

predicted. A late positivity is expected as soon as an utterance is comprehended (Thornhill & Van 

Petten, 2012), but the positive effect that is displayed in Figure 3b occurs already after the sixth word. 

Amongst others, it has been suggested by van Berkum et al. (2003:714) that even before a word is 

fully pronounced, the process of predicting and finding meaning in the input has started. The observed 

strong positivity might have overshadowed the negativity since language processing is happening on 

several levels at the same time (Cwilla et al., 1995:282). 

In Figure 5b, the overall positivity trend of the N400 component was as expected, since the negative 

amplitude of the N400 is reduced when the contextual constraint is strong (Kutas & Federmeier, 

2000:466). The content becomes even more constrained if there is information that introduces a certain 

genre (Hellman, 1992:69). Humans use prediction to determine what can come next in a sentence; 

however the longer the sentence is, the harder it is to predict the subsequent words. The more words 

that follow each other, the more parameters are needed to calculate the on-coming words in an 

utterance (Manning & Schütze, 1999:193) which results in that the data is becoming more and more 

sparse. The previous mentioned sentential and contextual constraints might only apply to shorter 

sentences. 

Figure 5a shows a non-linear development of the N400 component. Both display a strong effect 

development at word 3-4 which then slows down around word 6. In previous research, the focus has 

been on smaller contexts for example word pairs, shorter sentences or contexts. In this thesis, long, 

coherent context has been used that outstretches previous research. 

The analysis in this thesis did not control for the last words in an utterance. A different kind of tagging 

the last words and also a more detailed analysis of the sentence structure might clarify why the 

positivity is occurring after word 6. This is beyond the scope of this paper, but a more detailed 

utterance analysis and a greater control for the last/later words could be a follow-up on this thesis. 

6.1.2 Difference in resource distribution and processing types 

The amplitude of the N400 is reduced over time, which has been shown in previous studies with wider 

contexts and shorter lexical items (Kutas & Hillyard, 1980; Gainger & Holcomb, 2012) and an 

attended versus an unattended channel (Bentin et al., 1995). The decline of the N400 in Figure 4b 

shows a reduced negative activity broadly in the N400-crucial areas. The negative effect in words 2-3 
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and the positive effect in bins 6-10 are more prominent in the attended channel. The same amplitude 

distribution can be seen in Figure 5a and 5b in the same word bins. 

Overall the attended channel has a steeper positive slope in Figure 4b, 5a and 5b in comparison to the 

unattended channel. It should be noted though that the unattended and attended channel in Figure 5a 

follow roughly the same pattern before word 4. Despite that, the unattended channel stays relatively in 

the same confidence interval throughout the utterances. The attended channel has greater highs and 

lows. 

As mentioned in section 2.1, there are theories that built on isolated processes. Examples of this are 

internal mental lexicon processes and automatic spreading activation. Kutas and Federmeier argue 

(2011:627) that these activations disregard other context and built up meaning accumulatively word by 

word. In other words, meaning is built up through bottom-up processes. The resource distribution 

could be an indicator whether the semantic access is done by bottom-up or top-down processing. With 

the amplitude differences and the distribution of brain resources in mind, the development of the N400 

in the attended channel indicated that more resources are used which shows if top-down or controlled 

processes are happening. Fewer resources are used in the unattended channel and this suggests that 

semantic comprehension in the unattended channel might be more of an automatic process.  

6.2 Method discussion  

6.2.1 Segmentation and transcription process 

The transcription process preserved the onsets of the words which were crucial for the analysis. The 

word onsets allowed a deeper insight into how lexical processing is affected word by word. Since the 

transcription was based on syllables, future research can be done on even smaller units of language in 

a wider context. 

The segmentation of syllables had to be adjusted in most cases due to over-tagging of certain 

phonemes. The Prosogram software had fewer problems to identify pauses. For more information on 

problematic phonemes that complicated the syllable segmentation, see Appendix 1. The concatenation 

of syllables into words was mostly effortless. Tagging words that were not fully-pronounced was 

necessary for word count. Short function words almost disappeared entirely in the antecedent and/or 

preceding word, but were nevertheless tagged as a single word which in many cases felt forced and 

awkward. 

Many sentences started with conjunctures like men ‘or’ or och ‘and’ and are used in the initial position 

of the sentence. Conjunctions are mostly used to link or coordinate two sentences. The question arose 

if the two sentences in question were actually linked with each other or separate units. To determine 

the difference, semantics played a major role. The concluding pause was annotated if the subsequent 

utterance was perceived as semantically whole by the annotator. 

An inter-rater agreement could not be established since there was only one annotator responsible for 

segmenting and transcribing the material. In future research, the annotation process should be done by 

several annotators which could facilitate determining word starts and ends in highly assimilated words. 

6.2.2 The EEG analysis  

Although EEG-recordings cannot be done in a completely natural environment, recording children in a 

safe and familiar environment is more natural than in a laboratory. The BioSemi that was used in this 

study is non-invasive and in comparison to other brain monitoring techniques portable and relativity 

inexpensive. Even though that EEG-recording devices are easily disturbed and lack great spatial 

accuracy, the temporal resolution of language is maintained. 

At present, the location of ERPs cannot be pinpointed exactly. Nonetheless, the temporal resolution of 

speech perception is maintained and this says a great deal about how language is processed online. 

Using the N400 is a reliable way of investigating semantic processing of language since there is an 
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enormous collection of N400 on linguistic and non-linguistic studies concerning semantics available 

(for a review Kutas & Federmeier, 2011). 

Though it is not the norm in other EEG studies (Luck, 2014:309), the mixed-model analysis was 

chosen. This was done to compare amplitude, word order and attended/unattended channels to each 

other. For the visual analysis, topographic maps and ERP-graphs were used to illustrate the electric 

field shift in correlation to word order. The significant difference of the N400 amplitude between the 

attended and unattended channels supports the findings in previous research. The comparison of the 

brain activation amplitude confirms that the attended channel receives more of the brain resources. 

This indicates that attention plays a vital role in activation process of certain areas in the brain. Adding 

to the mixed-model analysis, a parietal analysis was carried out, but showed no significance in the 

scalp distribution of the N400 in the grand average of the test subjects.  

The findings in this thesis are based on EEG recordings of seventeen children from a certain 

geographic area. Many trials stayed in the analysis after the artefact removal, but generalisations are at 

this point not possible due to the small group of individuals that was tested. The material used in this 

thesis comes from a pilot study. The same method and analysis could be used on a greater population, 

namely the recordings from the actual “Enhancing preschool children´s attention, language and 

communication skills” project.  

6.3 Further research 
Children show the ability to process semantic meaning from the age of 30-36 months (Friederici, 

2005). Older adults show tendencies to process semantic meaning in a more bottom-up fashion in 

comparison to younger adults (Friedrich, 2007). It would be very informative to investigate how 

semantic comprehension gradually develops from child- to adulthood. 

As mentioned, there are differences in spoken narratives that are read out loud and spontaneous natural 

speech. Research on spontaneous speech, ‘real’ speech, is on the rise. It would be interesting to look 

into if there are differences in how different types of speech are processed. 

In this thesis, utterance length was not compared to each other. In further research, the impact on 

longer and longer utterances could be investigated in order to find out when the listener has received 

enough information to comprehend the utterance. The positivity that occurs after word 6 in this study 

could be a starting point for this. A more qualitative study of word order, content and distribution of 

words in the auditory material is needed. 

Questions were only asked to check if the listener listened to the right story. It might be interesting to 

see how much of the unattended stimulus was registered since Grainger and Holcomb (2015) found 

out that the listeners were aware of words in the unattended channel. This study used longer, coherent 

context and this might result in that the listener identifies more items in the unattended channel.   
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7 Conclusions 

The goal of this thesis was to determine if semantic context is built up over time and if semantic 

comprehension of language is achieved. Furthermore the allocation of attentional brain resource 

distribution and the resulting processing types were investigated. The ERP measured in this study did 

give a good insight into the processing abilities of preschool children and how context is built up over 

time. Three research questions were investigated in this thesis.  

The first research question was to investigate the decrease in amplitude of the N400-component over 

time in both the attended and unattended channel which was confirmed in a broader sense. The late 

positivity after the word group that contained all words in an utterance above nine words shows that 

there are positive effects at the end of utterances that cannot be accounted for.  

The second research question was to determine the differences of resource distribution in the attended 

and unattended channel. The resource distribution showed that the attended channel received 

significantly more resources in form of greater amplitude in electric activation. 

The third and last question was to determine the types of processing when it comes to attention. The 

unattended channel showed that automatic mechanisms dominated the processing. The attended 

channel indicated a more top-down or controlled processing. In both channels, the amplitude of the 

N400 decreased the more context was available. This indicates that semantic comprehension is 

achieved and context was built up over time. 

The study at hand indicated that the findings of studies with smaller language units and longer, 

coherent contexts are comparable to each other. Since language is not a sequence of isolated units, 

research should shift from isolated units towards wider contexts and natural language in order to 

account for the complexity of human language.  
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Appendix 1 

Notes on the transcription and segmentation 

process 
Nasal, fricatives and plosives[n] or [m] as well as fricative phonemes like [s] or [f] were often chopped 

into multiple intervals. This was also the case for longer or pitchy vowels. Plosives like [p] or [k] were 

also not included in their original syllables due to the immediate pause between the blockage of the 

vocal tract and the release of the plosive. The explosion of the plosive was included in the preceding 

syllable. To sum up, Prosogram is reliable when it comes to silences, but it was necessary to adjust 

most of the syllable segments.  

Content words were less problematic than function words which were often assimilated and 

swallowed. Short function words like in ’in’, en ’one’ and han/hon ’he/she’ almost disappeared in the 

antecedent and/or subsequent word, but were nevertheless tagged as a single word.  

 

The result of the transcription and segmentation process in Praat is shown in Figure 5. The two 

different pause types were tagged differently. Pauses that occurred with-in a sentence were tagged 

with a ‘+’. The pauses that concluded a sentence were tagged with ‘#’. This was done to be able to 

differentiate between the different pauses. For the synchronisation of the EEG-output and the auditory 

stimulus, the sentence concluding pauses were used for queuing both. 

Tier 1 contains the phonetic transcription of the syllables. In tier 2 one can see how the syllables were 

put together into words. Tier 3 is a rough translation of the Swedish sentence. The sentence is taken 

out of context. The child defies his father A more accurate translation is: ‘But for a bat [it is], says 

Arthur fanatically’. Even here it becomes clear how important context is for comprehension. 

 

Figure 6 An osciollogram showing the segmentation steps in Praat. Tier 1 contains the syllable 

segmentation, tier 2 the concatenated words that are translated in tier 3. 
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