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SITTING ON THE FENCE: AN EEG INVESTIGATION OF THE ROLE OF 

THE RIGHT HEMISPHERE IN METAPHOR PROCESSING 

 

Jennifer A. E. Lines, Lucy J. MacGregor, Ekaterini Klepousniotou 

 

"I understand words, but I'm missing the subtleties, the complex mosaic of meaning 

that is language"  

Right hemisphere stroke patient D.L, in Beeman (1993) 

 

Abstract 

Studies of brain damaged and healthy individuals have pointed to a special role for the 

right cerebral hemisphere in processing metaphor. The present study focused on the 

processing of single word metaphors (i.e., metaphoric polysemy). EEG methodology 

was used to measure brain responses in a single word priming paradigm with a lexical 

decision task on the target. Visually displayed metaphorical words were used as 

primes followed 750 ms later by literal, metaphoric or unrelated targets. Analysis was 

based on recordings from twenty healthy subjects, each exposed to thirty repetitions 

of each condition. Reductions of the N400 component in graphical representations of 

the ERPs and mean ERP potentials indicate priming of both the literal and the 

metaphorical targets with greater priming for the metaphorical target in the right than 

left hemisphere, in conformity with the theory of a special role for the right 

hemisphere in metaphor processing. However, repeated measures ANOVAs did not 

reveal statistically significant differences between the cerebral hemispheres, and so 

the findings of this study provide no conclusive evidence for a special role for the 

right hemisphere in processing metaphor. Further testing using a refined technique 

and measures to reduce noise may in future allow better understanding of metaphor 

processing. 

 

1. Introduction 

1.1 Metaphor 

Though for many people the word “metaphor” only conjures up hazy images of 

long-forgotten poetry lessons in secondary school, metaphors form a vital part of 

everyday language, whether spoken or written, colloquial or formal. For example, 

metaphors are frequently used to refer to emotions, abstract concepts and the taboo 

(Lakoff & Johnson, 1980; Turner, 1987). 

Normal language uses a rich variety of both novel metaphors and „frozen 

metaphors‟, - metaphors whose use has become so common that the original 

metaphorical meaning is all but forgotten (e.g. “leg” in “table leg”) and idioms (e.g. 

“She‟s got him wrapped round her little finger”).  In normal speech, fluent speakers of 

English will utter 4.08 frozen metaphors, and 1.80 novel metaphors a minute (Pollio 

et al., 1977). Anyone who has ever tried to learn a foreign language, and struggled to 

get to grips with its intricacies and nuances will appreciate the frequency and 

significance of metaphor in everyday speech. Alternatively, to fully understand the 

significance of metaphor use, it is helpful to imagine how difficult communication 

would become if we for some reason suddenly stopped understanding all of these 

metaphors. This is, in fact, a reality for certain patient populations.  It has been 

observed that patients suffering from unilateral brain damage in the right hemisphere 

may have significant difficulty in processing metaphor, although their language skills 
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may in many other senses be good (Winner & Gardner, 1977). Furthermore, difficulty 

in processing metaphor is not simply a symptom of overarching language 

deficiencies, but has been shown to dissociate from other language difficulties in 

conditions such as schizophrenia, Alzheimer‟s disease, and Asperger‟s syndrome 

(DeBonis, Epelbaum, Deffez, & Feline, 1997; Dennis, Lazenby, & Lockyer, 2001; 

Papagno, Tabossi, Colombo, & Zampetti, 2004; Rapp, Leube, Erb, Grodd, & Kircher, 

2004). 

This dissociation, and tendency towards poor metaphor skills in patient populations 

with irregular lateralisation patterns, coupled with evidence from studies of patients 

with brain lesions, has led neuropsychologists to hypothesise that metaphor 

comprehension is somewhat distinct from other language skills and recruits distinct 

brain regions (Brownell, Potter, Michelow, and Gardner, 1984; Van Lancker and 

Kempler, 1987; Winner and Gardner, 1977) They have stressed a special role for the 

right hemisphere (RH), a theory which has found further support in an influential 

neuroimaging  study of non-brain-damaged individuals (Bottini et al., 1994). The 

right hemisphere metaphor theory is, however, not entirely unequivocal, and is a 

matter of some debate in neuropsychology. 

This work reports on a study using electroencephalography (EEG) to investigate 

cerebral activation in the left and right cerebral hemispheres of healthy individuals 

when presented with metaphorical and non-metaphorical stimuli, and aims to shed 

more light on the role of the RH in language processing. 

 

1.2 Metaphor as lexical ambiguity 

As well as phrasal metaphors (e.g., "he has a heavy heart”; "her face was a 

storm”), metaphor also takes the form of lexical ambiguity – where a single word has 

more than one meaning (e.g., "leg” can refer to either a part of the body, or a table 

leg. Lexical ambiguity is very common in normal language, and is split into two main 

categories – homonymy and polysemy. Homonymy refers to words whose multiple 

meanings are unrelated, whereas polysemy refers to words whose meanings are in 

some way connected – they can be regarded as different senses of the same core 

meaning. Polysemy is further subdivided into two categories – metonymy and 

metaphor. In metonymy, both meanings of a word are literal, usually referring to 

different realisations of the same core concept as in the example of the word "door". 

In the sentence, "The girl painted the door", the word "door" refers to the wooden 

object, whereas in "The girl walked through the door", the word "door" refers to the 

space within the door frame. In metaphor, words have figurative meanings, which are 

in some way extensions of their literal meanings. For example the word "mouth" has 

the literal sense of an organ of the body, but its meaning is extended metaphorically to 

mean an aperture in nature, i.e., "the mouth of a cave".  

Many previous studies of lexical ambiguity have focused on homonymy. Lexical 

ambiguity studies including metaphorical polysemy have often used metaphor 

andmetonymy interchangeably with homonyms, homophones, and homographs
1
 (see 

Klepousniotou, 2007, for a review). Thus, there is very little information on the 

                                                 
1 Homophones are words with separate meanings and spellings, which sound the same, i.e. "site', 

meaning location and "sight" meaning something which is seen. Homographs are words whose 

spellings are identical, but whose pronunciations and meanings are different, i.e. "wind" meaning a 

type of weather, and "wind" as in the verb in the sentence “he wound the handle round several 

times”. 
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processing of pure metaphorical polysemy. Evidence from lesion studies has 

suggested a role for the RH in processing figurative meaning (e.g., Coulson & Van 

Petten, 2002; Klepousniotou & Baum, 2005b). Most studies that have focused 

exclusively on metaphor have done so using sentential metaphors, or using a 

metaphorically polysemous word in a sentence context. The richer meaning context 

provided by the surrounding sentence is likely to significantly alter the way in which 

the ambiguous metaphorical word is processed (Peterson & Simpson, 1989; Bottini et 

al., 1994). 

 

1.3 A special role for the right hemisphere? Evidence from lesion studies. 

The basic language production of right hemisphere damaged (RHD) individuals 

tends to be good, but is often characterised as overly literal. This anecdotal evidence 

has found support in several influential studies of unilaterally brain damaged 

individuals, leading to the development within neurolinguistics of the theory that the 

RH plays a special role in metaphor comprehension (for an overview, see Coulson & 

Van Petten, 2002). 

RHD patients have been shown to prefer literal interpretations of conventional 

metaphoric phrases and to select literal meanings in word association tasks, whereas 

left hemisphere damaged (LHD) patients perform similarly to healthy control 

participants. This, however, is not simply a difference of overall language ability, 

since RHD patients tend to perform better than their LHD counterparts in interpreting 

novel literal sentences. Moreover, RHD patients were often able to explain the 

intended meanings of the metaphors more coherently and in a more linguistically 

advanced way than the LHD individuals (Winner & Gardner, 1977; Van Lancker & 

Kempler, 1987; Kempler et al., 1999, Brownell, Simpson, et al., 1990; Brownell, 

Potter, et al., 1984). 

The assumption when interpreting these findings is that LHD patients are relying 

on RH processing, and vice versa. The findings, then, seem to indicate that the RH 

can analyse metaphor and visualise appropriate images to explain it, but struggles to 

interpret novel literal sentences and cannot produce linguistically advanced speech. 

The LH on the other hand, seems to be adept at interpreting novel literal sentences 

and producing advanced speech, but appears to have some difficulty in visualising 

meaning, being unable to select a correct picture described by a metaphor. If frozen 

metaphors are stored as single chunks of meaning, then the ability of the LH to 

provide a verbal explanation may indicate that these pre-learnt metaphors are stored in 

the LH, but the ability to create and understand the link between the literal and 

metaphorical interpretation comes from the RH. 

  It has been suggested that the role of the right hemisphere lies in an ability to 

activate and maintain a broader range of possible meanings than the LH (Atchley, 

Burgess, & Keeney, 1999; Burgess & Simpson, 1988; Chiarello, 2003). This is 

supported by a series of studies which have shown RHD patients to have difficulty 

with joke comprehension and formation even when they understand the „rules‟ of 

jokes. They appear to be unable to revise meaning from previous parts of a narrative 

to integrate surprising but relevant meanings (Bihrle et al., 1986; Brownell et al., 

1983; Shammi & Stuss, 1999). RHD individuals also have more difficulty than LHD 

individuals using sentence contexts to select the correct meaning for an ambiguous 

word (Klepousniotou & Baum, 2005b).  

 A major problem in lesion studies is the great complexity of the nature of brain 

lesions. Although brain lesions can be coarsely graded according to size and location, 
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there is still great variability in patient population groups. Brain damaged patients 

differ in the nature and cause of the damage, the length of time since damage 

occurred, the age at which damage occurred and the extent to which other brain 

regions have been recruited to compensate for the lesioned regions. While lesion 

studies can give us helpful indications of how processing may occur, they cannot 

necessarily be considered wholly representative of the division of labour in the intact 

brain. 

 

1.4 Hemifield priming and lexical ambiguity resolution 

 Some very interesting data on hemispheric asymmetries in lexical ambiguity 

processing has been produced using the divided visual field (DVF) priming paradigm. 

This capitalises on the anatomy of the visual system by presenting stimuli outside of 

the fovea
2
, and uses differences in early processing as indications of hemispheric-

specific processing. A number of DVF studies using a semantic priming paradigm and 

measuring response speed and accuracy have found the RH to be adept at maintaining 

subordinate meanings of ambiguous words over a greater time period than the LH 

(e.g., Atchley, Burgess, & Keeney, 1999; Burgess & Simpson, 1988). In particular, a 

DVF study using literal and metaphorical associates (e.g., stinging - bee, stinging – 

insult) found the metaphoric meaning to be initially facilitated in both visual fields, 

and then decay in the right visual field (RVF)/LH, whilst remaining active in the left 

visual field (LVF)/RH. The literal meaning was found only to be facilitated in the 

RVF/LH (Anaki, Faust, & Kravetz, 1998). 

However, not all studies point to the same conclusions. Kacinik and Chiarello 

(2007) used lexical decision tasks in two DVF experiments, one using metaphorically 

ambiguous words in ambiguous and unambiguous sentence contexts, and the other 

using standard metaphors followed by sententially consistent and inconsistent targets, 

to test for cerebral processing asymmetry. The results showed similar facilitation in 

both hemispheres for both literal and metaphorical targets although the RH 

maintained activation for the sententially inconsistent meaning following metaphoric 

expressions. The authors argued that this is evidence against the right hemisphere 

metaphor theory, as the RH is maintaining literal meanings of metaphorically 

ambiguous words following a metaphoric expression. It has been suggested that broad 

activation and maintenance of multiple meanings in the RH may indicate that the RH 

has difficulty in selecting contextually appropriate meanings, or suppressing irrelevant 

ones (Beeman, 1998; Chiarello, 2003; Faust & Gernsbacher, 1996; Titone, 1998). 

 

1.7 Event related potentials (ERPs) and metaphor 

Electro-physiological methods are useful in examining linguistic processing, 

allowing the researcher to study processing without the need for a behavioural task 

(i.e., a timed button push) which adds processing demands likely to mask differences 

in effects elicited by different stimuli. Electroencephalography uses a series of non-

invasive electrodes to measure electrical potentials across the scalp and allows the 

measurement of event-related potentials (ERPs) which are the brain‟s response to 

external or internal stimuli.Since it was first reported by Kutas and Hillyard (1980), 

                                                 
2  The fovea is a dimple in the middle of the retina which splits the visual field of each eye.  In DVF 

terminology, displaying a stimulus outside of the fovea means that it is displayed in the right or left 

hemifields of each eye. This capitalises on the nerve configuration of the optic system, so that 

stimuli presented in one hemifield are transmitted first to the contralateral hemisphere. 
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the N400 ERP component has been extensively used to investigate the representation 

of ambiguity in the mental lexicon, and the processes involved in retrieving an 

appropriate meaning for an ambiguous word. The N400 is a negative-going wave that 

peaks approximately 400ms after a meaningful stimulus, and is elicited by all words 

regardless of modality (spoken, written or signed). The N400 amplitude is indicative 

of the effort required for processing, and is reduced both by lexical factors (i.e., high 

frequency of usage) and prior semantic context (semantic priming). A more negative 

N400 indicates that more effort is needed for processing.  The N400 has been shown 

to be sensitive to controlled processing, particularly semantic integration (Brown & 

Hagoort, 1993) and as such is invaluable for assessing the ease of integration of 

targets related to ambiguous words. As ERPs measure online brain responses to 

stimuli, they give excellent temporal resolution. Scalp recorded data alone does not 

give exact localization of the neural generators of ERP effects, but it has been 

suggested that a laterally asymmetric response over the scalp is indicative of 

hemispheric differences (Klepousniotou et al., submitted). This was also suggested by 

a study measuring ERPs to centrally presented homonyms, with a context provided by 

a single previous word, and followed by a dominant or subordinate related target. 

Results showed a reduced N400, indicating ease of processing, occurring at RH 

tempo-parietal sites for subordinate targets in cooperating contexts (Titone & 

Salisbury 2004). 

ERP methodology has been applied specifically to metaphor processing to 

investigate the varying degrees of difficulty with which statements are processed. 

Coulson and Van Petten (2002) used statements on a continuum from the purely literal 

(“he knows whisky is a strong intoxicant”) through a literal mapping condition 

considered to lie somewhere between the purely literal and pure metaphor, (“he used 

the cough syrup as an intoxicant”) to a metaphorical reading (“he knows power is a 

strong intoxicant”). The comparison of the ERPs elicited by each condition showed a 

gradient of amplitude, with the metaphorical condition eliciting the largest N400, and 

the literal mapping condition falling somewhere between that and the literal condition. 

The authors argued that this is evidence against a literal/figurative dichotomy, and that 

metaphoric language should be considered to be more difficult to process because of 

the greater complexity of the underlying mapping and integration operations, rather 

than being considered a special case, separate from all other language skills. 

Combining ERP methodology with the previously mentioned DVF techniques has 

allowed some of the most interesting insights into the roles of the cerebral 

hemispheres in processing metaphor, although the number of such studies is very 

limited. Atchley and Kwasny (2003) used homonyms and metonyms as primes, 

followed by visually masked
3
 targets which were either related to the dominant or 

subordinate sense of the prime, or unrelated. Interestingly, while they found a 

significant difference in N400 amplitude for related and unrelated primes in the 

RVF/LH, they did not find any N400 effects being produced in the LVF/RH. They 

postulate that this could be the result of the broader activation of meanings in the RH, 

and suggest that RH processing did not elicit an N400 as the RH is thought to be 

capable of maintaining a variety of meanings over a long period of time and so, 

presented with a single, ambiguous prime, did not produce any semantic expectations. 

                                                 
3 In visual masking, briefly displayed stimuli are followed immediately by a pattern mask, such as 

filled circles or hash marks. This prevents a stimulus from being stored in the visual memory, 

changing the time period for which it is 'visible', and so changing processing patterns. 
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This could be seen to reflect an asymmetry in hemispheric processing, but it should be 

taken into account that the study considered a fairly small participant group (eight, of 

which seven female), and did not distinguish between homonymy and metonymy. 

More recently, Coulson and Van Petten (2007) used DVF and ERP methodologies 

to consider specifically the role of the RH in metaphor comprehension. ERPs were 

recorded as healthy adults read sentences ending with a predictable literal word, a 

surprising but plausible literal word, or a metaphorical word. Although they found 

some evidence to suggest an important role for anterior regions of the left hemisphere 

in selecting semantic information in the face of competing alternatives, their results 

showed similar metaphoricity effects across hemifields, and do not support the RH 

metaphor theory.  

Taken together, these studies do not give clear unequivocal support for a special 

role for the RH in metaphor processing, but do seem to suggest that the RH is able to 

support subordinate or inconsistent meanings for longer time than the LH. This may 

be useful when the initial interpretation of input must be revised, as in joke 

comprehension. This seems to support Beeman's Fine-Coarse Coding theory 

(Beeman, 1998) which postulates that the RH weakly activates “broad semantic 

fields”, whereas the LH finely codes information, and activates only small semantic 

fields comprising the strongest, most central aspects of meaning. 

 

1.9 Summary 

A range of studies in the area of metaphor and ambiguity have found conflicting 

results – some finding evidence of a right hemisphere advantage in processing 

metaphor, some finding no evidence for it, and some finding evidence against it. This 

discrepancy is unsurprising, considering the range of experiments undertaken. 

Lesion studies have generally pointed towards a special role for the RH in 

metaphor processing, but evidence from these cannot be taken as a direct indication of 

processing systems in the intact brain. Not only is it difficult to quantify the damage, 

but also different compensation mechanisms may be involved and additional cerebral 

areas may be recruited. It is important, thus, to obtain complementary evidence from 

healthy populations to fully comprehend metaphor processing in the intact brain. 

Studies of lexical ambiguity have often focused on homonymy, or mixed types of 

lexical ambiguity. Additionally, previous studies have often studied metaphor and 

ambiguity within sentence contexts, or considered phrasal metaphors and over-learnt 

idioms, all of which provide different levels of contextual meaning support, and 

engage different processing mechanisms from single word processing (Peterson & 

Simpson, 1989; Bottini et al., 1994). 

The types of lexical ambiguity have recently been demonstrated to be processed 

differently (Klepousniotou & Baum, 2007). Thus, drawing on theoretical linguistics 

and with evidence from Klepousniotou and Baum (2007), we are able to separate the 

types of lexical ambiguity, and test the processing of each one separately. Specifically, 

we can test the relative facilitation of the various senses of metaphorically 

polysemous words when presented out of sentential context. Stripping away sentential 

context allows the focus to fall entirely on the facilitation of senses ofmetaphorical 

words, without all the extra influences introduced by sentence context. 

 

 2. The Present Experiment 

The present experiment aimed to investigate hemispheric asymmetry in metaphor 
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processing by measuring modulations in N400 amplitude at left and right hemisphere 

sites, using a single word priming paradigm with central stimulus presentation. The 

N400 is considered to be an indicator of meaning activation, with larger N400 

amplitudes indicating a greater effort required for processing. We therefore expected 

larger N400 amplitudes for targets unrelated to a preceding prime, compared to the 

N400 amplitude for targets related to a preceding prime. With particular regard to 

metaphor, we expected unrelated targets to elicit the largest N400, while the dominant 

(literal meaning) targets would elicit the smallest N400 (see also Atchley & Kwasny, 

2003; Coulson & Van Petten, 2007). N400 effects for the subordinate/metaphorical 

condition were expected to fall somewhere between those elicited by the 

dominant/literal and unrelated conditions, being easier to integrate than the unrelated 

meaning, but more difficult than the dominant meaning, in accordance with the 

concept of semantic mapping (Coulson & Van Petten, 2007). In addition, if there is an 

asymmetry in metaphor processing, then a difference is expected between the N400s 

in each hemisphere. Specifically, if the RH is better able to facilitate metaphor 

comprehension and integrate subordinate meanings with less difficulty than the LH, 

then we expect smaller N400 effects at RH sites than LH sites. 

 

3. Methods 

3.1 Stimuli 

The lists of word pairs were the same as those used in Klepousniotou, Pike, 

Steinhauer, and Gracco (submitted), and based on the work of Klepousniotou and 

Baum (2005a). They were constructed as follows: 

Thirty words were selected as primes from each of the four lexical ambiguity 

categories (i.e., unbalanced homonymy, balanced homonymy, metonymic polysemy, 

and metaphorical polysemy). In particular, metaphorical words were chosen to exhibit 

three types of relations. Ten words were chosen with the body part/object relation 

(e.g., “mouth” - body part or aperture in nature), ten with the relation object/human 

characteristic (e.g., “star”), and ten exhibiting the animal/human characteristic relation 

(e.g., “fox”).  

To verify the classification of all the lexically ambiguous stimuli as homonymous, 

metonymous, or metaphorical, the authors consulted standard dictionaries. These 

indicate the distinction between homonymy and polysemy, listing the various senses 

of homonymous words as separate entries, and the senses of metonymous and 

metaphorical words as one entry.  Additionally, standard dictionaries indicate sense 

dominance for metonymous and metaphorical words by listing the dominant sense 

first, followed by the extended or subordinate senses (Klepousniotou & Baum, 2007). 

Klepousniotou and her colleagues also matched all the ambiguous words for 

frequency of occurrence (Francis and Kucera, 1982), syllable and letter length, bigram 

and trigram frequency, and grammatical category. 

Target words fell into four categories: 1) words related to the dominant meaning of 

the ambiguous prime; 2) words related to the subordinate meaning of the ambiguous 

prime; 3) control words, unrelated to either sense of the prime; 4) phonotactically 

legal non-words. These were created by replacing one or two letters in real English 

words, and had a mean letter length of 5 (range: 3-8). Target words were matched for 

frequency of occurrence (Francis and Kucera, 1982) and syllable and letter length.  

To generate sets of target words, word associates for each condition (homonymous, 

metonymous, and metaphorical) were drawn from standardised word association 



36 

 

norm lists (Nelson, McEvoy, and Schreiber, 1998). For relations not featuring in word 

association norms, a word association test was used to generate the target word sets.  

Two sentences were prepared for each ambiguous word, each one strongly biasing one 

of the meanings of the ambiguous word. Participants (not involved in the present 

study) gave the first three words that came to mind, related to the ambiguous word. 

Responses were grouped according to the general meaning conveyed, and only words 

for which word associates for both meanings were given by more than 80% of 

participants were used in the priming study (see Klepousniotou & Baum, 2005a). 

The present experiment was part of a larger study that used three lists of word 

pairs, each of which was seen by all participants. Each list contained 240 word pairs, 

of which 120 contained filler ambiguous primes followed by non-word targets, 40 

contained primes followed by dominant meaning related word targets, 40 followed by 

subordinate meaning related targets, and 40 followed by unrelated real word targets. 

Trials within a list were presented in fixed random order, and the order of presentation 

of the three lists was counterbalanced. 

 

3.2 Participants 

Analysis was based on twenty native speakers of British English (six male; mean 

age 21; range 19-28), all in higher education, who participated for course credit or 

modest financial compensation. Participants were all right handed as assessed by a 

handedness questionnaire (Briggs and Nebes, 1975) and reported no known speech-

language or neurological defects. All had normal vision, or vision corrected to normal 

with contact lenses. Informed consent was obtained in accordance with the guidelines 

of the Ethics Committee, Institute of Psychological Sciences, University of Leeds. 

 

3.3 Procedure 

The study used a single word priming delayed lexical decision task with central 

stimulus presentation. Participants were tested individually in the Neuroscan 

laboratory in the Institute of Psychological Sciences, University of Leeds. Stimuli 

were presented using E-Prime (http://www.pstnet.com/). Each trial began with the 

presentation of a set of exclamation marks (!!!) in the centre of the screen for 1000ms 

to allow the participant to blink and rest their eyes. Following a 200ms delay, a 

fixation point (+) was presented for 500ms. This indicated that participants should 

stop blinking and fix their eyes on the centre of the screen. After a further delay of 

100ms, the prime was presented for 200ms. Participants were told that this prime 

would always be a real word in English. After a 750ms delay, the target was presented 

for 500ms. Participants were told that this second „word‟ may or may not be a real 

word in English, and that deciding this would be their task. This target was followed 

by a delay of 1000ms, after which a question mark (?) appeared on the screen. At this 

point, participants had to indicate whether or not the target had been a real word in 

English by pressing either „yes‟ or „no‟ on a button box. Using a delayed response task 

kept to a minimum any contamination of the ERPs due to button pressing. Accuracy 

was recorded as an event code and incorporated into the recorded data. 

 

3.4 EEG recordings 

EEG recordings were made using Neuroscan 4.3 Acquire software 

(http://www.neuro.com) at 64 sites on the scalp, arranged according to the extended 

10-20 international system. Recording sites included two mastoid sites (M1, M2), 
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eight midline sites (FPZ, FZ, FCZ, CZ, CPZ, PZ, POZ, OZ) and the remaining 54 

sites were spread over the two hemispheres as shown in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Neuroscan “Quick-cell” system was used, with non-polarisable Ag/AgCl 

electrodes mounted in an elastic cap (Quickcap – Neuroscan). Two midline electrodes, 

positioned between PZ and CPZ, and between FCZ and FZ respectively, served as the 

reference and ground electrodes. Eye movement was recorded from a bipolar 

horizontal and vertical electro-oculogram (HEOG, VEOG), recorded using electrodes 

placed just beyond the outside corners of each eye, and above and below the left eye. 

Impedance (measured using Neuroscan4.3's online impedance measurement system) 

was kept as low as possible, always aiming for below 5kΩ (Luck, 2005), and usually 

achieving Z<17.5kΩ, in accordance with the standard set-up protocol for 

Neuroscan4.3 as determined by the manufacturers (one participant was excluded from 

analysis due to poor impedance). Data was amplified with a band pass filter of 0.1-

100Hz and recorded at a digital sampling rate of 500Hz. Digital codes, sent from the 

stimulus presentation computer and marking the onset and type of each stimulus, were 

incorporated into the recorded data. 

 

3.5 Off-line Processing and Analysis 

 Off-line processing used the Neuroscan4.3 Edit software (http://www.neuro.com). 

The continuous EEG files were subjected to a Low Pass Filter of 40Hz (96dB per 

octave roll-off), divided into epochs beginning 100ms before, and ending 900ms after 

the presentation of the target stimulus, and baseline corrected over the pre-stimulus 

period of 100ms. Eye blinks were corrected using a regression procedure to estimate 

and correct their contribution to the ERP waveforms. Trials were rejected if they were 

contaminated by significant voltage drift (if the difference in voltage over the epoch 

was greater than100μV) or when amplitude on any channel (excluding vertical eye 

movement, VEOG) was greater than 75 μV. Data were re-referenced to an algebraic 

average of the left and right mastoids. Any trials where the participant had responded 

incorrectly were removed. After processing, any participant whose data contributed 

fewer than 16 useable trials to a condition was excluded from further analysis (four of 

Figure 1. Position of electrodes on the scalp, as used in the present experiment, 

and arranged according to the extended 10-20 international system. The triangle 

indicates the position of the participant‟s nose. 
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the original twenty five participants were excluded in this way). ERPs for each testing 

condition were created by averaging together ERPs of each condition for all 

participants. 

ERP literature has shown the N400 component to be strongly implicated in 

semantic priming (see Brown & Hagoort, 1993). Visual inspection of the data 

revealed that the N400 peak was occurring at around 370ms, and in order to best 

capture this, the latency window 320-420 ms was used for statistical analysis of the 

data. The N400 component is known to be best shown in the parietal region, 

represented by the P electrodes. For statistical analysis, P electrodes in the left and 

right hemispheres were grouped, and averages created of their mean amplitudes over 

the latency window 320-420ms. To create each hemispheric group, the following 

electrodes were chosen as best capturing the data: Left – P1, P3, P5; Right – P2, P4, 

P6. 

 

4. Results 

4.1 Results from ERP graphs 

ERPs were produced from the grand averages of all (twenty) participants whose 

data was not excluded from the analyses due to poor data quality or low response 

accuracy. The prestimulus interval (-100 to 0ms) is a good indication of the quality of 

the data analysed – namely, a fairly close correlation between the conditions at this 

point, when all should be equal, is indicative of reasonable quality of data. 

 

4.2 Overall effect of condition 

 Analysis of the ERPs as measured in the parietal region should give a good 

indication of the relative difficulties of integrating dominant meaning related, 

subordinate meaning related and unrelated targets. To consider the overall effect of 

condition without taking into account hemispheric factors, results from all participants 

and trials were collapsed across P electrode sites from both hemispheres (P5, P3, P1, 

PZ, P2, P4, P6). Figure 2 shows the ERPs for the three testing conditions averaged 

over these sites.  

Figure 2 appears to indicate that there is a variation in the amplitude of the N400 

elicited across conditions. The largest N400 amplitude was elicited by unrelated 

targets (mean amplitude of ERP in time window 320-420ms, a = -0.928μV). It is most 

useful to consider the ERP elicited by the unrelated condition as a 'baseline' – this 

represents brain activity when presented with an unexpected word. Any reduction of 

the N400 produced in other target conditions as compared to the unrelated condition 

indicates a priming effect. The dominant target (related to the literal meaning of the 

prime) elicited the least negative N400 (a=0.009μV), and subordinate targets elicited 

an average N400 amplitude falling between the two (a=-0.293μV).  The dissociation 

between all three conditions indicates that integrating the subordinate meaning 

required more effort than integrating the dominant meaning, but less effort than the 

unrelated meaning.  

 

4.3 Left Hemisphere  

Averaging together the left hemisphere electrodes P1, P3 and P5 produced a spread 

of results apparently similar to those obtained by averaging together both hemispheres 

(see Figure 3). 

The unrelated meaning target elicited the largest N400 (a=-0.682μV), and the 
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dominant target elicited the smallest (a=0.379μV). The difference between their 

potentials was 1.061μV. The N400 amplitude for the subordinate meaning (a=-

0.135μV) fell between the dominant and the unrelated, indicating that in the LH, 

processing of the subordinate meaning was more effortful than processing the 

dominant meaning, but in some way easier than processing the unrelated meaning. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4 Right Hemisphere  

Averaging together the right hemisphere electrodes P2, P4 and P6 produces an 

appreciably different pattern of results, with the ERP elicited by the subordinate target 

patterning together with the ERP to the dominant target (see Figure 4). 

The greatest amplitude was, again, elicited by the unrelated target (a=-0.887μV). 

The most positive N400 was elicited by the dominant condition (a=0.002μV). The 

difference between these is 0.889μV – fairly similar to the difference between the 

dominant and the unrelated conditions found in the left hemisphere, indicating that the 

RH benefited from a priming effect for the literal meaning almost as much as the LH. 

Interestingly, the amplitude of the N400 to the subordinate condition was reduced 

considerably in the RH (a=-0.186). As can be seen in Figure 4, the ERP to the 

metaphorical target patterns closely with the ERP to the literal target, possibly 

indicating similar processing effort for both literal and metaphorical meanings 

compared to the unrelated meaning. 

Figure 2.  Grand average ERPs time-locked to the onset of the three types of 

target words (literal = green line, metaphorical = blue line, unrelated = red 

line) averaged over P electrodes P5, P3, P1, PZ, P2, P4, P6. Positive is plotted 

upwards. 
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Figure 3. Grand average ERPs time-locked to the onset of the three types of 

target words (literal = green line, metaphorical = blue line, unrelated = red 

line) at the left hemisphere P3 electrode site. Positive is plotted upwards. 

Figure 4. Grand average ERPs time-locked to the onset of the three types of 

target words (literal = green line, metaphorical = blue line, unrelated = red 

line) at the right hemisphere P4 electrode site. Positive is plotted upwards. 
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4.5 Statistical analyses 

Average amplitudes over the latency window 320-420ms were extracted for each 

trial. Using the resulting dataset, each condition (literal, metaphorical, unrelated) was 

analysed against each of the other two conditions using a repeated measures analysis 

of variance (ANOVA) with factors of condition and hemisphere. Significant effects 

were assessed using an alpha value of 0.05. 

 

Literal/unrelated ANOVA 

The data were subjected to a condition (2 levels: literal, unrelated) x hemisphere (2 

levels: left, right) repeated measures analysis of variance (ANOVA). A significant 

main effect of condition was found (F(1,19)=4.307, p<0.05), indicating that literal 

targets evoked significantly smaller N400 effects compared to unrelated targets. There 

was no effect of hemisphere (F(1,19)=0.516, p=0.48), and no interaction between 

hemisphere and condition was revealed (F(1,19)=0.195, p=0.66).  

 

Literal/metaphorical ANOVA 

The data were subjected to a condition (2 levels: literal, metaphorical) x 

hemisphere (2 levels: left, right) repeated measures analysis of variance (ANOVA). 

No main effects of condition (F(1,19)=0.445, p=0.51,) or hemisphere (F(1,19)=0.286, 

p=0.59) were found, and no interaction between them (F(1,19)=0.864, p=0.36). 

 

Metaphorical/unrelated ANOVA 

The data were subjected to a condition (2 levels: metaphorical, unrelated) x 

hemisphere (2 levels: left, right) repeated measures analysis of variance (ANOVA). 

No main effects of condition (F(1,19)=2.767, p=0.11) or hemisphere (F(1,19)=0.123, 

p=0.73) were found, and no interaction between them (F(1,19)=0.158, p=0.69). 

 

 5. Discussion 

The present study used event-related potentials (ERPs) to investigate hemispheric 

asymmetry in processing metaphorically ambiguous words in a single word priming 

lexical decision task. However, effects shown in the ERP graphs were only partially 

supported by the statistical analyses used. 

 

5.1 Comparison of statistical results and graphical results 

Statistical analyses of the results appear to provide a rather different picture from 

that indicated by the inspection of the graphical representations of the ERPs. Although 

the statistical analyses revealed an effect of condition between dominant related and 

unrelated targets, there were no further effects of condition or hemisphere. This 

discrepancy opens up some interesting avenues of research. If the hypotheses outlined 

earlier are correct, then effects just like the ones shown in the graphical 

representations of the ERPs are expected. It seems strange, then, to find these effects 

apparently shown in one analysis of the results and not the other. It could be pure 

coincidence that the ERP graphs appear to show just the effects predicted, or it could 

be that the data collection and analysis methods were not optimised enough for the 

results to reach statistical significance.  

There are a number of factors to consider regarding the current statistical analyses. 

The only significant main effect is that of condition when comparing dominant and 

unrelated targets. Even this effect is relatively weak (p<0.05), although previous 
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studies have reported priming effects for different conditions of ambiguity at similar 

SOAs (750-800ms) (Anaki, Faust, & Kravetz, 1998; Atchley, Burgess, & Keeney, 

1999; Burgess & Simpson, 1988). The weak significant effect of condition, even 

between these two opposing conditions (literal vs. unrelated), point towards issues 

with regard to the observed power of the measure used. Among other things, observed 

power is modulated by effect size and sample size. Statistical analyses show the 

observed power to be low, and the effect size to be small within each repeated 

measures ANOVA (dominant/unrelated, partial η^2=0.185, observed power=0.504; 

dominant/subordinate, partial η^2=0.023, observed power=0.097; 

subordinate/unrelated, partial η^2=0.127, observed power=0.352). In addition, the 

inter-test variability needs to be considered. It is possible that the inter-test variability 

is so great that although the graphical results show an effect, little statistical 

significance can be attached to it. 

Another possibility is that the data extracted from the ERP signal for statistical 

analyses is not the most appropriate. The mean amplitude measured between 320ms 

and 420ms is a reasonable measure of the N400 component, but is by no means the 

only measure. Looking at the ERP graphs, the minimum of the N400 component tends 

to be taken into account. The trough of the N400 is significantly narrower than the 

100ms band across which the mean amplitude was measured and variations in the 

width of the trough will affect the mean values obtained, even when the minimum is 

the same. Similarly, the latency of the minimum varies slightly across conditions – 

this will also affect the value of the mean amplitude across the 320-420ms time 

window. It is possible that a different measure of the results should be extracted for 

statistical analyses, possibly measuring the peak of the N400 curves, or a mean 

average of the amplitude in a certain time-frame either side of the peak (e.g. 50ms 

either side of the minimum occurring for each condition). 

Alternatively, the results may reveal a weak effect, masked by noise. This noise 

could come from a number of sources. It could be that testing was not selective 

enough, and that results are diluted by the selection of electrodes, by differences 

within the testing group, or differences within the stimulus set. Further analysis could 

include mapping ERP graphs for each participant to test whether effects are similar 

across the sample, and some statistical analyses of the ERPs to each prime-target 

word pair. It cannot be ruled out that some of the stimuli may not be behaving as 

expected. Another known cause of noise in the EEG signal is environmental electrical 

noise which produces 'brain-like' activity. There is also likely to be noise caused by 

brain activity not related to the processes being investigated. If these patterns of 

activity are uncorrelated with the stimulus, then an increased data set with more 

participants and more stimuli would help to minimise the effect of this activity on the 

ERP. If, on the other hand, this activity is in some way linked to other processes 

triggered by presentation of visual stimuli, then a larger sample may not help, and 

only a more advanced EEG analysis would be able to tease out the N400 effects 

resulting from semantic processing. One possibility would be to use wavelet 

transform which is currently emerging as a favoured tool for investigating biomedical 

signals. It has been found to be more powerful than the traditionally used Fourier 

transform but has only recently been applied to EEG and not yet to EEG analysis of 

language processing (for a review, see Magosso, Ursino, Zaniboni, & Gardella, 2009). 

At least one possible source of stimulus related noise can be ruled out: an overlap 

between prime- and target-related neural activity. The long onset delay between prime 
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and target (750ms) makes it unlikely that any prime related activity will survive target 

onset – as it is expected to die away by approximately 600ms. 

Although it may seem a strange co-incidence that the ERP graphs conform exactly 

to the hypotheses and, as the statistical analyses suggest, there are only weak 

significant differences between the experimental conditions, this remains a possibility. 

So, until further testing and statistical analyses are completed, both possible 

interpretations of the results must be considered open. 

 

5.2 Current statistical analyses find no evidence for a special role for the RH 

If the implications of the current statistical analyses are accepted as demonstrating 

that there is no effect of hemisphere on the N400, then no difference is found in the 

roles of the cerebral hemispheres in metaphor processing. This could indicate that at 

the relatively long ISI of 750ms, priming effects are wearing off, and any activated 

meanings are decaying. Alternatively, the finding of no difference between the roles of 

the hemispheres could be interpreted as supporting the findings of Coulson and Van 

Petten (2007), and Kacinik and Chiarello (2007). Both of these studies, using DVF 

and ERP methodologies, found no evidence for a special role for the RH in metaphor 

processing. However, both these studies considered metaphorically ambiguous words 

in sentence contexts. Lexical ambiguity processing in sentence contexts can be 

considered to be fundamentally different from ambiguity resolution in single words, 

as the sentence provides a vastly richer meaning context and so introduces levels of 

processing not present in single word priming paradigms. Hence, the findings of these 

studies may not necessarily predict the results of the current study. 

 

5.3 Metaphor processing as evidenced by ERP graphs 

The ERP graphs show a reduction of the N400 component, which is known to be 

sensitive to semantic processing when target words are preceded by a related prime. 

This is supported statistically by a comparison of ERPs to literal and unrelated targets, 

demonstrating that the processing of the literal targets was easier. The ERP graphs 

also show the metaphorical targets eliciting an N400 falling somewhere between that 

for unrelated and literal targets. As it is not significantly different from either, the 

statistics appear to support the conclusion that it falls between the two, suggesting that 

metaphoric interpretation of the prime is more difficult than literal interpretation 

(Coulson & Van Petten, 2002). 

 

5.4 Comparison of ERP graphs for RH and LH 

Comparing the graphs of the ERPs measured in the RH and the LH appears to 

reveal differences in the patterns of the N400 component. In both hemispheres, the 

dominant meaning elicits the smallest N400, while the unrelated meaning elicits the 

largest. The difference in their amplitudes is comparable over the two hemispheres, 

indicating that both hemispheres benefited similarly from the priming effect of the 

ambiguous word in integrating the literal targets. In addition, the amplitude of the 

N400 in the subordinate/metaphorical condition is reduced in both hemispheres, 

compared to the amplitude of the N400 in the unrelated condition. This indicates that 

the effort of processing subordinate meanings has been reduced by the priming effect 

of the preceding ambiguous word, although not to the same levels as for dominant 

meanings. This reduction is greater in the RH (difference in mean amplitudes over 

time window 320-420ms=0.701μV) than in the LH (difference=0.547μV), suggesting 
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that the RH benefited more from the priming effect of the ambiguous metaphorical 

prime than the LH. This hemispheric asymmetry would support the notion of different 

processing roles for the cerebral hemispheres, and greater facilitation in the RH than 

the LH for metaphoric interpretations of ambiguous words. 

The greater facilitation for the subordinate meaning in the RH could indicate that 

the metaphorical meaning has already decayed in the LH (see also Anaki, Faust, & 

Kravetz, 1998; Burgess & Simpson, 1988). This decay in facilitation for the 

subordinate meaning is a result of a suppression mechanism, by which the 'correct' 

interpretation of a literal word is selected and maintained, and irrelevant, subordinate 

meanings are suppressed (for an argument as to why the dominant mechanism in 

language processing should be considered to be the suppression of irrelevant 

meanings, after all possible meanings have been activated, rather than the selection 

and activation only of relevant meanings, see Simpson & Burgess 1985, and Gunter, 

Wagner, & Friederici, 2003).)  

It has been demonstrated that the RH maintains more varied information about 

lexically ambiguous items than the LH and is less influenced by sense dominance 

(Atchley, Burgess, & Keeney, 1999). With this in mind, the results shown by the 

ERPs in the present study could be interpreted in light of Beeman's coarse-fine 

semantic coding theory (Beeman, 1998). This theory postulates that while the LH 

quickly selects a single relevant meaning or a few relevant features, the RH employs 

relatively coarse semantic coding to activate weakly several meanings and features of 

the word. If, as previously described, all meanings are initially activated in both 

hemispheres, then in the LH, subordinate meanings are quickly suppressed. In the RH, 

multiple meanings are maintained, including subordinate and metaphorical 

realisations of the prime, and so a metaphorical target elicits a much reduced N400, as 

compared to an unrelated word. The subordinate meaning would be considered to 

have enjoyed a growing level of activation in the RH, possibly in preparation for 

potential retrieval by the LH, should it be required after it has already been suppressed 

in the LH. 

 

5.5 Metaphoricity or dominance? 

Bearing in mind the dissociation between the processing of dominant and 

subordinate meanings in other types of lexical ambiguity, as found in Burgess and 

Simpson (1988), it is possible that any effect shown in the results of the present study 

could be one of dominance, rather than of metaphor. 

When the lists of word pairs were constructed, all stimuli (i.e., both primes and 

targets) were matched for frequency of occurrence (Francis and Kucera, 1982). 

However, this does not regulate the frequency with which the ambiguous words are 

used in each context in everyday language (i.e., the frequency with which "mouth" is 

used to refer to an organ of the body, as compared to the frequency with which 

"mouth" refers to an aperture in nature). This means that as well as the effect of 

literal/metaphorical, there may be an effect of dominance influencing the two senses 

of the word. Although in most of the word pairs used here, the literal meaning enjoys 

greater frequency of occurrence than the metaphorical meaning, there is still the 

possibility that the effects seen in the ERP graphs (i.e., greater facilitation for the 

metaphorical meaning in the RH than LH) are not due to metaphoricity. It could be 

that they are due to an effect of dominance, similar to that found by Titone and 

Salisbury (2004). Only a corpus study for sense frequency could give a definite 
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indication of frequency dominance of either sense; this would be likely to indicate that 

the literal senses of the ambiguous words are in many (if not most) cases dominant. If 

this is the case, then it becomes very difficult to tease apart effects of metaphoricity 

and dominance without specifically designed trials.  

Additionally, dominance may not be simply a function of frequency, but may also 

be affected by association strength. Consider, for example, the metonym "lamb", 

which has the core sense of "animal, young sheep", and the subordinate sense "meat". 

Although the sense of "animal" is very strong as the core meaning, this is not 

necessarily reflected in frequency of occurrence. A cursory corpus study of the first 

100 randomly generated entries for "lamb" produces an equal number of incidences of 

"lamb" used with the sense  "animal" as the sense "meat" (animal: 33%, meat: 33%, 

other i.e. surnames: 35%) (British National Corpus, University of Oxford, 2005). 

To establish whether the apparent effect in the ERP graphs is one of metaphoricity 

or dominance, it is necessary to compare the ERP findings to results obtained under 

similar conditions, but for ambiguous targets with both meanings being literal and 

controlled for frequency. The most useful comparison to make here would be between 

metaphor and metonymy. Metaphor and metonymy are both forms of polysemy, their 

senses being in some way linked. In metonymy, however, both senses are literal, 

rather than figurative. As previously mentioned, the present experiment was carried 

out as part of a larger study, testing not only for priming effects in metaphor, but also 

in metonymy, and balanced and unbalanced homonymy. There are, however, no 

standardised lists of word association pairs for metonymy, and so the frequency 

dominance for the senses of the metonymically ambiguous primes used cannot be 

quantified without undertaking a thorough corpus study.  

The results from the homonymy tests in the present study can be used to help 

illuminate the issue. As mentioned previously, homonyms refer to two discreet 

meanings which happen to have the same lexical representation, although the 

meanings are not connected (by metaphor or metonymy). If the increased priming 

effect apparently found in the RH indicating comparable facilitation for literal and 

metaphorical meanings and a clear dissociation between these and unrelated meanings 

is simply an effect of dominance (i.e., the RH is better able to maintain multiple 

meanings regardless of type of lexical ambiguity), then the RH ERPs for unbalanced 

homonymy would be expected to show patterns comparable to those found in 

metaphor. Unbalanced homonymy has been chosen for comparison, as it demonstrates 

a strong dominance of one meaning over the other, much like metaphor, but in 

contrast to metaphor, both meanings are literal, rather than one being literal and the 

other figurative. 

 The ERPs for unbalanced homonymy were obtained in the same study, hence 

under the same testing conditions with the same task and procedure as for metaphor. 

The stimuli used in unbalanced homonymy were drawn from standardised lists (for 

further details see Klepousniotou and Baum, 2005a). The mean frequency of 

occurrence for the dominant meaning was 80% (range 63% - 95%), and the mean 

frequency of occurrence of the subordinate meanings was 14% (range 1%-32%).  

 Comparison of the observed ERPs in the RH for metaphor and the ERPs for the 

corresponding RH electrode site for unbalanced homonymy shows a clear difference 

in patterns (see Figures 5 and 6). 
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Indeed, the ERPs for unbalanced homonymy do not appear to show any priming 

effects for any of the conditions in the RH. Both the dominant and subordinate 

conditions elicit N400 components comparable to the unrelated condition. This would 

indicate that at the relatively long ISI used (750ms), any meanings activated by the 

prime have decayed. Although this contradicts the findings of Burgess and Simpson 

(1988) discussed above, it is not altogether surprising as their results and priming 

effects were measured using behavioural reaction time tasks. ERP measurements are 

very different from reaction time measurements as they are not dependant on all of the 

extraneous processes in initiating a response influencing behavioural measures. 

The reason for the apparent lack of priming effect in unbalanced homonymy is, 

however, not as important as the striking difference in the ERP patterns elicited by 

unbalanced homonymy compared to those elicited by metaphor. This striking 

difference suggests that, in some way, metaphor is processed differently from 

homonymy, as initially suggested by Klepousniotou and Baum (2007), and seems to 

indicate that if there is some extra facilitation in the RH at an ISI of 750ms, then this 

is a function of metaphor (or at least polysemy) processing, rather than pure 

dominance. 

 

6. Conclusion 

This study aimed to investigate the role of the RH in processing metaphor using 

ERPs to literal, metaphorical and unrelated targets to lexically ambiguous primes in a 

single word priming paradigm. ERP results indicated a small difference in N400 

between conditions, and most interestingly, between hemispheres. In the RH, the 

N400 to the metaphorical meaning of the ambiguous primes appeared to pattern 

closely with the literal target, whereas in the LH, the ERPs to the metaphorical 

meanings fell between the literal and unrelated targets. Comparison of these results 

with unbalanced homonymy appears to show that the observed reduction in N400 to 

metaphorical targets is not matched in unbalanced homonymy, and so is not 

necessarily an effect of pure frequency dominance, but may be a function of 

Figure 5. Grand average ERPs for the 

metaphoric condition, time-locked to the 

onset of the three types of target words 

(literal = green line, metaphorical = blue 

line, unrelated = red line) at the right 

hemisphere P4 electrode site. Positive is 

plotted upwards. 

Figure 6. Grand average ERPs for the 

unbalanced homonymy condition, time-

locked to the onset of the three types of 

target words (dominant = green line, 

subordinate = blue line, unrelated = red 

line) at the right hemisphere P4 electrode 

site. Positive is plotted upwards. 
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polysemy, and possibly metaphor in particular. 

Statistical analyses, however, found only a significant effect of condition when 

comparing the literal and unrelated conditions, and no effects for hemisphere, or 

interactions between hemisphere and condition. Further tests aimed at determining 

whether the ERP findings can be confirmed statistically are needed. This may include 

a further examination of the targets and primes used to ensure they form a 

homogeneous set, use of a more specific means for extracting the N400 component 

from the ERP signal, and measures to further reduce measurement noise. 

Although there may be grounds to believe that further statistical analyses would 

interpret the results differently, and the ERP graphs appear to support the idea of a 

special role for the RH in metaphor processing, the findings of this study provide no 

clear evidence for this. 
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