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Chapter 3 

Experiment 1 

 

The purposes of Experiment 1 include: (1) the examination of whether the 

representation of senses in Chinese had separate entries or single entry and (2) the 

investigation of the hemispheric processing of semantic polysemy of Chinese 

disyllabic compounds.  

In the studies of Chinese neighborhood size effect, it was found that first 

character and second character contributed differently to two-character word 

processing in which the neighborhood size of the first character constituent influenced 

word processing more than the neighborhood size of the second character constituent 

(Huang et al., 2006). Therefore, experiment 1 mainly manipulated the number of 

senses of the first character in the Chinese disyllabic compounds.  

In the previous studies of ambiguity, representations of senses have been 

extensively discussed (e.g. Rodd et al., 2002; Klepousniotou 2002; Beretta et al., 2005; 

Pylkkänen et al., 2006) and suggested the single entry representation for senses. The 

current study aims to discuss the sense representation, mainly in Chinese disyllabic 

compounds. 

Secondly, besides the studies of ambiguity representations, many researchers 

concerned hemispheric processing of lexical ambiguity. Previous studies have 

indicated the hemispheric asymmetry in dealing with semantic ambiguity (e.g. 

Burgess & Simpson, 1988; Beeman & Chiarello, 1998; Federmeier & Kutas, 1999; 

Faust & Lavidor, 2003). But how do cerebral hemispheres cope with Chinese 

polysemy when targets were presented laterally?   
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3.1 Experiment 1 

3.1.1 Participants 

Twenty-one graduate and undergraduate students (all male, 18 to28 years of age, 

mean age 22.62) took part in the experiment. All were right-handed native Chinese 

speakers with no history of neurological or psychiatric disorders. They had either 

normal or corrected-to-normal vision. Written consent was obtained from all 

participants.  

 

3.1.2 Materials  

Two variables were manipulated in the experiment; one is visual field, and the 

other is the number of senses of the first character constituent. These variables were 

both within-subject factors.  

A list of 120 Chinese disyllabic compound words was selected from the 

Academia Sinica balanced corpus. The words were divided into four subsets 

according to visual field (LVF vs. RVF) and number of senses of the first character 

(few senses vs. many senses). The reason to manipulate the senses of the first 

character was based upon Huang’s (2003) finding where regression analysis showed 

that reaction time to NS1 was 0.8 correlated while reaction to NS2 was only 0.4 

correlated. Subsequent related studies of Huang et al. (2006) and Tsai et al. (2006) 

also suggested that NS1 influenced word reading more than NS2.  

The number of senses referred to the Academia Sinica Chinese Wordnet. 

Few-sense words were those whose first character senses were from 1 to 3 (mean 1.98) 

whereas many-sense words were those whose first-character senses were from 6 to 30 

(mean 11.30). Possible confounding factors such as word frequency, NS1, NS2 were 

controlled.  
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One hundred and twenty pseudowords were created by concatenating two 

characters that did not occur in the previous stimuli. NS1 (mean 15.72) and NS2 

(15.94) were both controlled. Pronunciation of pseudowords was controlled not to 

resemble that of the real words. Practice trials contained twenty words and twenty 

pseudowords.  

 

3.1.3 Procedure 

Participants were tested in a single experimental session conducted in a 

sound-proof, electrically-shield chamber. They were seated in a comfortable chair 60 

centimeters in front of a monitor and instructed to read the words for comprehension. 

They were informed to have a practice run to get familiar with the procedure and then 

have a formal run of experiment. There were four blocks of experimental session. A 

two-to-three minute break was given to prevent eyestrain and over tiredness.  

Each trial began with a white cross presented centrally for 500 ms. Presentation 

of the target words then showed up for 150 ms. The disyllabic compound targets were 

vertically arranged in the left or right visual hemifield with inner edge two degrees of 

visual angle from fixation. Presentation of numbers from one to nine may also appear 

pseudorandomly in the center of the screen in order to control participants’ eyesight. 

At the end of each trial would have a capital B presented in the center to allow eye 

blinking for 1500 ms. Participants were asked not to blink their eyes since the 

beginning of each trial until the appearance to the capital B to minimize the 

interference of eye movement.  

Participants were instructed to judge whether they could recognize the compound 

targets or not. If the answer is positive, they should press the response box with both 

of their index fingers. If not, they should press the response box with both of their 
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middle fingers. As illustrated above, numbers from one to nine may also show up. 

Participants were instructed to judge whether the numbers were more than or less than 

five. If the number is less than five, they should press the response box with both of 

their index fingers. If it is more than five, they should press the response box with 

both of their middle fingers. Response time and event-related potentials data were 

both collected during the process.  

 

3.2 EEG recording parameters 

The electroencephalogram (EEG) was recorded from sixty-four electrodes 

embedded in an electro-cap, referenced to the left and right mastoid, M1, M2 

respectively. Positions of all the electrodes were arranged according to the 

international ten-twenty system. Blinks and eye movements were monitored via 

electrodes placed on the infraorbital ridges of the left eye (VEOG) and the outer 

canthus left and right electrode (HEOG). Electrode impedances were kept below 5 

Kohms. EEG was processed through an amplifier set (Synamp) at a bandpass of 

0.5~100 Hz. EEG was continuously digitized at the sampling rate of 500 Hz.  

 



42 
 

 

 

Figure9. The schema of the electrode array used in the experiment. In all, 64 scalp 
electrodes were employed, arranged according to the international ten-twenty 
system.  

 

3.3 EEG data analysis procedure 

The data collected was analyzed via Edit of the Neuroscan 4.3. Analysis 

procedure was listed below. 

1. To check raw data: to see if the trial numbers equal the experimental stimuli, and 

to examine the stability of waveforms and eye blinks.  

2. Reference: to skip the VEOG, HEOG channels, and to select M1, M2 as the 

reference point.  
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3. Epoch: to segment the event starting from -100 ms to 900ms in which each trigger 

occurs.  

4. Baseline correction: to average prestimulus (-100 ms ~ 0) amplitude and make it 

serve as the baseline. 

5. Artifact rejection I: to remove epochs polluted by eye blink signals ranging from 

-100 to 100 µV. 

6. Artifact rejection II: to remove epochs polluted by muscle signals ranging from 

-60 to 60 µV.  

7. Filter: to use bandpass filter (0.1~30Hz), sieving out unwanted signals.  

8. Individual average: to average EEG amplitude in each condition of every subject. 

If accepted trial numbers are below 16 in any condition, the data of that subject is 

excluded from further analysis.  

9. Grand average: to average EEG amplitude of each subject.  

 

3.4 Results  

In experiment 1, there were twenty-one subjects; three of them were rejected 

owing to correctness below 70 percent and EEG accepted trials below 16 in each 

condition.  

3.4.1 Behavioral data of the sense effect.  

Mean correct reaction times and accuracy from eighteen participants were 

presented in Table 2. A 2×2 (number of senses × visual field) analysis of variance 

(ANOVA) was performed on correct RTs and accuracy. For RTs, no significant main 

effects of the number of senses (F (1, 17) = 0.57, p=.46) and visual field (F (1, 17) = 

1.55, p=. 23) were observed. Interaction between the number of senses and visual 
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field did not reach significance, either. For accuracy, no significant main effects 

(number of senses, F (1, 17) = 0.27, p=.61; visual field, F (1, 17) = 0.03, p=.86) and 

interaction (F (1, 17) = 0.27, p=. 61) were observed.  

 
 
Number of senses 

Visual field 
RVF/LH                 LVF/RH 

Few  
RT (SD)                706.02(96.18)              713.90 (100.36) 
Accuracy               0.87                       0.88 

Many  
RT (SD)                700.68 (95.96)             704.86 (102.23) 
Accuracy               0.87                       0.88 

Table2. Mean Reaction Times (in ms), Standard Deviation, and Accuracy for the 2 × 
2 design (sense × visual field) in Experiment 1  

 

 

Figure10. Bar chart of RTs for the sense effect in the LVF and RVF 
 

3.4.2 Behavioral data of the lexicality effect  

Mean RTs and accuracy of few and many senses in LVF and RVF were averaged 

separately and presented in Table 3 in comparison with pseudo-words. Analyses using 

repeated measures ANOVA with factors of lexicality and visual field were performed. 
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Analyses of RTs showed a significant main effect of lexicality (F (1, 17) = 10.99, 

p<.05). Pseudo-words had longer RTs than words. Interaction between lexicality and 

visual field did not reach statistical significance. Analyses of accuracy found that no 

significant main effect of lexicality (F (1, 17) = 0.32, p=.58), visual field (F (1, 17) = 

0.06, p=.81) and interaction between the two main effects (F (1, 17) =0.32, p=. 58).  

 
Lexicality  

Visual field 
RVF/LH                  LVF/RH 

Words  
RT (SD)                703.35 (96.07)              709.38 (101.3) 
Accuracy               0.88                       0.88 

Pseudo-words  
RT (SD)                756.82 (101.76)              755.23 (90.83) 
Accuracy               0.89                       0.89 

Table 3. Mean Reaction Times (in ms), Standard Deviation, and Accuracy for the 2 × 
2 (lexicality × visual field) in Experiment 1  

 

 

Figure11. Bar chart of RTs for the lexicality effect in the LVF and RVF. 
 

3.4.3 Event-related potentials 

Grand average waveforms elicited by few and many senses in the LH and the RH 

were shown in Figure 8 and Figure 9 respectively. For all the ERPs, the first visible 

component was a negative-going deflection occurring between 100 and 150 ms (N1) 
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from the stimulus onset. Following the N1 was a positive deflection peaked between 

220 and 260 ms indexed as P200. Negative-going broad negativity ranging from 350 

to 550 ms was called N400 and was regarded as a language-related component. In the 

lateral occipital lobe, there were electrodes peaked from 150 to 180 ms (P3/P4, P5/P6, 

P7/P8, PO5/PO6) indexed as N170 and viewed as one component related to visual 

field effects since the electrode site was located in the visual area.  

Temporal windows for N170 (150-180 ms), P200 (220-260 ms) and N400 

(350-550 ms) were ERPs components of interest. The mean amplitude of each time 

window from selected electrodes would serve as dependent measures in a repeated 

measures analysis of variance (ANOVA).  

 

N170 (150- 180 ms) 

The mean amplitude of N170 was analyzed by a three-way ANOVA with visual 

field (LVF/RVF), number of senses, and electrodes (P3/P4, P5/P6, P7/P8, PO5/ PO6) 

as within-subject factors. The data showed that there was a two-way interaction 

between visual field and electrodes (F (7, 119) = 33.06, p<.001). Post-hoc comparison 

indicated that visual-field simple main effects reached statistical significance in all 

electrodes (p’s<.001). In the electrodes on the left: P3, P5, P7, PO5, targets of right 

visual field presentation elicited much greater negativity than that of left visual 

presentation. In the electrodes on the right: P4, P6, P8, PO8, the patterns became 

opposite.  
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Figure12. Take PO5/PO6 for examples. Grand average of ERPs elicited by LVF (left 
visual field) and by RVF (right visual field) presentations resulted in N170s, 
an index of visual field effects of ERPs.  

 

Frontal P200 (220-260 ms) 

Analysis of ERPs was performed using repeated measures ANOVA with 

within-subject factors of visual field (LVF/ RVF), number of senses (few/ many), and 

6 electrodes (F3, FZ, F4, FC3, FCZ, FC4). Analyses between 220 and 260 ms showed 

no main effects of visual field and number of senses and no interaction (visual field × 

number of senses F (1, 17) =.16, p=.69; visual field × number of senses × electrodes 

F(5,85) =1.28, p=.29) 
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Figure13. Examples of P200 at FZ in the RVF/LH (upper) and LVF/RH (lower) 
 

N400 

The analyses of N400 were conducted separately on the data of midline and 

lateral lines. In the midline analyses of N400, within-subject factors of visual field, 

number of senses, and 5 electrodes (FZ, FCZ, CZ, CPZ, PZ) were used; in the lateral 

analyses, factors included visual field, number of senses, electrodes (F3/4, FC3/4, 

C3/4, CP3/4, P3/4), and hemisphere (Left/ Right). A significant two-way interaction 

between visual field and number of senses was observed in midline (F (1, 17) = 10.15, 

p< .01) and marginally significant in lateral (F (1, 17) = 4.2, p=.056). Three-way 
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interactions among visual field, number of senses, and electrodes also reached 

significance in both midline (F (4, 68) = 5.56, p<.01) and lateral (F (1, 17) =6.14, 

p=.0012).  

Post-hoc comparison of three-way interaction indicated that in the RVF/ LH, few 

senses were more negative than many senses in the electrodes of CPZ, P3, PZ, P4 

(p’s<.01 to .001) and marginally more negative in CP3, CP4. In the LVF/ RH, 

however, many senses were more negative than few senses in FCZ, CZ, CPZ PZ 

(p’s<.05) and marginally more negative in C4.  
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Figure14. Examples of N400 at CPZ in the RVF/LH (upper) and LVF/RH (lower)  
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Figure15. Grand average ERPs waveforms elicited by few and many senses in the LH 
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Figure16. Grand average ERPs waveforms elicited by few and many senses in the RH 

 

3.5 Discussion  

In this research, one of the purposes was to use ERPs to test whether the 

representation of senses in Chinese had separate entries or single entry. Previous 

studies on ambiguity had obtained mixed results in the behavioral data. Some 

researchers had found the ambiguity advantage (e.g. Azuma & Van Orden, 1997; 

Rubenstein et al., 1970; Jastrzembski, 1981; Millis & Button, 1988) but some did not 

(e.g. Borowsky & Masson, 1996). More recent studies suggested that the semantic 

relatedness of senses resulted in the advantage effect (e.g. Beretta, Fiorentino, & 

Poeppel, 2005, MEG; Klepousniotou, 2002; Pylkkänen et al., 2006, MEG). Thus, 

though homonymy and polysemy were both types of ambiguity, they should have 

their own representations. The representation of homonymy was generally considered 

*

*

*

*

(*) 
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to have separate entries but that of polysemy had controversy between separate entries 

and single entry. If the representation of senses was like that of homonymy, we 

expected to observe inhibitory effects since activation among unrelated meanings 

would become competition among entries. If the representation of senses was 

single-entry, activation of the related senses within one single node should work 

together to facilitate the word recognition. In the behavioral data, it was expected that 

words of many senses should produce shorter RTs than words of few senses. Though 

there were no significant main effect and interaction for the number senses, we still 

can find the same trend in which the RTs of many senses were shorter than those of 

few senses in both the Left and Right hemispheres. More importantly, in the ERP 

results, we had the N400 as an index to explain the facilitation resulted from the 

single entry representation of senses. The data were consistent with previous 

single-entry assumption because targets of many related senses elicited less negative 

N400s than few senses in the RVF/ LH, which implied that activation of these senses 

became benefits of reverberations of relatedness among senses. Similar facilitation 

effects have also been reported to support the single-entry representation of senses; 

some provided behavioral results and some MEG evidence (e.g. Rodd et al., 2002; 

Klepousniotou, 2002; Beretta et al., 2005; Pylkkänen et al., 2006). 

Other than facilitative effects found in the RVF/ LH, the results in the LVF/ RH 

showed that many senses were more negative than few senses in the N400s. 

Pylkkänen et al. (2006) obtained similar results in their MEG study. They reasoned 

that, in the single entry framework, while processing of the sense effect was assumed 

to yield facilitation, processing might also involve selection between separately listed 

senses within single entry where the relatedness may be weakened. The RH data at 

300-400 ms were suggestive of a potential sense competition. The results in 
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Pylkkänen et al. as well as the current study inferred that this activity in the RH might 

also play a role in semantic activation.  

 

 

 

Figure17. Brief illustration of single-entry (the left) and separate-entry (the right) 
representation of senses 

 

The competition effect in the Right hemisphere made it possible for the 

representation of senses to have separate entries. Nevertheless, Pylkkänen et al. 

attributed this phenomenon to the hemispheric processing characteristics in our right 

brains. In other words, they suggested that the representation of senses had single 

entry and that the patterns in the right were due to some type of conceptual selection 

of hemispheric processing. The interpretation fulfilled the second purpose of the 

experiment: to examine how the Left and Right hemisphere processed senses. The 

N400s, regarded as language-related components, confirmed that the hemispheric 

processing account of semantic ambiguity in which few senses were more negative in 

the LH while many senses were more negative in the RH. In the review of brain 

asymmetry in lexical processing, it was suggested that the LH was more sophisticated 

in fine semantic coding while the RH was engaged in coarse semantic coding and 

having the capability of alternate meanings maintenance (e.g. Beeman & Chiarello, 

1998). Thus, in the RH, there was the possibility to observe the association of 

meanings in the competitive pattern. Similar characteristics of hemispheric 

asymmetry on lexical ambiguity have also been reported, suggesting dissociation in 

the hemispheric meaning activation with the LH engaging in dominant and 

convergent semantic coding and the RH engaging in maintaining subordinate and 
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divergent semantic coding (e.g. Burgess & Simpson, 1988; Faust & Lavidor, 2003).  

In sum, the reverse patterns found in the RVF and LVF yielded two reasonable 

interpretations: first, the results may reflect the nature of lexicon representation in 

both hemispheres; second, the results might come from the different characteristics of 

hemispheric processing. Considering the lexical decision task (LDT) given in 

experiment 1, subjects might make their judgments based on looser criteria. In other 

words, the decisions made by subjects might simply rely on perceptual familiarity 

rather than the involvement of lexical access. As Balota and Chumbley (1984) argued, 

the decision/discrimination process could exert as great an influence on RTs as did 

lexical access. In the circumstance, it became uncertain whether the results we 

obtained in experiment 1 was originated from the semantic activation of the 

representations of senses or from the hemispheric processing of the semantic 

ambiguity. The patterns that many senses were more negative in the LVF/ RH might 

result from the potential interpretation of sense competition or the reflection of 

hemispheric processing in which the RH was able to maintain coarse and broader 

range of possible meanings.  

 

Levels of lexical processing  

In the previous studies of ambiguity, representations of senses have been 

extensively discussed (e.g. Rodd et al., 2002; Klepousniotou 2002; Beretta et al., 2005; 

Pylkkänen et al., 2006) and suggested the single entry representation for senses. The 

current study was in favor of this assumption and presumed that the pattern in the RH 

was from asymmetrical processing of semantically related senses in the brain. In order 

to support this hypothesis, experiment 2 was designed to change the depth of the 

given task to ensure the involvement of lexical access.  
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Current theories of word recognition proposed that the recognition process 

consisted of at least two levels of processing: lexical and sublexical (see McClelland 

/& Elman, 1986). To find out the presence of these two levels and their corresponding 

effects, Vitevitch and Luce (1998) manipulated probabilistic phonotactics and 

similarity-neighborhood density. Their results demonstrated that in the case of real 

words, high-probability, high-density words were repeated more slowly than 

low-probability, low-density words. For the nonwords, however, high-probility, 

high-density stimuli were repeated faster than low-probability, low-density stimuli. 

When the lexical level was invoked using real words, competition from neighborhood 

density occurred. Nevertheless, because nonwords did not have direct lexical nodes or 

units in memory, probabilistic phonotatic effects emerged. The opposing effects 

provided support for the hypothesis of levels of processing in perception of words.  

 

 

Figure18. Reaction times for the words and nonwords for each probability-density 
condition (Vitevitch & Luce, 1998) 

 

Previous studies on Chinese combinability effects of characters’ radicals also 

showed evidence of levels of processing in Chinese word recognition process. Cheng 

(2006) have found that in character recognition tasks, different no trials 
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(pseudo-characters vs. non-characters) with varying levels of difficulty could push 

subjects to deal with different levels of lexical access. In a deeper level of semantic 

processing (characters vs. pseudo-characters), subjects had to retrieve precise lexical 

representation while in a superficial level of semantic processing (characters vs. 

non-characters), subjects could make their decisions simply relying on familiarity of 

orthography. Her results confirmed the idea of levels of processing in perception of 

words, which was also found by Vitevitch and Luce (1998). In light of the findings, 

the task in experiment 2 was changed. 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 


