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Chapter 2 

Review of related psycholinguistic research 

 

2.1 Neighborhood size effect in English  

One of the earliest studies of neighborhood size effect in printed word perception 

was done by Coltheart, Davelaar, Jonasson, and Besner (1977). They tried to 

understand how a word was read for meanings from the perspective of visual word 

recognition and how a reader proceeded from the printed representation of a word to 

the word’s entry in the internal lexicon. They manipulated the neighborhood size of 

target words as high-N and low-N and performed a lexical decision task. 

Neighborhood size (NS) was defined as the number of words that can be produced by 

changing one letter of the target word and preserving letter positions. For example, 

the word “cheat” has five neighbors, cheap, chert, chest, cleat and wheat. Their results 

showed that pseudowords that resembled a relatively large number of real words took 

longer reaction time than pseudowords with relatively few real word neighbors.  

According to Morton’s (1969) logogen model, each word had its own logogen. 

Each logogen was like an information-collecting device which was excited to varying 

degrees depending on how similar one string of word resembled another one. Illegal 

nonwords, which were unlike words and did not excite any logogen much, would 

have short deadline and a fast “no” response. Illegal nonwords, as were used in 

Coltheart et al, were more wordlike and excited logogens to a greater degrees. The 

larger neighborhood size a pseudoword had, the harder it was to reject the target 

among its many similar logogens.  

Andrews (1989) replicated the experiment and investigated the conjoint effects 

of word frequency and neighborhood size on performance in lexical decision, word 
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naming and delayed naming tasks. She found facilitative NS effects for low-frequency 

real words and inhibitory NS effects for pseudowords in all the tasks. That is, 

low-frequency words with more neighbors took faster than words with fewer 

neighbors. On the other hand, high-frequency words did not differ in accordance with 

the neighborhood size. The results fulfilled the predictions of the interactive activation 

model (McClelland & Rumelhart, 1981) and hence supported the parallel processing 

of visual word recognition.  

In the interactive activation proposed by McClelland & Rumelhart (1981), 

activation was assumed to occur at three levels: featural units, letter units, word units. 

Direction of activation was in two ways: bottom-up and top-down. The predicted NS 

effects within the activation framework were less clear cut because of the interplay 

between excitatory and inhibitory connections at the letter and word level. Suppose 

activation of letter units activated the nodes for words containing these letters, then 

the nodes of words containing these letters in turn reactivated the nodes for their 

constituent letters. Words containing letters shared by many words would therefore 

activate a bunch of word units that would feed activation back to the letter level. 

Consequently, within the activation model, words that shared letters with a number of 

other words were likely to reach a threshold level of activation more quickly than 

words that did not receive so much benefit from reverberations between the letter and 

word level.  

Other than the facilitative effect, the activation framework assumed lateral 

inhibition between word nodes. That is, active nodes could send inhibition to other 

active nodes to a degree proportional to their activation. Suppose the target word was 

selected more quickly than other candidates, this inhibitory mechanism would act to 

decrease background activation and make the target more recognizable. If activation 
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of nodes reached a critical threshold before the target, then the activated competitors 

would inhibit activation of the target and delayed the achievement of threshold 

activation. In other words, the more neighbors a target had, the longer it might take to 

select it out of its competitors. Thus it was claimed that the interactive activation 

framework allowed for both facilitative and inhibitory effects of neighborhood size 

and was used to account for Andrews’ (1989) results.  

Third, according to McClelland and Rumelhart’s (1981) explanation of activation, 

such facilitative effects were likely to be greater for low-frequency words than for 

high-frequency ones. This was because high-frequency words had higher base 

activation levels and were likely to achieve threshold before reverberations of letter 

level activation from neighboring word units.  

Though activation model seemed able to clarify both the facilitative and 

inhibitory NS effect, it was also argued that the advocates in question did not describe 

a specific mechanism for the latter effect (Holcomb et al., 2002). Apart from the 

activation, Grainger and Jacobs (1996) offered an alternative explanation, the multiple 

read-out model, for the dissociation of the NS effect to words and pseudowords. Their 

assumption partly accorded with Andrews’ account in that words with a large 

neighborhood leaded to the partial activation of a large number of word 

representations in memory. But their difference lied in that Grainger and Jacobs 

assumed that lexical decision responses could be based on a measure of the summed 

activation of all activated word representations. More precisely, as Grainger and 

Jacobs suggested, there were two decision criteria participants in lexical decision task 

could use to trigger positive responses: the M criterion set on activity in individual 

word representations and theΣcriterion set on the basis of global lexical activity 

before even identifying the letter string as a real word. 
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Simulations ran with the multiple read-out model have demonstrated both of the 

observed facilitative and inhibitory NS effect. That is, responses based on individual 

word unit activity showed inhibition for words with large numbers of orthographic 

neighbors because within-level lateral competition from their simultaneously 

activated neighbors impeded target selection. On the other hand, responses based on 

global lexical activity showed facilitation, because words with many neighbors can 

produce high level of global lexical activation and subjects could use the extra activity 

associated with partial activation of items to speed up their “yes” responses.  

According to Grainger and Jacobs (1996), the same mechanism that caused RTs 

to be faster for large neighborhood words also caused pseudowords of large word 

neighborhoods to be responded to more slowly. This was because pseudowords with 

many real word neighbors also generated substantial lexical activity. Higher global 

activation in early phases of stimulus processing generated longer deadline, thus 

producing longer correct negative RTs to pseudoword stimuli with more orthographic 

neighbors.  

In a nutshell, the opposing pattern of NS effects for words and pseudowords in 

the lexical decision task was a well-documented, robust finding (for example, 

Grainger and Jacobs, 1996; Sears et al., 1995; Andrews, 1989, 1992). The multiple 

read-out model within the framework of Rumelhart and McClelland’s (1982) 

activation model was thus far considered to provide more complete theoretical basis 

and verifiable modular simulations to clarify that the dissociation of NS effect for 

word and pseudoword stimuli was assumed to attribute to the same mechanism.  

 

2.2 Neighborhood frequency effect 

Beside the NS effect, the neighborhood frequency was considered confounding 
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and discussed by Grainger, O’regan, Jacobs, and Segui (1989) in terms of different 

types of candidate selection process. Grainger et al. (1989) claimed that N was 

typically confounded with bigram frequency. It was therefore necessary to test the NS 

effects while maintaining bigram frequency constant. In their lexical decision task, 

four groups of stimuli (in French) were used: (1) words with no orthographic 

neighbors; (2) words with at least one orthographic neighbor, none of which was of 

higher frequency than the word itself; (3) words with at least one orthographic 

neighbor, only one of which was of higher frequency than the word itself; (4) words 

with more than one orthographic neighbor of higher frequency. These were to test 

three possible effects: comparison of (1) and (2) was to observe the NS effect; 

comparison of (2) and (3) was to examine the neighborhood frequency effect; 

comparison of (3) and (4) was to perceive a cumulative effect of the neighborhood 

frequency effect. The results showed the absence of the NS effect and the cumulative 

neighborhood frequency effect but an inhibitory effect for the neighborhood 

frequency effect.  

In terms of McClelland and Rumelhart’s activation model, high-frequency words 

had a higher resting level activation than low-frequency ones. As illustrated above, the 

framework also assumed lateral inhibition among nodes at the same level. Hence, the 

nodes of orthographic neighbors of higher frequency than the stimulus word could 

have higher activation levels than the stimulus word representation in initial stages of 

processing. In this case the stimulus word representation would be inhibited.  

Though Grainger et al. (1989) did not obtain the French NS effect while 

maintaining bigram frequency, Andrews (1992) investigated the joint effects of 

neighborhood size and word frequency again but this time to assess the role of lexical 

similarity without contamination of orthographic redundancy. The word stimuli 
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(Experiment 1) were selected to represent a factorial combination of word frequency 

(high/low) and neighborhood size (large/small) with bigram frequency being 

controlled. Her word data replicated those found in Andrews (1989), where 

low-frequency words with large neighborhood size took faster than those with small 

neighborhood size. This implied that facilitative effects of NS on lexical decisions for 

low-frequency words were due to lexical similarity instead of the confounding factor 

of orthographic redundancy. In the studies on Chinese neighborhood size (Huang et 

al., 2006), neighborhood frequency will become one factor that influences the 

predictive effects and will be illustrated in section 2.4. 

Before the review of the Chinese neighborhood size effect, the interaction 

between neighborhood size effect and event-related potentials (ERPs) will be given 

first as well as a brief introduction of what an event-related potential is and its 

relevant components because these information will also be mentioned in the Chinese 

NS studies.  

 

2.3 Event-related potentials (ERPs) vs. neighborhood size effect 

2.3.1 Event-related potentials  

    An event-related potential (ERP) refers to any electrophysiological response to 

certain stimuli. ERPs can be measured by means of electroencephalography (EEG), a 

procedure that measures electric activity of the brain through the skull and scalp. It 

can reflect simultaneous on-going brain processes when presented with certain items 

of interest. The ERP thus provides, with high temporal resolution, the patterns of 

neuronal activity evoked by a stimulus. Because of the high temporal resolution, 

ERPs give unique and important timing information about brain processing such as 

mental operations involved in perception, selection of attention, memory and 
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language processing. While some brain imaging technique has strong spatial 

resolution such as functional magnetic resonance imaging (fMRI), ERP recordings, on 

the other hand, offer millisecond-by-millisecond reflection of evoked brain activity 

and is regarded as an ideal methodology for studying the time aspects of cognitive 

process. Researchers can thus look into more detailed information of human minds 

through recording the brain activities (Rugg & Coles, 1996).  

 

2.3.2 The advantages of electrophysiological techniques  

Traditional psychological experiments use reaction latency as an index to 

observe the inner processing state, yet behavioral data reflect the summation of all the 

steps that elapse before the language task’s response. ERPs, on the other hand, record 

on-line brain activity and offer data that reflect processing at each millisecond of the 

comprehension process. Second, regarding hemispheric differences, it is hard to draw 

conclusions in terms of localization of cerebral functions because of the inherent 

imbalance between the LH and the RH in speeded decision tasks. It is known that the 

hemispheres perform differently. For example, in naming tasks, the collosal transfer is 

involved for left but not right visual field presentations because the RH is relatively 

distant for speech production. The methodological difficulties can be ameliorated 

when conclusions are based on differences among conditions rather than absolute 

performance. Third, EPRs provide reliable indices for examining corresponding 

effects in perceptual or semantic processing such as P200 and N400.  

 

2.3.3 Language-related ERP components  

In the analyses of the ERP waveforms elicited by every stimulus in each 

condition, there are typically composed of a negative-going peak at around 100ms 



13 
 

(N1), a positive-going peak at around 200ms (P2 or P200), a negative-going peak 

maximizing at around 400 (N4 or N400) over central and parietal electrode sites. 

Among these, N400 is characterized as an index sensitive to language-related 

processing and is generally considered in response to violations of semantic 

expectations.  

    The N400 component was first discovered by Kutas and Hillyard (1980) in a 

sentence reading task. Sentences were presented one at a time and participants were 

instructed to silently read them. When presented with a semantically inappropriate 

final word, a large N400 activity would be elicited (e.g. he spread the warm bread 

with socks). In order to ensure the N400 effects aroused from the semantic anomaly, 

experiment 3 had all sentences ended with semantically appropriate words, but larger 

in letter size than the preceding words. Dotted lines in figure 1 showed a 

positive-going waveform P560 in the situation. Therefore, words that were physically 

aberrant (larger than normal) elicited late positivity around 560 ms, whereas 

semantically inappropriate words elicited late negativity around 400 ms. It was then 

assumed that N400 wave may be an electrophysiological sign indicating brain activity 

in dealing with semantic deviations. 

 

 

Figure1. The timing of word presentations for three sample sentences and typical ERP 
waveforms across the entire sentence (Kutas & Hillyard, 1980) 
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    In the subsequent studies with different experimental paradigms, it was further 

discovered that the N400 of ERP component could reflect influences from other 

factors such as: (1) the lexicality effect; pseudowords elicited more negative-going 

waveforms than real words (e.g. Holcomb et al., 2002); (2) the frequency effect; 

low-frequency words elicited more negativity than high-frequency words (Rugg, 

1990); (3) the semantic priming effect: unrelatedness between the prime-target pair 

produced more negative N400s than the related prime-target pairs (e.g. Holcomb, 

1993); (4) the neighborhood size effect: words of more neighborhoods elicited larger 

N400s than words of fewer neighborhoods (Holcomb et al., 2002). In short, these 

experiments indicated that the N400 could reflect semantic integration process.  

 

2.3.4 The neighborhood size effect and. ERPs 

In connection with the previous neighborhood size studies using reaction time as 

the principle dependent measure to study the NS effect, Holcomb et al. (2002) 

recorded event-related potentials to words and pseudowords in a lexical decision task 

and a go/ no go semantic categorization task. They tried to seek further evidence for 

Grainger and Jacobs’s (1996) hypothesis in that the facilitative neighborhood size 

effect for words and the inhibitory neighborhood size effect for pseudowords on the 

reaction time were due to the same mechanism. They reasoned that if neighborhood 

size affected the processing of words and pseudowords in a similar way, ERPs 

recording was less sensitive to strategic or decision-related factors and might produce 

a consistent pattern of the neighborhood size effect across words and pseudowords  

The N400 was believed to be a suitable measure index in their experiments since 

prior studies have indicated that it was very sensitive to semantic aspects of word 

processing (Kutas & Hillyard, 1980, 1984). Besides, it was also relatively insensitive 
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to response strategies which might affect reaction time (for example, Kounios & 

Holcomb, 1992).  

In Holcomb et al.’s results, the N400 was larger when target stimuli were 

associated with more semantic information. Therefore, words of larger neighborhoods 

were predicted to result in larger N400s because of activation of stimuli semantic 

representations as well as the partial semantic activation from orthographic neighbors. 

On the other hand, pseudoword stimuli of larger neighborhoods may also elicit larger 

N400s because they may partially activate the semantic representations of the real 

word neighbors even though they had no semantic representations of their own.  

As previously illustrated, the behavioral data showed that words tended to 

produce facilitation in RT for larger neighborhoods while pseudowords produced an 

inhibitory effect. On the ERP waveforms, however, obtained N400s for words and 

pseudowords of larger neighborhoods in the same direction in both of the lexical 

decision and semantic categorization tasks. The ERP results suggested that, despite 

dissociation was found for words and pseudowords on the reaction time, lexical 

activation of word and pseudoword stimuli was based on the same mechanism and 

both affected by number of orthographic neighbors.  
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Figure2. English neighborhood size effect on the ERP waveforms (Take electrodes, 
FZ, CZ, PZ for example). On the left is for word stimuli. On the right is for 
pseudowords. The solid lines are ERPs from large neighborhoods; the dashed 
lines are those from small neighborhoods (Holcomb et al., 2002).  

 

With the behavioral literature and ERP findings on the neighborhood size effect, 

it was not yet clear of what Chinese neighborhood size effect is. In terms of writing 

systems, English and Chinese belonged to alphabetic and logographic systems 

respectively and this brought about the question of how to define the Chinese 

neighborhood size. Owing to the differentiation, would the results still be the same as 

English ones?  

In the next section, we will see how these questions were resolved and how 

Chinese neighborhood size effect differed from English.  

 

2.4 Neighborhood size effect in Chinese 

While there were a number of reports on the NS effect in English, the Chinese 
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NS studies were relatively few. Huang (2003) replicated Andrews’ (1989) experiment 

by manipulating word frequency and neighborhood size. The first problem she 

encountered was how to define the Chinese neighborhood size since the two 

languages differed in at least two aspects. First, English words were composed of 

letters corresponding to phonemes. English letters per se did not possess meanings 

while Chinese words were made up of characters that mapped onto morphemes with 

clear boundaries. Second, the length of English words could vary from one to more 

than ten letters whereas about 80% of Chinese words consisted of two characters. 

Hence the word length factor could easily rid of since the definition of the Chinese 

NS focused on two-character words.  

In light of the definition of the English NS, she defined the Chinese NS as the 

summation of words that the first character constituent (N1) and the second character 

constituent (N2) could produce (see Figure 3). For example, a Chinese word hua1 

shi4, ‘flower market’ had five neighbors sharing the first character such as hua1 

yuan2, ‘flower garden’, hua1 dian4, ‘flower shop’, huan1 pen2, ‘flower pot’, hua1 

fen3, ‘flower pollen’, hua1 quian2, ‘spend money’ and had five neighbors sharing the 

second character such as du1 shi4, ‘city’, cheng1 shi4, ‘town’, chao1 shi4, 

‘supermarket’, ye4 shi4, ‘night market’, yu2 shi4, ‘fish market’. Together with the 

target word, the NS of hua1 shi4 equaled eleven.  
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Figure3. An example (Huang et al., 2006) illustrating the neighbors, neighborhood 
size and higher frequency neighbors (HFN) for a Chinese word hua1 shi4, 
‘flower market’. WF refers to word frequency; NS1 refers to neighbors 
sharing the first constituent character; NS2 refers to neighbors sharing the 
second constituent character. Underlined words are HFNs.  

 
The results were different from previous findings on English NS effects. First, a 

facilitative NS effect for high-frequency words was found. Second, inhibitory effects 

NS effects for low frequency words and pseudowords were obtained. These findings 

were inconsistent with those found in Andrews (1989, 1992) and the predictions in the 

activation model (McClelland & Rumelhart, 1981) in which a null NS effect for 

high-frequency words and a facilitative NS effect for low-frequency words were 

assumed to occur.  

Concerning the facilitative NS effect for high-frequency words, Huang et al. 

(2006) argued that the first and second character constituents might play different 

roles in lexical processing. For example, Lavidor, Hayes, Shillcock, and Ellis (2004) 

demonstrated the lead neighbor effect in visual lexical decision. Lead neighbors (LN) 
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were defined as the number of 6-letter words that could be made beginning with the 

same first three letters of each stimulus word or non-word. End neighbors (EN), on 

the other hand, were those sharing the same final three letters. Their results showed 

that larger lead-neighborhood density facilitated lexical decision while the number of 

EN did not affect performance. Huang et al. (2006) regarded their finding as an 

implication of positional influence on lexical processing.   

As for the inhibitory NS effect found for the low-frequency words, Huang et al. 

considered it as the interference from the high frequency neighbors (HFN), which 

resembled Grainger et al.’s finding (1989). From her post-hoc investigation for the 

properties of stimuli, the data showed that low-frequency words with large NS tended 

to have more HFN of NS1 than those with small NS while high-frequency words did 

not have the tendency. Therefore, it was suggested that the inhibition resulted from the 

higher frequency neighbors of NS1.  

In her post-hoc regression analysis containing factors such as NS1, NS2, the 

number of HFN for NS1 and for NS2, and word frequency, examinations of their 

contributions were re-evaluated. The data showed that word frequency and NS1 

facilitated recognition whereas higher HFN numbers of NS1 slowed down recognition. 

The effect of NS2 and the HFN number of NS2 showed null effects. It was thus 

suggested that, in Chinese, the first character constituent played a more important part 

in lexical processing.  

Evidence from eye movement done by Tsai et al. (2006) confirmed the role of 

N1. Based upon the assumption that first character constituent contributed more to 

lexical access, the authors directly manipulated the neighborhood size of N1 (large N1 

vs. small N1) and word frequency (high frequency vs. low frequency) while N2 was 

holding constant. Skipping rate and gaze duration used for indicating initial procedure 
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indices have proved the facilitative effect of the N1: words with many neighbors were 

skipped more often and fixated on for a shorter time than words with fewer neighbors. 

Hence, it was assumed that the neighborhood of a word sharing the first constituent 

character played a supportive role in lexical access.  

The failure to replicate English NS effect in Chinese was assumed to have 

something to do with the different writing systems. English as an alphabetic writing 

system have words made of strings of letters mapping onto phonemic correspondence. 

Letters per se have phonological information but do not carry meanings. However, 

Chinese as a logographic writing system have characters connected with morphemes.  

Numbers of Chinese NS1 (or NS2) could be regarded as an extension of the number 

of meanings that the first or the second constituent character could create. As a result, 

it was unclear that the Chinese NS effect resulted only from the orthographic level or 

including the influence from the morphemic level.  

To examine the uncertainty of the Chinese NS effect, Huang (2004) manipulated 

semantic transparency, NS1, and NS2 and to investigate whether the morphemic 

factor played a role in lexical access. The operational definition of semantic 

transparency Huang employed was based upon Lee’s (1995) study in which 

semantically transparent words were those whose character morphemes brought forth 

meanings and had high correlations between individual morphemes and whole word 

meanings. On the other hand, semantically opaque words were those whose meanings 

were not directly derived from character morphemes and had low correlations 

between the characters and the words themselves. For example, zhuo1 yi3,’table chair’ 

is a semantic transparent word since the meaning of the word can be obtained from 

the morphemes of the characters. Tian1 hua1,’smallpox’ is an example of 

semantically opaque word in that the word meaning can not be understood through 
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the composition of the character morphemes. Tian1 refers to ‘sky’ and hua1 refers to 

‘flower’.  

Suppose the NS effect simply worked on the orthographic level, it was assumed 

that there would be no difference between semantically transparent words and 

semantically opaque words because lexical access would not differentiate these two 

kinds of meaning contributions. But if the morphemic factor plays a role, word 

recognition process would be influenced and word transparency could show different 

patterns.  

The results revealed that NS1 and NS2 had statistical interaction with semantic 

transparency in that: (1) the more NS1 in semantically transparent words, the faster it 

took, (2) the more NS1 in semantically opaque words, the slower it took, (3) the more 

NS2 in semantically transparent words, the slower it took, (4) the more NS2 in 

semantically opaque words, the faster it took. It was thus successful to prove that the 

morphemic factor did work on Chinese word recognition process. 

To clarify how the morphemic factor influenced Chinese word recognition, 

Huang et al. (2006) continued to manipulate word frequency and the morphemic size 

(Large M1 vs. Small M1) and assumed that words with a larger morphemic size (i.e. 

words having more meanings) should inhibit word recognition process and elicited a 

more negative-going N400 waveform. The assumption that multi-meaning words 

would slow down response latency was based upon Rodd et al. (2002) finding. Unlike 

ambiguity advantage effects found in early reports, they suggested the ambiguity 

disadvantage effect in which words with multiple unrelated meanings posed stronger 

lexical competition and hence slowed down word recognition process. Because of the 

same reason, words with multiple meanings were assumed to elicit larger N400 

component.  
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ERPs results were, nevertheless, not the same as expected. That is, words with a 

small morphemic size had larger N400 waveforms. Huang et al. (2006) then proposed 

that it was the activation resulted from more senses in single meaning. For example, 

hua in Chinese has four morphemes, referring to ‘flower’ as in hua1 shi4, ‘flower 

market’, ‘to spend’ as in hua1 qian2, ‘spend money’, ‘pattern’ as in hua1 yang4, and 

‘trick’ as in hua1 zhao1. On the other hand, tang2 in Chinese consistently refers to 

‘sugar’ and extends to related compounds such as tang2 guo3, ‘candy’, tang2 fen3, 

and ‘powdered sugar’. It was uncertain if the more negative-going N400 in the small 

morphemic size resulted from more related senses in this group. Consequently, it was 

necessary to clear the distinction between sense and meaning and traced the source 

that truly influenced both the behavioral and ERPs data.  

To sum up, in the studies of the Chinese neighborhood size effects, it was 

suggested that, due to the characteristics of writing systems in Chinese, morphemes 

played an important role during word recognition process. Follow-up studies 

confirmed the assumption (Huang, 2004) and used ERPs to demonstrate the necessity 

to distinguish senses and meanings (Huang et al., 2006). The conclusion in Huang et 

al. was in agreement with recent psycholinguistic studies on lexical ambiguity in 

which researchers maintained that lexical items with unrelated meanings would 

inhibit lexical access but lexical items with related senses would result in facilitation. 

In the next section, the subsequent literature review would illustrate the past 

behavioral findings and the recent revised explanation to this lexical ambiguity 

phenomenon.  

 

2.5 Lexical ambiguity in English—homonymy (meanings) vs. polysemy (senses)  

The issue of lexical ambiguity has been extensively studied not only because it is 
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very common in natural language but also because it is essential to unveil how the 

human parser deals with it during word processing. According to linguistic theoretical 

accounts, two kinds of ambiguity have been distinguished as homonymy and 

polysemy (Cruse, 1986; Lyons, 1977). Homonymy refers to a lexical item carrying 

two or more distinct and unrelated meanings, such as bank which means ‘a financial 

institution’ or ‘the side of a river’. On the other hand, polysemy refers to a lexical 

item having several different but related senses, such as lamb which means ‘an 

animal’, and ’an animal’s meat’. Two criteria have been proposed to differentiate 

homonymy from polysemy (Lyons, 1977). The first one is the etymological 

information appended to many dictionary entries. The second major criterion is the 

relatedness/ unrelatedness of meaning1. By looking in a dictionary, one can also 

notice that lexicographers respect this distinction. Words having unrelated meanings 

are listed under separate entries and words having related senses are listed under 

single entry.  

                                                

 

2.5.1 Mixed results of ambiguity effects 

Early reports concerning this issue found the so-called ambiguity advantage, 

where visual lexical decisions were faster for semantically ambiguous words than for 

unambiguous word matched for overall frequency (e.g., Rubenstein, Garfield, 

Millikan, 1970; Jastrzembski, 1981). For example, Rubenstein et al. (1970) tried to 

investigate the ambiguity to see if words with the same form could be recognized 

faster than those without it. The results confirmed their hypothesis. They proposed a 

word recognition model to account for this effect. The model included four processes: 
 

1 According to Lyons (1977), the notion of relatedness seemed to be a matter of degree rather than a 
clear-cut dichotomy. It has been pointed out that some native speakers may claim to see connections of 
the senses in a word while other native speakers may deny that such connections exist. Thus, the 
distinction between homonymy and polysemy is likely to be a continuum from ‘pure’ homonymy to 
‘pure’ polysemy.  
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(1) the stimulus letter string is divided into letters (Quantization), (2) a subset of 

lexical entries is marked for comparison with the stimulus (Marking--word frequency 

effect), (3) the entries are compared (Comparison), and (4) an entry is selected as a 

response (Selection). The lexical entries are ordered according to their frequency of 

occurrence. Hence, high frequency words will be recognized faster and words of 

multiple meanings have multiple entries with the greater probability to be selected. As 

a result, it was assumed that a word with a high number of meanings will be 

recognized faster.  

Though Jastrzembski (1981) seemed to give more distinct evidence of the 

ambiguity advantage effect afterwards, Gernsbacher (1984) questioned the 

psychological validity of his definition of polysemy as a number of dictionary entries. 

She discussed a possible confounding factor between ambiguity and familiarity in 

previous experiments: words with more than one meaning tended to be more familiar. 

Lexical decision time may decrease as experiential familiarity increased. Since then, 

several reports still supported the ambiguity advantage after stimuli familiarity was 

controlled (Azuma & Van Orden, 1997; Borowsky & Masson, 1996; Hino & Lupker, 

1996; Millis & Button, 1989).  

However, in Borowsky and Masson’s (1996) study, they failed to replicate 

ambiguity advantage by using Fera et al.’s way of collecting materials and their 

follow-up simulation of a distributed model even produced the ambiguity 

disadvantage in gaze duration, which has been obtained in a reading comprehension 

task. Azuma and Van Orden (1997) confirmed the fickle nature of ambiguity because 

their results found that ambiguity advantage was obtained in the pseudo-homophone 

condition in experiment 1 but was not replicated in experiment 2. Instead, there were 

relatedness effects occurring in both experiments. As Azuma and Van Orden put it, 
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the overall inconsistent results of ambiguity advantage effects in these experiments 

can lead us to question the contribution of number of meanings to the observed 

interaction.  

While lexical ambiguity has been extensively studied in many psychological 

experiments (e.g. Azuma & Van Orden, 1997; Borowsky & Masson, 1996; Hino & 

Lupker, 1996; Millis & Button, 1989; Jastrzembski, 1981; Rubenstein, Garfield, 

Millikan, 1970), few studies centered on the polysemy, even though it is ubiquitous in 

language (Brown & Witkowski, 1983). Most content words are polysemous to some 

degree. The more frequent a word is, the more polysemous it tends to be (Zipf, 1945, 

cited in Pylkkänen et al., 2006).  

 

2.5.2 Polysemy—separate entries or single entry?   

In terms of linguistic viewpoint, these psycholinguistic studies dealt with lexical 

ambiguity but overlooked the different types of it. As illustrated in previous 

perspective of linguistic accounts, words can be ambiguous in different ways; a word 

like bank has two semantically unrelated meanings (homonymy) but a word like twist 

has a range of dictionary definitions that vary systematically (polysemy) such as to 

make into a coil or spiral, to operate by turning, to alter the shape of, to wrench or 

sprain and so on.  

The question addressed in the study is how the different but related senses are 

psychologically represented in the mental lexicon? While it was generally assumed 

that unrelated meanings should be separately listed in separate lexical entries, the 

representation of polysemy has been controversial. Do polysemous senses have 

separate entries like homonymous meanings? Or does the representation of senses 

have single entry, instead?  
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There are a number of reasons to support the single entry representation for 

senses. First, the senses are related to one another and are sometimes very similar (e.g. 

lamb as an animal and as meat). Second, the senses are historically derived from other 

senses, which suggest a close relationship among senses (Lyons, 1977). Third, 

polysemy often forms morphological patterns across the lexicon, which is not true of 

homonyms (Pylkkänen et al., 2006).  

Pustejovsky (1995) argued that it was an entirely inadequate means to list senses 

in separate entries even though he observed that some theorists enumerated senses 

both for nouns and for variation in verb complementation. Besides, there are 

disadvantages in assuming separate entry model for polysemy because Nunberg (1979) 

and Pustejovsky (1995) failed to capture the logical relationship between senses and 

they suggested that words can take on new senses more or less and that a single sense 

can have many syntactic realizations.  

The alternative proposal is that polysemous words are stored as a single ‘core’ 

meaning. The different but semantically related senses are not explicitly represented 

in the lexicon but are derived by speakers through lexical rules (Nunberg, 1979; 

Caramazza & Grober, 1976). For example, the word paper may be represented as a 

single sense of sheets of writing material; the use of it can refer to a physical object 

like a newspaper or the content of a newspaper as in ‘the paper is dull’. In other words, 

the representation of senses exists “only one conventional use, with the other normal 

uses generated pragmatically” (Nunberg, 1979, p. 153). A similar proposal was made 

by Leher (1990), who claimed that polysemy can be largely explained through rules 

of meaning extension. Therefore, there are a number of proposals that are more or less 

compatible with a single-entry model of polysemy.  

However, there are also some problems in the single-entry assumption. Lyons 
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(1977) found that the notion of relatedness among senses seemed to be a matter of 

degree rather than a clear-cut dichotomy and Nunberg (1979) indicated similar 

observations for polysemy in that “polysemy is a gradient phenomenon” (p. 142). In a 

series of experiments, Klein and Murphy (2001, 2002) demonstrated that, when 

subjects were presented with a word in one sense, this would interfere with their later 

processing of the same word in a different sense. Furthermore, subjects did not judge 

the ‘nearly unrelated’ senses as the same kind of things. Therefore, it is possible that 

subjects might treat senses as unrelated meanings on an extreme of the degree of 

relatedness. These ideas seemed to challenge the single-entry hypothesis of senses. 

However, as Klein and Murphy (2002) pointed out “it is important not to exaggerate 

the separation of polysemous senses in our results…we found that more similar senses 

were sorted together.” What their findings implied was that polysemous senses can be 

unrelated to the extent that they are just like homonyms and that, in the gray area, 

single-entry model cannot be posited (Beretta et al., 2005, p. 59).  

 

2.5.3 Some evidence for single entry hypothesis of senses  

To clarify earlier mixed results in lexical ambiguity and to examine the 

representation of senses, Rodd, Gaskell, and Marslen-Wilson (2002) demonstrated 

two crucial results in their analyses: (1) a significant ambiguity disadvantage was 

found; that is, ambiguous words were responded to more slowly than unambiguous 

words. (2) This ambiguity disadvantage effect was accompanied by a significant sense 

advantage effect; that is, words associated with more related senses were responded to 

more quickly than those with fewer senses. Their results were consistent with the 

assumption that words of many unrelated meanings had separate entry representation 

and should slow down word recognition process. On the other hand, words of many 
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related senses were presented under single entry. Activation of many senses resulted 

in benefits of semantic reverberation and therefore had facilitation.  

Why was the ambiguity advantage found in previous studies? Rodd et al. (2002) 

compared groups of high- and low- ambiguity words used by Millis & Button (1989), 

Borowsky & Masson (1996), and Azuma & Van Orden (1997). Detailed analyses of 

materials showed that: first, the stimuli used by Millis and Button (1989) and Azuma 

and Van Orden (1997) did not make direct contrast between ambiguous and 

unambiguous words. Crucially, both studies counted high related word senses as 

separate meanings. For example, Millis and Button (1989) used tell as an example of 

a word having many meanings. The meanings for the word such as ‘to inform’, ‘to 

explain’, ‘to understand’,’ to relate in detail’ were included as senses in one single 

entry. Second, and more importantly, analyses of the dictionary entries for Azuma & 

Van Orden (1997) and Millis & Button (1989) did not differ significantly; instead, 

stimuli in the high ambiguity words had a significantly higher number of senses. 

Stimuli used by Borrowsky and Masson (1996) had similar patterns. Consequently, 

Rodd et al. claimed that it was possible that the ambiguity advantage effect shown by 

these studies should reflect an advantage for words with large clusters of related 

senses.  

 

Table1. Mean number of dictionary entries and senses for stimuli (Rodd et al., 2002).  

     

Similar results of ambiguity disadvantage for homonymy and sense advantage 
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for polysemy were also obtained in other studies of different paradigms (e.g.Beretta, 

Fiorentino, & Poeppel, 2005, MEG; Frazier & Rayner, 1990, Eye movement; 

Klepousniotou, 2002; Pylkkänen et al., 2006, MEG). For example, the MEG findings 

on effects of homonymy and polysemy (Beretta, Fiorentino, & Poeppel, 2005) 

provided neural correlates for a behavioral study of lexical ambiguity and 

demonstrated that the reported ambiguity advantage effect was due to the benefit of 

many related senses rather than the presence of many unrelated meanings. There was 

also some eye movement evidence suggesting that homonymous and polysemous 

words were processed differently. For example, Frazier & Rayner (1990) studied 

fixation durations to words with unrelated meanings and words with highly related 

meanings in various sentences. Results showed that target words with unrelated 

meanings took longer reading times than words with highly related meanings and that 

the total reading times for sentences containing a target word with related meanings 

were shorter than those for sentences containing a target word with unrelated 

meanings.  

Pylkkänen et al., (2006) focused on the investigation of how different but related 

senses were psychologically represented in the mental lexicon. Their results showed 

that in the left hemisphere, sense-relatedness elicited shorter latencies of the M350 

source, which has been regarded as an index of lexical activation. On the other hand, 

in the right hemisphere, concurrent activity peaked later for sense-related than for 

unrelated stimuli, which Pylkkänen et al. interpreted as a potential sense competition 

effect. One possibility was that the RH activity performed some kind of conceptual 

selection (pp.105) but further experimentation was needed to narrow down on the 

interpretation of the RH activity. However, their results were still in agreement with 

single entry hypothesis and suggested that lexical processing was bilateral with 
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different function in the LH and RH (e.g. Beeman & Chiarello, 1998).  

To summarize, these studies offered evidence to show that it was related senses 

that facilitated word recognition process and gave direct evidence of single entry 

representation for senses. Though early findings of lexical ambiguity suggested that 

words of many meanings should benefit visual word recognition, recent reports have 

revised the assumption and proposed that the facilitation should attribute to the related 

senses among single entry. On the other hand, words of many meanings yet unrelated 

were supposed to be listed under separate entries and this representation would result 

in inhibition.  

The figure below was a brief summary of the findings in previous studies 

illustrated.  

Literature  Type of 
Ambiguity 
distinguished 
or not 

Meaning 
delimitation 

Lexical ambiguity 
effect 

Note  

Rubenstein et al. 
(1970) 

No  Not 
specified  

Ambiguity advantage   

Jastrzembski 
(1981) 

No  Dictionary Ambiguity advantage   

Gernsbacher 
(1984) 

No  Dictionary n.s. Familiarity 
effect 

Millis & Button 
(1989) 

No Subjects  Ambiguity advantage   

Borowsky & 
Masson (1996) 

No  Subjects 
(Fera et 
al.’s (1992) 
materials) 

Ambiguity advantage 
(LDT)  

 

n.s. (naming task) 

Azuma & Van 
Orden (1997) 

No  Subjects 
(matched 
with 
dictionary) 

Ambiguity advantage  Relatedness 
effect Relatedness effect 

Rodd et al. Yes  Dictionary Sense advantage   
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(2002) Ambiguity 
disadvantage 

Klepousniotou 
(2002) 

Yes  Dictionary Sense advantage  
Ambiguity 
disadvantage 

 

Beretta et al. 
(2005) 

Yes  Dictionary Sense advantage  
Ambiguity 
disadvantage 

MEG 

Pylkkänen et al., 
(2006) 

Yes   Sense advantage MEG 

Figure4. Studies on lexical ambiguity and their corresponding results  
 

2.6 Lexical ambiguity in Chinese  

Research on lexical ambiguity in Chinese is relatively few, not to mention the 

studies on polysemy. Primary discussion will focus on Lin (1999) and Huang (in 

preparation), who investigated lexical access of lexical ambiguity in Chinese.  

Lin (1999) studied the semantic ambiguity of Chinese nominals and looked into 

the psycholinguistic representation of a word’s multiple senses2. His results confirmed 

the ambiguity effect. Nevertheless, the way Lin counted the number of word 

meanings was based upon Ahrens et al.’s (1998) model in which senses differentiation 

included related or unrelated meanings. For example, huoguo in Chinese can refer to a 

hot pot or a term used in basketball games. These two meanings are not related to 

each other. It is the meanings facets that have strongly close semantic relations.  

huoguo 火鍋 (p. 42) 

--sense1: HUOGUO a hot pot above the fire for cooking 

      --meaning facet1: physical object: hot pot, the container 

      --meaning facet2: the food contained (i.e. soup) 
                                                 
2 The definition of “sense” in Lin (1999) is different from the “sense advantage effect” demonstrated 
by Rodd et al. (2002). Lin argued that “meaning” in past research is used as a general term to refer to 
any kind of linguistic meaning. He claimed that, based upon Ahrens (1999) and Ahrens et al. (1998), it 
is better to use “sense” and “facets” as a measure index. Though the “number of senses” Lin used is a 
little different from the “number of meanings” used by Azuma and Van Orden (1997), it is regarded 
that Lin still did not solve the unreliable findings of ambiguity advantage effect.  
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--sense2: HUOGUO a blocked shot, a term in basketball games 

 

Though Lin argued the number of senses was a better measure than the number 

of meanings as used by Azuma and Van Orden (1997), the two indices did not differ 

much from each other since there was a high correlation between subjects’ average 

number of senses and subjects’ average number of meanings. Besides, ‘senses’ in 

Lin’s calculation included meanings either related or unrelated. Therefore, the same 

ambiguity advantage effect was still obtained by Lin but it was uncertain if the source 

of facilitation was from related senses or from unrelated meanings.  

Huang (in preparation) extended the question left in her previous study in which 

small morphemic size category elicited more negative N400s than large morphemic 

size category. To clarify the contribution of words of a large morphemic size (and few 

senses) and of a small morphemic size (and many senses), she manipulated the 

number of senses (few senses vs. many senses) and the number of meanings (one 

meaning vs. many meanings) to examine their interaction.  

Huang’s behavioral results showed a significant interaction between number of 

meanings and number of senses. Planned comparisons indicated sense advantage 

effects both at single meaning and many meanings and implied the single entry 

representation for senses in Chinese.  
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Literature  Types of 
ambiguity 
distinguished 
or not 

Meanings 
delimitation 

Lexical ambiguity 
effect 

Note  

Lin (1999) No  Subjects  Ambiguity 
advantage 

 

Huang (in 
preparation) 

Yes  CWN3 Sense advantage 
 

 

Figure5. Studies on lexical ambiguity in Chinese and their corresponding results  
 

2.7 Hemispheric asymmetry in lexicon processing  

Hemispheric asymmetry referred to the functional, anatomical, or behavioral 

differentiation of the brain. This kind of asymmetry also reflected in the language 

production and comprehension. After the late nineteenth century, the idea that we 

speak with the left hemisphere was known since Paul Broca (1865), because he found 

that patients with left brain injury in the inferior frontal gyrus of the frontal lobe of 

the cortex had difficulty in normal utterances and produced ungrammatical sentences. 

Wernicke in the early eighties, on the other hand, noticed that brain damage on the 

posterior section of the superior temporal gyrus resulted in impairment of language 

comprehension. It was therefore believed that the left hemisphere was the superior 

language processor since then until 1940s.   

Nevertheless, more and more literature has postulated that both cerebral 

hemispheres contributed to language comprehension (e.g., Beeman & Chiarello, 1998; 

Lindell, A. K., 2006). Despite the fact that the left hemisphere was in charge of 

language center, this did not imply that the right hemisphere completely lacked 

linguistic ability. For example, there was growing evidence indicated that the right 

hemisphere also had language processing strength such as prosodic and paralinguistic 

                                                 
3 CWN refers to the Chinese Word Net available on-line and founded by the Linguistics Institute, 
Academia Sinica in Taipei.  

http://en.wikipedia.org/wiki/Inferior_frontal_gyrus
http://en.wikipedia.org/wiki/Frontal_lobe
http://en.wikipedia.org/wiki/Cerebral_cortex
http://en.wikipedia.org/wiki/Superior_temporal_gyrus


34 
 

aspects of speech production, reception, as well as interpretation of lexical words (see 

Lindell, A. K., 2006 for a review).  

The issues central to the lexical ambiguity also concerned cerebral lateralization 

of language processing. Burgess and Simpson (1988), in a lexical priming paradigm, 

were the first to explore the availability of dominant and subordinate meanings of 

ambiguous words to the left and right cerebral hemispheres and to see at which time 

course they may be retrieved. Their experimental design included within-subject 

factors corresponding to visual hemifield (LVF/RVF), meaning dominance 

(dominant/subordinate), target-prime relatedness (related/neutral/unrelated) and one 

between-subject factor of SOA (35ms/750ms). The results showed facilitation for the 

dominant meanings at both 35ms and 750ms in the RVF but a sharp decline of the 

activation of the subordinate meanings at 750ms. On the other hand, in the LVF, 

priming occurred at the 35ms for the dominant targets but not for the subordinate 

targets while at the 750ms, there was an equivalent amount of priming for both the 

dominant and subordinate meanings. These suggested that the allocation of attention 

to the dominant meaning in the controlled processing of ambiguous words would 

result in inhibition of the subordinate meanings, and supported the idea that the right 

hemisphere had a special role in ambiguity resolution.  
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Figure6. Mean priming of dominant (Dom) and subordinate (Sub) associates at 35- 
and 750-msec SOAs for the left and right visual field (Burgess & Simpson, 
1988).  

 
Faust and Lavidor (2003) provided further evidence to support that the RH 

activated a broader range of meanings than the LH. In their priming task, 

laterally-presented ambiguous target words followed: (a) semantically convergent 

primes related to the dominant meaning (new, fresh-NOVEL); (b) semantically 

convergent primes related to the subordinate meaning (story, book-NOVEL); (c) 

semantically divergent primes with one related to dominant meaning and the other to 

subordinate meaning (new, story-NOVEL); or (d) an unrelated prime. Results showed 

that the LH benefited most from semantically congruent primes related to dominant 

meaning of ambiguous targets while the RH benefited most from semantically mixed 

primes. The overall pattern of priming was suggestive of dissociation in the 

hemispheric meaning retrieval, with the LH engaging in fine semantic coding that 

focused on a single meaning interpretation, and the RH engaging in coarser semantic 

coding where multiple alternate meanings were activated.    

The kind of hemispheric dissociation was also observed in a sentence priming 

task (e.g. Faust & Chiarello, 1998) in that the RH was not constrained by sentence 
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contexts. When preceded by contextually appropriate and inappropriate sentences, the 

RH was both facilitated while the LH performance was only facilitated for the 

appropriate meanings, suggesting that the LH was constrained by sentence contexts. 

Federmeier and Kutas (1999) offered electrophysiological data in a sentence 

comprehension task to present an alternative explanation in hemispheric 

complementary language processing. Participants in the experiment had to read pairs 

of sentences with the laterally-presented final target words, falling into three 

categories: (1) expected completion; (2) unexpected completion from the expected 

semantic category; (3) unexpected completion from an unexpected semantic category 

(for example, “They wanted to make the hotel look more like a tropical resort. So 

along the driveway, they planted rows of”: palms [expected completion]; pines 

[unexpected completion within category violations]; tulips [unexpected completion 

between category violations]). Results indicated that in the LH, unexpected items 

within category violations elicited smaller N400s than those from unexpected 

categories, suggesting that LH is sensitive to semantic similarity between an expected 

ending and the expected completion. In contrast, in the RH, all unexpected endings 

elicited N400s of similar amplitude, regardless of whether the violation was within or 

between categories. Thus, while both hemispheres involved in lexical resolution, they 

played different roles with the LH being ‘predictive’, the RH being ‘integrative’, to 

complement each other.  
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Figure7. Effects of ending types (Federmeier & Kutas, 1999)  

In brief, brain studies have shown that when exposed to semantic ambiguity, 

cerebral hemispheres displayed different functions. The LH was engaged in fine, 

convergent or predictive semantic discrimination while the RH had the tendency to 

maintain alternate, possible meanings of target words and was engaged in coarse, 

divergent or integrative semantic processing. These phenomena reflected the 

complementary language resolution between the LH and the RH and implied the 

mutuality between them. 

 

Researchers  LH RH 
Burgess & Simpson, 1988 35ms: Dominant  

750ms:Facilitation of 
dominant and decreased 
facilitation of 
subordinate  

35ms: Dominant  
750ms: Increased 
facilitation of 
subordinate and 
decreased facilitation of 
dominant  

Beeman & Chiarello, 
1998 

Fine coding Coarse coding 

Federmeier & Kutas,1999 Predictive Integrative  
Faust & Lavidor, 2003 Convergent  Divergent  
 
Figure8. Hypotheses of hemispheric semantic processing 

 


