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Abstract 

Abstract of thesis entitled: Color Simulation: the Activation of Perceptual 

Color Representation in Language Comprehension 

The present research was conducted to give a systematic treatment of 

color simulation in language processing to enrich understanding of perceptual 
� 

simulation. Two main questions have been addressed here, namely 'what is the 

time course of color activation in language unites such as noun phrase and 

abstract words? ’ and ‘do linguistic simulation and perceptual simulation 

(especially the unconscious part) of color co-exist in language understanding? ’ 

Results from ail three experiments in the first study showed a robust 

、 
demonstration of the activation of perceptual representation of color information 

or the presence of color simulation in phase processing. Results from prime-

target stimulus-onset-asynchrony (SOA) manipulation provided time course 

information of the relative activation of the two types of colors. 

The second study involving three experiments, further extended the 

finding in Study 1 to demonstrate the presence of color simulation to an even 

smaller and abstracter linguistic unit of single words. Results from SOA 

manipulation indicates a more rapid activation of color information for the 

words psychologically-related to color, followed by activation of color for object 

nouns, and slowest color activation for verbs. 

In study 111，two event-related-potential'(ERP) experiments show a clear 

modulation from preceding object noun on the early ERP components of the 

following object picture that are known to be associated with perceptual 

processes and provide by far the strongest evidence that semantic processing 



cannot account fully for the congruence cffccts supposed to indicate color 

representation. 

‘ In summary，color reprcsentaion is found to be present not only for color 

information implied by the global phrase context but also for color information 
娘 

irrelevant to the global phrase context, not only for words with direct and 

concrete associations with color but also for words where such associations arc 
I 

indirect and less concrctc. ERP results also provide strong support that color 
V 

simulation does occur at the perceptual level as argued by embodied cognition 

theorists and cannot be attributed totally to semantic processing. Briefly, the 

present research provides a rich dataset and valuable insights deepening the 

understanding of perceptual color simulation in phrase and words. 

II 
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Color Simulation: the Activation of Perceptual Color Representation in 

Lanj^uage Comprehension 

Chapter 1 Literature Review 

Embodied Comiition and Mental Simulation 

As a major approach to cognition, theories in embodied cognition hold 
I 

that thought resides in the same neural systems that serve sensation, pcrccption 

and action (Barsalou, 1999; Conncll, 2007; Glcnbcrg & Kaschak’ 2002; 

Johnson-Laird, 1983; Pcchcr & Zwaan, 2005). For example, Barsaloifs (1999) 

Perceptual Symbol Systems theory claims thai conccpts themselves carry 

perceptual and motor information cxpcricnccd through our senses. Such 

information is supposed to be retrieved later to mentally simulate the actual 

pcrccptual cxpcricncc when wc use these conccpts. In a compulation model. 

Bailey (1997) claims that when verbs were acquired in real life, there were 

typically accompanied by explicit motor cxpcricnccs. For example, when a child 

learns 'kick', the parents may prompt them to carry out a kicking action to 

indicate that is what ‘kick, means. Bailey argues that such motor cxpcricnccs arc 

explicitly built into and bccomc part of the verb's conccptual representation, 

which can help understanding action verbs whenever they arc cncountcrcd, such 

as when one reads a verb in a scntencc. 

Supporting these claims, a considerable number of rcccnt findings have 

demonstrated that scntencc comprehension, as one type of conccptual processing, 

involves a mental simulation of the scenes and events dcscribcd in the scntcnccs 



(e.g., Glcnbcrg & Kascliak, 2002; Kaschak & Glcnberg，2000; Stanficld & 

Zwaan, 2001; Zwaan, 2004). 

Specifically, mental simulation means that the pcrccptual-motor 

representation associated with Ihcse^cencs and events arc evoked as if the 
、 

reader to some extent were having such pcrccptual and motor cxpcricncc, even 

though in processing the abstract conccptual symbols in a scntcncc they arc not 

subjected to any pcrccptual stimulation nor required to carry out any motor 

actions. And it has been further argued that such simulation is not just a by-

product but can actually help scntcncc comprehension (Glcnbcrg & Kaschak, 

2002). 

Given the claim that motor representations may be retrieved not only in 

performing physical actions but also in sentential and conccptual processes 

(Barsalou, Simmons, Barbel, & Wilson, 2003; Gallcsc & Lakoff, 2005; Glcnbcrg 

& Kaschak, 2002) is such a salient and central lend of embodied cognition, not 

surprisingly, a growing body of studies have been conductcd to test or 

demonstrate motor simulation in language processing. However, embodied 

cognition also predicts the prcscncc of simulation of pcrccptual information 

including shape, texture, color, and so on in language comprehension. 

Surprisingly, there has been so far only limited rcscarch to demonstrate 

pcrccptual simulation. 

Wc will start with reviewing major findings in motor and pcrccptual 

simulations in language comprehension, and then focus on a more specific topic 

in perceptual simulation involving activation of color information. Wc will 

finally describe the purposes of the present study, based on analysis of the 



literature. 

Motor Simulation in Laimuaizc Processiim 

Comprehending scntcnccs or verbs depicting actions has been 

demonstrated to activate the motor and prc-motor cortcx in many studies using 

both behavioral and ncuro-imaging measures. For example, studies using 

Positron Emission Tomography (PET) to reveal the brain mcchanisms involved 

in processing verbs related to a particularly conccptual category have found 

reliable activation in the left prc-motor cortcx when right-handed subjects 

retrieved information about tools or named pictures of tools (Grabowski ct al., 

1998; Martin ct al., 1996). Further studies using other functional imaging 
•， 

methods show similar results. For instance, a functional magnetic rcsonancc 

imaging (flVIRI) experiment conducted by Tcttamanti ct al. (2005) showed that 

visuo-motor circuits responsible for action execution and observation were 

activated when participants were listening to action-rclatcd scntcnccs. These 

data provide the first dircct cvidcncc for the notion that the observation— 

execution matching system (i.e., the mirror-neuron system) may play an 

essential role in the understanding of actions even the actions arc performed by 

others as depicted in the scntcnccs. 

Similarly, Hauk ct al. (2004) applied cvcnt-rclatcd fIVlRI to demonstrate 

that a task involving passive reading of action words about facc, arm, or leg (e.g. 

to lick, pick, or kick) difTerentially activated motor areas that arc activated by 

actual movement of the tongue, the fingers, or the feet. Interestingly, such 

somatotopic activation seems to be highly automatic as they weic found even 



when subjects were presented with action words, while simultaneously 

performing a secondary task (Pulvcrmullcr, Shlyrov, & Ilmonicmi, 2005). In 

addition, judging whether a verb is a real word or a pseudo-word has been 

demonstrated to clicit stronger high-frcqucncy EEG activity at the clcctrodcs , 

positioned above primary motor cortex for action words (Pulvcrmullcr, 

Lutzcnbcrgcr, & PrcissI，1999). 

Most rcccntly, Kcmmcrc ct al. (2008) demonstrate that there were brain 

regions activated when participants made semantic judgments about verbs and 

more interestingly the regions activated were different depending on the 

semantic contents of the verbs. They used several classes of verbs in their study, 

namely, running verbs (e.g., run), speaking verbs (e.g., shout), hitting verbs (e.g., 

hit), cutting verbs (e.g., cut), and changc of state verbs (e.g., shatter), which vary 

in the level of their involvement of five distinct semantic components, e.g., 

action, motion, contact, changc of state, and tool use. For example, running 

verbs involve only two components which arc action and motion, and cutting 

verbs involve all five components. Their results showed that the action 

component clicits activation in the primary motor and pre-motor corticcs, the 

motion component in the posterior-lateral temporal cortex, the contact 

component in the intra-parictal sulcus and inferior pj^rietal lobule, the change of 

state component in the ventral temporal cortex, and the tool use component in a 

distributed network of temporal, parietal, and frontal regions. 

DifTcrent from Kcmmcrc ct al. (2008), Bub, Masson, and Crec (2008) 

focus on the same type of action words with diverse motor properties. They 

differentiated between gestures which involve using an object for particular 



purposes (functional) and those for picking up an object (volumetric). For 

example, door bell and pocket calculator were the objects associated with the 

functional gesture of poke, and lotion bottle and spray bottle were the objects 

associated with the volumetric gesture of vertical grasp. Their participants were 

first trained to associate different colors with different gestures. In the test 

session, participants were presented in each trial with an item in a certain color. 

The task was to perform the gesture indicated by the color，as they previously 

learned. The colored item, whose identity was irrelevant to the main task of 

gesture production, was either a picture of an object or a word about an object. 

In the congruent trials, the gesture to be performed matched the irrelevant object 
» • 

in either functional or volumetric properties, i.e., when the item was a pocket 

calculator and the color the item appeared in cucTd a poke gesture. In the 

incongruent trials, they were matched in neither, i.e., when the item was a pocket 

calculator but the color cued for a gesture of triggering. For pictures items, 

response latency was longer for the incongruent trials, which demonstrated 

automatic activation of functional and volumetric knowledge in object 

manipulation. Most interesting is that such congruence effect was also observed 

when the items were object words，indicating the activation of such knowledge 

when processing words. 

Buccino et al. (2005) found that listening to sentences containing 

information about hand-related actions moderated motor evoked potentials of 

the hand muscles, but listening to sentences containing information about foot-

related actions moderated motor evoked potentials of the foot muscles. 
•V 

Using action-sentence compatibility effect, Glenberg and Kaschak (2002) 



found that sentences describing a movement in a certain direction could interfere 

with responses executed in a different direction. They required subjects to 

determine the sensibility of sentences by making a response, namely, moving 

towards or away from their bodies. The results showed that it took longer for 

participants to judge the sensibility of sentences when the directions implied in 

these sentences were opposite to the response. For example, if the direction of 

the response was moving towards our body, then the sentence "Close the 

drawer” whose meaning is to move away from the body would delay the 

response. 

Similarly, it was shown that hand responses to sentences describing 

manual rotation are faster when both the manual response and the sentence share 

the same direction of rotation than when they differ in rotation direction (Zwaan 

'aylor, 2006). Accordingly, it has been suggested that sentences involving 

rotations activate a motor program for manual rotation in the listener. 

‘ Finally, Glover (2004) first primed participants with names of objects 

(e.g., apple or grape) who then had to reach and grasp a following target. The 

target size (wide or narrow) was either consistent or inconsistent with that of the 
« 

object. Early in the reaching movement the prime had an impact on the aperture 

size between thumb and forefinger of the action grasp, but this aperture size 

would change to match the target's size during later stages，which suggest that 

the comprehension of an object word involves automatic simulation of 

components afforded by the related motor action. 

What the above studies have in common is that they suggest that 

representations of action information associated with a verb, phrase, sentence is 

6 



part of their conceptual meaning and can be simulated or automatically triggered 

when they are processed in a linguistic context. 

There is another type of evidence from the opposite direction showing 

the effects of motor action on subsequent or simultaneous language processing, 

demonstrated with Transcranial magnetic stimulation (TMS). One study shows 

that sub-threshold TMS stimulation of the hand area of left primary motor cortex 

resulted in faster response time in a lexical decision task for arm-related action 

words, compared to leg-related action words, and stimulation of the leg area 

speeded up decisions on leg-related action words, compared to arm-related 

action words (Pulveimuller, Hauk, Nikulin, & Ilmoniemi, 2005). 

Other studies show that irrelevant motor representations established can 

affect sentence meaning construction. For example, Masson, Bub and Warren 

(2008) require participants to produce a hand action for a visual cue while they 

were listening to a sentence. Although the action was supposedly irrelevant to 

the sentence comprehension task, reliable hand action priming effects were 

found showing enhanced sentence processing when the sentences referred to 

manipulable objects associated with actions consistent with the hand action, 

relative to when the objects were associated with actions inconsistent with the 

hand action. Taylor, Lev-Ari, and Zwaan (2008) further found that verbs leaving 

direction ambiguous (e.g. "turned") do not necessarily produce such effects. 

There are also studies indicating that motor simulation can be modulated 

by body-object interaction (BOI) and its presentation context. Siakaluk et al. 

(2008) investigated sensori-motor simulation in two types of words selected 

based on the degree of BOI, namely how easily a human body can physically 



interact with an external referent. Thus, a set of high BOI words (e.g., mask) and 

a set of low BOI words (e.g., ship) were chosen with matched imaginability and 

concreteness. High BOI words refer to objects that presumably engage more 

bodily actions when dealing with the objects. Facilitativc effects of high BOI 

words relative to the low ones were found in both the visual and phonological 

lexical decision tasks, suggesting the occurrence of motor simulation and also 

that its level was modulated by BOI so that high BOI words would, relative to 

the low BOI words, evoke more associated motor representations, which would 

provide more information to help decide the word was a real entry in the lexicon. 

While understanding a sentence like ‘‘Mother gives me a beautiful bag’， 

requires the retrieval of motor information to simulate the action predicate ‘give，， 

is it also true for the comprehension of figurative language (e.g.. Mother gives 

me a lot of mental support)? Raposo et al. (2009) used fMRI and scanned 

participants who listened to verbs related to arm or leg, presented in isolation 

(e.g. kick), in literal sentences (e.g., kick the ball), and in figurative idiomatic 

sentences (e.g., as in kick the bucket). Significant activation in motor areas was 

found for the verbs in isolation and in literal contexts. In the idiomatic contexts, 

fronto-temporal areas closely associated with language processing was activated 

but not motor and pre-motor cortices. That is, motor simulation of action verbs 

may not always occur but can be modulated by the semantic context the verb 

appears. 

However, such findings have met with contradictory results. Using fMRI, 
r 

Rohrer (2001) did find the sensori-motor area activation in the somatotopic 

representation of the hand area (Moore et al. 2000) in a semantic comprehension 



task including literal and figurative sentences about hand, consistent with 

previous results about. More recently, Rohrer (2005) reviewed fMRI and ERP 

studies and confirmed that both literal and mctaphoric language stimuli activate 

areas of sensori-motor cortex. 

Perceptual Simulation in L.anuua^c Proccssina . 

Most of the existing evidence about sensori-motor simulation (e.g. 

Glenberg & Kaschak, 2002; Kaschak & Glenberg, 2000; Stanfield & Zwaan’ 

2001; Zwaan, 2004) investigate the activation of action representation in 

language processing. There are less but growing number of studies on perceptual 

simulation, i.e., the activation of other sensory properties like object shape, 

orientation and resolution in language processing, which complements evidence 

about motor simulation to more fully support claims of embodied cognition. 

One of the first evidence for perceptual simulation was from Zwaan, 

Stanfield，and Yaxley (2002) who asked their participants to read and 

comprehend a sentence for later recognition. A picture depicting an object would 

then be shown and participants did speed naming of the picture. The sentence 

could be consistent or inconsistent with the picture, depending on whether the 

object descried in the sentence implied a visual shape same as or different from 

the shape of the object depicted in the picture. For example, if the sentence was, 

‘The ranger saw the eagle in the sky'), it would be consistent with picture 

depicting a flying eagle but inconsistent with a picture depicting a sitting eagle. 

This pattern was exactly the opposite for the sentence, 'The ranger saw the eagle 
t ^ 

in its nest，. Naming latency was found to be significantly shorter for the 

9 



consistent sentence-picture pairs than for the inconsistent pairs, suggesting that 

the shape information of the object referred by the word in ihc sentence (i.e., the 

eagle) was activated and interacted with the shape information perceptually 

given in the picture. 

Stanfield and Zwaan (2001) investigated another type of scntcnccs which 

implied objects' direction. For example, ‘He hammered the nail into the wall' or 

‘He hammered the nail into the floor’. The former scntencc implies the direction 

of nail is horizontal, while the latter one is vertical. Both of these two types of 

sentences were followed by a line drawing of an object. This following object 

was presented either in a horizontal or in a vertical orientation, thus creating a 

match or a mismatch condition. When primed by an auditory sentence, 

participants made faster recognition response in match condition relative to the 

mismatch one. Thus, this result indicates that orientation of an object as implied 

in the sentence (e.g., whether the nail was position horizontally or vertically) 

was explicitly activated in comprehending the sentence and such activation 

interacted with the orientation information perceptually given in the following 

picture. 

Diane, Kiki, and Rene (2007) in the study phase asked their participants 

to do a property verification tasks deciding whether a concept name (e.g., apple) 

matched with a property that was either visual (e.g., shiny) or a non-visual (e.g., 

tart). They later in the test phase presented pictures of objects and asked 

participants to recognize which of these objects were studied earlier. The results 

show better recognition memory of the object in both response time and 

accuracy measures if the concept name for the object had been presented with a 

10 



visual property than with a non-visual property. These results indicate that the * • 

perceptual (i.e., visual) properties of a concept is more closcly tied or may be 
、 

part of the meaning representation of the concept itself, relative to non-

perccptual (i.e., non-visual) properties. That is, when judging about the visual 

properties of the concept, the concept itself is activated more and hence 

recognized better later, relative to the non-visual properties. Concept 

representation is not totally abstract and modality-free as it consists in part of the 

explicit representation of modality-spccific information (e.g., visual properties) 

and concept understanding leads to simulation of such modality-spccific 

information. This supports the perceptual symbols theory (Barsalou, 1999) that 

sensorimotor simulations underlie the representation of concepts. 

Yaxley and Zwaan (2007) showed participants a sentence describing an 

object (e.g., moose) making them either visually dear or fuzzy, as in the 

following sentences, "Through the clean goggles, the skier could easily identify 

the moose.” or "Through the fogged goggles, the skier could hardly identify the 

moose." Each sentence was followed by a picture showing an object dear or 

fuzzy, and thus being consistent or inconsistent in visibility with the image of 

object implied in the sentence. In verifying whether the object showed in the 

subsequent picture was consistent with the one mentioned in the previous 

sentence, participants were found to respond faster for the consistent scntcnce-

picture pairs, relative to the inconsistent pairs. Apparently, the results suggest 

that during sentence comprehension visual simulation must have occurred，that 

is, a visual image must have been formed, dear or fuzzy in visual quality, 

depending on the sentence context and interacted with the visual quality 

11 



information perceptually given in the following picture. 

Color Simulation 

While the studies on pcrccptual simulations have been conccrncd with 

shape, direction, size, the work demonstrating mental simulation of color 

information was scant, even though color is a very salient feature in vision and 

color information is also prevalent. 

Klein (1964) used words denoting color-diagnostic objects in Stroop 

paradigm, requiring subjects to name the ink color of cach word. The objcct 

noun could be in its typical or an incongrucnt color. A standard Stroop ctTcct was 

found- color naming was faster in typical color condition. Following Klein's 

work, Naor-Raz, Tarr, and Kcrstcn (2003) also demonstrated such Stroop cffcct 

by further arguing the semantic representation of color in objcct nouns. 

Color match Color mismatch 

Scntcnccl 

John looked at the steak on his plate. 

Sentence 2: 

_ _ 

(Brown steak) (Red steak) 

_ _ 
John looked at the ‘steuk in the butcher's window. 

(Red steak) (Brown steak) 

Fig. 1 Sample sentences and pictures used in Conncirs study. Note thai the color in each 

picture condition is natural for that particular objcct. For example, brown and red are two 

12 



natural colors Ibr steak. 

Besides these available evidence on the semantic representation of color 

in language processing, most recently, Connell (2007) examined whether 

implicit pcrccptual information such as objcct color is represented during 

scntcncc processing. On a trial, a scntcncc denoting a particular color for a target 

object was presented to participants, followed by a picturc of that objcct either 

with the same color or ciifTcrent color from the one implied in the preceding 

scntcncc (Fig. I). When judging whether the pictured objcct was slated in the 

prcccding scntcncc, participants made a faster response to the objccts with 

mismatched color than the matched one. Though the inhibition cffcct in 

Connell’s study seems violating the facilitation cffcct in other available 

literatures (e.g., Glcnbcrg & Kaschak, 2002; Stan fie Id & Zwaan, 2001; Yaxley & 

Zwaan, 2007)，such result pattern did provide cvidcncc to support that color is 

automatically represented in language comprehension. 

Studies reviewed above have provided strong support for the 

psychological reality of perceptual simulation in language comprehension. 

Among the existing literature, motor actions, being salient manifestations of the 

body-environment interactions, attract most research attention and have been 

consistently demonstrated to be simulated in reading aclion-rclatcd words and 

sentences. 

However, it would be incomplete to focus solely on action simulation in 

language processing. Other than actions and events, and even in actions and 

events themselves, language comprehension involves much representation for 

the full range of pcrccptual experience we ever have. However, there arc only a 

13 



handful of studies looking into pcrccptual simulation in language comprehension, 

mainly in the area of visual shape. For the salient pcrccptual dimension of color, 

there is only one such study, though there arc other two mainly focusing on the 

semantic representation of color. 

Apparently, there is much more research needed in this area to cnrich our 

understanding of mental simulation as a window to examine the specific 

mcchanisms involved embodied cognition. This motivates the present study to 

using color simulation as a specific topic to explore the more general 

phenomenon of pcrccptual simulation. 

Chapter 2 Objective of the present research 

1) I start with the recognition that it may not be ncccssary to use a full 

sentcncc to demonstrate color simulation as the cffccts in Conncll (2007) may be 

only elicited by one additional critical word, other than the target objcct noun 

itself, which constrains interpretation of the objcct to imply a specific color. For 

the example, in 'Susan put the steak for dinner on the table.,, the word ‘dinner’ 

is the critical word to generate the implicit infcrcncc that the steak mentioned in 

this sentence should be brown as opposed to red. 

Therefore, I would first try to explore whether a simple phrase, e.g., night 

sky, in the form of adjective + noun would suffice to producc color simulation. 

That is, when participants are only reading such a phrase which implies a ccrtain 

color (e.g., black), whether the representation associated with physical color 

perception would be evoked. Positive results for such a situation would be a 

strong piece of evidence for the presence of color simulation in language 
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comprehension and also very informative as to how small a linguistic context 

can constrain such simulation. A rcccnt study of Wu and Barsalou (2()()9) 

showed that participants could generate different properties for words and their 

corresponding noun phrases, which shed light on that one critical word may 

constrain the property of the following target words. Thus, it was cxpccted that 

an adjcctivc in the present study could help the following objccl nouns implicitly 

clicit particular color. 

In the currcnl study, two types of colors were manipulated to possibly 

implied in the noun phrases, one being the color based on interpretation of the 

phrase as a whole (e.g., black for 'night sky，)’ and the other being the typical 

color associated with the noun (e.g., blue for 'sky'). Specifically, the phrase 

color is a color from the contextual linguistic processing, that is, a color at the 

global level resulting from linguistic construction integrating meaning of the 

local elements of the adjcctivc and the noun. However, the typical color of the 

noun object is a stable attribute of the object that does not depend on specific 

linguistic contcxt. 

This dissociation between phrase color and typical color provides a very 

interesting opportunity to investigate the dynamic changcs of these two types of 

color activation under the same linguistic context by manipulating the stimulus 

onset asynchrony (SOAs) between the preceding phrase and the color patch, a 

technique that has been widely adopted in language research to compare time 

course of different linguistic codes. The theories of embodied cognition assume 

that not all possible afTordanccs of perceptual simulation arc activated in 

language processing; rather, only those relevant to the understanding are evoked. 
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Thus, it is not surprising that only those atTordanccs dircctly relevant to the 

language comprehension arc of primary interest (e.g., phrase color in the present 

study), while those less relevant ones arc usually ignored and haven't been 

investigated so far (e.g., typical color in the present study), even both of them 

share the same type of affordancc. The present study has tried a first attempt to 

investigate the dynamic activation of two types of color simulation (i.e., phrase 

color and typical color) simultaneously to fill up this gap. 

In the past, most of the simulation studies usually Just involve 

comparison between a congruent and an incongruent condition, which is then 

only able to show that the activation was present. Without a rcfcrcncc time 

course, it would be difTicult to interpret any cffccts changes as a function of 

SOA. The time coursc data can possible make sense as the present design 

introduces the new variable of typical color in the same contcxt as the phrase 

color. The relative activation of phrase color directly constrained by the phrase 

contcxt, and typical color highly associated with the target object, would provide 

further insights on the embodied cognition by demonstrating a dynamic proccss 

of perceptual simulation. 

Another major change from the Connell study was that I change from a 

task to detect whether the pictured object appeared in the previous sentence to a 

color patch naming task. So I will present the phrase followed a color patch and 

ask participants to name the color of the patch. Naming latency to the color 

patch was used to probe activation of perceptual color information when reading 

the preceding phrase. Simmons ct al. (2009) assumed that the linguistic system 

and the simulation system both become active initially, but that activation in the 
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linguistic system peaks first. The dissociation between the presentation of prime 

and task could help avoid the involvement of other confounding factors which 

may have impacts on the processing of the prime phrase. It was expected that if 

color information is activated in the phrase, it would facilitate naming of the 

color patch if the patch color was congrucnt with the color activated than when 

the patch color was incongruent with the color activated. 

2) Apparently, Klein (1964) and Naor-Raz, Tarr, and Kcrstcn (2003) have 

shed light on the conccptual representation of color in concrete words such as 

object nouns. In addition, in studies of motor simulation, other than action-

related sentences, isolated action verbs have been presented and found to inducc 

motor simulation. The above studies taken together raise the possibility that 

color simulation may also be demonstrated in linguistic units of words, even 
ft 

those less concrete than objcct nouns such as verbs and words psychologically 

related to color. In Study 1，activation may be found for the typical color of the 

objcct noun in the phrase, it remains unclear whether such activation would only 

occur in a color directly denoting by objcct nouns. That is. Study I docs not tell 

whether when the abstract words or those not as concrctc as object nouns was 

presented, they would induce color activation. 

Thus, in addition to object nouns which serve as the baseline, I also 

included two more types of words，verbs and words psychologically associated 
• 

with colors. Verbs are concepts that have no dircct concrete reference to 

perceptual color information. However, verbs, in denoting actions, arc associated 

with agents and objects. For example, the verb ‘plant, implies an action 
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involving hands and trees. As mentioned in the introduction, there have been 

studies showing that body parts as agent information were simulated in 

processing action verbs, that is, reading lick，activates face area and reading 

‘kick，activates foot areas in motor cortex. It is possible that objects denoting by 

verbs may also be mentally simulated. To examine this in the general contcxt of 

my focus of color information, I examined whether color information associated 

the object of a verb is simulated when reading a verb. 

In addition, it was argued that the brain could simulate not only the 

perceptual and motor but also the mental states during the interaction with the 

world's referents (e.g., Barsalou, 1999, 2008; Damasio, 1989; Glenbcrg, 1997; 

Martin, 2001, 2007; Thompson-Schill, 2003). For example, the simulation of the 

word 'cat ' involves how a cat looks, sounds and feels, and how one feels 

emotionally around them. The current study also took these emotional 

reenactmcnts into consideration. Based on one's life experience, color can be 

associated frequently and indicate some emotional state. For example, black 

indicates fear, white indicates sadness, and red indicates danger and happiness. 

Therefore, abstract words such as fear, festival, and danger arc indircctly 

connected with and imply a specific color. When reading such words, will there 

be activation for their implied color? 

Putting verbs and words psychologically related to color together, they 

are both abstract conccpts in the sense that they do not refer to concrete objects 
V . 

and would imply color as objects do but are just indirectly associated with the 

perceptual color information. Words psychologically related to color share the 

same psychological functioning with physical color. For example, red color 
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could exert the feeling of danger (e.g., Elliot et al.，2007; Goldstein, Davidoff，& 

Roberson, 2009; Hill & Barton, 2005; Mehta & Zhu, 2009). Thus, reversely 

should color representation be demonstrated for words psychologically 

associated with color, it would be an interesting 谷nd significant extension to our 

understating of the scope of applicability for the claims of mental situation. 

Further, it would also be informative to compare their effect size, to see among 

the three types of words, which will show stronger effect of color simulation，the 

object nouns with direct connection to color, or the verbs or words indirectly or 

psychologically associated with color? 

3) To repeat, Connell (2007) is the only study which is claimed to show 

perceptual color simulation. In that study, participants were presented with a 

sentence first, and then judged whether the following picture was mentioned in 

the preceding sentence. What he found was that whether the color of the object 

matched the implied color of the object in the sentence made a difference in the 

response time,. The most straight forward way to interpret his finding was to use 

color simulation so that the activation of perceptual color information occurred 

first when reading the sentence and such activation later affected the perception 

of the color information in the picture of the object. -

However, there is still another possibility which is’ perceptual simulation 

did not occur so that reading the sentence only produced the linguistic activation 

of a brown steak in the semantic memory. It is only when the steak picture was 

presented later, participants verbalize the object as brown or red steak and 

activate the respective semantic meaning of these verbalization. This semantic 
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activation, depending on whether they matched the previous semantic activation 

from sentence comprehension, would either speed up or impede the behavioral 

performance. That is, this verbalization account would predict the same outcome 

as the color simulation account in terms of behavioral results but one attributed 

the interaction to the perceptual presentation while the other to the semantic 

representation level and the later possibility does not require adopting any 

embodied cognition stance. Thus, direct evidence is still needed to support the 

existence of perceptual simulation in language comprehension. 

However, it is obvious that linguistic representation and perceptual 

simulation is mixed together. To distinguish these two types of representation, 

one needs to go beyond the behavioral results that do not provide the temporal 

profiles of the processing. Recently, Simmons et al. (2008) using fTVIRl have 

tried such attempt and found the psychological reality of these two types of 

representation. However, they used property generation task to elicit the 

situated/perceptual simulation during which participants tended to consciously 

apply imagery strategy to finish the task successfully though Simmons et al. 

assumed more unconscious simulation should be involved. That is, what 

Simmons and colleagues found may be the conscious part of perceptual 

simulation. Then, what is the unconscious part of the perceptual simulation? 

The current study aimed to provide more definite evidence to support the 

‘purer’ perceptual simulation of color interpretation in language comprehension 

with event-related potentials (ERPs) that are known to offer millisecond 

temporal resolution and especially suitable for revealing the time course of 

mental processes. It has been well established that earlier ERP components with 
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shorter latencies (around 200 ms) are linked with perceptual processing (Bentin 

et al.，1996; Johnson & Olshausen, 2003) and later ERP components with longer 

latencies such as N400 are associated with semantic processing. Two ERP 
»^ 

studies were conducted to revisit the psychological reality of these two types of 

simulation by involving a more implicit task, which could help better investigate 

the existence of unconscious perceptual simulation. By examining whether the 

linguistic context affects early or later components in the ERP waveform，we 

would be able to discriminate activation of color information in the perceptual 

representation and semantic representation. 

Chapter 3 Experimental Studies 

Study I — Color Simulation at Phrase Level 

For this study involving three experiments and seventy-one participants, I 

used color-naming tasks to examine the activation of color information in phrase 

processing, relying on measurement of naming latency (Bock, 1996). The three 

experiments were conducted to examine whether one critical word could be 

、 

strong enough to constrain particular color at phrase level and to provide time 

course information of the activation for the relevant color and irrelevant color. 

In each trial, participants were presented with a phrase indicating a 

specific color. For example, ‘夜晚的天空，，namely ‘夜晚的’ (night) plus ‘天空’ 

(sky) means ‘sky in night，，as a whole indicates the color black. All phrases used 

were in the form of adjective + noun, referring to particular objects as objects 

are mostly likely to imply color. 

The phrase serves as a prime to a following target color patch whose 
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color may be consistent or inconsistent with the color specified by the phrase. 

Participants need to name the color of the color patch as quickly and accurately 

as possible. If color information as denoted by the phrase prime had been 

activated, one would expect color naming to the target patch to be facilitated if 

the two colors were consistent with each other. 

The type of phrases was manipulated to include phrases in which the 

adjective is associated with color information, referred as color-adjective phrases, 

and phrases in which the adjective is not/less associated with color information 

in itself, referred non-color-adjective phrases. An example for color-adjective 
\ 

phrase would be‘夜II免I'l̂ �]人•'今:’where the adjective‘夜H免的，implying color black. 

An example for non-color-adjective would be‘小fiitUf的，，meaning unhealthy 
p * 

indicating no color but‘不健UflY�Ji<|: W’meaning unhealthy teeth indicates the 

color black as a whole phrase. The manipulation on phrase type could help to 

specify whether phrase color is based on the color activation of adjective or not. 

Each phrase was paired with a patch in three different types of colors: a 

phrase color which is the color implied by the entire phrase (‘夜11免1丫\|人'乂?̂-

black); an object color which is not implied by the phrase but the typical color 

for the noun (‘夜lijJtl'l^j天‘空blue); an incongruent color which is implied 

neither by the phrase nor the noun (‘夜晚的天空green). The incongruent color 

serves as a baseline (although this may appear strange as incongruent typically 

implies an interference condition but not a neutral control. I will return to this 

point in the discussion of Exp. 1). Briefly, for the phrase of sky in night, the 

phrase color would be black, and the typical color would be blue and the 
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incongruent color would be green. ‘ 

The comparisons were between the average naming latencies to the three 

types of patch colors, all preceded by the same phrase prime. If there were color 

information activation during phrase comprehension, one would expect better 

performance for when the patch was in the phrase color, relative to when the 

patch was in the incongruent color. There was no specific prediction as to 

whether similar effects would be found for the typical color condition, relative to 

the incongruent control condition. However, typical color was included to 

further investigate whether linguistic context could be empirical impact which is 

not indicated by the current linguistic context, namely the irrelevant information, 

would play a role in language processing. To examine the time course of such 

activation, the prime-target SOA between the phrase onset and the color patch 

onset was manipulated across the three experiments, as in typical priming 

studies. If color activation was found for typical color, then strong evidence 

would be also provided to support the embodied cognition which has a primary 

focus on the interaction between body and the referent. The typical color is the 

frequently one experienced by our senses. Thus, its activation in a irrelevant 

context would be a stronger piece of evidence. 

Experiment 1 

Method 

Participants 

Twenty-four right-handed undergraduates (12 males), aged between 20 

and 25 years, with a mean age of 22.1 (SD =1.10), were recruited from South 
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China Normal University, Guangzhou, China. All were native Chinese speakers 

and all signed informed consent form. All had normal color vision as assessed 

by the City University Color Vision Test (Fletcher, 1980). 

Materials and design 

Color stimuli were draw from six Munscll color patches displayed on the 

monitor, namely, red, green, white, black, blue, and yellow. For the chromatic 

colors, lightness and saturation dimensions were kept constant at Value 5 and 

Chroma 6，while the hue set at Hue lOR, lOG, lOB, and lOY, for red, green, blue, 

and yellow, respectively. For black and white, their lightness was Value 0 and 10, 
、、 

respectively, with the same saturation at Chroma 0. 

Color patches were presented as a square of 120 x 120 pixels 

(approximately 3 x 3 cm) on a white background with a thin black line (one 

pixel) as boundary. 

There were 40 adjective-noun phrases used and half of them were test 

items indicating particular colors and half were fillers indicating no color (e.g., 

H川挤的交通，means heavy traffic). Each phrase was paired with three different 

types of colors, as described above，the phrase color, the typical color, and the 

incongruent color. The fillers were also paired with three different color patches. 

To ensure participants read the phrase, a two-character word was presented 800 

ms after the offset of color patch for half of the filler trials. Participants should 

judge whether this word was included in the preceding phrase or not by pressing 

one key for yes and another key for no. There is a 800 ms interval between trials. 

Test phrases were pre-tested to ensure they actually implied the intended 

color. Twenty-one college students who did not participate any of the 
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experiments were instructed to write down the corresponding color implied by 

the whole phrases and the target object nouns and rate the canonicality of color 

based on a 7-point Likert scale ranging from 1 (very low canonicality) to 7 (very 

high canonicality), respectively. Across all subjects, the average reported color 

matched that of the intended color. For the phrase, mean = 90%, SD = 5%, with 

the rating of each phrase higher than 5; for objcct noun: M = 93%, SD = 4%, 

with the rating of each object noun higher than 5. Another twenty college 

students were instructed to write down the corresponding color implied by the 

adjectives and rated their canonicality as well. For half of them, M = 90%, SD = 

5%, with the rating of each phrase higher than 4, for the other half, none of them 

showed a consistent color. 

Each of the 40 items was paired with 3 color patches, producing 120 

trials in total. These 120 trials were evenly divided in three blocks, cach of 40 

trials. All 20 different test items appeared in each block and cach appeared only 

once, and the rest trials in cach block were filler trials. For the lest items, about 

1/3 of them would be paired with a patch in the phrase color, 1/3 paired with a 

patch in the typical color, and 1/3 paired with a patch in the incongrucnt color. 

The design was therefore a 2 (Phrase type: color-adjcctivc phrase vs. non-color-

adjective phrase) x 3 (Color version: phrase color, typical color, incongruent 

color) design with two within-subject factors. 

Procedure 

Stimulus presentation and response acquisition were controlled by the E-

Prime software running on an IBM-compatible computer. Response latencies 

were recorded by computer using a voice-activated key, and accuracy was 
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rccordcd and scored by the experimenter. 

All participants were tested individually in a dimly lit room. Instructions 

were displayed visually onscreen and explained by the experimenter. 

Participants completed 10 practicc trials before the actual testing. Each trial 

began with a ccntral fixation cross for 500 ms, followed by a 600-ms 

presentation of a phrase. At the offset of the phrase, a color patch appeared 

onscrccn. Participants should name the color patch as quickly as possible, while 

maintaining high accuracy. If participant failed to respond within a 5000 ms time 

window, the program would regard it as an error. The color patch was turned off 

after response or at the end of the response window. In some catch trials, there 

would also be a two-character test word presented after the patch and 

participants to indicate whether this word was in the phrase or not. The lest 

words were equally likely to be the adjcctivc (without out the last character ‘的，） 

or the noun. They pressed one key's' for yes response and another for no 

response. No feedback on the response accuracy or speed was given to the 

participants. 

The items were pseudo-randomized across participants with no two 

successive trials requiring the same naming response. The experimental session 

was made up of three blocks with a 1-minute break between blocks. At the 

beginning of each block, there were three warm-up trials whose data were 

removed from the data analyses. 

Results 

Analyses used repeated-measures ANOVA with either participant (厂1) or 

item (F2) as the random variable. Both Phrase type and Color version were 
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within-participant and with in-item va-^ablcs. Response accuracics for the color 

naming task were generally very high with a mean value of 0.97 (57>=().()1) for 

all three conditions combined. The accuracy was also very high for the word 

judgment for the catch filler trials (mean = 0.94). No significant was revealed 

from ANOVA for any main cfTcct or interaction. The same pattern was found for 

Exp. 2 and 3 so I would only focus on the latcncy results in the following. 

Table 1 

Mean Response Times (in Milliseconds) per Phrase as a Function o f Color 

Version � 

-Color version 

Phrase type 

Phrase color Typical color Incongruent color 

M SD M SD M sn 

Color-adjective 715 49 741 

phrase 

Non-color- 708 55 736 

adjcctive phrase 

69 

80 

785 

793 

70 

81 

Trials with RT less than 250 ms and greater than 1750 ms were cxcludcd 

from all analyses, which accounted for 5.4% of the total number of trials and 

were approximately equally distributed across conditions. The mean naming 

times for clifTcrcnt conditions arc illustrated in Table 1. The results showed a 

non-significant main effect of Phrase type {F\ (1, 23) = 0’ MSE = 1, p> .5, F2 (1 

9) = .11, MSE = 376, p>.丨）’ but a significant effect of Color version {F\ (2, 46) 

二 21.88, MSE 二 59551，p< .001 ,F2(2 , 18)= 13.02, MSE = 28628，p< .01). 

Specifically, significant differences were found between phrase color and 
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incongruent color (715 vs. 785 ins’ F\ (1,23) = 42.54, MSE = 116821, p< .001, 

F2 (1, 9) = 20.13, MSE = 57041, p< .01 )，between phrase color and typical color 

(715 vs. 741 m s , F l (1, 23) = 5.74, MSE = 16776, p< .05, F 2 ( l , 9 ) = 7.78, MSE 

=11389, p< .05), as well as between typical color and incongrucnt color (741 vs. 

785 ins, F\ ( 1 , 2 3 ) = 18.05, MSE = 45058, p< .()() 1 , F 2 ( 1 , 9 ) = 7.58, MSE = 

17454,/;< .05). 

免 No significant interaction was found between Phrase type and Color 

version, F\ (2, 46) 二 .88, MSE = 2367, / ; > . 1 , F 2 ( 2 , 1 8 ) - .76, MSE = 1241, 

/；>.!. This indicates in particular that the diffcrcncc between phrase color and 

typical color was not different between color-adjcctivc phrases and non-color-

adjcctivc phrases. 

Discussion 

Exp. 1 demonstrated that when a phrase was briefly presented for 600 ins, 

both the color implied by the whole phrase and the typical color associated with 

the noun of the phrase were named faster than an incongruent color baseline. 

And significant difference was also found between phrase color and the typical 

color, suggesting a stronger activation for the phrase color than for the typical 

color. The results showed clear color simulation, i.e., a clear eftcct of color 

activation in language comprehension for linguistic unit at the phrase level. 

The color of the whole phrase and the typical color of the noun object 

were different. For example, in the phrase of ‘|圳 L々丨丨 I '丨的讽n 丨.，(new-born maple), 

the phrase color is green, while the typical color of maple is red. However, 

activation of both the phrase color and the typical color were observed, with the 

priming effect being larger in size,for the phrase color than for the typical color. 
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This pattern of results suggest that the color constructed at the whole phrase 

level based on the combination of the adjective and the noun enjoys some 

processing priority, but docs not dominate to the extent of totally suppressing the 

activation of the typical color, which was incongrucnt with the phrase color. It 

may also be interpreted to mean that the color information, such as a color 

typically (i.e., strongly) associated with an object conccpt due to life expcricncc, 

was activated highly automatically in processing the conccpt. The dominant 

acccss view of conccpfs property also provide some support for the currcnt 

finding by claiming that the most dominant form of the property is retrieved 

during property verification task, even if that form is incorrect for the conccpt. 

For example, in a previous work of Solomon and Barsalou (2001 )，when 

verifying nose for airplane, some subjects reported thai they initially imagined a 

human nose that did not match any part of an airplane, often leading to an 

incorrect false response. 

The other interesting finding is that there is no significant interaction 

between phrase type and color version. That is, activation of the phrase color 

was the same regardless of whether the adjective in the phrase implies a color 

(in the color-adjective phrases) or not (in the non-color-adjective phrases). As 

the adjectives in the color-adjective phrases always referred to the same color as 

the phrase color, this confirmed that the activation of color information indeed 

resulted from the phrase color but not from color from the adjective. If it were 

the adjectivc color that was important, one would expect to find a priming effect 

difference between the two types of phrases. 

The present results were based on differences between a congruent 
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condition and an incongrucnt condition. It is well-known that without a suitable 

neutral condition, it would be difficult to assess whether any congruencc effects 

observed reflect facilitation or priming. Given the present task was color naming, 

it was impossible to put in a condition neutral, compared to the congruent and 

incongrucnt conditions. However, literature studies have tended to show that the 

effect of automatic color information activation in language processing with 

modified Stroop paradigm seems more likely to result from facilitation but not 

inhibition (Klein, 1964; Naor-Raz, Tarr, & Kersten, 2003). I therefore assume 

for color simulation and tentatively consider the incongrucnt condition to be a 

baseline to assess such facilitation in the congruent condition. 

Experiment 2 and 3 

Method 

Exp. 2 and 3 were identical to Exp. 1 exccpt the SOA between the phrase 

prime and the target color patch was manipulated to further characterize the time 

course of the color simulation observed in Exp. 1 ： While the SOA was 600 ms in 

Exp. 1, it was increased to 800 ms in Exp. 2，and 1000 ms in Exp. 3. All aspects 

were as in Exp. 1 except where this SOA was relevant. Participants were taken 

from the same subject populations and formed the same inclusion criteria as in 

Exp. 1. Two groups of new participants were recruited for Exp. 2 (N=24, 12 

males； mean age+/- SD = 22.1 +/-1.1) and Exp. 3 (N=23, 11 males, mean age+/-

5*0 = 22.!+/-!.2). 

Results and discussion 
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The mean naming times across all participants for different conditions arc 

illustrated in Table 2 and 3 for Exp. 2 and 3, respectively. 

The two-way interaction of SO A x Color Version was obtained both by 

participant (F\ (4，136) = 3.3, MSE -9870 , p< .05) and by item (F2 (4’ 54) 

=.8 .73, MSE= 15742，尸<.()01). See Fig. 2. 

• Phrase Colour 
• Typcial Colour 
• Incongruent Colour 

Colour-
adjective 
Phrase 

Non-colour 
adjective 
Phrase 

Colour-
adjective 
Phrase 

Non-colour 
adjective 
Phrase 

Colour-
adjective 
Phrase 

Non-colour 
adjective 
Phrase 

Exp.1 Exp. Exp.3 

Fig. 2. Mean response l imes for the three types of colors in the color-adjective phrase and 

non-color adject ive phrase from Experiment 1-3. 

As in Exp. 1, for Exp. 2, the main effect of Phrase type was not 

significant (F\ (1, 23) = .22，MSE =378’ p> . 1, F2 (1, 9) = .04, MSE = 243, 

p>. 1), neither was the interaction between Phrase type and Color version (厂1 (2, 

46) = .5’ MSE = 1 0 6 9 , / ; � . 1，F2 (2，18) = .03, MSE = 58，p> A). Critically, the 
i 

main effect of Color version was significant (厂1 (2, 46) = 8.79，MSE = 28938， 

"=.001，/^ (2，18)= \23S,MSE= 14075，尸< .001): Response time for 
、 

incongruent color was significantly longer than phrase color (厂1 (1, 23) = 10.56, 
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MSE = 44187, /尸.004; F 2 ( l , 9 ) = 32.69, MSE = 20752, p< .001) and typical 

color (厂I (1, 23) = 11.01, MSE = 42613, /尸.003; F 2 ( l , 9 ) = 11.92, MSE = 

21466, p< .01), with no difference between phrase color and typical color (厂1 (1 

23) = .01, MSE = 14, / ) � . 1 ’ F2 (1, 9) = .01, MSE = 6’ p> • 1). 

Tabic 2 

Mean Response Times (in Milliseconds) per Phrase as a Function of Color 

Version 

\ -^^olor version 

Phrase typd � 

Phrase color Typical color Incongruent color 

M SD M SD M SD 

Color-adjective 720 62 722 31 769 60 

phrase 

Non-color- 720 31 716 57 763 50 

adjective phrase 

Table 3 

Mean Response Times (in Milliseconds) per Phrase as a Function of Color 

Version 

� o l o r version Phrase color Typical color Incongruent color 

Phrase t � d ^ � M SD M SD M SD 

Color-adjective 702 49 677 25 737 23 

phrase 

Non-color- 694 43 656 32 731 61 

adjective phrase 

However, in the experiment 3，the main effect of Phrase type was 

marginally significant only by participant but not by item (F1 (1，22) = 3.77, 
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MSB 二7 9 1 0， . 0 6 ; F2 (1, 9) = .54’ MSE = 1887,/;>. 1). The main effect of 

Color version was significant by both participant and item (尸1 (2，44) 二 15.33, 

MSE = 45439’ p< .001; F2 (2, 18) = 21, MSE = 22729, p< .001). Response time 
t ？ 

for incongruent color was significantly longer than phrase color (F\ (1，22)= 

8.08，MSE = 26085, p 二 .009; F2(\,9)= 11.11, MSE = 12984，p< .01) and • 

typical color (厂1 (1，22) = 23.4, MSE = 90719’ 尸< .001; F2 (1，9) 34.03, MSE 

= 4 5 3 8 4 , / ; < .001). However, different from Exp, 1 and 2，response to phrase 

color was slower than typical color (F1 (1,22)=^ 10.93, M S ^ ^ 19512, .005; 

( 1 , 9 ) = 13.17, MSE = 9818, p< .01). Again, the 2-way interaction did not 

reach significance (Fl (2，44) = :09, MSE = 158’ p � . 1; F2 (2, 18) = .2, MSE = 
I 

3 5 5 , " � . 1 ) . 

The results of Exp. 2 and 3 are discussed together with that from Exp. 1. 

Discussion for Study I 

Results from Experiments 1 to 3 all showed a clear congruence effect of 

naming latency difference between the congruent phrase color condition and the 
• . * 

incongruent color condition, providing a robust demonstration of the activation 

of perceptual representation of color infoitnaticHi or the presence of color 

simulation in processing phases. In addition, the typical color associated with 
t 

_ , , 
object noun in the phrase, being different from that of the phrase color，was also 

found to be activated. Along with the existing evidence of color simulation, this 
» 

indicates that sfmulation of a concept can be influenced by one critical word, 
I 

、 ‘ 

namely the adjective used in the current study. Such result is consistent with the 
« • 

recent finding of Wu, and Barsalou (2009) that different types of properties were 
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generated to object nouns and their corresponding noun phrase which indicated 

another state of the noun. Interestingly, not only color information implied by 

the global context as contained in a simple phrase structure but also color 

information irrelevant to the global context as implied by a component unit of 

the phrase were both found activated，which could be elucidated by the 

dominant access view that the dominant form of the property could be retrieved 

in the concept understanding. The current study further extend this view by 

demonstrating that such dominant form of the property could be retrieved and 

kept strong even in an irrelevant context such as the blue color of sky in the 

phrase of 'night sky,. 

The critical difference across the three experiments was that the effect 

size of color simulation was larger for phrase color in Exp. 1 at 600 ms SOA, but 

became comparable between the two at 800 ms SOA, and got reversed to be 

larger for the typical color than the phrase color at 1000 ms SOA. That is, the 

relative level of activation between the two color codes seems to vary as a 

function of the time available to process the phrase. When the time was short, 

the phrase color seems to have been activated, while as the presentation time 

was lengthened, the typical color was activated more and eventually became 

larger than the phrase color. 
： 

The color information based on the linguistic construction of the whole 

phrase seems to be^extracted rather quickly, suggesting a faster activation than 

the typical color. Such more immediate and direct impact from the phrase color 

may be understood in the sense that the phrase meaning is more relevant in the 

context of linguistic processing, compared to the typical color which, driving 
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from long-term daily experience, invariant of and hence indirectly associated 

with specific context, is retrieved more slowly and gradually. 

That the effect of typical color becomes stronger as a function of the 

variation of SO A may shed light on the dissociation between adjective and noun 

in a phrase as the SOA was lengthened. It is obvious that the noun phrases used 

in the current study have a salient focus on noun but not adjective. Thus, it is 

natural that the participants would have a primary focus on processing the noun 

while ignore the adjective, at least to some extent. Thus, the context effect 

become relatively weaker and weaker (i.e., phrase color), while the typical color 

of object become stronger and stronger. This interesting dynamic change of the 

color activation provides evidence to support the simulation of concept and 

simultaneously that the construction of this simulation rest on the influences of 

both the linguistic context and the frequently experienced contcxt. And it is 

obvious that when these two forces contradicts with each other, the latter one 

(i.e.，the indirect context) could even become more salient than the former one 

(i.e., the direct context). The more and more salient effect of typical color, thus, 

provided strong evidence for the embodied cognition that ‘embodiment’ 

(experience) is the central tenet of this theory. 

Study II - Color Simulation at Word Level 

Exp. 1-3 showed that when reading a simple phrase, the color 

information implied by the phrase can be activated, so is the typical color of the 

target object. This leads to that typical color of an object is dominantly 

represented in its corresponding object noun (Klein, 1964; Naor-Raz, Tarr, & 
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Kersten, 2003). In the current study, a follow-up question whether such color 

simulation can be further demonstrated for single less concrete word remains an 

issue. -

So far, in demonstrations of mental simulation, the association between 

the concept presented in sentences, phrases, action verbs, and the perceptual 

information implied by the sentence, phrases, action verbs is usually concrete, 

based on their direct connection in the actual experience of the relevant physical 

events, e.g., seeing a banana in real life directly entails the concrete connection 

between the concept of banana and the yellow color in perception. 

As an extension to the basic phenomenon of color simulation, I will 

examine whether color simulation occurs when such association is not so direct 

or less concrete by including verbs and a special category of words that arc 

psychologically associated with color. 

Verbs are abstract concepts in the sense the action the verb connotes does 

not have any direct connection to perceptual color information. However, verbs 

are indirectly associated with color via the color of the object involved in the 

action. The issue under investigation is therefore, when reading a verb, will not 

only the action but also the object involved in the action be mentally simulated? 

Colors are frequently associated with some abstract concepts about 

emotional state or feeling. For example, black indicates fear, blue indicates 

depressed, and red indicates danger. Presumably such associations are non-

arbitrary and not totally based on just social convention. For example, it is 

generally more dangerous in the darkness relative to bright lighting conditions. 
- X 

There has also been much documentation of the effects of color on mood (e.g.. 
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Cothran & Larsen, 2008; Callejas, Acosta, & Lupiancz, 2007; Sakuta & Gyoba, 

2006), So while such words are psychologically associated with color, the 

association is not totally semantic in nature but seems to have some 

physiological basis linking the perception of a specific color with the particular 

psychological state the word denotes. This therefore provides a situation where 

color information is connected with concepts indirectly in a less concrctc way. 

In summary, in addition to concrete objcct nouns, I considered verbs and 

words psychologically related to color, which are both abstract concepts in that 

they do not refer to concrete objects or imply color as objects do but arc 

indirectly associated with perceptual color information. The primary interest was 

to see whether color simulation would occur for the three types of words and 

how it may be affected by the nature of the association between the color and the 

concept. Towards this goal, Study II would also manipulate SO A to investigate 

their relative time course and level of activation. 

Experiment 4 

Method 

Participants 

A new group of twenty-six participants (12 males, mean agc+/- SD = 

23.0+/-1.5) were recruited from the same subject population as in Exp. 1, based 

on the same inclusion criteria. 

Materials and design 

The structure of the stimulus set was similar to that in Exp. 1 including 

30 test words and 30 filler words. The test items consisted of 10 verbs (e.g., "I:. 
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grow), 10 words psychologically-relatcd to color (e.g., ‘邪;iii，- evil), and 

10 concrete nouns (e.g., - mango). For simplicity, the psychologically-

related were short-handed as psych-color words. The ten nouns were taken from 

the phrases used in Exp. 1 and all referred to objects. These three types of words 

were matched in stroke number and visual word frequency (Modern Chinese 

Frequent Words Dictionary, 1990). All of the test items were selected to imply 

color and none of the 30 filler words imply color (e.g., ” 1；-伐step). Each word 

was designated with a color which is supposedly implied by and hence 

congruent with the word. This was confirmed in a rating study involving 20 

participants not in any of the formal experiments. 

Participants were given each of the test words and asked to write out a 

color that they considered most related to that word and rate how strong the 

color-word association was. Results showed that for each of the test words in the 

stimulus set, more than 75% participants wrote out the color designated. The 

color-word association strength rating for every test word and its congruent 

color was higher than 5 in a 7-point Likert scale. There was no significant 

differences across the three word groups neither association consistency, nor 

association strength (厂s <1), ensuring good materials match across prime word 

type. 

Each test word was paired with two different colors: its congruent color 

and an incongruent color. For example,�|•、沈•，(apple) would be followed by 

either a red color patch to make a congruent pair or a white color patch to make 

an incongruent pair. Thus, the design was a 3 (Prime type: verb, psych-color 

word, object noun) x 2 (Congruency: congruent, incongruent) design,with Prime 
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type and Congrucncy as two within-subjcct factors. 

Each of the 60 word items was paired with two color patches, producing 

120 trials in total. These 120 trials were evenly divided into two blocks, each of 

60 trials. All 30 test words appeared in cach block and appeared only oncc. Half 

of them were paired with congruent color in one block and the incongrucnt color 

in the other block. For the other half, it was the opposite. Hencc there was equal 

number of congruent and incongrucnt trials within cach block. 

To ensure participants read the word carcfully, an italic probe word 

would be presented at the end in half of the filler trials. Participants were 

instructed to judge whether the italic words was the same as the previous one by 

pressing one key for yes and another for no. Half of the times, the probe word 

would be different from the filler word but the other half, it would be the same. 

That is, participants would need to make a yes response for half of these catch 

trials and a no response for the other half. 

Procedure 

The procedure was the same as in Exp. 1 cxcept the duration of the word 

presentation was set at 400 ms, when the semantic processing of the word is 

assumed to achieve its peak or be nearly finished. 

Results and Discussion 

The mean naming times across all participants for the different conditions 

are illustrated in Table 4 for Exp. 4. ANOVA showed a significant main effect 

for Prime type (Fl (2, 50) = 29.92, MSE =76741, p<M 1 ;F2(2 , 18) = 8.33, 

MSE = 28900,/;<.005) and for Congruency (F1 (1 ,25 )= 10.83, -29714, 
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/;<.005;广"2 (1, 9) = 3.88, MSE = 14997, /尸.08)，although for Congrucncy the 

item analysis significance was marginal. The psych-color words clicited faster 

patch color naming than verbs (F1 (1, 25) = 50.05, MSE = 109121,/;< .001 ； F2 

(1,9) = 9.56, MSE = 42851，"< .05) and objcct nouns {F\ (1,25) = 31.74, MSF. 

= 120805,/;<.001; F2 (1, 9) = 17.27, = 43842,/;<.005), but there the verbs 

and object nouns did not differ from cach other (F1 (1, 25) 二 .17’ MSE =297, 

/ ) � . 1; F2 (1, 9) < .005，MSE 二 6’ /;>. 1). The interaction between Prime type and 

Congrucncy was only significant by participant (尸(2,50) = 4.72, MSP>^199, 

p<.05), but not by item {p>. 1). 

As cxpccted, response time for incongrucnt color was significantly longer 

than congruent color(厂1 (1, 25) 二 10.83, MSE = 19809,p< .005; F 2 ( l , 9 ) = 

3.88, MSE = 9998, p= .08). Planned comparisons showed that, however, the 

congruence effect was present only for the psych-color words (尸1 (1, 25) = 15.7, 

MSE = 82790, /尸.()()1; F2 (1 ’ 9) 二 U .04, MSE = 20658, /;< •() 1) but not the 

verbs and object nouns (Fs>.l). 

Table 4 

Mean Response Times (in Milliseconds) per Word type as a Function of Color 

Version 

\ \ Word type Verbs Psych-color Object nouns 

\ 
\ 

words 

Color version \ 
\ 

M SD M . SD M SD 

Congruent color 762 91 672 81 758 92 

Incongrucnt color 768 97 728 89 779 114 

Not relevant to our main interest, the absolute performance differences 
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across the three types of prime words may reflect some special attributes of the 

words psychologically associated with color. For example, such words as fear, 

danger may cnhancc emotional arousal speeding up response non-spccif1cally 

(hcncc, independent of whether the following patch was incongrucnt or 

incongrucnt in color), relative to verbs and nouns that lack emotional contcnt. 

Critically, Exp. 4 showed that when a word was briefly presented for 400 

ms, the color it implied was named faster than an irrelevant color. The results 

showed color simulation, or a dear cfTcct of color activation in language 

comprehension for linguistic units such as abstract words. 

It is surprising that such cffects were only obtained for words 

psychologically associated with color, but not for verbs and object nouns. For 

example, given the dircct conncction between an objcct noun and the object's 

color, the noun words were expected to producc the dearest cvidcncc of color 

simulation. However, this was not the ease in our results where the congrucncc 

effect for nouns was 21 ms, though in the right direction (faster congrucnt than 

incongrucnt conditions) but non-significant. Noted that in Study 1, effects of the 

typical color of an objcct were significant and increased with longer SOA and 

the 400 ms SOA in the present study was shorter than the shortest 600 ms in 

Study I, I increased SOA to 800, and 1000 ms in the next two experiments to see 
I 

whether this effect would become significant when more processing time on the 

prime was available. Results from Exp. 4 would be further discussed together 

with that from Exp. 5 and 6. 
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Experiment 5 and 6 

Method 

Exp. 5 and 6 were identical to Exp. 4 cxccpt the SOA between the word 

prime and the target color patch was manipulated to further characterize the time 

course of the color simulation observed in Exp. 4. While the SOA was 400 ms in 

Exp. 4, it was increased to 600 ms in Exp. 5, and 800 ms in Exp. 6. 

All aspects were as in Exp. 4 cxcept where this SOA was relevant. 

Participants were taken from the same subject populations and formed the same 

inclusion criteria as in Exp. 4. Two groups of new participants were rccruitcd for 

Exp. 5 (N:27’ 13 males, mean agc+/- SD = 23.1+/-1.2) and Exp. 6 (N=24, 12 

males, mean age+/- SD = 22.1 +/-1.0). 

Results and discussion 

The mean naming times across all participants for different conditions arc 

illustrated in Tabic 5 and 6 for Exp. 5 and 6, rcspcctivcly. 

The three-way interaction of SOA x Word Type x Congrucncy was 

obtained neither by participant {p>. 1), nor by item {p>. 1 )• Sec Fig. 3. 
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Fig. 3. Mean response t imes for ihc three types of words fo l lowed by c o n g n i c m color and 

incongruent co lor ironi Exper imen t 4-6 . 

For Exp. 5, ANOVA revealed significant main effects of Prime type (F1 

( 1 , 5 2 ) - 14.51, MSE -42395, p< . 001 ;F2(2 , 1 8 ) - 8 . 9 6 , MSE = 16258, /;<.()()5) 

and Congrucncy (F1 (I , 26) = 33.38, MSE = 60812,p< .001; F2 (1, 9) = 13.77, 

MSE = 21185, /尸 .005). Specifically, response time was faster for color patchcs 

following the psych-color words, compared to verbs (F1 (1, 26) = 18.06, MSE 

=71815,/;< .001; F2 (1, 9) 二 1 ().()5, MSE = 28034, /;<.()5) and nouns (F1 (1, 26) 

=18.24，MSE =54119’p< .001; F 2 ( l , 9 ) = 11.01, MSE = 20077,p< I) but was 

not significantly different between verbs and nouns {F\ (1, 26) = .69, MSE 

=1249, p> .05; F2 (1, 9) = .8, MSE = 662, p>. 1). As expected, color naming was 

faster for the congruent word-color pairs than for the incongrucnt pairs (F1 (1, 

26) = 33.39, MSE =40541，p< .00 l ; f 7 ( l , 9 ) = 13.77, MSE = 14123, /尸.OOS). 

The interaction between Word type and Congruence was non-significant (F<1). 
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Planed comparisons showed congruence ctTccts for both the psych-color words 

(F1 (1, 26) = 33.39, MSE =40541, p< . 0 0 1 ; F 2 ( I , 9 ) = 17.59, MSE = 13910’ 

尸<.005) and nouns (F1 (1, 26) = 33.39, MSE =40541, p< . 0 0 1 ; F 2 ( 1 , 9 ) = 13.13, 

MSE = 9462, p<{) 1), but still not for verbs {F\ (1, 26) = 2.0, MSE =11168,/;> . 1; 

F 2 ( l , 9 ) = 1.38, 1360,/;>.!). 

For Exp. 6, the main effects of Prime type were significant (Fl (2, 4 6 ) = 

3.96, MSE =19583,/;< .05; F2 (2, \ H) = 4.23, MSE = 10792,/;<.()5) and 

Congrucncy (F1 (1, 23) = 25.4, MSE = 58084, p< .001; F2 (1, 9) 二 31.64, MSE 

==22216,厂< .001). Specifically, color naming was significantly faster when 

following the psych-color words than verbs (F1 (1, 23) 二 7.47, MSE =21528, 

p< .05; F2 (1 ’ 9) = 7.93, MSE = 11041, p<X)5) and nouns (厂1 (1，23) = 9.65, 

MSE =35486, /尸 .005; F2 (1, 9) = 9.91, MSE = 20439, /;<.05), but no 

significantly different between verbs and nouns (F1 (I，23) = . 2 1 ， = 1 7 3 5 , 

/;> .1; (1, 9) = .33，MSE 二 1435’ /)>. 1). The interaction between Word type 

and Congruence was no significant (F<1). As expected, color naming was faster 

for the congruent word-color pairs than for the incongruent pairs (厂1 (1, 26) 二 

33.39, MSE =4054! , / ;< .001; F2 (1, 9) = 25.4, MSE = 38722,/;<.()() 1). Planed 

comparisons showed a congruence effect for all three types of words: psych-

color words (Fl (1, 23) = 12.54, MSE =26609，p< .005; F2 (1, 9) = 11.04, MSE 

二 21518’ /)<.() 1), nouns {F\ (1, 23) = 6.67, MSE =31390, p< .05; F 2 ( U 9 ) = 

8.92，MSE = 17917, and verbs (F1 (1 ,23) = 8.56, MSE =33297, /X.01 ； 

F 2 ( l , 9 ) = 9.61, MSE =7149 , /)<.05). 
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Table 5 

Mean Response Times (in Milliseconds) per Word type as a Function of Color 

Version 

\ \ Word type 
\ 

\ • 

Verbs Psych-color 

words 

Object nouns 

Color v e r s i o n � � � M SD M SD M SD 

Congruent color 

Incongruent color 

750 1 10 

770 I 19 

682 83 

735 94 

732 103 

775 115 

Table 6 

Mean Response Times (in Milliseconds) per Word type as c 

Version 

/ Function of Co lor 

\ \ \ Word type 
\ 

\ 
\ 

\ 、 

\ 

Verbs Psych-color 

‘ words 

Object nouns 

Color v e r s i o n � � � M SD M SD M SD 

Congruent color 

Incongruentcolor 

712 55 

750 83 

677 55 

725 56 

721 80 

758 75 

The pattern of results in Exp. 5 and 6 were the same as that in Exp. 4 in 

that all revealed a main effect of Prime type but no Prime type by Congruency 

interaction. As in Exp. 4, this absolute performance difference across the three 

types of prime words was interpreted to reflect enhanced emotional arousal for 

the words psychologically associated with color producing non-specific 

response speed-up independent of the congruency manipulation, relative to 

verbs and nouns. 

Regarding Congruence, both experiments showed a similar main effect as 

in Exp. 4 but the planned comparisons reveal some different results so that color 
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simulation was observed for verbs in Exp. 6 and for object nouns in both Exp. 5 

and 6. 

Discussion for Study // 

Following Study I, Study 丨丨 shows that color simulation can be 

demonstrated in less concrete words and indicates that effects of color 

simulation occurs at several different levels of language processing from phrases 

to the present level of individual nouns representing concrete objects, as long as 

the concept expressed implied color information. This result also suggests that 

the activation observed for the typical color associated with the noun in the 

phrases of Study I was not a contingent on the fact that the noun was embedded 

ill a larger linguistic units carrying color. 

Further, color simulation was also found for two other kinds of abstract 

words, including verbs and words with a psychologically-related color. This 

finding indicates that color simulation is not limited to situations where there is a 

concrete, direct connection between the concept and the color information but 

can be extended to situations wlicrc the concept is indirectly linked to color via 

another mental representation or when the two arc psychologically associated 

base^on some common physiological state. 

Results from manipulating the SOA between the onset of the concept 

presentation and the onset of the patch probing the color activation indicate that 

at short SOA, words psychologically related to color lead to color activation as 

short as 400 ms and stayed around the same level of activation when SOA 

increased to 600 ms, and 800 ms (Exp. 4-6: 56: 53: 48 ms). For object nouns, the 
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color activation was present but not significant until after 600 ms (Exp. 4-6: 21, 

43，37 ms). The verbs were the latest in activation, showing a trend of gradually 
• t 

increasing in effect size as SOA was increased but only achieved significance at 

the final SOA of 800 ms (Exp. 4-6: 6:20:38 ms). At the end, the level of 

activation was comparable for the nouns and verbs (noun: verb - 37:38 ms). 

These results do not seem to be confounded by the strength of association 

between words and colors which has been matched as shown in the piloLxating 

study. Nor do they seem to be confounded by stimulus differences across word 

types, such as stroke number and word frequency, two of the most important 
t 

factors indexing word visual complexity and difficulty in lexical processing. It 

therefore seems that the extent to which color information is activated may not 

be solely dependent on the color-word association as subjectively rated but also 

on some other factors. One possible factor, for example, may be the number of 

alternative colors that can be associated with a word. Words psychologically 

associated to color typically only have one single color association but objects 

can quite often have more than its typical color (e.g., apple can be red, green, 

and yellow). 

Or it could be that the psych-color words are special in that they tend to 

increase arousal level as would be produced in perceiving their associated color 

and such shared physiological state may function at a subconscious level and not 
A 

reflected in the conscious subjective rating of their connection. So essentially the 

overall connection between the two, pooling both the conscious and the 

subconscious is stronger，which produced the larger color simulation effects 

observed for the words psychologically-relatcd to color. 
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Moreover, the strong relation between color and psychological 

functioning has been demonstrated in some recent studies (Elliot et al.’ 2007; 

Hill & Barton，200^Mehta & Zhu, 2009). For example, Elliot et al. (2007) 

focused on the relation between red and performance attainment. Red is 

hypothesized to impair performance on achievement tasks, because red is 

associated with the danger of failure in achievement contexts and evokes 

avoidance motivation. Their first four experiments demonstrated that the brief 

perception of red prior to an important test (e.g., an IQ test) impairs performance. 

I 

Moreover, such influence seems to be an unconscious one. Obviously, their 
嘸 

findings provide support to the possibility that reversely psychological-feeling 
V 

words such as danger could involve color as part of the representation. Our 

results fit with these previous studies. 

The results that color activation was the slowest for verbs, particularly 

slower than the color activation for object nouns，is relatively easy to interpret if 

we assume that for verbs, the retrieval of associated color information depends 

on or is mediated by the first activation of the objects involved in the action the 

word refers to. 

^ The different time courses of the activation of verbs, nouns, and words 

psychologically-related to color seem to fit with the proposal of Simmons el al. > 

(2008) that the contributions of perceptual simulation in conceptual processing 

are assumed to vary (Fig. 4). In response to different types of words, the height, 

width, shape, and offset of the distribution of linguistic system (L) and ‘ 

simulation system (SS) are likely to change. In regard to the current study, our 

results showed that the latency of word psychologically-related to color comes 
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first, which in turn was followed by object noun and verbs. 

time ^ 

Fig. 4. Hypothesized contributions from the language system (L) and ihc situated 

simulation system (SS) during conceptual processing proposed by Simmons el al. (2008). 

Study III -^Elcctrophysiolouical Evidence for Color Simulation 

In most studies demonstrating perceptual simulation, including the one 

by Connell (2007) for color simulation,-participants were presented with a 

sentence to read followed by a picture to make judgment of the object depicted 

in the picture. The central argument for the occurrence of perceptual simulation 

is based on a kind of congruence effect, i.e., task performance was affected by 

whether or not the color expressed by the linguistic expression matches the color 

perceptually given. 

Although a correct and also the most straightforward interpretation for 

such congruence effect is that perceptual information was activated during 

sentence reading and affected later perceptual processing. Logically, however, it 

is possible that at least part of this congruence effect reflects a congruence effect 

at other levels beyond perceptual representations. 
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Although not directly addressing color simulation, Naor-Raz and 

colleagues (2003) made a convincing argument for the ease in point when they 

discussed the effect of color in object recognition. In light of their argument, 

color information may affect object recognition in several different levels, 

including visual, semantic, and lexical levels. Consider the very often-used 

example of a yellow banana. At the visual perceptual level，the object 'banana' 

drives neural responses from shape-selective neurons in inferior temporal cortex, 

from color-sensitive neurons in extra-striate cortex. At the conceptual level, 

knowledge about bananas may include modality-independent set of semantic 

features including descriptions of shape, e.g. 'bent, elongated axis, tapered ends' 

descriptions of surface, e.g., 'yellowish-green, brown speckles, flat, and smooth' 

and descriptions of function, e.g. 'edible, sweet, eaten by monkeys'. At the 

lexical level, the entry ‘banana’ might be associated with other entries in the 

mental lexicon such as ‘yellow’ for high probability of co-occurrence, compared 

with 'yellow spinach' or 'purple banana，. When participants are asked to 

identify or recognize a banana, information from any and all of these levels is 

likely to get involved. For example, when one names the object ‘banana，in 

response to a colored picture of a banana, shape and color information, 

associated semantic features appropriate lexical representations may all be 

access for best performance. 

Following this logic, one possibility to be entertained for the Conncll 

(2007) study is that sentence reading may only activate semantic memory of 

color information based on the common mechanism of inference making in text 

processing. However, color information in the following perceptual task may be 
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verbalized to produce semantic activation of associated color information. These 

two types of codes would interfere at the semantic and produced the observed 

congruence effect. 

Briefly, along with Naor-Raz and colleagues (2003), I argue here that 

pure behavior measures arc unable to distinguish the congruence effect 

occurring at the perceptual level favoring color simulation from the congruence 

effect occurring at other levels, such as the semantic level or the lexical level, 

disfavoring color simulation. It is also possible that both accounts arc right and 

not mutually exclusive so that there are both pcrccptual congrucncc effects and 

semantic/lexical congruence effects. The key reason is the well-known fact that 

behavioral results reflcct the final product summatcd over all preceding 

processing stages all the way till response and do not provide the temporal 

profiles of activations to locate them as early pcrccptual or late semantic in the 

processing sequence. Therefore, one needs to go beyond behavioral measures to 

look for more definite evidence to support the 'pure' perceptual simulation of 

color interpretation in language comprehension. 

Recently, the co-existence of linguistic representation and perceptual 

simulation has been demonstrated by Simmons ct al. (2008). By using tlVIRI, 

they found that the early activation in conceptual processing overlapped with 

those for word association，while the late activation in conceptual processing 

overlapped with those for situated generation, which suggested the conccptual 

processing involves multiple representations at least involving linguistic and 

perceptual representations. However，the property generation task used to elicit 

perceptual simulation seemingly relies on conscious imagery retrieval, at least to 
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some extent. The current study tried to investigate the co-cxistcncc of perceptual 

simulation and linguistic representation during conceptual processing in a more 

implicit or less conscious task. Positive results would provide direct and stronger 

cvidencc to support the unconscious part of perceptual simulation claimcd by 

theory of embodied cognition (Barsalou,丨 999). 

To this end, in Study III, two cvcnt-rclatcd-potcntial (ERP) experiments 

involving 26 participants were conducted to examine the dissociation between 

perceptual simulation and linguistic representation of color. ERPs arc known to 

offer millisecond temporal resolution and especially suitable for revealing the 

time course of mental processes, it has been well established that earlier ERP 

components with shorter latencies are linked with perceptual processing and 

later ERP components with longer latencies such as N400 arc associated with 

semantic processing. By examining whether the linguistic contcxt aftccts early 

or later components in the ERP waveform, one would cxpcct to discriminate 

activation of color information in the perceptual representation and semantic 

representation. 

The key task in this study involves presenting an object noun word 

implying a typical color, followed by a picturc of an objcct and asking 

participants to judge whether they matched in identity. The major concern was 

on the match trials where the word and the picture referred lo the same objcct. 

For these critical trials, the relevant manipulation was the color of the objcct in 

the picturc was made to be either congruent, incongrucnt, or neutral. That is, for 

a word 'banana’ followed a picture of banana, the objcct banana could be in its 

typical yellow color to make congruent trial, in blue color to make an 
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incongruent color, or in gray color to make a rcfcrcncc no-color neutral 

condition. 

If reading of the word leads to color simulation, such activated color 

information would affcct perceptual processing of the color information 

contained in the picture. That is，early processing of the object picture should be 

affected by whether or not the two color match and consequently, the ERP 

components reflecting such early processing should show differential waveforms 

in the congruent and the incongruent conditions. The gray color condition was 

added to provide a situation where no color information was available for 

supplementary information to facilitate interpretation of the results. To avoid 

artifacts in ERP waveforms due to motor responses, as in many ERP studies, 

over responses were not needed in the above critical trials but only in the 

mismatch trials. The mismatch trials were generally considered filler trials that 

did not offer much information for our main interest. This is becausc the noun 

word and the picture referred to different objects the colors of which were not 

related to each other. As filler trials in fact involved two unrelated objects that 

are known to reliably induce processing related to mismatch or semantic 

violation in the ERP literature, a subset of the filler trials were still analyzed to 

form a mismatch/violation condition. This condition was included only for a 

validity check to confirm that the basic data collection and data analysis were 

reliable to replicate typical findings in the literature. 

One problem with the above design is that previous studies have found 
4 

that ERP waveforms were different when picture objects were presented in their 

different colors. That is, the ERP responses a picture banana in its congruent 
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yellow color, or a blue incongrucnt color would be differcnl when participants 

were simply passively viewing them. Such cvicicncc has been i n t e rp re ted to 

indicate that color information is atlraclcd intrinsically to the pcrccplual 

representation of a picture object critical to its recognition, a research issue that 

is not relevant to our main interest. This is bccausc wc used picture objects 

mainly as a probe to tap into the conscqucnccs of the preceding word reading 

process. However, this baseline ditTcrcncc must be considered in our 

experimental design. Towards this purpose, wc conductcd Exp. 7a as a control 

experiment where the same set of picturc objccts used in Exp. 7b, cach in their 

three clifTcrcnt colors (congruent, congruent’ gray color), were presented for 

passive viewing in another group of participants with their ERR responses 

recorded. Results from Exp. 7a would serve as the baseline for any cffccls in the 

results of Exp. 7b. 

In summary, in the trials critical to our main interest, participants in Exp. 

7a passively viewed an object picturc in its three color versions and participants 

in Exp. 7b also saw the same objcct picturc cxccpt preceded by the noun word 

referring to this objcct and they judged whether the word and the picture referred 

to the same objcct. As the ERP components were cxpcctcd to differ across the 

three conditions in Exp. 7a, what wc were most interested in was in which 

components the cross-condition difTcrcnccs observed in Exp. 7a would be 

altered when there was a preceding noun word. That*is, wc looked for trial 

condition (congruent, incongrucnt, and gray) by Experiment (Exp. 7a vs. 7b) 

interaction effects in the ERP components. 

Wc would focus on the following ERP components to distinguish 
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between early perceptual processing and later semantic processing. 

For visual processing, these components arc N 1, P2, and N2 that have 

been widely demonstrated lo rcflcct early perceptual processes. N1 is the first 

negative component clicitcd 80 - 130 ms post visual stimulus onset (Naalancn, 

1992). It involves multiple multi-generators in temporal, frontal, cingluatc, and 

parietal regions (Naatancn & Picton, 1987; Hari ct al., 1980; Knight ct al., 1980; 

Tzourio ct al., 1997). N 1 is also shown lo index an early facc-scnsitivc response 

at the occipilo-tcmporal cortex (Bcntin ct al., 1996; Thorpe ct al., 1996; Johnson 

& Olshausen, 2003; Rossion ct al., 2()()()). Wang and Kamcda (2005) found that 

the posterior N 1 was significantly intlucnccd by view-invariant object 

discrimination learning. N2 is a widespread negative potential with maximum 

peak between 200 and 350 ms after stimulus onset. Traditional rcscarch on the 

N2 component mostly foe uses on its role in stimulus classification (e.g., Nitlono, 

Shibuya, & Hori, 2007; Sibyllc & Rudolf, 2005) and stimulus dcviancc 

detection (e.g., DafTncr, cl al., 2000). P2 is the peak waveform evoked about 200 

ms after the presentation of visual stimuli. The amplitude of P2 changcs as the 

subject pays attention to the visual stimuli (e.g., Mac no ct al., 2004), although 

there is also cvidcncc for its role in working memory (e.g., Missonicr ct al., 2007; 

Rader, Homes, & Go lob, 2008), N2 has been found mainly in priming tasks and 

interpreted as a correlation of repetition suppression (e.g., Hcil ct al., 2()()()). 

For semantic processing, these components are N3 (or N3()()) and N4 (or 

N4()()). N3 is a negative-going component peaking around 300 ms, reported in 

previous studies comparing brain activity clicitcd by the related and unrelated 

picture pairs. N3 has been generally rccognizcd to be sensitive to semantic. 
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rather than physical properties in processing of picturc stimuli (e.g., Fcdcrmcicr 

& Kutas, 2002). N4 is a component particularly relevant to semantic processing 

(Kutas & Hillyard, 1980), peaking around 400 ms after the onset of the stimulus. 

It was found that N4 components arc commonly generated when stimulus events 

involve semantic or conccptual processing. 

Although both N3 and N4 show larger amplitude (more negative-going) 

in response to semantically unrelated object pictures compared to related 

pictures (e.g., Barrett & Rugg, 1990; Eddy, Schmid, & Holcomb, 2006; Guntcr 

& Bach，2004; Lcbib ct al., 2004; Wii & Coulson，2007), they are regarded to 

reveal ditTcrcnt aspects of visual objcct perception. N3 has only been round in 

response to pictures and thus considered to rcfleet picturc-spccific semantic 

processes. In contrast, N4 has been observed in a wide range of studies 

concerning a variety of meaningful representations, including words (Coulson & 

Van Pcttcn, 2002), ASL hand signs (Neville ct al., 1997), and gestures (e.g., 

Bcrnardis, Salillas, & Carainclli, 2008; Corncjo cl al.，2009; Holle & Ciumcr, 

2007; Shcchan, Namy, & Mills, 2007; Wu & Coulson, 2005; Wurin & Seaman, 

2008), and hencc considered to rcllcct more general semantic processes. 

Experiment 7 

Methods 

Participants 

Twenty-six new participants (13 niirlcs, mean age +/- 1.5SD = 23.4 +/-

1.5years) were recruited (13 for Exp. 7a and 13 for 7b) from the same subject 

population as in Exp. 1 with the same inclusion criteria. 
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Materials 

Ninety-six pictures of everyday objccts were sclcctcd from Photodisc 

collcction (Photodisc Inc., Seattle, WA) with half used for test items and the 

other half for filler items. For test pictures, the objccts they represent were 

choscn to be color-diagnostic objects, defined as objccts that tend to have a color 

typically associated with them. Eacli test picture was edited in PhotoShop 

(Adobe Systems Inc., San Jose, CA) to crcatc three versions so that an object 

was in its typical or congrucnt color for the congrucnt version, in a non-

congrucnt color for the incongrucnt version, or in a gray achromatic control 

version. Objccts in filler pictures involving man-made objccts with lower shapc-

color consistency (e.g., stool) were randomly colored in one of three colors 

(purple, blue, and red) to reduce explicit attention to the color-object 

associations in the test items. 

All pictures were resized to fit in a 250x250 pixel area (approximately 

6.2x6.2 cm) in the ccntcr of the screen while maintaining their aspcct ratios. The 

two versions of cach test picturc were prc-tcstcd with 20 participants who would 

not do the ERP experiment. Participants rated whether the color matchcd the 
» 

objcct in real life on a Likcrt scale from I (poorly-match) to 7 (wcll-matchcd). 

Mean ratings for the incongrucnt versions were significantly lower than that for 

the congrucnt versions (2.02 vs. 6.46,厂<().()()1). The same group of participants 

also rated the image quality in terms of their clarity for the three versions of all 

test items on a Likcrt scalc from 1 (poor quality) to 7 (good quality)‘ All pictures 

were given a high score of more than 5 and there was no significant differences 

in rating across the three conditions (/;s>().l). This was to ensure that all test 
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pictures in all versions were of adequate clarity for objcct recognition. 

In addition to the picturc stimuli (144 test items consisting of 48 lest 

objects in 3 colors and 144 filler pictures consisting of 48 filler items in 3 colors), 

the materials also included 96 object noun words (48 test words corresponding 

to the test pictures and 48 filler words corresponding to the filler pictures). 

Procedure ami design 

Participants were seated in a dimly lit and sound-attenuated room, facing 

a monitor at 60 cm from their eyes. Pictures were presented in a white 

background and participants were instructed to restrain from blinking, eye 

movements, and swallowing during stimulus presentation. 

In Exp. 7a, a trial began with a fixation cross presented for a duration 

between 300 ms and 500 ms. A picture was then shown for 1 ()()() ms followed by 

a 500 ms blank interval before the next trial started. Participants were required 

to detect an immediate picturc repetition and responded with a bar press. The 

repetition only occurred for some of the filler pictures but never for the test 

pictures. Other than these repetition trials, each block contained 96 trials, 

involving 48 different test pictures and 48 ditTcrent filler pictures. Within cach 

block, no two test pictures were the same and there were 16 test pictures in their 

congrucnt version, 16 in their incongruenl version, and 16 in the gray version. 

Similarly, no two tiller pictures were the same in cach block. There were 24 

filler picture repetitions so that in 4/5 of the total 120 trials in each block, 

participants would simply passively view the objccts without response. Each 

participant had 15 practice trials and then completed three blocks with the block 
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order counterbalanced across subject. The primary focus of Exp. 7a was the 

three levels of object-color relationship (congrucnt, incongrucnt, gray neutral). 

In Exp. 7b, a trial began with a fixation cross presented for a duration 

between 300 to 500 ms, followed by a word which lasted for 800 ms. After a » 

500 ms blank scrccn, a picture appeared with a duration of 1000 ms. Participants 

should judge whether or not the object word and the object picture referred to 

the same objcct, regardless of the color. However, they only need to make an 

overt response (pressing ‘S，or ‘L’ for yes or no) in some catch trials that would 

always be a filler trial. There were 20 catch trials in cach block, indicated by a 

red 'X’ following the picture offset, and half of them required a yes response and 

the other Haifa no response. The next trial started 800 ms later after the picturc 

offset in non-catch trials or after the response in the catch trials. 

Each of the 48 test words was paired with six different pictures, three 

involving the same objcct in different colors (congrucnt, incongrucnt, and gray), 

and three involving mismatched filler objects in three ditTercnl colors. Among 

these 288 (48*6) trials involving test words, 144 (48*3) trial were the critical 

trials of interest, producing the three word-picturc relationships (congrucnt, 

congrucnt, gray neutral). For all the critical trials, the word and the following 

picturc referred to the same object. Wc also put the trials where the test word 

was followed by tiller pictures into a forth condition for semantic violation as 

the word and the picture referred to ditTcrent objects. This condition was 

analyzed only for a validity chcck of our procedure and results as the ERP 

responses to semantic violation condition was robust and should be observed, if 

our procedure was right and our results reliably. 
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• There were also 288 (48*6) additional filler trials involving a filler word 

followed by a filler picture. In half the trials, the word and the picture matchcd 

or referred to the same object and in the other half they did not match. 

All types of trials were distributed to 6 blocks (cach with 96 trials) as 

evenly as possible, with proper countering balancing for different conditions. 

Each participant was given 20 practicc trials before completing all 6 blocks. 

Same as Exp. 7a, Exp. 7b also paid attention to the three levels of object-color 

relationship (congruent, incongrucnt, gray neutral), cxccpt an additional 

semantic violation condition was also examined for validity chcck. 

ERP recording 

Electrical brain activity was continuously recorded from 64 non-

polarizablc Ag/AgCI sintered cicctrodes mounted in an elastic cap and 

positioned according to the 10-20 international system. All cicctrodes were on-

line referenced to left mastoid M1 • The EEG electrodes were referenced off-line 

to the mean of both mastoids. Vertical eye movements were monitored via 

supra- to sub-orbital bipolar montage. EEG and EOG data were amplified with a 

Brain Amp MR plus EEG amplifier. Electrode impedances were kept below 3 kQ. 

for the EEG recording and below 5 for the EOG recording. The EEG and . 

EOG signals were digitized on-line with a sampling rate of 1 ()()() Hz. 

Data analysis 

Prior to ERP analysis, eye movement artifacts were removed using 

regression-based weighting coctTicicnts. Epochs containing artifacts cxcccding 

士80 jiV were automatically excluded from further analyses. For cach participant, 

average waveforms were calculatcd offline across all remaining trials for each of 
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the three types of trials with a critical window ranging from 200 ms before and 

1000 ms after picture onset. Grand averages were then conducted for each of the 

three critical conditions (plus the semantic violation condition in Exp. 7b) across 

all participants. 

Results 

Exp. 7a 

Inspection of the grand average waveforms indicated five time windows 

of interest: three early visual components: N1 (80-150 ms), P2 (150-200 ms), N2 

(200-275 ms), and two semantically-related components N3 (275-375 ms) and 

N4 (375-475 ms). The width of the time widows were selected based on the 

waveform shape while consulting literature studies. 

In Exp. 7a, three-way (3x3x3) repeated measure ANOVAs with 

Greenhouse-Gcisser correction were conducted on mean amplitudes of these 

components in representative electrodes in frontal-central-parietal regions where 

ERP modulations by trial condition were mostly seen. The three factors were 

trial type (congruent, incongruent, and gray versions), laterality (left hemisphere, 

/ )midJine, and right hemisphere), and lobe (frontal: F3, Fz, F4; central: C3, Cz, C4; 

and parietal: P3, Pz, P4). In Exp. 7b, trial type involved one validity check 

condition, namely, semantic violation condition. Thus, similar three-way (3x3x4) 

repeated measure ANOVAs were conducted. 

N1 

The time window for N1 was set from 80 to 150 ms post stimulus onset. 

The ANOVA revealed a main effect of lobe,厂（1，13) = 6.23, MSE= 530.89, 
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p<.05, with stronger negativity in frontal lobe (-2.12 |iV vs. ().28|iv, p<.05) and « 

central region (-1.94 |iv vs. 0.28 )iv, /;<.05) than parietal lobe. The main effect of 

trial type was significant, F (2, 23) = 4.57, MSE= 30’"<.05‘ Post-hoc 

comparisons showed larger negativity in the gray condition and incongruent 

trials than in the congruent trials (-1.75 ^V vs. -0.89 |iV,/;<.()5; -1.76 |iV vs . -

0.89 ^iV,/;<.()5) but no difference between the gray and incongruent conditions 

ij)>0.5). There was no significant interaction between trial type and other factors 

iF<\). 
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Fig. 5. Grand average ERP waveforms, at 9 representative electrodes, for object pictures 
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with congruent color, incongruent color, and achromatic gray color. The thin line represents 

the congruent color condition, the solid line represents the incongruent color condition, and 

the broken line represents the achromatic gray color condition. 

P2 and N2 

Analysis of the 150-200 nis P2 and 200-275 ms N2 components showed 

a significant main effect of trial type (厂(2, 23) 二 3.5，燃£二 41，p<.05;尸(2，21 > 

二 5.24, MSE= 5!,/>><.05). For both components, the congruent condition showed 

more positivity than the gray condition and the incongruent condition (P2: 1.9 vs. 

0.81 pV,/)<.05; 1.9 vs. 1 nV,/;=.06; N2: 1.88 vs. 1.04 nV,/;<.()5; 1.88 vs. 0.86 

|iV,/;<.01) and there was no difference between the gray condition and the 

incongruent condition (/;s>0.1).'There was no significant interaction between 

trial type and other factors (F<1). 

N3 

‘ ANOVA on the 275-375 ms N3 component revealed a main cffccl for 

lobe, F( l , 15)= 16.11, MSF= 771.59, /尸.001，and for trial type, F(2, 22) = 10, 

MSE= 106,/;=.()() 1, but no interaction effects involving trial type (/)s>.l). Post-

hoc comparisons showed larger positivity in this time window in parietal regions 

than frontal and central regions (3.9 vs. 0.25 |iV,/j-.001; 3.9 vs. 2.13 |iV’ 厂<.05), 

and more positivity in central regions than frontal regions (2.13 vs. 0.25 fiV, 

厂=.001). For trial type, N3 in the congruent condition was larger than the 

incongruent and the gray color conditions (2.82 vs. 2.()|iV, /;<.05; 2.82 vs. 1.31 

}iV,厂二.001 )• There was a non-significant trend for the incongruent condition to 

show a larger positivity than the gray color condition (2.0 vs. 1.31 fiV, p=. 1). 

N4 
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ANOVA on N4 in the 375-575 ms time window revealed a main effect of 

lobe,厂(1，17) 二 7.69，MSE= 284，/;<.() 1，showing progressive and significant 

amplitude increase from the frontal to the ccntcr regions and to the parietal 

regions (0.57, 1.89’ 2.82 pV, all pair-wire /;s<.()l). 

The main effect of trial type was significant, F(2, 23) = 3.54, MSE= 54, 

p<.05. The congruent color condition showed more positivity than the gray color 

condition (2.35 vs. 1.03 |iV, /;<.()5) but no other pair-wise comparisons were 

significant (/;s>. 1). 

EXP. 7b 

As Exp. 7b was planed to use Exp. 7a as a rcfcrcncc baseline, analysis 

was conducted in exactly the same way as in Exp. 7a on the same set of 

components during the same time windows (see Fig. 6). 

N1 

The main effects of lobe, laterality, and trial type were all significant (F 

(1, 14) = 28.38, MSE= 628.17，p<.001;厂（2’ 20) = 4.83, MSE二 21.92, p<X)S\ F 

(2, 28) = 5.28, MSE= 84.2,/;<.()5), but not any of the interactions. Post-hoc 

analysis showed a stronger positivity in parietal lobe than frontal lobe (1.6 vs . -

2.23 V,厂（1，12) = 31.13, MSE= 190.29, /;<.()01) and ccntral region (1.6 vs . -

1.46 | i V , F ( l , 12) = 40.23, MSE= 121.66, p<X)01 )，respectively. In addition, 

there was a greater negativity in frontal lobe than ccntral region (厂（1, 12) = 5.91 

MSE= 7.64，p<.05). For laterality, the midline showed the strongest negativity (-

1.06 |iV), left hemisphere the next (-0.66 }iV), and right hemisphere the least (-

0.37 ^V). 
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N1 was significantly larger in the gray trials than the congruent trials (-

1.73 vs. -0.51 12) = 7.94, MS，£= 19.37,/;<.()5), the incongrucnt trials (• 

1.73 vs. -0.65 } iV,F( l , 12) = 7.24, MSE= 15.22,/;<.05), and the semantic 

violation trials (-0.85 |iV, F ( l , 12) = 3.44，MSE= 7.53,/尸.06, marginal). 

However, no significant differences were found among congruent color, 

incongruent color, and semantic violation (Fs<l). 
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Fig. 6. Grand average t-RP wavelbrms, al 9 representative electrodes, for object pictures 

with congruent color, incongruenl color, and achromatic gray color as well as semantic 

violating pictures. The thin line rcpresenls Ihc congruent color condition, llie solid line 
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represents the incongmenl color condition, the broken line represents the achromatic gray 

color condition, and the dotted line represents the semantic violation condition. 

P2 

The main effect of laterality was significant,厂（2, 20) 二 4.3，MSE二 24.48, 

p<X)5, with strongest positivity found in midline (4.02 |iV). The main ctTcct of 

trial type was also significant,厂（3, 33) = 6.84, MSF> 107.09,/尸.001，with no 

interaction with other two factors (F<1). Similar to N 1, the gray condition was 

smaller than the congruent condition (2.26 vs. 4.35 |iV,尸（1，12) 二 22.06, M S F : 

170.5,/尸.00U, the incongrucnt color (2.26 vs. 4.0 |iV,厂（1，12) : 10.63, MSE= 

113.06,/j<.01), and the semantic violation condition (3.24 vs. 4.0 fiV, / : (1, 12)= 

4.2，MSE: 12.38,/^=.06, marginal). The semantic violation condition (3.24 jiV) • 

showed a smaller P2 than the congruent color condition (3.24 vs. 4.35 |iV,厂（1, 

12) = 6.09, MSE= 16.16,/;<.05). However, no significant ditTcrcnccs were found 

between the incongrucnt and incongrucnt, congruent and semantic violation 

conditions. 

N2 

Lobe, trial type, and laterality all showed significant main cfleets (厂（1, 

13) = 12.26, MSE= 2269.87,/;=.003; F (2, 23) 二 3.35, MSE^ 30.42,/;< 05; F (2, 

30) = 7.81, MSE= 128.04，/)=.001) but no interaction cfTcct involving trial type 

was significant (/;s>(). 1). Post-hoc tests showed that the mean amplitude of N2 

was significantly larger at parietal lobe than central and frontal regions (7.1 vs. 

3.44 liV,厂（1, 12) 二 12.37, MSE= 410.74, /;=.0()4; 7.1 vs. 1.48 pV,尸（1, 12) 二 

18.73, MSE- 173.91 ’/)=.001). Significant difference was also found between 

frontal and central regions, 12) = 4.73, MSE= 50.11,/;=.05). For laterality, 
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significant clifTcrcncc was only found between right hemisphere and midline, F 

(1, 1 2 ) - 7 . 7 4 , MSE= 9.93, "<.05. 

N2 was also significantly more negative for the semantic violation 

condition compared to the congrucnt, incongrucnt, and gray conditions (2.56 vs. 

4.88 I 2 ) - 2 8 . 1 8 , 69.98, /;<.()() 1 ； 2.56 vs. 3.95 pV,尸（1, 12)= 

9.88, MSE= 25.16, /尸.()(m; 3.84 îV,厂（1，12) 二 5.49, MSE: 21.29, /^<.()5). 

Additionally, significant clifTercnccs were Ibund between congrucnt and gray 

color conditions, F ( I, 12) 二 7.74, MSE= 9.93,/,<.()5, while marginally 

significant clifTcrcnccs between congrucnl and incongrucnl conditions, 1, 12) 

=3.8, MSE= 11.22,/尸.07, but not between incongrucnl and gray color trials 

(/;>.05). 

N3 

There was a significant main cfTcct for lobe (厂(1, 13) = 31.3S, MSE二 

3340,/;<.()()I), and trial type (F(2’ 27) 二 25.28, MSB: 686,/;<.()()!), but not for 

lalcralily {F< \) and there was no significant interaction between trial type and 

the other two factors (/;s>.05). 

The mean amplitude o r N 3 was significantly different (/;s<.()()l) across 

all three brain regions, with parietal lobe having the highest positivity (8.37 fiV), 

followed by central (3.33 |iV)，and frontal lobe (-0.87 jiV). 

Semantic violatiorTshowcd the strongest cfTcct ofNG (0.57 |aV) than cach 

of congrucnt (5.39 jiV), incongrucnt (4.62 fiV), and gray color conditions (3.86 

}.iV),/;s<.()()l. In addition, there were significant diffcrcnccs between congrucnt 

and incongrucnt (5.39 vs. 4.62 12) = 4.73, MSE= 8，/尸.05), and 

between congrucnt and gray condition (5.39 vs. 3.86 |iV, F ( I, 12) = 7.45，MSF= 
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30.47, />><.()5), while the gray condition showed a non-significant trend ibr 

greater negativity relative to incongrucnt conditions (厂（1，12) - 2.01, MSh> 

7.58, /;=. 18), also found in Exp. 7. 

N4 

There was a main cffcct of lobe was significant (F( 1, 13) = 43.31, MSE^ 

3806,/;<.()() 1), with a stronger positivity in parietal lobe (8.53 ).iV), followed in 

by ccnlral and frontal lobes (3.8 and -1.34 fiV). The main c flee I of trial type was 

also significant (F(3, 32) = 9.66, MSE= 184,/;<.()()!). The semantic violation 

trials clicitcd a stronger N4 cfTect (2.13 f.iV), relative to congruent (4.99 îV, F( 1, 

12) = 21.69, MSF~ 105.88, /;=.()() 1), incongrucnt (4 V, 1, 12) = 13.47, MSE^ 

45.61,/;<.()!), and gray conditions (3.59 ).iV, h{ 1, 12) : 9.03, MSh> '27.59, 

/>K.()5)，rcspcctivcly. 

The congrucnt condition showed a smaller N4 than both ihc incongrucnt 

(F( l , \2) = 4.22，IWSE= 12.51,/;-.()6) and the gray conditions 1, 12 ) -5 .94 , 

M S E : 25 J8,"<.()5) . However, no significant diftcrcnccs were found in other 

contrasts, neither in any interaction involving Trial type. 

Discussion 

In Exp. 7a, participants viewed a set of object pictures presented either in 

their typical or congrucnt color, an incongrucnt color, or in an achromatic gray 
1 

color. 

Focusing on the comparison between the congruent and the incongrucnt 

conditions, the ERP results showed that shortly after the onset of the objccl 

starting from around 100 ms, the brain already dilTcrcntiatcd between an object 
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in its appropriate color from the objcct in an incongrucnl color, demonstrating 

significant positive shifts of N 1, 1)2, and N2 in the former relative to the latter. 

The gray color condition was essentially overlapping with the incongrucnl 

condition. 

As the same set of objects was used, objcct shapes were balanced across 

the three experimental conditions, the observed congrucncc cfTccls, i.e., the ERP 

difTcrcnccs between the congruent and incongrucnl conditions, should be 

attributed only lo the nature ot lhc color-shape associations but not to any 

sensory or physical characteristics of the stimulus set. 

The finding that the gray color condition essentially overlapped with the 

incongrucnt condition in the waveforms of�Ml , 1)2，and N2, seems lo indicalc 

that gray color was processed like an incongrucnl color, at least ibr ihc objects 

used here thai all have a typical color. Alternatively, one can consider the gray 

condition as a non-color neutral control against which to assess the bene 11 Is aiid 

costs (or facilitation vs. inlciicrcncc) color information brought lo objcct 

recognition. Then the result that ihc l:RP responses were clitTcrcnt between the 

congrucnt condition and the gray condition but not between the incongrucnt 

condition and Ihc gray condition indicates that the congrucncc cffcct we 

observed reflects primarily a benefit but not a cost. That is, color information 

would facilitate objcct recognition when it male hod an object's typical color but 

it would, however, not impede objcct recognition when it did not match the 

typical color. Although not documented in the literature be to re, this is an 

interesting finding needing furl her investigation. The message seems at least 

reasonable as it is consistent with Ihc general conceptualization of color elTccts 
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as facilitativc to objcct recognition (Wichniann & Sharpc, 2002). 

As described earlier, N3 is generally rccognizcd to be associated with 

semantic processing of pictures (e.g., Fcdcrmcicr & Kutas, 2002). The finding 

that objcct color knowledge also has an cfTcct in N3 indicates the representation 

of such knowledge in semantic memory of pictures. The gray color condition 

started to diverge, though not significantly from the incongrucnt condition 

during the N3 interval to be of greater negativity than for the two color 

conditions, possibly reflecting a processing distinction between color and non-

color objects. The same pattern was also present in the N4 period. Unlike N3 

and earlier components, for N4, the diffcrcnce between congriicnt and 

incongrucnt conditions disappeared, suggesting that N4 is not sensitive to the 

objcct color knowledge. This is consistent with the general understanding that 

N4 can be demonstrated with a wide variety of stimuli and tasks and rcllccts 

modality-non-specific semantic representations. I he fact that there was no 

congrucncc cffcct for N4 shows that the currcnt task did not lap into this amodal 

representation, given the task did not explicitly require processing of the 

semantic content of the objccls. 

In total, the above results iiidicatc that objcct color knowledge 

manipulation modulated ERP components indexing both early perceptual and 

late pcrccptual processing. Although it has been proposed thai color information 

is represented both in pcrccptual and semantic memory tor picturc objects 

(Wichmann & Sharpc, 2002), tliere is only one ERP study in support of such 

proposal using a task where color information must be actively attended 

(Provcrbio ct al.，2004). As real life objcct recognition docs not typically require 

70 



explicit attention to color, Provcrbio ct al. study may lack sufTicicnt ccological 

validity. 

As its task involved only repetition dctcction focusing on shape 

information as often found in real life situations, the demonstration of clcar 

objcct color knowledge ciTccts in Exp. 7a represents an extension of the 

Provcrbio ct al. results for more ccological validity. Therefore, Exp. 7a, in itself, 

is a significant contribution to the theoretical pcrspcctivc that color as a surface 

property is stored in a multiple-memory system where prc-scmantic pcrccptual 

and semantic conccptual representations interact during objcct recognition. 

However, for the present interest in color simulation, the most important 

message from Exp. 7a was that presenting objcct pictures in different colors, 

congmcnt or iiicongrucnl with the object's typical color, docs significantly atTcct 

the ERP responses clicitcd by the objcct. For our interest, it was ncccssary to 

consider these congrucncc clTccts and discount them from the observed ERP 

dilTcrenccs when studying the cffccts of preceding word reading on picturc 

pcrccption. 

The first result to note in Exp. 7b is thai the ERP waveform clicitcd by 

the picturc stimuli in the violation condition showed a significantly more 

negative going ctTcct relative to the rest three conditions which were all 

consistent conditions (i.e., the word and the picturc referred to the same objcct) 

in mostly N2, N3, and N4, consistent with literature findings that all these 

components have been shown to rcfleet some processing related to mismatch, 

conflict, inhibition, or violation. This serves as a validity chcck suggesting that 

our data collection and analysis were generally acccptablc and reliable. 
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Exp 7a Exp 7b 

Fig. 8. Mean amplitudes clicilcd by congruent color, incongrueiil color, and achromatic 

gray color in P2 (15()-2()() ms inlerval) between blxpcrinicnl 7a and 7b. 

72 

Fig. 7. Mean amplitudes elicited by congruent color, incongruciit color, and acliromalic 

gray color in N1 (80-150 rns inlerval) between lixpcrimciU 7a and 7b. 
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Exp 7a Exp 7b 

卜 9 . Mean amplitudes elicited by congruent color, incongmciit color, and achromatic 

gray color in N4 (375-475 ms interval) between l-xperiinent 7a and 7b. 

Turning to the ccntral comparison between the three critical conditions, 

the results showed no dilTcrcncc between the congruent and the incongriicnt 

conditions, both of which were more positive than the gray condition. 1)2 

showed a similar pattern. By itself, Exp. 7b shows no congruencc clTcct in N1 
J 

and P2，as illustrated in Fig, 7 and 8. Note however that there was congrucncc 

clTcct ill Exp. 7a for the same two ERP components, the present results then 

indicate that word reading in Exp. 7b did modulate ERP differences between 

objcct pictures in their congruent and incongrucnl colors. Put the gray condition 

along with these two conditions, word reading in Exp. 7b seems to have made 

the incongrucnt condition less negative and shifted it to the merge with the 

congrucnt condition. However, word reading did not seem to modify the 
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difference between the congruent and the gray color condition, i.e., the gray 

condition was more negative-going than the congruent condition in both Exp. 7a 

and 7b. This finding implies that results differences caused by changes from Exp. 

7a to 7b, mainly adding the word reading component and using word-picturc 

matching task instead of passive viewing, should not be attributed to gcncric ‘ 

factors unrelated to color. That is, the different results between Exp. 7a and 7h in 

N1 and P2 should indeed rcfleet diftcrcncc in color information, the only 

information that distinguished the congrucnt and incongrucnl conditions. 

Note the overlapping of congrucnt color and incongrucnt color in NI and 

P2 showed in Exp. 7b, relative to their salient differences demonstrated in 

Exp.7a, may be attributed to the perceptual simulation formed in the processing 

of the priming words in Exp. 7b. Wc argued that the perceptual simulation of the 

words has an impact on the retrieval of the familiar visual memory which help 

dilTcrcntiate the ditTcrcncc between congrucnt color and incongrucnt color in 
- * 

early components such as N1 and P2 in Exp. 7a, thus, the ‘malfunction’ of these 

familiar tracks result in the rcduccd ditTcrencc of N 1 and P2 between congruent 

color and incongruent color. Note the salient ditTcrcncc between achromatic gray 

color and congrucnt color remain relatively constant between these two 

experiments, which further clucidatcd that the perceptual simulation of objcct 

words should .involve color property. 

Briefly, assessed against Exp. 7a as a baseline situation, results in Exp. 7b 

revealed activation of color information in word reading that atYcctcd later 

processing of objcct pictures. As the effects of color information were 

manifested in N1 and P2 ERP components indexing early perceptual processing. 

74 



it suggests that such color information was.available very early and cannot result 

from later verbalization process that translate pictorial object into verbal 

semantic codes. This therefore provides direct evidence that the color simulation 

does occur at perceptual level but cannot be totally accouiitcd for with 

interaction effects at the semantic level, as we described in the introduction 

....K-

section of Study III. 

Different from N1 and P2, the congruence effects shown in N2, i.e., the 

difference between the congruent condition and the incongruent conditions, were 

not altered by experiment. That is, as in Exp. 7a, N2 was more negative-going in 

the incongruent condition than in the congruent condition in Exp. 7b. 

N2 has been quite often associated with some generic mismatch detection 

in both perceptual and linguistic tasks and/or inhibition control or conflict 

monitor. The fact that this component was not affected by word reading suggests 

that its difference between the congruent and incongruent conditions in Exp. 7a 

may reflect a qualitative signal for match vs. mismatch, unaffected by the level 
< 

of the mismatch. So as long as the object mismatched with its typical color, it 

does not matter whether there was additional activation of color information 

from previous word reading. Or it could be that N2 is relatively late in 

perceptual processing, its congruence effect in Exp. 7a already reflects a rather 

high level of color activation，not be affected much by extra color activation 

from the preceding word reading. ^ ^ 
、 ^ •‘ 似 

The pattern of N3 was also similar to that in Exp. 7a being more 

'V、‘ � 

negative-going in the incongruent condition than the congruent condition， 

though the difference was non-significant. And the gray condition was the most 
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negative, significantly more so than the congruent condition. For N4，although 

no difference between the congruent and incongruent conditions in Exp. 7a, now 

showed a significant difference between the two with the incongruent being 

more negative-going relative to the congruent condition. 

Although N3 and N4 are both related to semantic processing, they differ 

from each other in that N4 is sensitive to the linguistic semantic processing 

while N3 is highly related to pictorial semantic processing (e.g.. Franklin et al., 

2007; Hamm, Johnson, & Kirk, 2002). The finding that N4 but not N3 was 

modified by experiment indicates that word reading in Exp. 7b, in addition to 

activating perceptual color information, also activated color information in the 

semantic memory level but such semantic memory seems to be at modality-free 

linguistic level but not at the modality-specific visual picture level. Sec Fig. 9. 

The experimental tasks were different between Exp. 7a and 7b so that 

participants were asked to detect occasional catch trials involving shape 

repetition in Exp. 7a but determine whether the word and the picture in each trial 

referred to the same object. This raises the possibility that the two experiments 

are not directly comparable so that Exp. 7a may not serve as a good reference 

baseline for Exp. 7b. However, as task differences typically engage different 
— 、 

response strategy but should not affect early automatic processing, this problem 

would be more relevant to the later ERP components on semantic processing 

than to the earlier perceptual components which is our main focus here. 

In summary, using ERP that provide temporal profile information of 

activation of mental representation, the present study shows that the 

comprehension of object words involves constructing perceptual simulation 
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including color information associated with the object described. Effccts from 

such color simulation are automatic and occur early, arguing against the notion 

that previous demonstrations of perceptual and color simulations arc due to 

interaction between cod^s occurring at the semantic level. Side to our main 

finding, it was also demonstrated that color information is also part of the 

semantic memory of objcct words, along with its perceptual representation. 

Chapter 4 General Discussion 

Summary and main conclusions 

Recent research on embodied cognition has primarily focused on motor 

simulation to demonstrate activation of motor-related representations when 

processing sentences and verbs depicting actions with limited attention paid to 

perceptual simulation, particularly to color simulation. With three studies, the 

present research investigated color simulation systematically to enrich 

understanding of perceptual simulation. 

In the first study involving three experiments and seventy-one 

participants，I used color-naming tasks to examine the activation of color 

information and associated time course in phrase processing. Participants were 

presented with an adjective + noun phrase indicating one color for the whole 

phrase, followed by a color-patch for color naming. Results from all three 

experiments showed a clear congruence effect for faster naming response when 

the phrase color was consistent with the patch color than when the two were 

inconsistent, providing a robust demonstration of the activation of perceptual 

color representation of color information in phrase processing. The typical color 
4 

t 
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of the object noun, different from the phrase color, also produced a congrucncc 

effect, depending whether or not it was consistent with the patch color, 

suggesting the automatic activation of color information irrelevant to the present 

linguistic context. Results from prime-target stimulus-onset-asynchrony (SOA) 

manipulation indicated that the phrase color was activated earlier while the 

typical color was activated later. / 

The second study involving three experiments and scvcnty-two 

participants and using further demonstrates the presence of color simulation to 

an even smaller linguistic unit of single words. The task was the same as in 

Study I except the phrase was replaced with a concrctc object noun. Naming 

latencies were significantly shorter when the patch color was consistent with ihc 

object's typical color relative to when they were inconsistent. Such color 

simulation was also found for verbs involving an object with color and words 

psychologically-related to color, indicating that color simulation is not limited to 

situations where there is a concrete, direct connection between the concept and 

the color information. 

Results from SOA manipulation indicates a more rapid activation of color 

information for the words psychologically-related to color, followed by 

activation of color for object nouns, and slowest color activation for verbs, 

providing the first clear demonstration that the nature of the concept-color 

connection affects the time course of color simulation. 

Study III addressed a critical and general problem in literature studies of 

perceptual simulation, including the present Study I and II，which mostly 

inferred occurrence of perceptual simulation based on some congruence effect, 
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i.e., task performance was affected by whether or not the color expressed by the 

linguistic expression matches the color in a later perceptual task. Logically, in 

addition to perceptual simulation, it is possible that at least part of this 

congruence effect reflects a congrucncc effcct at the semantic level, i.e., color 

information in the perceptual task may be verbalized to produce semantic 

activation of associated color information that interferes with semantic 

activation due to inference made during sentence reading. 

This implies that pure behavior measures are unlikely to distinguish these 

two types of congruence cffccts and therefore cannot be taken as strong evidcncc 

for perceptual simulation. I, therefore, in Study III, turned to the ERP tcchniqucs 

offering time course information for activation of mental representations to find 

the temporal locus of the congruence cffcct. Participants read an object noun 

first，followed by a picture of this objcct, either in a congruent color, i.e., its 

typical color or in an incongruent color. Results from two ERP experiments 

involving 26 participants show that congrucncc clearly modulated early ERP 

components that are known to be associated with perceptual processes. This 

provides stronger evidence that semantic processing cannot account fully for the 

congruence effects observed in studies demonstrating pcrccptual color 

simulations. • 

lo summary, along with existing evidence of color simulation, with a 

series of three studies of eight experiments, the present study documents clear 

color simulation in several levels of language processing from phrase to words. 

Color simulation is found to be present not only for color information implied by 

global context but also for color information irrelevant to the global context, not 
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only for words with direct and concrcte associations with color but also for 

words where such associations are indirect ami less concrete. The nature of the 

concept-color association was found to affect the time course of color simulation 

so that surprisingly concrcte connections may not ncccssarily producc the largest 

color activation. The ERP results provide the first electrophysiological cvidcncc 

to strongly support that spontaneous color simulation docs occur at the 

perceptual level as argued by embodied cognition theorists and cannot be 

attributed totally to semantic processing. Briefly, this present research 

systematically investigates color simulation and provides a rich datasct and 

valuable insights deepening understanding to color simulation in particular and 

mental stimulation in general. 

implications 

I) The demonstration that color simulation can be shown not only for 

sentences but also for phrases and individual words indicates that not ail aspcct 

of a sentcncc, or a complete scenario arc ncccssary for simulation. That is, even 

only one critical word could be strong enough to crcatc a context for perceptual 

simulation. This opens up new research possibilities into color simulation. 

Future studies, for example, can avoid the complexity in deigning sentence 

stimuli. SOA manipulations can also be made more cffcctivc for word stimuli 

relative to sentence stimuli in precisely control the temporal separation between 

the linguistic prime the target. 

However, one should be cautious as the mechanism underlying color 

simulation at the level of sentences involving more complicated processes (e.g., 
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Just & Carpenter, 1977; Myers & 0’Brcn, 1994) may differ from thai the phrase 

or word level. For example, although both arc taken to support color simulation, 

the congrucncc cftcct observed in Conncll (2007) was an inhibition while in 

Study I and II here was a facilitation. That is, in Conncll (2007), the congmcnt 

condition was responded to slower than the incongrucnt condition while the 

pattern was the opposite here. Studies on motor simulation and other perceptual 

simulation, both at the sen ten cc and the word level, typically found facilitativc 

cfTcct, as in the present study. 

However, given there is no other study on color simulation at the 

sentence level, it remains to be seen whether the Conncll results truly rcfleet a 

unique characteristic of color simulation or arc due to some factors specific to 

his study. Participants in his study were instructed to read a sentence and then 

determine whether a following object was mentioned in the scntcncc. Conncll 

argues that this crcatcs a situation where color was task irrelevant and 

participants may possibly be distractcd by the automatic activation of color 

information interfering with their paying full attention to the shape of the objcct. 

In comparison, participants in the present task did color naming explicitly 

paying attention to the color dimension. Further, instead of objcct picture in 
f 

Conncll, the probe stimulus we used was a color patch which lacks any shape 

information and tends to highlight the color dimension. Consequently, color 
activation from simulation would also be processed as relevant information and 

> 

facilitated performance. That is, although color simulation occurs as a type of 

activation suggesting whether the task focuses on color as here or not as in 

Connell, it may not necessarily facilitate task performance depending on the 
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specific situation. 

Relative to shape, color may be spccial in thai it is a secondary feature 

and so far other demonstration of pcrccplual simulation has been foe used on 

shape, direction, size that arc all related to shape representation critical to 

identification. So it might be possible that color simulation may differ from 

shape simulation so thai while tor shape, facilitation is observed ibr bojh 

sentences and words, tor color, inhibition is observed for scntcnccs but 

facilitation observed for phrases and words. This issue remains to be explored in 

future. 

2) Stantlcld and Zwaan (2001) argue that not all the actions and 

properties associated with a concept arc activated during a simulation but rallier 

that only those relevant to comprehension arc activated. For example, in 

understanding novel dcnominal verbs (i.e., verbs formed from nouns, as in “lie 

hammered the nail”)，Kaschak and Glen berg (2()()()) found that the properties 

most relevant to the comprehension of a given passage was verified faster than 

that not relevant to comprehension and further that one properly can be more 

relevant than another in one condition and verified taster but the pattern was 

reversed in another situation. 

Following this proposal, one would cxpcct to find that only the 

contextual relevant phrase color should be activated in Study I, but not the 

irrelevant typicahcolor of the objcct, although the actual results were that both 
4 

were activated, while the phrase color was activated earlier, the typical color 

bccame even larger in effcct size than the phrase color with longer SOA. While 
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this supports the notion thai the conlcxl relevant aclivalion may be more 

(Jominanl and have more immediate ctTecls, it also indicates thai color 

information inconsistent with the contcxt is also activated. 

One possible reason for this discrepancy may be thai what Stanficld and 

Zwaan emphasizes is properties from ditTcrcnl dimensions, tor example, when 

the scntcncc contcxt is about the spatial properties of an objcct, the irrelevant 

motion properties would not be activated. Diflcrent properties irom the same 
. i 

relevant dimension may both be activated, even though the property that not 

dircctly related to the contcxt. Similar situations arc also present in studies on 

text processing. Information pertaining to the local construction of a situation 

not coherent with the global construction can still be activated (e.g., Albrccht & 

Myers, 1998; O^Bricn, Rizzclla, Albrccht, & Hallcmn，1998). 

Note that we were able to reveal two types of color activations in the 

same study was due to a different design icaturc be I ween our study and C'onncll 

(2007). In his study, congruence was defined in terms of whether the color of the 

picture objcct was consistent with the color implied by scntcncc, but in both the 

congrucncc and the incongrucnt condition, the color was a possible color of the 

objcct (i.e., a steak could be either brown and red). So while Ihc dilTcrcnce 

between the two color conditions were dear, without a proper rcferencc 

condition, it was unable to know whether the color information associated with 

the objcct but inconsistent with the scntcncc contcxt was activated. In the 

present study, as we added a truly incongrucnt condition where the color was 

never possible for the objcct (e.g., blue for banana), wc were able to show that 

such color information was also activated. 
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3) The finding that action verbs that arc not directly linked to color can 

imply color via the object involved in the action illustrates a new aspcct of 

mental simulation. As long as the connections arc strong enough, color 

simulation is not constrained by the factor that color information has to be 

dircctly linked to the concept. In addition, sufficient time must be allowed as 

reactivation via an mediating concept sccnis lo be slow, as shown in the results 

thai color simulalion ctTcct was only present at ihc longest SOA of�1 ()()() nis. 

For the other type of abstract words producing the fastest activation of 

color information in Study II, it seems that the connection between these words 

psychologically-rclalcd to color may be stronger, relative to object nouns and 

verbs. Frequent use of expressions such as ‘He feels blue' lo mean ‘He fee Is 

depressed' may underlie such strong connections. Although a counter argument 

is thai, if pcrccptual color in formal ion is activated via the mediation of the color 

word (i.e., depression activates blue which then aclivales associated pcrccptual 

representation of blue), its time course should not be so tasl as suggcslcd by I he 

slow lime coLirsc in the results tor verbs. 

More likely is that the connection between color presentation and the 

words psychologically-rclatcd to colors is special. That is, these words tend to 

increase arousal level as would be produced in pcrcciving their associated color 
» 

and such shared physiological state may function at a subconscious level to 

produce a rapid color activation oncc these words arc processed. 

, 4) There is another study that is closcly related to the present rcscarch. 
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Naor-Raz, Tan, and Kcrslcn (2003) used a modified Stroop paradigm requiring 

participants lo name the color in which a pi dure objcct was printed. For 

example, a picture of an apple may be presented in red color (requiring a corrccl 

red naming response) or a blue color (requiring a corrccl blue naming response). 

The red apple would be a congruent condition as I he object was in its typical 

color while a blue apple would be an incongnicnl condition as the objcct was in 

a color it can not have. Naming lalcncy was to unci to be longer lor the 

incongrucnt condition than for the congruent condition, demonstrating a Slroop-

likc infcrcncc between the inherent color associated with an object wcll-

cslablislicd in expcricncc with the color it was perceptually presented in the 

present contcxl. 

Given that the shape of the object was task irrclcvanl, Naor-Raz cl al. 

argued that the fact that the color associated with the object shape had an impact 

on color naming re Heeled automatic processing of the shape information and 

automatic activation of its associated color information, suggesting that the 

shapc-color association is coded in early pcrccplual representations olTcring 

immediate access. This leads lo their central conclusion that color information, 

along with shape information, is an intrinsic part of an object's perceptual 

representation. 

Side to their interest but more relevant to the present research is that they 

also included a condition where objects nouns were presented in different colors 

for the same naming task. Thai is, a word 'apple' may be presented in red to 

make a congruent condition or in blue lo make an incongrucnt condition. A 

reversed standard Stroop ctTccl was observed for such word stimuli, indicating 
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that color information is also represented at the semantic level but in a way 

different way from the perceptual representation they demonstrated for the 

picture objects'. Although the authors did not mention color simulation, their 

results in the word stimuli can be iiitcrprcled as rcilccling automatic activation 

of color information associated with the word concepts and serve as a picce of 

evidence for color simulation. The fact thai ihc same results can be interpreted as 

ctTccts occLining at either the pcrccptual level or the semantic level (or both of 

*thc two levels) further calls for the need to go beyond behavioral measure to use 

ERP techniques to separate dilTcrcnt levels of processing, as wc did in Stud III. 

5) As pointed in the pioneering work of Slanfield and Zvyaan (2001 )，the 

critical theoretical distinction between the aniodal proposition representation and 

the embodied pcrccptual representations is not that there arc some empirical 

results that cannot be explained by aniodal theories but only by the embodied 

theories. Rather，given aniodal theories possess essentially unlimited explanatory 

power, they can explain any results by adding a lew more propositions ad hoc. 

1 here fore, one should not cxpccl to be able to produce sonic empirical findings 

to falsify the proposition theories but rather has to be satisfied that for some 

findings the embodied cognition can predict and can explain more elegantly or 

parsimoniously. 

‘ This is a reasonable argument, however, also a pessimistic one, implying 

that rcscarclicrs will never be able to empirically falsify the proposition theories. 

Any cognitive models may indeed be able lo renovate themselves to 

accammodatc new findings to keep from being rejected, if they arc always tested 

with behavioral pcrtbrniancc data that arc output information from a cognitive 
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system. However, oncc the internal neural mcchanisms arc considered, 

eventually there will be only model that can stand to the test. Therefore, with 

more and more rcscarch employing cognitive ncuroscicncc methods lo look into 

the inside of the brain, as did for the first time in the area of color simulation, a 

definite decision between the propositiona丨 representations and embodied 

representations is to be expected. 

Future directions 

As one interesting future direction, 1 plan to put together ciitTcrcnt 

dimensions of perceptual simulation in the same experiment so thai I would be 

able to coniparc (he time course of the color activation and shape activation. 

l^RP recording will be perrornicd to corroborate or help constrain interpretations 

of the behavioral data. 

The other interesting direction is to understand more about the 

association between the words psycliologically-associatcd with color to 

understand they would lead to such a fast activation of color information, even 

faster than object nouns that directly imply color. 

Limitations 

I) Although the color/non-color adjectives arc raled well, but some 

examples may sound si range and counlennluilivc, it should be examined furllicr. 
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2) Item analysis did nol come oul significant for study 1, so il is possible thai 

some items arc nol wcll-choscn. And fLilurc work can refine the stimuli lo gel better 

results. 

3) There is no 3 way SOA xcolor version x congruence interaction. In terms 

of the non-significanl 3 way inleraclion, il is really so imporlanl. So the 

manipulalion of SOA shows inlcrcsting trend, hut more data is needed lo make a 

statistically sound conclusion. 
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Appendix A Test stimuli used in Experiments 1-3 

Test stimuli in Ex^pcrimcnl 1 -3(A) > 

1 

Color-adjective Phrases 

Color version 1 

Color-adjective Phrases Phrase color Typical color Incongruent 

color 

枯死的禾苗 黄色 绿色 蓝色 

(died rice seedling) (yellow) (green) (blue) 

不成熟的梓樣 绿色 黄色 ‘ 白 色 

(immature lemon) (green) (yellow) (while) 

秋天的草地 黄色 绿色 红色 

(lawn in autumn) (yellow) (green) (red) 

北极的熊 白色 ；黑色 律色 

(polar bear) (while) (black) (green) 

夜晚的天空 黑色 蓝色 绿色 

(sky in night) (black) (blue) (green) 

刚长出的番355 绿色 红色 蓝色 

(new-born tomato) (green) (red) (blue) 

苦淫的苹果 绿色 红色 黑色 

(bitter apple) (green) (red) / b l a c k ) 

刚长出的讽叶 绿色 红色 ‘‘蓝色 

(new-born maple) (green) (red) (blue) 

调零的叶子 黄色 绿色 红色 

(withered leaf) (yellow) (green) ( r e d ) ‘ 

疲菜制的面条‘ 绿色 黄色 红 i 
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(Noodles made with spinach) (green) (yellow) (red) 

Test s t imu l i in Experiment 1 -3(B) 
/ 

. C o l o r v e r s i o n 

N o n - c o l o r - a d j e c t i v e P h r a s e s 

1 

P h r a s e c o l o r Typ ica l c o l o r Incongriienl 

color 

不健康旳牙齿 黑色 白色 绿色 

( u n h e a l t h y Icc lh) (black) (while) (green) 

老人的胡须 白色 黑色 黄色 

(o ld m a n ' s b e a r ) � (while) (black) ( y e l l o w ) 

掉下来的树叶 P 黄色 绿色 蓝色 

( fa l l i in-c lown l ea f ) ( y e l l o w ) (green) (blue) 

生的香蕉 绿色 黄色 红色 

( i m m a t u r e b a n a n a ) (green) (yellow) (red) 

西式的嫁衣 白色 红色 绿色 

{bo t tom d r a w e r o f w e s t e r n s ty l e ) ( w h i l e ) � (red) (green) 

加州产的提子 红色 绿色 黑色 

(Californian Grape) (red) (green) (black) 

炸过的慢头 黄色 自色 绿色 

( f r i e d b u n ) (yellow) (while) (green) 

地上的叶子 黄色 绿色 白色 

(leaves on the ground) (yellow) (green) (white) 

没营养的头发 黄色 黑色 绿色 

(malnourished hair) , (yellow) (black) (green) 
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生的芒果 绿色 黄色 黑色 

( i m m a t u r e m a n g o ) - ( g r een ) ( y e l l o w ) ( b l a c k ) 
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Appendix A Test stimuli used in Experiments 1-3 

Tesl stimuli in nxper iments 4-6 

Verbs Congruent Incongrucnt Psych-color 

words 

Congruent Incongrucnt Object 

nouns 

Congruent Incongrucnt 

耀眼 白色 红色 纯洁 白色 红色 牙齿 白色 绿色-

(dazzle) 
o 

(white) (red) (immaculacy) (white) (red) ( t e e t h ) . (w^liite) (green) 

投降 白色 黄色 航脏 黑色 红色 傻头 白色 红色 

(surrender) (white) (yel low) (dirtiness) (black) (red) (bun) (white) (red) 

牺牲 红色 黄色 邪恶 黑色 白色 番琉 红色 蓝色 

(sacrifice) (red) (yel low) (evil) (black) (white) (lomato) (red) (blue) 

»喝醉 红色 黄色 害怕 黑色 绿色 苹果 红色 白色 

(be in (red) (yel low) ( s c a r e d ) ‘ (black) (green) (apple) (red) (white) 

drink) 
？ 

收割 黄色 绿色 恶毒 黑色 翻 讽叶 红色 蓝色 

(reap) (yel low) (green) (malicious) (black) (red) (maple) (red) (blue) 

枯死 黄色 绿色 热爱 红色 黑色 禾苗 绿色 红色 

(exsiccate) (yel low) (green) ( l o v e . (red) (black) (rice (green) (red) 

y j 
seedling) 

调零 黄色 绿色胃 发怒 红色 1 黄色 杆檬 黄色 红色 

(wither) (yel ldw) (green) (angry) (red) (yel low) (lemon) (yel low) (red) 

揷种 绿色 红色• 喜庆 红色 黑色 草地 绿色 蓝色 

(plant) (green) (red) (festivity) - ( r e d ) (black) (lawn) (green) (blue) 

长出 绿色 白色• 色情 黄色 黑色’ 香蕉 黄色 白色 

(grow) (green) (while) (eroticism) (yel low) . ( b l a c k ) (banana) (yel low) (while) 
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生长 绿色 白色 害羞 红色 黑色 芒果 黄色 蓝色 

(vegetate) (green) (while) (shy) (red) (black) (mango) (yellow) (blue) 

A 



Appendix A Test stimuli used in Experiments 1-3 

Test stimuli in Experiment 7 and 8 

Pictures 

Nouns Congruent color Incongruentcolor Achromatic gray 

color 

Ml 

(apple) 

(banana) 、 (shallot) f 1 f . 
.A / 
t 

(brocoli) 
麵 ÎV 1 (jflTi ̂  

機桃 

(cherry) 

辣椒 

(capsicum) 1 1 1 1 
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/ill妙卜 

(carrot) 

\ 

仙人'1’；̂-: 

(cactus) ¥ ¥ 
/t-菜 

(celery) t f r 
k米 

(com) 

丨 m 

(cucumber) 

灯笼俶 

(bell pepper) 

海脉 

(dolphin) 

；jli r 

(eggplant) 
」 1 
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m'i 

(crab) f® 
I ' m 

(frog) 

呢r-

(chestnut) 》 
、仏 

(ginger) 

m 

春 
m 、 、 促 r 

(grape) f 输 攀 
丨V丨：地 

(lawn) 

i f：'.-'a-v . 

1 

头发 

(hair) f 霄、 零 
k 

(fist) 
w E M l 
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. 核 桃 . • . 

(walnut) 

% 

火 

(dragon fruit) 

• A V -, 

舊 

叶 f 

(leave) * f t 

• 

.(lemon) 
• 售 ’ 參 

箱枝 

(lichee) 雜 
邏’ 钃 

龙奸 

(lobster) % m, 

% % 
芒Ui-

(mango) 爹:..、...‘ 0 
楓叶 

t 

(maple) 
• . - • 

• 乃 \ 
4 

r WiMTfcn>1-'_i 撒i—1-—\-r-T ii'iVi-Ĥ ri 



mr 
(orange) 

：•：學_ .. 

“... •r^t：-- • % 
木瓜 

(pawpaw) 
響 i 

.水密桃 

(juicy pcach) • • 
花 

(peanut shell) 

：.......•丄 i 
齒 

i y 

t 

w 
！ M i v ' . 

(pea) f f f f f f 
fiHl 
(pear) 

\ 
* 

蠢 ：急 w 
m 

(pineapple) 

i 

霸 

1 1 
(potato) 

^^^ - 』 s 

_ i m m 



t 

•• • ' . 

(pumpkin) 

(strawberry) 
： _ 

耀 

、. 叫瓜 

(watermelon) % 
J 

木棉花 

(kapok) 

•.. ...ii§_irv 

OP 
, ' w m ： :•.... 俞 

為 ： 

m t 

(camcl) 

...•巧足s 

J 

f 

杨桃 

(star fruit) 
， 

_ 

Ki ；Jii 

( tomato) . 
1 ‘ 

• • W 
1丨4兰花 

(cauliflower) • 
mm 

no 



‘攻塊 

(rose) 
t 

» 

小 f j . * 

(little d u c k ) ‘ 

'身 
m 

-

» 

、 
•m 

、 ar’. 

i 
‘，；二 

r 
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