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Abstract. Metaphor is a cognitive process that enables people to make mental 
mapping across distinct conceptual domains. The present study investigated 
metaphorical and literal meaning access in metaphor comprehension, and the 
effects of working memory load and mental imagery on metaphor comprehen-
sion. Three sentence priming experiments were conducted and the results 
showed that the literal meaning of a metaphor was accessed faster than the me-
taphorical meaning, but metaphorical meaning could be accessed as quickly as 
literal meaning if there was more cognitive resource involved. These findings 
indicated that the literal meaning of a metaphor is accessed first in the early 
stage of metaphor comprehension, and working memory load plays an impor-
tant role in the process. The study didn’t find any significant effect of  
ima-geability on metaphor comprehension; however, the results implied the me-
taphors with low imageability need more working memory load to understand. 
The implication for natural language processing of the computer science was 
discussed. 
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1 Introduction 

Metaphors are very prevalent in everyday spoken and written language. For example, 
speakers used approximately one unique metaphor for every 25 words in an analysis 
of television programs [1]. Another study found 20 metaphors were used per 1000 
words for college lectures, 50 metaphors in ordinary discourse, and 60 metaphors in 
discourses by teachers [2]. Metaphors establish correspondences between different 
concepts from disparate domains of knowledge [1]. For example, the lawyer is a 
shark. The topic (the first term) of this metaphor refers to a people, and the vehicle 
(the second term) refers to a fish. An increasing number of studies have revealed  
that metaphors are essentially involved in not only our communication but also eve-
ryday thought. Hence, metaphor is a way of thinking and cognitive style as well as a 
common rhetorical device in language [1]. 
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1.1 The Time-Course of Literal Meaning and Metaphorical Meaning Accesses 

The prevalence of metaphor in language and thought has motivated a considerable 
number of researches on cognitive mechanism of metaphor comprehension and com-
putational methods by machine in natural language processing [2]. How do people 
understand metaphoric expressions and comprehend the meaning of sentences that 
differ in their literal and nonliteral interpretations?  

Recent metaphor research has revealed that there could be two kinds of cognitive 
mechanisms involved in metaphor comprehension. One is categorization [3] and the 
other is comparison process [1]. According to the temporal property of metaphor 
comprehension, these two kinds of mechanisms belong to two different models [4, 5]: 
(a) the direct model hypothesizing the metaphorical meaning can be accessed directly 
by class-inclusion without the access of literal meaning, and (b) the indirect model 
stating that the literal meaning of a metaphor is necessarily accessed first by compar-
ing the vehicle with the topic. Recently, researchers proposed the third view hypothe-
sizing metaphor comprehension is context-dependent, i.e. when there is a relevant 
context, the metaphorical meaning is the only one accessed [5]. A recent study using 
event-related potential supported the notion of dual access to metaphorical meaning 
and literal meaning in metaphor processing and the literal meaning as a subordinate 
meaning was activated during the early metaphor comprehension stage [6]. Hence, the 
time-course of literal and metaphorical meaning access is still controversial. Using a 
semantic prime paradigm, the present study aimed to examine the temporal property 
of literal and metaphorical meaning access in metaphor comprehension. 

1.2 Working Memory Load 

The link between working memory and metaphor comprehension has attracted  
researchers for years. The recent studies agreed the point of view that working memo-
ry capacity plays an important role in metaphor processing [7] and the early 
processing of metaphors is controllable by executive mechanisms [8]. Because fluid 
intelligence is considerably associated with working memory capacity, researchers 
believed working memory is important to the interpretation of conventional and crea-
tive metaphors [9]. However, there is no research to focus on working memory load 
in metaphor comprehension so far. Based on the previous research, the present study 
hypothesized metaphor comprehension would be inhibited under conditions of high 
working memory load. 

1.3 Mental Imagery and Metaphor Comprehension 

Since Paivio proposed there were nonverbal imagery and verbal symbolic processes 
in cognitive system in 1969 [10], there have been a number of researches focusing on 
the role of mental image in memory, learning, and language. Generally, we use more 
concrete concepts to express more abstract concepts, for example, the mind is a com-
puter. The topic of this metaphor refers to an abstract entity, and the vehicle refers to 
a complex electronic device. However, there are few studies on the role of mental 
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image in metaphor comprehension. Gibbs et al. found that people can form coherent 
mental images for metaphorical actions and many abstract concepts are partly unders-
tood in terms of enduring embodied metaphors [11]. Hence, it is interesting to inves-
tigate the role of mental imagery in metaphor comprehension. 

Based on the previous research, the present study aimed to find out the temporal 
property of literal and metaphorical meaning access in metaphor comprehension and 
the effects of working memory load and mental imagery on the processes. We  
hypothesized that literal meaning of metaphors were accessed first, high working 
memory load would inhibit the meaning access, and mental imagery would facilitate 
metaphor comprehension. Three experiments were conducted to test our hypotheses 
using a classic priming paradigm similar to Blasko and Connine’s study [4]. In the 
three experiments, metaphoric and literal sentences were used as priming stimuli, and 
two-character words and nonwords were used as targets. There were three kinds of 
words used as targets in Experiments 1-3: a word related to the metaphorical mean-
ing, i.e. metaphor target (MT); a word related to the literal meaning of the vehicle of 
the metaphor, i.e. literal word target (LWT); and a control target unrelated to either 
the metaphorical meaning or literal meaning, i.e. control target (CNT). Subjects were 
required to make a lexical decision to judge if the target is a true word or not. All the 
words were responded as correct in the task, and there were nonwords used to res-
ponding as fault. If the metaphorical meaning is accessed first, subjects should re-
sponse faster to MTs than LWTs. We changed the presenting duration of the priming 
sentence in Experiments 1 and 2 to manipulate working memory load. In Experiment 
3, subjects were required to judge if the priming sentences make sense and this task 
need the most cognitive effort in the three experiments. 

2 Experiment 1 

2.1 Participants and Stimuli 

Participants consisted of a total of 20 undergraduate and graduate students in the ex-
periment. All participants had normal or corrected-to-normal vision, and they were all 
native speakers of Chinese and unaware of the purpose of the experiment. 

All metaphoric sentences used in Experiments 1, 2, and 3 were in the form of X is 
Y, and all the terms of X and Y were two-character words. The imageability, aptness 
and familiarity of the sentences were rated by 64 participants, aged 18-25 years. All 
the sentences were randomly ordered on three scales that ranged from 1 to 7 on ima-
geability (1 = very easy to arouse a mental image and 7 = very hard to arouse a mental 
image), aptness (1 = not at all apt and 7 = very highly apt) and familiarity (1 = not at 
all familiar and 7 = very highly familiar). Based on the rating data, 20 metaphors with 
high imageability and 20 metaphors with low imageability were chosen. The rating 
scores of these metaphors were varied in imageability with significant difference but 
comparable in aptness and familiarity (As shown in Figure 1). 

The metaphor vehicles in isolation were randomly presented to 72 additional par-
ticipants to determine the LWTs. They were asked to write down the most common or 
central feature of the words. Similarly, the MTs were selected by presenting 181  
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additional participants with a randomized list of the metaphoric sentences and asking 
them to choose the single word that is the most central feature of the metaphoric 
meaning of the metaphor. 

 

Fig. 1. The mean rating scores with standard errors of means (SEMs) of the metaphors 

So that the priming sentences contained 40 metaphoric sentences and 40 filler sen-
tences, all the filler sentences were literal and had the same structure as metaphor. 
Each subject read all the sentences six times, for a total of 480 trials. Half of the times 
were with word targets and the other times were with nonword targets. 

 

Fig. 2. The mean RTs with SEMs of the lexical decision task without priming sentences by 
different conditions 

An additional lexical decision task was made to ensure that all the targets were 
comparable without priming sentences by 14 participants. The results of a two-way 
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analysis of variance (ANOVA)—Imageability (high or low) × Target type (literal, 
figurative, or control)—showed that the groups did not differ significantly from each 
other (F < 1) as shown in Figure 2. 

2.2 Procedure 

The experiment was programmed with E-Prime 2.0 software. At the beginning of the 
experiment, participants were provided with an instruction for the experiment. And 
then they completed a practice set of trials. 

Each trial began with a cross in the center of the screen, and it remained for 750 
ms, after which the screen went blank for 250 ms. And then the priming sentence 
appeared in the center of the screen for 750 ms. After the priming sentence disappear-
ing, the target appeared immediately and remained until participants responded. The 
participants were instructed to indicate whether the target was a word or nonword by 
pressing the “F” key or “J” key. For half participants, “F” was for true words and “J” 
was for nonwords, for the other half participants the keys were reversed. Participants 
were asked to response as quickly and as accurately as possible. The latency between 
target presentation and the participant’s response was recorded as the participant’s 
response time. 

2.3 Results and Discussion 

All the data were analyzed using SPSS 19.0C (SPSS China). Four participants were 
excluded from the analyses because their accuracy was low (80.0%, 65.8%, 67.5%, 
40.8%). The remaining 16 participants had accuracy of 98.4%, so the accuracy was 
not analyzed. Reaction times more than 3 standard deviations above or below the 
mean were excluded from analysis. Totally, 0.9% trials were excluded. 

 

Fig. 3. The mean RTs with SEMs of the lexical decision task by different conditions in experi-
ments 1，2 and 3 
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The RT data were analyzed using a 2 (imageability: low or high) × 3 (target type: 
LWT, MT, or CNT) ANOVA (As shown in Figure 3). The results in the present study 
were considered statistically significant at p < 0.05. The analysis revealed a signifi-
cant main effect of targets type [F(2, 30) = 3.45, p < 0.05], the responses to LWTs 
were faster than those to MTs and CNTs. But the main effect of imageability was not 
significant [F(1, 15) = 0.71, p = 0.09]. The interaction effect of target type× imagea-
bility was not significant [F(2, 30) = 0.28, p = 0.78].  

The results showed that the responses to LWTs were primed by the priming sen-
tences, but the responses to MTs were not primed by priming sentences with a short 
presenting duration (750 ms). This finding supports the point of view that the literal 
meaning of a metaphor is accessed first. And, there were no effect of imageability on 
metaphor comprehension. 

3 Experiments 2 and 3 

3.1 Participants, Stimuli and Procedure 

In Experiment 2, participants consisted of a total of 20 undergraduate and graduate 
students. In Experiment 3, participants consisted of a total of 32 undergraduate and 
graduate students. All participants had normal or corrected-to-normal vision, and they 
were all native speakers of Chinese and unaware of the purpose of the experiment. 

In Experiment 2, all the experimental stimuli were the same as those used in Expe-
riment 1. The procedure was also similar to experiment 1. In this experiment, the 
difference of procedures was that the priming sentences displayed 2000 ms. In Expe-
riment 3, the stimuli included all the metaphors used in Experiment 1 and additional 
40 false sentences. The targets were same as those used in experiment 1. In this expe-
riment, when participants were represented the priming sentences, they were asked to 
judge whether the sentence was true or false, and then they also were asked to do the 
lexical decision task of targets just like Experiment 1. 

3.2 Results and Discussion 

In Experiment 2, 20 participants had accuracy of 98.5%. Reaction times more than 3 
standard deviations above or below the mean were excluded from analysis. Totally, 
3.4% trials were excluded.  

The RT data were analyzed using a 2 (imageability: low or high) × 3 (target type: 
LWT, MT, or CNT) ANOVA. The results of RTs are shown in Figure 3. The analysis 
revealed a significant main effect of targets types [F(2, 38) = 14.99, p < 0.05], the 
responses to LWTs were faster than those to MTs and CNTs. The main effect of ima-
geability was not significant [F(1, 19) = 3.15, p = 0.41]. The interaction of target × 
imageability was not significant [F(2, 38) = 0.47, p = 0.63]. The results were similar 
with Experiment 1. The responses to LWTs were primed by priming sentences, but 
the responses to MTs were not primed by the priming sentences even with a much 
longer duration (2000 ms). No significant effect of imageability was found in the 
experiment, too. 
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In Experiment 3, 13 participants were excluded from the analyses because their  
accuracy of the priming sentence judge task or the target lexical decision task was 
lower than 50%. The remaining 19 participants had target’s accuracy of 99%, so the 
accuracy was not analyzed. Reaction times of target more than 3 standard deviations 
above or below the mean were excluded from analysis. The RT data were analyzed 
using a 2 (imageability: low or high) × 3 (target type: LWT, MT, or CNT) ANOVA. 
The results of RTs are shown in Figure 3. The analysis with participants revealed a 
significant main effect of targets types [F(2, 36) = 3.95, p < 0.05], the responses to 
LWTs and MTs were faster than those to CNTs. The main effect of imageability was 
not significant [F(1, 18) = 1.13, p = 0.30]. The interaction of target × imageability 
was not significant [F(2, 36) = 1.34, p = 0.28]. The results showed that both the res-
ponses to LWTs and MTs were primed by priming sentences when the prime task 
need more working memory resource involved. 

4 The Results of all the 3 Experiments 

Trends in data of different experimental conditions at aggregate level are similar. The 
RT differences (all the RTs in Experiments 1-3 minus the baseline RTs of the isolated 
lexical decision experiment) were analyzed using a 2 (imageability: low or high) × 3 
(target type: LWT, MT, or CNT) × 3 (experiment condition) ANOVA (As shown in 
Figure 6). 

 

Fig. 4. The mean RTs of three different experimental conditions 

The analysis revealed a significant main effect of experimental condition [F(2, 76) 
= 95.59, p < 0.05], a significant main effect of target type [F(2, 76) = 7.74, p < 0.05], 
a significant target type × imageability two-factor interaction [F(2, 76) = 4.62, p < 
0.05], a significant condition × target type two-factor interaction [F(4, 152) = 3.82, p 
< 0.05], but no significant condition × imageability × target type three-factor interac-
tion [F(4, 152) = 1.04, p = 0.39].  
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The results showed that the responses in Experiment 2 (the priming sentences  
displayed 2000 ms) were faster than those in Experiment 1 (the priming sentences 
displayed 750 ms) and 3 (sentence decision) on the whole. There was no significant 
difference among the responses to MTs, LWTs, and CNTs with high-imageability 
priming sentences. The responses to LWTs with low-imageability priming sentences 
were slightly faster than those to CNTs and MTs with low-imageability priming sen-
tences in the conditions of 750 ms and 2000 ms. However, the responses to LWTs and 
MTs were faster than those to CNTs with low-imageability priming sentences in the 
condition of sentence decision task. The contrast of the three experiments indicated 
that mental imageability of metaphors modulated the effects of working memory load 
on metaphor comprehension, although it had no significant effects on the cognitive 
process directly. For the metaphors with low imageability, metaphorical meaning was 
harder to access than literal meaning when the working memory load was not very 
high, whereas all of them were hard to access when the working memory load was 
very high. These results implied the metaphors with low imageability need more 
working memory load to understand. 

5 General Discussion 

The results of the present study indicated that the literal meaning of a metaphor was 
accessed faster than the metaphorical meaning, and metaphorical meaning could be 
accessed as quickly as literal meaning if there was more cognitive resource involved. 
These findings support the point of view [3] that the literal meaning of a metaphor is 
accessed first in the early stage of metaphor comprehension. These results were partly 
consistent with Blasko and Connine’s study [4], in which only the figurative meaning 
of high-familiar metaphors and low-familiar metaphors with high aptness was availa-
ble in the priming paradigm. The difference between the present study and Blasko and 
Connine’s results may be due to that the familiarity and aptness of the metaphors used 
in the present study was moderate. The results of the present study partly supported 
the theory Bowdle and Gentner proposed [1, 12]. This theory hypothesized that there 
was a shift in mode of mapping from comparison to categorization as metaphors are 
conventionalized [1]. According to this theory, the literal meaning of a metaphor is 
accessed first when it is not familiar, however, the metaphorical meaning of a meta-
phor would be processed easily when it is very familiar and conventionalized.  

The present study also demonstrated that working memory load plays an important 
role in metaphor comprehension. This finding is consistent with the studies on work-
ing memory capacity [7-9] in metaphor comprehension. The present study didn’t find 
a significant effect of mental imageability on metaphor comprehension; however, the 
results implied the metaphors with low imageability need more working memory load 
to understand. The results indicated that mental imagery of metaphors modulated the 
effects of working memory load on metaphorical meaning access, although it had no 
significant effects on the cognitive process directly. When the working memory load 
was very high, both of literal meaning and metaphorical meaning was hard to access, 
whereas literal meaning was easier to access than metaphorical meaning for the meta-
phors with low imageability when the working memory load was not very high. These 
results partly demonstrated that mental imagery plays a role in metaphor comprehen-
sion; and the mechanism underlying this process need further researches to explore. 
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The findings of the present study implicate that comparison between the topic and 
vehicle of a metaphor is necessary because its literal meaning is accessed first espe-
cially when the metaphor is unfamiliar. This point is very helpful in the research area 
of natural language processing of artificial intelligence. The intelligent system could 
compute a plausible figurative meaning for a metaphor by comparing the literal mean-
ing of the topic and vehicle. To complete the process of metaphor comprehension, the 
conceptual representations of the topic and vehicle are necessary for the intelligent 
system. Mental imagery of a metaphor would be a potential factor on the process. 

Metaphors also act as a bridge between the human thinking activity and designs of 
human-computer interaction. Metaphors are used to designing and selecting good user 
interfaces such as the desktop of computer, and play an important role on user expe-
rience. On the other hand, metaphors of computer science and information sciences 
help psychologists and brain scientists see human thinking from a new perspective. 
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