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Abstract 

 Magnetoencephalography was used to examine the effect on the N400m of reading 

words that create emotional violations in sentences. The beginnings of the sentences were 

affectively negative and were completed with either a negative congruous, positive 

incongruous, or neutral incongruous adjective (e.g., My mother was killed and I felt 

bad/great/normal). The task conditions were also manipulated to favor semantic over 

affective processing. Compared to the sentences with the congruous negative adjectives, the 

results of sensor space analysis showed that there was an N400m effect with the sentences 

with the neutral but not positive adjectives, despite both types of sentences containing an 

emotional violation. Source-localization results showed a similar pattern where the sentences 

with the incongruous positive vs. congruous negative adjectives showed no significant 

N400m effect in the temporal and frontal areas examined, but the sentences with the 

incongruous neutral vs. incongruous positive adjectives in the temporal areas did, particularly 

the left mid temporal gyrus. These results suggest that (a) the N400m effect was likely to be 

caused by the incongruous neutral adjectives being comparatively harder to integrate into a 

negative emotional context than the incongruous positive ones; (b) that emotional context 

created by the negative sentence stems caused deeper semantic processing of the incongruous 

positive adjectives to be bypassed; and (c) that negative affective context was generated from 

reading the sentences even in task conditions where it has not been generated with isolated 

words. 

Keywords: Reading, Emotion, Magnetoencephalography, Sentence Processing, N400 
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Examining the N400m in Affectively Negative Sentences. A Magnetoencephalography Study 

 The N400 (e.g., Lau, Phillips, & Poeppel, 2008; Kutas & Federmeier, 2011; Van 

Petten & Luka, 2006) and its magnetic equivalent, the N400m, has long been used to examine 

semantic processing in sentences. The most common type of experimental manipulation that 

elicits an N400 in sentence processing occurs when a sentence has a word with a very low 

cloze probability in it – that is, a word that is very unlikely to occur (e.g., Cows eat 

cardigans). The standard effect found is that low cloze probability words elicit a more 

negative going wave compared to high cloze probability words, and that this occurs at around 

400ms. Why this happens is highly debated, but in Lau et al.’s review they note two 

possibilities, one which suggests that it is related to how difficult it is to integrate the 

semantics of a word into a context and the other which suggests that a congruent context may 

facilitate lexical access.   

 Examining the N400 effect with emotional words and emotional contexts is of interest 

compared to words and contexts of neutral valence because there is a widespread network of 

brain areas that are associated with the processing of emotion (e.g., Linquist, Wager, Kober, 

Bliss-Moreau, & Barrett, 2012). This means the way in which emotional words are processed 

compared to words that do not engage these brain areas may differ (e.g., Binder, 2009; 

Kousta, Vigliocco, Del Campo, Vinson, & Andrews,  2011; Ortigue, Michel, Murray, Mohr, 

Carbonnel, & Landis, 2004; Ponz et al., 2014). Kousta et al., for example, claim that the 

recognition of emotional words is likely to involve additional linguistic processing compared 

to simple concrete words, and that this happens in part in frontal regions of the brain. 

Alternatively, there is nothing fundamentally different about the written form of emotional 
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words, and their spoken form is also similar if uttered in a neutral prosodic rendition. Thus, 

differences between the way emotional and neutral words are processed can potentially give 

some indication as to the extent to which the N400 is affected by different types of 

processing.  

 A common way to examine the effect of emotion on the N400 has been via affective 

priming where a single prime word is presented before a single target word (e.g., Eder, 

Leuthold, Rothermund, & Schweinberger, 2011; Herring, Taylor, White, & Crites Jr., 2011; 

Hinjosa, Carieté, Méndez-Bértolo, Míguez, & Pozo, 2009; Zhang, Guo, Lawson, & Jiang, 

2006; Zhang, Kong, & Jiang, 2012). In this type of task, the effect of congruency based on 

the relationship between the prime-target pair is examined – that is, whether the context 

created by the prime word affects the processing of the target word. Congruency based on 

level of arousal and congruency based on emotional valence have both been examined. In 

terms of level of arousal, the results are consistent, with no strong effect of arousal 

incongruity on the N400. Alternatively, the results from priming words with different 

emotional valence have been mixed, with only some studies finding an effect. What factors 

underlie the N400 effect when it is found are not entirely clear -- Zhang et al. (2006) and 

Eder et al. have both suggested that emotional words prime each other in a similar way to 

semantic priming (e.g., Neely, 1991). More recent work with fMRI has, however, suggested 

that the anatomical areas associated with affective priming are not entirely overlapped with 

semantic priming (Liu et al., 2010), suggesting that there are some differences, although to 

what extent they are related to the N400 is unclear. The results from simple behavioural 

studies examining affective priming, which have also been mixed (see Spruyt et al., 2009), 

have directly addressed why such differing results have been found. In particular, Spruyt et 

al. suggest that selective attention to certain features of words caused by differing task 

conditions is important. In their experiments, they showed that a significant affective priming 
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effect could only be found when they got their participants to focus their selective attention 

on the affective characteristics of the stimuli. No significant effects of affective priming were 

found when they got their participants to focus on other semantic characteristics. This 

suggests that the extent to which the affective characteristics of emotional words are 

processed differs depending on task conditions. 

 The results of the priming literature using single word primes and single word targets 

suggests that, at some level, affective priming may be similar to semantic priming. However, 

results from contexts that have been created via sentences or discourse and the effect they 

have shows that there may be additional processing differences. These differences may give 

further insight into how emotional words are processed in more normal reading situations. In 

particular, as can be seen in Table 1 where we have summarized these studies, the most 

common pattern found with contextual violations using emotional words is a weak N400 

effect compared to standard semantic violations. This has occurred when emotional words are 

placed in an incongruous neutral context and when emotional words are placed in a non-

neutral but differing incongruous emotional context. In terms of why a strong N400 is not 

found when emotional words are placed in an incongruous emotional context, Delaney-Busch 

and Kuperberg (2013) suggest that emotional contexts prioritize access to emotionally salient 

features of words, and this reduces the amount of deep semantic processing that occurs in the 

N400 time window. In terms of why weak N400 effects are found with emotional words at 

all, Holt, Lynn, and Kuperberg (2008) suggest that it may be due to increased demands when 

integrating emotional information into a neutral context as well as increased semantic 

processing due to words of high arousal using more processing resources. Another suggestion 

by Leon, Diaz, de Vega, and Hernandez (2010) is that different types of processing may 

cause different types of N400s to occur, which in their case was an N400 caused by 

discourse-level contextual modulation. Finally, Martin-Loeches et al. (2012) found that there 

Page 5 of 61

Psychophysiology

Psychophysiology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
N400m and Emotion Words 6 

 

may be a general reduction in the N400 in response to positive words irrespective of whether 

they cause an emotional violation or not. 

 Although N400 effects in sentence and discourse contexts have been found over a 

number of different types of task, there are differences between the results and the structure 

of the stimuli used in the different experiments. These differences may give some insight into 

the effect that processing emotional words has on the N400. Two common types of structures 

used involved placing an emotional word such that it was in violation of a neutral context and 

placing an emotional word in a sentence such that it was part of the same event described by 

the sentence. Holt et al. (2008) used the first of these designs and showed explicitly that the 

integration of emotional and neutral information can cause a N400 effect. The second type of 

structure shows how the integration of neutral and emotional information may still occur 

even if it is not so explicit. For example, in Moreno and Vázquez’s (2011) study, sentences 

like “At the edge of the cliff, someone came from behind and pushed/rescued/invented him” 

were used some proportion of the time. With such a sentence, the context before the critical 

word might be considered slightly negative, but it presumably only becomes strongly 

negative when the word pushed occurs (c.f., e.g., “At the edge of the cliff, someone came 

from behind and gave him his climbing gear”). Thus, an emotional violation with this type of 

sentence might potentially first include processing a relatively neutral sentence stem and then 

a revision of the valence and potentially meaning of the sentence once the key word occurred. 

If N400 effects can be caused by integrating emotional information into a neutral context 

(Holt et al., 2008), then this type of processing could elicit it, thus highlighting the need to 

consider how specific characteristics of sentences may affect processing. 

 The idea that neutral semantic information is important for finding an N400 effect is 

interesting because Delaney-Busch and Kuperberg (2013) found the weakest results of 

emotional violations across the studies, having found no significant N400 result, excluding a 
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single occipital region in one condition. Whilst this might simply be a statistical anomaly 

given many of the other studies showed relatively weak results, an alternative possibility is 

that their stimuli differ in important ways to the other studies.  In particular, they note that 

their stimuli did not constrain the context such that a word of a particular emotion was 

expected, which they suggested reduces N400 effects. This was based on the idea that if a 

particular emotion is expected, people may focus on processing its emotional features, which 

would cause effects of emotional incongruity to be found. Alternatively, if no particular 

emotion is expected and a salient emotional context is used, then the emotional salience of 

the stimuli may be more important than the particular emotion, and this may lead to reduced 

semantic processing and hence effects of emotional incongruity.  

Another property of Delaney-Busch and Kuperberg’s stimuli that may have affected 

their results is that their stimuli may have required less processing of neutral semantic 

information than other studies. In this case, their sentences set up an emotional context in one 

sentence and then the emotional violation occurred in a potentially independent event in the 

next. For example, two sentences they used were “Lucy was a(n) awful/great engineer. Her 

creations were big failures/successes every time”. With these sentences, there are clearly two 

separate things happening, with the first one obviously having a negative/positive overtone, 

and the second then congruent/incongruent with it. Thus, unlike some of the sentences of 

Moreno and Vázquez (2011), there is no need to revise a potentially neutral context when 

reading the second sentence. The sentences were also short, and these may have generated 

less context from neutral information than discourse contexts which are longer and have more 

complicated information in them. Thus, if some form of neutral contextual information is 

required to generate an N400 with emotional words, Delaney-Busch and Kuperberg’s study 

would have caused the least processing of it, and thus this may be responsible for the lack of 

an N400 effect. 
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 Apart from the N400 behaving differently with emotional compared to neutral words, 

it is also of interest to examine the underlying neural substrate responsible for it. Whilst the 

anatomical areas of standard N400 effects have been extensively examined (e.g., Lau et al., 

2008), the reading of emotional words may be interesting due to potential differences and 

similarities in the areas of the brain they are associated with, and, based on previous N400 

results, differences they are already known to cause. This includes left lateralized areas 

generally thought to be associated with normal language processing, but also right lateralized 

areas that might be important in emotional processing, such as the right temporal pole (e.g., 

Olson, Plotzker, & Ezzyat, 2007) and, as shown in the affective priming task specifically, 

parts of the right superior temporal gyrus (Liu et al., 2010). 

In this study, we used MEG to examine the N400m where the emotional valence of a 

key word in a sentence was manipulated, as well as the level of arousal. The sentence stems 

used were always negative and could be completed by an adjective with negative, neutral, or 

positive valence. The sentences were also structured such that two events occurred in 

independent clauses, and the second clause referred directly to the first (e.g., My mother was 

killed and I felt bad/great/normal), with the expected emotion of the sentence end word being 

obvious (i.e., negative). Sentence end words could thus differ based on the congruency of 

their emotional valence and congruency of their level of arousal. For example, “My mother 

got killed and I felt” can be completed with a negative, positive, or neutral final words 

(bad/great/normal). With the negative word (bad), there is no violation of the emotional 

valence and it is thus congruent with the context. This compares with the positive and neutral 

conditions. Both of these are contextual violations since usually one does not feel normal or 

great when one’s mother is killed, and thus they are incongruent with the context based on 

valence. However, under the assumption that there is an emotional dimension where positive 

is at one end and negative is at the other, with neutral in the middle (see Rubin & Talarico, 
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2009, for a discussion), there is a greater valence difference between positive words and a 

negative context than there is between neutral words and a negative context. Thus, if it is just 

likelihood that is responsible for semantic violations, then we would expect incongruous 

positive and incongruous neutral words to behave similarly (both are very unlikely given the 

context). Alternatively, if absolute valence difference is important, a difference between 

incongruous positive and incongruous neutral violations may also be found. Negative stems 

also allow arousal incongruity to be examined. In this case, a negative final word completing 

a negative stem has no difference in either valence or arousal. Alternatively, a neutral word 

completing a negative stem has a difference in both valence and arousal, and a positive word 

completing a negative stem has a difference in valence but not level of arousal (assuming 

high valence positive words are used).  

Finally, unlike many other studies, we explicitly tried to avoid task effects due to the 

repetition of stimuli that might habituate people to certain affective properties of the stimuli 

or reduce the level of arousal which the stimuli have. This was done by using a large number 

of filler sentences, so stimuli with emotional content occurred at a comparatively low 

frequency, and organising the stimuli such that those with affectively negative sentence stems 

never occurred one after the other. The fillers also allowed us to use a sentence task where 

probe questions were occasionally asked about the sentences that did not require any 

affective judgement. Based on the ideas of Spruyt et al. (2009), this should focus selective 

attention away from affective dimensions of the stimuli and onto semantic ones.    

To examine the N400m in the sensor space data of this study, we chose a number of 

regions of interest across the fronto-temporal area in the left hemisphere that are likely to 

show an N400m effect based on other MEG studies (e.g., Halgren et al., 2002; Helenius, 

Salmelin, Service, & Connolly, 1998; Service, Helenius, Maury, & Salmelin, 2007; Maess, 

Herrmann, Hahne, Nakamura, Friederici, 2006), as well as the homologous areas in the right 
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hemisphere. To examine these regions, source localization was initially done across the 

whole brain, but our analyses of each of our regions of interest (ROIs), which determined 

whether there were significant differences between voxels in different conditions, was done 

separately. From the left and right temporal lobes the ROIs included the inferior (ITG), mid 

(MTG), superior temporal (STG), and fusiform gyrus (FFG), and the mid and superior 

temporal pole (TP). From the left and right frontal lobes, the pars operculum and pars 

triangularis were examined. All of these areas have displayed an N400 effect in at least some 

studies (see Lau et al., 2008), although the type of processing they have been hypothesized to 

be associated with is different. At least with MEG, the most common areas implicated in 

semantic processing are the MTG and STG (e.g., Lau et al., 2008), whereas in terms of where 

lexical word form may be located, the FFG is probably the most likely area (e.g., 

McCandliss, Cohen, & Dehaene, 2003). In terms of emotion, some recent research has 

suggested that the processing of emotional words in general is more likely to be associated 

with frontal areas than words of neutral valence due in part because they generally have more 

abstract meanings compared to other types of words (e.g., Kousta et al., 2011). There are a 

number of other effects that occur with emotional words apart from the N400 (e.g., Citron, 

2012), but these were not the focus of this study and as such time windows and anatomical 

areas potentially associated with these effects were not analysed. 

Method 

Participants 

 Eighteen individuals (7 males, 11 females), aged 19-27 years (M = 22.89; SD = 2.25), 

participated. All were native English speakers with normal or corrected-to-normal vision, 

right-handed, and without any psychiatric or neuropsychological disorder. All participants 

gave informed written consent and received a payment of A$100 for their participation. The 
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study was approved by Swinburne University's Human Research Ethics Committee. 

Stimulus Material 

 The critical stimuli consisted of 40 triplets of words, with each triplet consisting of a 

positive, negative, and neutral word. Negative and positive words were taken from the 

Affective Norms for English Words (ANEW; Bradley & Lang, 1999) in which valence and 

arousal were rated on a 9-point Likert scale, with positive words having high valence ratings 

and negative words having lower valence ratings. The valence cut-offs for our negative and 

positive words were 3.61 and 6.56, respectively (i.e., the highest valence negative word and 

lowest valence positive word). Neutral words were taken from outside the ANEW due to a 

lack of stimuli. A number of morphologically complex forms of the negative (N = 22) and 

positive (N = 18) words were also used rather than the morphologically simple form in the 

ANEW (e.g., using “adorable” rather than “adore”) for the purposes of sentence 

compatibility. The three word conditions were matched on linguistic variables including letter 

length, word frequency, and orthographic neighbourhood (Coltheart, 1978) using values 

obtained from the English Lexicon Project (Balota et al., 2007). Finally, concreteness values 

for the negative (M = 2.30), positive (M = 2.33), and neutral (M = 2.20) words were extracted 

from Brysbaert, Warriner, and Kuperman (2013). T-tests were used to make sure the 

conditions did not differ significantly on any of the above-mentioned lexical variables (all t-

values < 1; see Table 2 for the actual values).  

 In order to validate the valence and arousal ratings of the words used in this study, a 

pilot group of 10 participants rated the new list of critical words using the same protocol 

conducted during validation of the ANEW. Statistics for the words appear in Table 2. 

 The affective ratings revealed the typical relationship between valence and arousal for 

emotional words (Bradley and Lang, 1999). Negative and positive words both received high 
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arousal ratings but opposing valence ratings (i.e., low for negative and high for positive) and 

neutral words received ratings between them on valence but lower than both negative and 

positive words on arousal. T-tests revealed no significant differences for arousal between the 

negative and positive words (t(39) = 0.92, p = 0.36) whereas there was a significant 

difference between the negative and positive words for valence (t(39) = 68.62, p <.001), with 

negative words having a significantly lower valence than positive ones. Additionally, there 

were significant differences for valence and arousal for the neutral compared to the negative 

(valence, t(39)  = 38.08, p <.001; arousal, t(39)  = 19.38, p <.001) and positive (valence, t(39)  

= 35.15, p <.001; arousal, t(39)  = 21.32, p <.001) words1.  

 Apart from the critical words, one-hundred and twenty sentence stems that were 

affectively negative were created that could be finished with any word used in at least three 

of the triplets. Sentence stems and the negative, positive, and neutral critical word lists were 

permuted across three different lists so that each stem and each word occurred in every list 

without the presence of repeated combinations. The sentence stems were balanced on the 

number of words used across the three groups. There was an average of 8.26 words per 

sentence in each list (including the critical words).  

To augment this analysis, an independent pilot group of 10 participants were 

presented with the sentence stems and asked to complete them with whatever word they 

believed fit best. This was done to generate cloze probabilities for the sentence ends. Average 

cloze probabilities were 0.02, 0.00, and 0.00 for the negative, positive, and neutral critical 

words, respectively. The reason for the apparent low cloze probabilities for the negative 

words is because even though almost all of the responses given were negative, there are many 

possible adjectives which would form a congruent ending to our sentence stems (e.g., My 

mother was killed and I felt bad/terrible/sad/angry/depressed/hurt/sick… etc). Finally, 

additional valence ratings were extracted from an independent source (Warriner, Kuperman, 
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& Brysbaert, 2013) for all the words generated during the cloze pilot study. Valence ratings 

were averaged across the 10 participants for all 120 sentence stems. We then calculated the 

proportion of sentence stems that were completed using negative or positive words using the 

cut-offs reported above (i.e., 3.61 for negative and 6.56 for positive). We found that 82.5% of 

the sentence stems were completed using negative words and 0% were completed using 

positive words. Of the remaining stems, the average valence rating was 4.09 suggesting that 

some of the stems were completed using slightly more neutral words, however, this is still 

lower than the valence ratings obtained for our neutral words (see Table 2). Examples of the 

sentences appear in Table 3. 

Finally, 180 filler sentences that were affectively neutral were created. The sentences 

were matched with the affectively negative sentences on number of words. Twenty of these 

sentences included a question to which participants had to respond via a two alternate forced 

choice decision (yes or no) pertaining to the respective sentence. For example, “Was a sport 

mentioned?” proceeded the sentence “I am a member of a football team”, for which the 

correct answer is “yes”. The fillers were duplicated across the three lists, and five further 

sentences were created that were placed at the start of each list and used as practice trials. 

Thus, each of the stimuli lists consisted of 305 sentences. Overall, the experiment ran for 

approximately 30 minutes. 

Stimulus Presentation 

 E-Prime software version 2.0 (Psychology Software Tools, Inc., Pittsburgh, PA) was 

used for stimulus presentation. Each participant was given one of the three counterbalanced 

stimulus sets. With the exception of the aforementioned practice trials, sentence presentation 

of the remaining 300 trials was pseudo-randomised such that one or two filler sentences 

always occurred between emotion sentences. Sentences were presented word by word via a 
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Panasonic PT-D5100x projector within a magnetically shielded room. The stimuli were back 

projected onto a non-magnetic screen via a mirror periscope attached to the wall of the room 

and viewed by the participant at a distance of 1 metre. Words presented were in size 26 font 

and presented on screen for 300ms with an inter stimulus interval between words of 180ms, 

which represents a relatively fast presentation, although one where N400 effects have been 

previously found (Dambacher et al., 2012). Sentence end words were marked with a full stop 

(i.e., a period in American English) to indicate to the viewer the end of the sentence. 

Sentences were preceded by a fixation cross that lasted for 1000ms, and were then followed 

by a blank screen that lasted for 1500ms. When question sentences were given, questions 

were presented on the screen after 500ms and remained until the participant responded. 

Participants were given scheduled breaks in the task every 60 sentences, which resulted in 

four breaks. 

Procedure 

 Participants were instructed to silently read the presented sentences. The experimenter 

also noted that the full stop was used to signify the end of each sentence and that they were to 

read each sentence in isolation rather than attempt to string them together to form discourse. 

Participants were instructed to respond to the question sentences as accurately as possible but 

not to be concerned with the speed of their response. Finally, participants were briefed on the 

sensitivity of MEG to muscle artefact and were told to remain still during the task but that 

they were free to move their hands during breaks in the stimulus presentation. 

Magnetoencephalography (MEG) and Magnetic Resonance Imaging (MRI)  

 Continuous MEG recordings were performed using a whole head 306 channel system 

(Elekta Neuromag® Triux, Helsinki, Finland) at a sampling rate of 1000hz and a bandwidth 

from 0.1 to 330Hz. This system has 102 sensor sites, each of which consists of a triplet of 
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MEG sensors; two gradiometers and a single magnetometer. Three fiducial points were 

digitised, the nasion and left and right pre-auricular points, and the head shape of each 

participant was registered immediately prior to the scan using a Polhemus FASTRAK head 

digitizing system (Colchester, Vermont) for accurate MRI co-registration. Head position with 

respect to the MEG sensors was tracked via five continuous head position indicator (cHPI) 

coils attached to the scalp. Additionally, five Ambu® Neuroline 720 electrodes (Ambu®, 

Ballerup, Copenhagen) were used to measure EOG above and below the right eye as well as 

ECG on the insides of each wrist with the elbow as ground.   

 Individual structural MRI scans for the purpose of source reconstruction were 

performed with a Siemens 3T Tim Trio using a 32 channel head coil and a turbo spoiled 

gradient echo pulse sequence. Images were obtained with 1mm isotropic voxel dimensions 

(TR = 1900ms, TE = 2.52ms, TI = 900ms, flip angle = 9°).  

Data Analysis 

 Pre-processing. Temporal signal space separation (tSSS; Medvedovsky, Taulu, 

Bikmullina, & Paetau, 2007) filtering with default head position transformation, 60 second 

buffer and 90% correlation between sources was conducted on raw MEG data using 

MaxFilter Version 2.2 (Elekta Neuromag® Triux, Helsinki, Finland). These are the default 

values as recommend by Elektra and initial piloting we did showed other values made 

essentially no meaningful difference to the results. Bad channels were manually entered and 

reconstructed by MaxFilter.  

 Data pre-processing and statistical analyses were conducted using Statistical 

Parametric Mapping Version 8 (SPM8; Wellcome Functional Imaging Laboratory, London, 

England). The data were resampled to 500hz and underwent EOG and ECG artefact rejection 

using algorithms from the M/EEG toolbox (Litvak et al., 2011). Artefact signatures (i.e. those 
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generated by eye movements and muscle movements) were defined as topological 

components and then used as signal space projectors to correct the sensor data. Data were 

then epoched from -100ms to 800ms, where 0 corresponded to the onset of the critical word 

(i.e., sentence final adjective). FieldTrip's visual artefact rejection toolbox (Oostenveld et al., 

2011) was then used to conduct visual bad trial rejection on the sensor space data based on 

epoch variance summary statistics. This was done for each participant individually by 

examining the variance across the epoch (collapsed over sensors) of each trial relative to all 

trials. A single criterion was not set due to differences in variability across participants (see 

Luck, 2014, for a discussion). Specifically, if a given trial was noticeably more variable than 

the main cluster of trials based on the plots from the Fieldtrip toolbox, it was removed. 

Further inspection of the trials that were removed showed that the variability was generally 

due to activity that was not characteristic of the neuronal activity we were interested in (e.g., 

movement and muscle artefacts). An additional unreported analyses we did where all 

individual items were inspected and removed by hand produced very similar results. The 

mean number of rejected trials and SD (in brackets) in the critical conditions per participant 

was 3.11 (.83) items for the negative condition, 2.00 (1.14) for the positive condition, and 

3.06 (0.87) for the neutral condition. These groups were not significantly different (F < 1). 

Following this, a 4th order zero-phase Butterworth filter was used (low-pass = 60hz) on the 

data. The filter was set higher than most EEG studies because MEG is less affected by 

muscle artefacts and because the amygdala, which is likely to be important in the task, has 

produced activation around 40hz-60hz in relatively similar tasks (Oya, Kawasaki, Howard, & 

Adolphs, 2002; Sato et al., 2012).  

Initial processing. Filler sentences and question sentences were discarded from the 

analysis.  

Time windows examined. Analyses were done based on an early and late time 
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window. The early window used was 250-400ms, which represents a window after which 

very early effects of emotional words (e.g., Citron, 2012) have been reported, lexical access 

in general is likely to have been initiated (e.g., Palazova, Mantill, Sommer, & Schacht, 2011), 

and N400 effects are often beginning (e.g., Kutas & Federmeier, 2011). The late window 

used was 450-600ms, which represents a time at which strong N400 effects have been found 

across many different types of tasks including sentence processing ones (e.g., Kutas & 

Federmeier, 2011).  

Processing of sensor space results. The initial analysis was performed on a fronto-

temporal area of the left hemisphere, which is commonly associated with N400m effects, as 

well as the homologous area of the right hemisphere. The analysis was done based on mean 

values from the magnetometers and mean root summed square (RSS) values that were 

calculated based on the values from the X and Y gradiometers in each gradiometer site (i.e., 

the values from each of the X and Y gradiometers were squared, these values were then 

summed, and the square root of the sum was then taken). The actual sensors used in the left 

hemisphere for the magnetometers were: MEG 0131, 0211, 0221, 0411, 0421, 0141, 01511, 

0241, 0231, 0441, 0431, 1541, 1521, 1611, 1621,1811, 1821, 0111, 0121, 0341, 0321, 0331, 

and 0641, and in the right hemisphere were: MEG 1031, 1111, 1121, 1131, 1141, 1221, 1231, 

1241,1311,1321, 1331, 1341, 1411, 1421, 1431, 1441, 2211, 2221, 2411, 2421, 2611, 2621, 

and 2641 (see Figure 1). The sensors used for the gradiometers were in the same positions. 

Their descriptive numbers are the same as the magnetometers except have one and two added 

to them.  

Source localisation. Individual MRI anatomical scans were segmented and then co-

registered to a tessellated mesh template brain in MNI space with the “normal” number of 

vertices (i.e., 8196) using the three fiducial points (nasion, left and right preauricular). A 

single shell forward model was computed for each participant's co-registered anatomical 
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image and the Multiple Sparse Priors (MSP) inversion method (Friston et al., 2008) was used 

to map weighted sensor data to 3d brain space within a 0ms to 800ms time window. The 

results of the inversion were then written to a series of 3d nifti images, with each image 

containing averaged cortical current densities (CCD) data for a period of 2ms. From these, 

the time series information for the separate ROIs was extracted using the Marseille Region of 

Interest Toolbox for SPM (Marsbar; Brett, Anton, Valabregue, Poline, 2002). This was done 

using the MNI templates from the AAL atlas (Tzourio-Mazoyer et al., 2002). Data from the 

ROIs was then converted into signal to noise ratios for each ROI separately by dividing each 

value at each time point by the standard deviation calculated across all time points.  

Processing of source localisation data. The data was examined using threshold free 

cluster enhancement (TFCE, Smith & Nichols, 2009; Ridgeway et al., 2012) with hat 

correction using the MNE package (Gramfort et al., 2014), which was performed on each 

ROI separately. That is, separate sets of data for each ROI were taken from the initial whole-

head source-localisation data and these were then examined separately. TFCE works 

differently to many algorithms that try to define significantly activated regions in source 

space. In particular, rather than try to find a group of contiguous voxels which together 

represent a single significantly activated cluster, each individual voxel is simply given a score 

that represents how activated it is. This score is calculated for each particular voxel based on 

the activation value for the voxel taken from the initial source space analysis and the 

activation scores from other voxels that surround it both in time and space. Thus, clusters are 

not defined and so there is no need to define some criterion for their existence. The procedure 

gives a family-wise error corrected p value for each individual voxel at each time-point, and 

we report the proportion of voxels that reached a statistical level (p < .2, p < .1, p < .05) out 

of the total voxels in each ROI. Since different voxels in the analysis may have different 

levels of significance, some criterion is needed for reporting if a comparison is significant. 
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Below, we report the data as significant if at least some of the individual voxels in the TFCE 

analysis were below p < .05. The parameters used were: sigma = .001, number of 

permutations = 1024, threshold start = 0, threshold step = 0.2, and max step = 1 (i.e., one step 

in time and space). Further testing we did with other parameter values produced similar 

values to those reported, although higher values of the max step parameter produced slightly 

more significantly activated voxels. TFCE has a number of advantages compared to looking 

at means across time windows in this study. Most importantly, where the boundaries of time 

windows are set is less important than with simple means, since significantly activated voxels 

can occur within a window that might otherwise appear as non-significant across the entire 

time span. This is useful because many language operations may be relatively fast, and thus 

the significance of certain peaks in an epoch can be captured easily. Similarly, the actual 

time-course information reported in different studies for similar effects often differs, and this 

reduces the importance of where a-priori time boundaries are set. 

Results 

Behavioural  

 Analysis of the sentence trials with probe questions showed that participants had a 

high level of accuracy (M = 97.22% correct; SD = 2.56%).  

Sensor Space  

 Topographic maps of the magnetometer and gradiometer data appears in Figure 2a, 

mean field strength results from the sensors of interest (SOI) appears in Figure 2b, and grand 

means of the magnetometer and gradiometer data for representative sensors appears in 

Appendix A. As can be seen from the means and topographic maps, there appeared to be a 

left-lateralized N400m effect in the magnetometer data that was typical of other studies, 
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where the neutral words deflected from the negative and positive ones in the late window. 

The neutral words also deflected from the negative and positive ones in both the early and 

late window of the gradiometer data. Unlike other studies, the effect was not present in the 

most lateral sensors, and the topographic maps from the gradiometer and magnetometer data 

looked slightly different. Despite this, we continued to use the SOIs initially chosen to 

investigate the data since this allows a better comparison with other MEG studies, although 

obviously post-hoc removal of these sensors would increase the significance of the findings 

as would using different masks for the magnetometer and gradiometer data. The results here 

thus represent conservative estimates of the differences between groups.    

 To investigate the data, four 3 (Word Type) by 2 (Hemisphere) ANOVAs were 

performed on the mean field strength and RSS values at the two different time windows on 

the magnetometer and gradiometer data in the sensor masks displayed in Figure 1. The results 

from the early time window on the magnetometer data showed only a main effect of 

Hemisphere (F(1, 17) = 7.72, p < .05). In the late time window, there was a significant Word 

Type by Hemisphere interaction (F(2, 34) = 6.52, p < .005). Further contrasts in the late 

window showed that both the negative and positive conditions deflected from the neutral one 

in the left hemisphere, although the positive-neutral comparison was marginal (negative-

neutral: p < .05; positive-neutral: p = .071). In the right hemisphere, there were no significant 

contrasts. In terms of the RSS values from the gradiometers, the early results showed main 

effects of Hemisphere (F(1, 17) = 6.55, p < .05), Word Type (F(2, 34) = 3.82, p < .05), and 

an interaction between the two (F(2, 34) = 4.86, p < .05). Contrasts examining the groups in 

each hemisphere separately showed that in the left hemisphere, the neutral condition had a 

higher mean RSS value than the negative and positive conditions (both ps < .05). In the right 

hemisphere, the positive condition had a lower mean RSS value than the negative condition, 

although the results were only marginal (p = .097), and also a lower mean RSS value than the 
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neutral condition (p < .05). In terms of the RSS results for the late time window, the ANOVA 

showed a significant main effect of only Word Type (F(2, 34) = 7.30, p < .005), with the 

neutral condition having a higher mean RSS value than both the negative (p < .05) and 

positive conditions (p < .005).  

Source space 

We first examined whether the initial source space analysis produced activation in at 

least some of the areas that we intended to use for the TFCE (i.e., temporal and frontal areas). 

As can be seen from the Supplementary Materials, this was the case, as there was clearly a 

large amount of activation in the temporal lobes in the three main conditions, and to a lesser 

extent the frontal areas. The data from the subtractions was not surprisingly weaker, although 

differences were still apparent in temporal areas. Given this, we proceeded with the TFCE, 

although given the relatively weak frontal data, any significant effects found in those areas 

needs to be interpreted with caution.  

An initial observation of the CCDs from the different ROIs shows that the number 

and extent to which voxels were activated in the superior TP was very limited, and they 

appeared to exist at the edge of the same cluster as the mid TP. Therefore, only bilateral mid 

TPs are reported. We also compared the TFCE analysis with a more standard analysis where 

means from the time-windows were used given that TFCE is not as commonly used to 

examine data, and similar results were found. This is described further in Appendix B.  The 

results appear in Figure 3a (Temporal Lobes) and Figure 3b (Frontal Areas). 

 As can be seen from the two figures, there were several significant effects in both the 

early and the late time window. However, these effects always involved the incongruous 

neutral condition (i.e., no significant effects were found for congruous negative vs. 

incongruous positive comparisons). In addition, for all except one of the significant negative 
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vs. neutral and positive vs. neutral comparisons, the neutral condition generated higher 

CCDs. The only significant difference where this pattern was reversed was with the positive 

vs. neutral comparison in the right ITG in the early time window, where the positive 

condition had voxels that were significantly more activated than the neutral condition.  

There were also a number of cases where two of the groups appeared to differ, but the 

differences were not significant. For example, in the late time window, there appears to be a 

difference in the left STG and left MTG between the negative condition and the other two 

conditions, where the negative condition generated higher activity than the positive but lower 

activity than the neutral condition, but these differences were not significant. Additionally, in 

the early time window, both the positive and neutral condition produced greater CCDs than 

the negative condition for the left TP. However, only the negative vs. neutral contrast was 

significant despite the fact that the neutral and positive time-courses overlapped quite closely. 

This may suggest that more complex patterns exist and that this study lacked the power to 

find them, or it may simply be due to error variance. Despite this, it seems reasonable to 

conclude that, in general, the main finding was that the neutral words deflected from the 

negative and positive ones. Lastly, whilst it might appear that there may be a difference 

between the negative and the neutral condition in the left and right pars triangularis, this 

occurred only late in the time window of interest, and indeed late in the window used for the 

source localisation. Whilst it would be possible to test the significance of this with windows 

set based on post-hoc boundaries (e.g., 600-700 ms), any significant differences within this 

window would be likely to be at least in part attributable to components not under 

investigation in the current study where mixed results have been found (e.g., late positive 

components, see e.g., Citron, 2012) and thus this was not done.  

Discussion 
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Sensor Space 

The results showed that the magnetometers were sensitive to N400m effects created in 

a very similar area (i.e., left fronto-temporal) to other MEG studies where semantic anomalies 

have been examined (Halgren, 2002; Helenius et al., 1998; Maess et al., 2006; Service et al., 

2007), as were the gradiometers. With the magnetometers, the time-course of the effect was 

also similar to other N400 sentence studies, where the effect started relatively late and the 

size increased over time, whereas with the gradiometers, the effect occurred earlier and whilst 

significant, remained relatively stable over time. 

 An important aspect of our study was that the difference only appeared with neutral 

final words in the negative context, despite the fact that both the neutral and positive final 

words were incongruous with the negative context created by the sentence stems. This 

suggests that our results cannot simply be explained purely by a differing context since the 

positive final words did not create the same effect as the neutral ones. Instead, our results 

suggest that for the N400m to occur one of the following was needed: (a) a change in arousal 

between the stem and the sentence-end word; or (b) integrating a neutral word into an 

emotional context.  Unless an arousal priming effect can be found on the N400m with MEG 

and not the N400 with EEG, then it is likely that that the latter is responsible for the N400m 

in our study. This finding constrains where the effect could have come from because it 

suggests that even if an emotional word in an emotional context is incongruous, it is not 

necessarily enough to cause an N400m effect, and that for this to happen, certain types of 

processing associated with words of neutral valence must also occur. The results are also 

consistent with previous EEG literature examining incongruous words in emotional contexts 

where there is generally a weak N400 effect found if part of the processing involves a neutral 

context, although obviously the topography of the results differs with MEG.  Our results 
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differ to many other sentence processing tasks, however. In particular, most studies have 

examined the effect of emotional words in an incongruous neutral context. Our study, 

however, used a negative context with an incongruous neutral word, and an N400m was still 

found. This suggests that, in terms of the type of information, the order of processing does 

not appear to have a strong effect – an N400 effect can be found if a neutral context is used 

with an incongruous emotional word or an emotional context is used with an incongruous 

neutral word. Thus, what appears to be important is that neutral information is in conflict 

with emotional information rather than which is the sentence context and which is the word 

that violates it.  

Source Space 

 All of the significant differences found between comparisons apart from one were due 

to the neutral condition contrasting with either the negative or positive condition, with the 

positive and negative conditions displaying quite similar results. The differences found were 

similar to other studies looking at the N400m in written form, although the number of areas 

where differences were found was, in general, low compared to many N400 studies (see Lau 

et al., 2008). This is not surprising since sentence/discourse studies using emotional words 

have always found comparatively weak or null effects for the N400. 

 The most likely candidates that suggest the effects found were real N400m effects 

come from the results of the left MTG, left STG, and the right TP. With these areas, the 

results displayed a pattern more akin to a standard N400 where the neutral condition caused a 

deflection from the negative condition, showing a relatively late effect that endured over 

time. At least with the left MTG and STG, this is also where such effects have been most 

commonly found using MEG (e.g., Lau et al., 2008). Some of the other significant 

differences, however, looked less N400-like since they did not share this pattern, and thus 
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may not have been due to the integration of a neutral word into the sentence contexts that 

were used. 

 Whilst there was reasonable evidence to suggest that there was an N400m with the 

neutral compared to the negative condition, there was essentially no evidence that the 

incongruous positive condition caused a significant deflection compared to the congruous 

negative condition. There were also a number of cases where the amount of activation 

produced in the positive condition was actually less than the negative one, although this never 

reached significance. This occurred in a number of the areas known to be associated with 

semantic processing (i.e., the left MTG and STG). Such a result would be especially 

surprising if the absolute valence difference between the context (negative) and the final 

words (neutral and positive) was important, since the prediction would be the opposite. One 

possible reason for this result is that there are other differences that cause effects which may 

overlap the N400m. Whilst the data on this is mixed and task dependent (e.g., Schacht & 

Sommer, 2009), there are a number of EEG studies that have shown late positive components 

caused by both neutral compared to positive and neutral compared to negative words (see 

Citron, 2012, for a review). There are also behavioural studies that have shown neutral words 

are slower and more demanding to rate on level of valence than either negative or positive 

words (Võ, Jacobs, & Conrad, 2006), and results where the slowest words to perform lexical 

decision or naming on are mildly negative, with positive adjectives being the fastest to 

respond to (Kuperman, Estes, Brysbaert, Warriner, 2014). Thus, what looked like an N400m 

effect may have been reduced with the negative versus neutral compared to the positive 

versus neutral words. In this case, late positive components caused by increased processing 

demands with negative compared to positive words could have affected the extent of cortical 

processing in time windows and areas associated with the N400m, and this may reflect an 
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effect of the valence of the words by themselves, rather than an effect of integrating the 

words into a context. 

 One final unexpected significant result that was found was that the positive condition 

had the greatest CCDs in the right ITG. This pattern was significant when compared to the 

neutral condition. Whilst it might be tempting to read this as evidence of an emotional 

incongruity effect, it is more likely to represent a simple word type effect since the effect was 

only found in the early window and the time-course did not show the standard N400 pattern. 

Very early effects of emotional words have been reported by Ortigue et al. (2004) in inferior 

occipito-temporal regions in the right hemisphere using source estimation (LAURA) on EEG 

data, and these results are consistent with the data pattern we found where the effect appeared 

to begin even before our early time window. Alternatively, the lack of a similar finding with 

the negative words (Ortigue et al. used both positive and negative words but did not report if 

there were differences, which we assume there were not) means that it would be necessary to 

assume that this effect was modulated by top-down context effects, with words embedded in 

a similar context not displaying such a large difference. Whilst not the focus of this study, it 

may also point to a possible source of differences between positive and other types of words 

that have been reported (Martin-Loeches et al., 2012). 

 Apart from the results where there were significant differences, the lack of significant 

findings in the left frontal regions is also informative. This is because Kousta et al. (2011) 

claimed that emotional words are likely to be processed more in frontal areas than others, 

including in the left inferior frontal gyrus which was examined in this study, but that this is 

linked in large part to them having more abstract meanings than other words rather than their 

emotional context. That is, whilst emotional words may cause frontal effects that are not 

found with neutral words, these are not necessarily due to emotional processing, but rather 

they are due to a correlation that exists between them and concreteness. In this case, 
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emotional words tend to be more abstract and less concrete than emotionally neutral words, 

and it is this relationship that has caused differences found in the left inferior frontal gyrus 

and not emotional processing. With our data, we found no evidence of any differences in the 

groups we examined in this region, despite the words being presented in sentences rather than 

separately without context. Given that the sentence task we used should have encouraged 

more emotional conflict than single word presentation and that all of the final words we used 

were adjectives to do with feelings, the lack of differences is supportive of the position of 

Kousta et al. . In this case, because our stimuli were balanced on concreteness (i.e., the 

neutral words had a similar level of concreteness as the positive and negative ones, unlike the 

more general relationship between emotional and neutral words), but there were still large 

differences in their emotionality, it suggests that it is mainly abstractness that causes 

processing differences in this region rather than emotionality. Of course, this finding is based 

on a null effect (i.e., the lack of frontal effects suggests that emotional differences between 

the stimuli were not important), so such a result needs to be taken with caution.  

General Discussion 

 The results from this study suggest that the processing of positive words in the context 

of negative sentence stems differs compared to more commonly run conditions where the 

sentence stems used are affectively neutral. In our results, no significant differences that 

could potentially be an N400m effect were found in either the sensor or source space when a 

positive compared to a negative final word finished the negative sentence stems, despite the 

positive words being entirely implausible and the negative ones being entirely plausible. We 

also showed that using neutral compared to negative final words in a negative context causes 

a weak but more standard N400m, and that the greatest difference in processing caused by the 

integration of the neutral words into the negative context was in the most expected 

anatomical area based on previous MEG studies examining semantic violations, the left 
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MTG. These results support Holt et al.’s suggestion that the integration of neutral and 

emotional information causes an N400m effect. In addition, they show that this holds whether 

integrating a positive or negative word into a neutral context or, in our case, integrating a 

neutral word into a negative context. 

 These results are interesting as they show that in a simple sentence task where two 

emotional events occur of a different type (i.e., negative and positive), if there is no task 

focus on affect, then an N400 is not produced. This is predicted by the affective priming 

results of Spruyt at al. (2009), who suggested that people’s selective attention biases the type 

of processing that occurs, and that effects of affective priming are only found when the task 

demands emphasize it. In our case, we used a low proportion of affectively negative 

sentences via the use of neutral fillers and a meaning judgement task which did not require 

decision making based on affective characteristics of the stimuli, and no affective priming 

effect of the context on the final word was found. Using the explanation of Spruyt et al., the 

reason we found such a pattern would therefore be because the affective characteristics of the 

final words were not the focus of attention so they were simply not processed to a large 

enough extent to cause a significant priming effect.  

 Whilst the explanation of Spruyt et al. (2009) appears to offer some reason as to why 

no effect of affective priming was found, it is quite different to the explanation which 

Delaney-Busch and Kuperberg (2013) offer. Both explanations are similar in that they 

assume that the type of processing that occurs is affected by the context. However, Delaney-

Busch and Kuperberg propose that emotional features of emotional words are prioritized by 

an emotional context so that deep semantic processing is by-passed.  Thus, in this case, the 

assumption is that deep semantic processing, which would otherwise cause an N400m, does 

not occur because a qualitatively different type of processing occurs. Their explanation thus 

allows for both emotional and more normal semantic processing depending on the context. In 
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our results, we found no effect of integrating an incongruous positive compared to a 

congruous negative word into a negative context, suggesting that, according to this 

explanation, strong emotional processing must have occurred. This was despite using task 

conditions that did not favor affective processing and still finding an N400m effect when a 

neutral word was used. This suggests that if the lack of contextual effects is caused by 

emotional prioritization, as suggested by Delaney-Busch and Kuperberg, then it means that 

the context created by even short clauses within individual sentences must be more important 

for processing than more global manipulations such as the way the task focuses people’s 

selective attention.  

In terms of which explanation is best, there is data that suggests that for our data set, 

the view of Delaney-Busch and Kuperberg (2013) is better than that of Spruyt et al. (2009). 

The reason for this is that if selective attention was used to modulate the extent to which 

emotional compared to semantic features are processed, then a null effect in one domain 

should mean a strong effect in the other (Spruyt et al.). Thus, if a large effect of emotional 

incongruity was found, presumably only a weak effect of semantic incongruity should be 

found and vice versa. This was not the case with our data since we found no effect of 

emotional incongruity when the final words of our sentences were positive, and only a 

relatively weak effect of emotional incongruity when the final words were neutral, unlike as 

would be predicted if the null effect really meant that people were processing the sentences 

mainly semantically. This suggests that the explanation of Spruyt et al. is probably unlikely to 

account for our results and thus that what happens with affective priming where single word 

prime and single word targets are used does not appear to generalize to incongruency effects 

caused by sentence context violations. Thus, in paradigms that go beyond priming using 

single word prime and single word targets, other factors, like on-line contexts constructed as 

sentences are parsed, may simply tend to dominate other types of contexts created by task 
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manipulations. Thus, linguistically relevant information may be a bigger factor in affecting 

people’s processing in more naturalistic reading tasks than the type of probe question or 

proportion of different types of stimuli used.  

Although seemingly a better explanation for our data, the explanation of Delaney-

Busch and Kuperberg (2013) is not without its own problems. In particular, Delaney-Busch 

and Kuperberg suggest that a critical factor in whether a N400 effect is found in emotional 

contexts with emotionally incongruous words is whether the context constrains strongly for 

negative or positive features. If the emotional context is strongly constraining, they suggest a 

N400 effect is more likely to be found because the processing of emotional valence may be 

prioritized over emotional salience, the latter of which reduces semantic processing. With our 

stimuli, the context was very emotionally constraining since it was obvious the final adjective 

of the sentences should be negative, which was also reflected in our participants’ responses to 

the cloze probability task and the accompanying valence ratings, where negative adjectives 

were almost always given. Despite this, we found no N400m effect caused by the integration 

of the contextually incongruous positive vs. contextually congruous negative words. One 

possibility for this result is that even in constraining contexts, emotional valence can still lose 

out to emotional salience in some situations. In particular, compared to many studies, our 

stimuli may have been more salient since our topics included death, being beaten up, animal 

cruelty, and paedophilia. These are all topics of very high emotional salience. As a 

comparison, in Holt et al. (2008), criminality, forging, being arrested, and saying bad things 

about the mayor were topics of their stimuli. Whilst these too are negative, the overall level 

of salience of these examples is likely to have been less than our stimuli. A second possibility 

is that there is some level of neutral semantic information that needs to be processed to find 

an N400m. In our stimuli, this may have been minimized because the sentences were short 

and because the sentences were constructed as two simple independent clauses. This means 
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only a salient emotional context would need to be revised when an incongruous positive word 

was encountered, rather than revision of an initially neutral context as may have occurred 

with some of the stimuli in other studies (e.g., Moreno & Vázquez, 2011), as argued in the 

introduction. 

 An outstanding question is why we found no effects of emotional incongruity in the 

source space, despite participants being clearly aware that they occurred in the stimulus set 

upon debriefing. This was somewhat surprising given that the affective priming fMRI study 

of Liu et al. (2010) using single word prime and single word targets identified a number of 

areas that were associated with affective priming that we also examined. Whilst there are 

clearly differences between fMRI and MEG even in the areas we examined (e.g., the left 

MTG has always been activated in MEG studies, unlike fMRI (Lau et al., 2008)), it is 

surprising that none of the areas found in Liu et al. related to affective priming showed any 

significant effects in our study. This clearly suggests that the processes involved in 

integrating words into a context created from a sentences versus a context created by a single 

word prime may differ.  

 The results from our source localization data offer some evidence suggesting what the 

differences between the study of Liu et al. (2010) and our study may have been caused by. In 

particular, in Liu et al.’s affective priming condition and our neutral vs. negative condition, 

activation was found in both the left (MTG and STG) and right hemisphere (STG). Such a 

finding is consistent with the idea that in priming studies using single word prime and single 

word targets, the extent to which the semantic properties of emotional words are processed 

can differ. With the study of Liu et al., a simple lexical decision task was used and emotional 

words only appeared 25% of the time. Thus, participants may have been biased towards 

processing words semantically as predicted by Spruyt et al. (2009). The results they found 

may therefore reflect a higher ratio of semantic compared to affective processing than in our 
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positive vs. negative condition. They would thus be more similar to our sentences finishing in 

incongruous neutral words where a weak N400m effect was found. Such similarities are 

important as they show that what look like quite different types of tasks and conditions may 

lead to relatively similar amounts of semantic processing.    

Finally, whilst it would be interesting to further analyse the data here to look for 

additional processes caused by contextual manipulations, unfortunately our design used 

relatively few items per cell, which was done to get around the constant repetition of negative 

contexts. This means it would probably not be worthwhile trying to examine some effects of 

interest that would help elucidate how different forms of emotional processing are prioritized, 

as hypothesized by Delaney-Busch and Kuperberg (2013). In this case, some of these effects 

may be short and relatively fast moving, because attributes of words incongruous with the 

predictive context would need to be identified and processed very quickly so that fluent 

reading was not disrupted and the affective context could then be changed before the next 

word was encountered. Such effects need many more trials than the number used here to 

reliably find (e.g., Luck, 2005). Some of the anatomical areas used (e.g., subcortical ones) 

may also be deeper and harder to localize with MEG (e.g., Attal, Maess, Friederici, & David, 

2012), again meaning more trials would be needed. Both of these problems mean that only 

larger and slower-moving effects such as the N400m we examined are likely to be reliable 

with this data set due to the design used, and thus that a number of interesting questions to do 

with how emotional prioritization might actually work and the brain regions responsible 

remain to be examined in the future.   
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Footnotes 

1. It might be argued that a between groups comparison should be used here, given that the 

individual triplets were not balanced on a number of lexical properties including frequency 

and letter length (these were balanced groupwise). If such comparisons are used rather than 

repeated ones, the results show the same pattern. 

  

Page 39 of 61

Psychophysiology

Psychophysiology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
N400m and Emotion Words 40 

 

 Appendix A 

[Figures A1 and A2 go here] 
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Appendix B 

TFCE vs. Mean Values From Windows 

 In terms of the difference between the standard statistics and the TFCE, results from 

the right MTG were significant using simple pairwise comparisons between the neutral and 

negative conditions in the late window, but did not produce significant voxels at the p < .05 

level using TFCE. Alternatively, with the right TP, a marginally significant result (p = .055) 

and one non-significant result with a simple pairwise comparison produced significant voxels 

at the p < .05 level using TFCE. Given that there were only three results that were different in 

terms of the pattern of significance and one of these included a result that was marginal, this 

suggests the two different forms of analyses are in good agreement, with the TFCE giving a 

somewhat more refined idea of what was happening temporally. The results appear in Table 

B1. 
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Figures 

Figure 1. Sensors used in the SOI masks. Axes in red are those used in the analyses. 

Figure 2a. Left panel: Topographic maps of mean sensor-space results in the early (250-

400ms) and late (450-600ms) time windows for the magnetometer (fT) and gradiometer root 

summed square (RSS) data. The two time windows are marked by vertical dotted lines, the 

colored lines represent the mean values and the shading represents the grand mean value +/- 1 

standard error. 

Figure 2b. Right panel: Time course of the mean magnetometer (fT) and gradiometer root 

summed square (RSS) data for the sensors used in the ROI analysis in the early (250-400ms) 

and late (450-600ms) time windows. The two time windows are marked by vertical dotted 

lines, the colored lines represent the mean values and the shading represents the grand mean 

value +/- 1 standard error. 

Figure 3a. Signal/Noise ratio of cortical current densities (CCDs) of the temporal areas 

examined, and representative figures in sagittal, coronal, and axial views. The two time 

windows are marked by vertical dotted lines, the colored lines represent the mean values and 

the shading represents the grand mean value +/- 1 standard error. The colors in the 

representative head figures represent the average p-values across the two windows. Arrows 

are used to point to significant voxels that are activated in a particular area where significant 

voxels exist in more than one area and it is not entirely obvious which voxels correspond to 

the particular area. Only activation from temporal and frontal areas is displayed and 

representative views were only used when there were significant differences in voxels at the p 

< .05 level. The small graphs above the CCDs are the proportion of voxels that reached a 

statistical level out of the entire area examined. The three lines in the graph indicate the 

proportion of voxels that either reached a p < .2 (top), p < .1 (middle), or p < .05 (bottom) 
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threshold. If two lines deviate from the horizontal axis, this means that there are significant 

voxels at only the p < .2 and p < .1 level. If only a single line deviates, this means there are 

only significant voxels at the p < .2 level.  

Figure 3b. Signal/Noise ratio of cortical current densities of the frontal areas examined. The 

two time windows are marked by vertical dotted lines, the colored lines represent the mean 

values, and the shading represents the grand mean value +/- 1 standard error. 

Figure A1. Representative mean event-related fields from the magnetometers for the 

negative, positive, and neutral words. The magnetometers displayed are those in red in the 

head map and are from left to right and top to bottom: 0311, 0611, 1021, 1211, 0131, 0221, 

0421, 1111, 1311, 1411, 1511, 0231, 0431, 1141, 1341, 2611, 1711, 1911, 2311, 2511, 0811, 

and 2121. Note: Axes have different scaling.  

Figure A2. Representative mean root summed square (RSS) data from the combined 

gradiometers for the negative, positive, and neutral words. Gradiometer names are identical 

to the magnetometer names in Figure A1 except have 1 and 2 added to them. Note: Axes 

have different scaling. 
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Table 1. Summary of sentence and discourse studies examining the N400 with emotion words. 
 

Study Experiment type Sentence type(s) Critical word type N400 Time Window 

of interest 

Results Interpretation/comments 

Delany-

Busch & 

Kuperburg 

(2013) 

Discourse Paired sentences. 

Critical words 

appeared in both 

sentences and were 

varied independently 

to create incongruent 

and congruent 

sentence pairs. 

Negative 

(unpleasant), positive 

(pleasant), or neutral. 

N400 (300-500ms) N400 amplitude: 

Neutral incongruent > neutral 

congruent 

No N400 effect in response to 

pleasant and a very weak effect 

for unpleasant stimuli in a 

single occipital region. 

 

Holt, Lynn, 

& Kuperberg 

(2008) 

Discourse – two 

sentences 

(experiment 2) 

Paired sentences. 

Critical words 

appeared in the 

second sentence only. 

Both sentences were 

affectively neutral. 

Neutral, positive, or 

negative 

N400 (325-425ms) N400 amplitude: 

Negative > control 

Positive > control 

No difference between 

negative and positive 

Weak difference (p < .05) over short 

time domain (100ms) 

Leon, Diaz, 

de Vega, & 

Hernandez 

(2010) 

Discourse 

(experiment 1) 

Pleasant or unpleasant 

stories provided 

context for 

experimental 

sentences. Sentences 

were neutral but 

contained an 

emotional word that 

was either congruent 

or incongruent with 

the preceding story 

Neutral, positive, 

negative, or 

semantically 

anomalous 

N400 (350-450ms) N400 amplitude: 

Emotionally incongruent > 

emotionally congruent but 

weaker than semantically 

incongruent 
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context 

Leon, Diaz, 

de Vega, & 

Hernandez 

(2010) 

Sentence 

(experiment 2) 

Neutral (no emotional 

context) 

Neutral, positive, 

negative, or 

semantically 

anomalous 

N400 (350-450ms) N400 amplitude: 

Semantically anomalous > all 

other conditions. 

Strong N400 effect exclusively 

associated with semantically 

anomalous sentences. 

Martin-

Loeches et al. 

(2012) 

Sentence 

(experiment 2: 

syntactically and 

semantically 

correct trials) 

Critical words 

were embedded 

early in the 

sentence in order 

to generate an 

emotional 

sentence context. 

Negative, positive, or 

neutral 

Neutral, positive, or 

negative 

N400 (300-400 & 

400-500ms) 

N400 amplitude: 

Positive < negative & control  

Small reduction in N400 amplitude to 

positive words compared to negative 

and neutral words. 

Moreno & 

Vasquez 

(2011) 

Sentence 

 

Negative/Positive 

 

Negative, positive, or 

semantically 

anomalous 

N400 (250-550ms) N400 amplitude: 

Emotionally incongruent > 

emotionally congruent 

Semantically anomalous > both 

emotionally congruent and 

incongruent 

N400 effect in response to emotional 

violations but smaller than semantic 

violations 
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Table 2. Summary of Mean (SD) Affective Ratings and Lexical Characteristics of the Critical 

Words 

 Affective Ratings Lexical Characteristics 

          ANEW         Collected 

 Valence Arousal Valence Arousal Length Frequency Orthographic 

 Neighborhood 

Negative 2.49 

(0.56) 

5.90 

(1.08) 

2.61 

(0.30) 

6.54 

(0.44) 

8.15 
 

(1.15) 

2.1 
 

(5.53) 

8.15 
 

(1.15) 

Positive 7.68 

(0.49) 

5.29 

(1.28) 

7.57 

(0.34) 

6.08 

(0.24) 

8.65 
 

(1.67) 

3.15 
 

(4.28) 

8.65 
 

(1.67) 

Neutral - - 5.10 

(0.44) 

5.00 

(0.54) 

8.18 
 

(2.12) 

2.88 
 

(5.32) 

8.18 
 

(2.12) 
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Table 3. Example Stimuli for the Emotion Task taken from List A, B, and C 

 List A List B List C 

Condition Sentence 

Stem 

Critical 

Word 

Sentence 

Stem 

Critical 

Word 

Sentence 

Stem 

Critical 

Word 

Negative Thinking 

about 

freezing to 

death fills me 

with 

Despair Losing my 

brother last 

year filled me 

with 

Despair Seeing 

animal 

cruelty fills 

me with 

Despair 

Positive Seeing animal 

cruelty fills 

me with 

Peace Thinking 

about freezing 

to death fills 

me with 

Peace Losing my 

brother last 

year filled 

me with 

Peace 

Neutral Losing my 

brother last 

year filled me 

with 

Concern Seeing animal 

cruelty fills 

me with 

Concern Thinking 

about 

freezing to 

death fills 

me with 

Concern 
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Table B1. Significance values of pairwise comparisons on the different regions of interest.  

 Early  Late 

Left Hemisphere Neg/Neu Neg/Pos Pos/Neu  Neg/Neu Neg/Pos Pos/Neu 
  Temporal Pole .03 (neu+) .16  .82  .80 .92 .78 
  STG .21 .58 .034 (neu+)  .49 .15 .027 (neu+) 
  MTG .64 .47 .23  .097 .13 .006 (neu+) 
  ITG .74  .88 .97  .17 .47 .73 
  FFG .17 .69 .51  .34 .50 .87 
  Pars opercularis .81 .085 .19  .38 .65 .18 
  Pars triangularis .36 .72 .39  .33 .23 .85 
Right Hemisphere        
  Temporal Pole .055 (neu+) .46 .19  .19 .80 .15 (neu+) 
  STG .43 .18 .044 (neu+)  .61  .16 .038 (neu+) 
  MTG .51 .95 .36  .017 (neu+) .54 .12 
  ITG .47 .099 .001 (pos+)  .57 .35 .13 
  FFG .31 .32 .88  .75 .35 .38 
  Pars opercularis .72 .30 .38  .65 .95 .46 
  Pars triangularis .59 .53 .92  .42 .83 .12 

Note: The bracketed word (neu+ and pos+) represents which type of word caused the higher 

CCD. Items in bold produced significant voxels (p < .05) using TFCE but were not 

significant in the standard analysis. Items in italic were significant in the standard analysis 

but did not produce significant (p < .05) voxels using TFCE. STG = superior temporal gyrus; 

MTG = middle temporal gyrus; ITG = inferior temporal gyrus; FFG = fusiform gyrus. 
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Supplementary Material 

 
Parkes L, Perry C, Goodin P. Examining the N400m in affectively negative sentences. A 
magnetoencephalography study. 
 

Supplementary Results 
 

Source space reconstruction 
 
As reported in the main article, we examined brain activity from several regions of interest 
extracted from the AAL atlas. To verify the integrity of our source space reconstruction we 
display whole brain activations below in supplementary figures 1 – 4. These represent the 
averages of the two time windows (250-400ms; 450-600ms) in the left and right hemisphere. 
Each figure displays effects from the three main groups used (i.e., the negative, positive, and 
neutral conditions) as well as the contrasts used in the main analyses. Note that (a) the values 
of the source reconstruction are arbitrary, and thus the absolute values are only meaningful 
with respect to each other and not some real physical measure; (b) the results from the three 
main conditions are presented on a different scale compared to the subtractions; (c) yellow 
arrows are used to indicate significant contrasts in the TFCE analysis; (d) when the activation 
can be seen across more than one head slice, only a single marker arrow was used; (e) red 
arrows in the late window of the left-hemisphere are used to indicate activation in the left 
IFG, which was theoretically important in the study; and (e) some of the comparisons that are 
difficult to see on the main diagrams where we used a higher baseline before displaying 
activation (.1 – 1.0) are shown on a latter diagram using a lower baseline (.01 – 1.0) and head 
slices that are closer together. 
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Supp. Figure 1. Source reconstruction across the three conditions and contrasts for the 
early time window in the left hemisphere. 
Data is shown from 9 evenly spaced slices through the left hemisphere (MNI coordinates).  
Neg = negative condition 
Pos = positive condition 
Neu = neutral condition 
  

Left Hemisphere: 250-400ms

Neg

Pos

Neu

Neu-
Neg

Neu-
Pos

Pos-
Neg

-44 -39 -34-54 -29 -24-49-59-64

Pos-
Neu

Sup. Temp.

Temp. Pole

0.1    -       3

0.1    -       3

0.1    -       3

0.1    -       1

0.1    -       1

0.1    -       1

0.1    -       1

Page 57 of 61

Psychophysiology

Psychophysiology

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le

 
Supp. Figure 2. Source reconstruction across the three conditions and contrasts for the 
late time window in the left hemisphere. 
Data is shown from 9 evenly spaced slices through the left hemisphere (MNI coordinates).  
Neg = negative condition 
Pos = positive condition 
Neu = neutral condition 
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Supp. Figure 3. Source reconstruction across the three conditions and contrasts for the 
early time window in the right hemisphere. 
Data is shown from 9 evenly spaced slices through the right hemisphere (MNI coordinates).  
Neg = negative condition 
Pos = positive condition 
Neu = neutral condition 
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Supp. Figure 4. Source reconstruction across the three conditions and contrasts for the 
late time window in the right hemisphere). 
Data is shown from 9 evenly spaced slices through the right hemisphere (MNI coordinates).  
Neg = negative condition 
Pos = positive condition 
Neu = neutral condition 
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As noted, some of the effects reported in the main text are relatively weak. Figure 5 below 
illustrates the effects that are not obvious using the higher baseline (0.1) with an activation 
range that starts at a lower baseline (0.01). 
 

 
Supp. Figure 5. Source reconstruction data from selected contrasts and time windows. 
Data is shown from 5 evenly spaced slices that differ for each contrast (MNI coordinates).  
Neg = negative condition 
Pos = positive condition 
Neu = neutral condition 
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