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Abstract: This empirical study investigates Chinese children’s developmental trajectory of pure 
metonymy comprehension. In the light of the experiment design in Jiang’s (2019) and Köder and 
Falkum’s (2020) studies, the present study, adopting a quantitative approach, employed a modified 
behavioral experiment and an eye-tracking experiment. Drawing on the experimental data, the study 
finds that: a) children’s metonymy comprehension performance showed a tendency towards the 
U-shape in the behavioral experiment tasks; b) children’s target (metonymy) fixation proportion, 
however, developed with age in the eye-tracking tasks; c) children’s metonymy comprehension not 
only developed with age but also showed different features in different difficulty levels of metony-

mies. Thus, this study explains the U-shape by arguing that age-4 and -5 children’s pure metonymy 
comprehension ability can be masked not only by a literal preference reported in Köder and Fal-
kum’s (2020) study but also by the high randomness of task results of the age-3 participants and the 

high level of difficulty of culture-related metonymies. Moreover, the study also argues that year six 
is a crucial stage for children’s metonymy comprehension development, which provides implica-

tions for children’s early figurative language education.
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1. Introduction

In recent years, the growing interest in figurative language use or use of expressions that require 
ad hoc concept constructions (Carston, 2002), doubled with the increasing interest in cognitive prag-

matics, has given rise to a rich body of studies that informed the fields of human figurative language 
processing and production. 

However, the existing figurative language studies have persistently focused on a narrow range of 
figurative language devices, among which the most frequently studied is metaphor (Rundblad and 
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Annaz, 2010), resulting in an inadequate concern for metonymy, a figurative device which express-

es a real-world contiguity by referring to a target via a salient property. Metonymy is also claimed 
to rely on a cognitive pragmatic mechanism (Falkum, 2019) different from that of metaphor. While 
some studies were conducted on the cognitive mechanism of metonymy, few have approached this 
issue from a developmental perspective. 

Even within the scarcity of literature on the trajectories of children’s figurative language ability 
development, an imbalance of research efforts can be observed between children’s metaphor de-

velopment and their metonymy development. Existing studies (Özcaliskan, 2005; Peng and Zhang, 
2009; Liu and Mi, 2008; Rundblad and Annaz, 2010) have found and confirmed children’s early (at 
the age of four) ability, which improves chronologically with age, of understanding metaphorical 
uses of language, and have also realized that different categories of metaphors may be acquired at 
different stages (Zhou, 2003). However, when it comes to metonymy, children’s metonymy devel-
opment remained an uncharted territory until the recent decade. 

Rundblad and Annaz (2010), Van Herwegen et al. (2013), Falkum et al. (2017) and Jiang (2019) 
have made valuable research efforts which paint a polychrome picture of this field. It is polychrome 
because, on the one hand, their studies serve as an intriguing guidance to a wide range of topics re-

garding children’s metonymy, from metonymy comprehension to metonymy production (Falkum 
et al., 2017; Jiang, 2019), and from chronological development (Van Herwegen et al., 2013) to 
U-shaped development (Falkum et al., 2017); on the other hand, extant research also leaves con-

tradictions (Van Herwegen et al., 2013; Falkum et al., 2017) and questions open to discussion. For 
example, one pending issue is how to, at the cognitive level, refine the existing experiments to fur-
ther distinguish between children’s metonymy comprehension and metonymy production. How to 
provide a more convincing and solid explanation for the U-shape observed in the previous research 
is another problem unsolved. Furthermore, whether the acquisition of different categories of meton-

ymy corresponds with different age stages is also an interesting topic which few studies have ex-

plored.

In the light of the questions identified above, the present study aims to investigate Chinese chil-
dren’s pure metonymy comprehension development, employing eye-tracking and improved pic-

ture-selection activities as experiment instruments.

Köder and Falkum (2020) and Jiang (2019) managed to differentiate between children’s meton-

ymy production and comprehension, and Köder and Falkum (2020) concluded that “eye-tracking is 
a ‘purer’ and cognitively less demanding measure of figurative language comprehension.” So, the 
present study employs an eye-tracking experiment, and also, with an intention to improve Jiang’s 
(2019) experiment method (picture-selection, which touches upon the “production” level), the au-

thor of the present study will conduct the picture-selection activity followed by a retrospective inter-
view with the children subjects, to minimize the influence of speaker intention in the instant context.

Since the subjects in the present study are Chinese children, this study will also serve as an at-
tempt to test the translingual applicability of the U-shape observed in the previous studies, which 
were conducted in English and Norwegian contexts. Not confined to this, considering that the 
discussion (Köder and Falkum, 2020) of the U-shaped development of children’s metonymy was 
backed up with solid evidence, this study attempts to provide a new perspective for the explanation 
of the U-shape, with the combined evidence from the eye-tracking and modified behavioral experi-
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ment data.

Also, given that some metonymies are lexicalized (Hilpert, 2006), especially the culturally relat-
ed ones, while some are ad-hoc metonymies whose understanding requires instant construction of 
relations, the present study will also probe into, though not so deeply, the question of the acquisition 
order of different categories of metonymies. To achieve this, my experiment will include a compari-
son between three levels of metonymies assigned with different difficulties.

2. Research on metonymy

In our daily communication, figurative language plays a ubiquitous part, making it possible for 
speakers and listeners to go beyond conventional lexical meanings and construct novel context-de-

pendent meanings. One case of this is metonymy, a trope (Corbett and Connors, 1999) or a figu-

rative device that expresses a real-world or mental contiguity by referring to a target via a salient 
property (Koder and Falkum, 2020). Refer to the examples in (i), (ii) and (iii):

(i). The piano is in a bad mood. (Panther and Thornburg, 2005)

(ii). The sax has the flu today and he will not be able to play tonight. (Zhang and Lu, 2010)

(iii). The moustache sits down first. (Falkum et al., 2017)

In (i) and (ii), the pianist and the saxophonist are referred to via “piano” and “sax” respectively, 
the names of the instrument they play. In (iii), the “moustache” refers to a person wearing a notice-

able moustache, which possibly differentiates him or her from others in the context. The piano-pia-

nist, sax-saxophonist, and moustache-moustache wearer are in a contiguity relation, either concep-

tually or physically.

2.1. Metonymy from cognitive perspective

In figurative language literature, in spite of the burgeoning research interest in the cognitive pro-

cess of figurative language, extant studies have primarily centered on a narrow range of figurative 
devices, mainly metaphor (Rundblad and Annaz, 2010), unfortunately resulting in an inadequate at-
tention towards metonymy. 

It was only after the end of the 1990s that metonymy started to become a research focus among 
cognitive linguists (Langacker, 1993; Radden and Kövecses, 1999; Panther and Radden, 1999; Bar-
celona, 2000; Alač and Coulson, 2004), whose works mainly focus on the mental conceptualization 
strategies and cognitive mechanisms of metonymy and interfaces and demarcations between meta-

phor and metonymy. Langacker (1993) categorized metonymy as a “reference point phenomenon”, 
based on which Alač and Coulson (2004) described the cognitive process of metonymy as a process 

where an item with relatively higher salience serves as the reference point, rendering other less sa-

lient items mentally accessible. Building on Lakoff and Johnson (1980), who proposed the idea of 
ICM (Idealized Cognitive Model) and argued that the human conceptual system is figurative in na-

ture, Radden and Kövecses (1999) reemphasized cognitive nature of metonymy and defined meton-

ymy as a cognitive process that functions within one ICM. All of these research efforts have deep-

ened the understanding of the nature of metonymy and established a research trend and guidance for 

further cognitive linguistic studies on metonymy.
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2.2. Research on children’s metonymy

Since associative relations, which render the comprehension and production of figurative lan-

guage, are frequently exploited in our everyday communication, it is important to study when 
people acquire this ability and how this ability develops from childhood to adulthood. This prob-

lem has been studied since the 1960s, when researchers (Asch and Nerlove, 1960; Gardner, 1974; 
Mendelsohn et al., 1984) tended to address this issue from a semantic perspective. However, in the 
literature on figurative language cognition, it was not until the 2000s that children’s uses of figura-

tive language started interested researchers (Zhou, 2003; Özcaliskan, 2005; Peng and Zhang, 2009; 
Liu and Mi, 2008; Rundblad and Annaz, 2010) working on language acquisition and cognitive de-

velopment. Liu and Mi’s (2008) research found that children of four are equipped with the ability to 
understand metaphorical utterances in neutral context and are also able to make abstract reasoning 
about the metaphorical mappings; Rundblad and Annaz’s (2010) result confirmed that the ability to 
comprehend metaphor resides in children early on and improves steadily throughout childhood to 

adulthood. There is growing consensus that children have an early competence of and affinity with 
figurative language.

As can be concluded from the existing studies on children’s figurative language comprehension, 
much has been said about when and how children begin to cope with the uses of metaphor, while, 
to the best of my knowledge, less is known about children’s ability of metonymy. Only a handful of 
research has investigated children’s development in comprehension strategy and production purpose 

of metonymic expressions (Rundblad and Annaz, 2010; Van Herwegen et al., 2013; Falkum et al., 
2017; Köder and Falkum, 2020). Though few, these research efforts have opened up a new area for 
the study of children’s metonymy comprehension. Rundblad and Annaz (2010) and Van Herwegen 
et al. (2013) investigated the trajectory of development of metonymy comprehension from year 5 
and 6, and discussed the result comparatively with the result of metaphor, and finally found in chil-
dren an early metonymy comprehension competence which could chronologically improve with 
age. Falkum et al. (2017) conducted a research studying children’s metonymy comprehension and 
production, and found a U-shape in metonymy comprehension competence variation, with 3-year-
olds doing surprisingly better than 4- and 5-year-old children; Jiang (2019) found the similar result 

Figure 1. Percentage of correct picture choice in the literal and metonymy conditions (Köder and Falkum, 2020). 
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in the referential game she designed for the children tested. Köder and Falkum’s (2020) conducted 
an empirical study on young children’s (aged 3–8) comprehension of novel metonymy and they ob-

tained both a similar and a different result from the two sections of the experiment they conducted, 
thus claiming that eye-tracking is “a purer and cognitively less demanding measure of figurative 
language comprehension” (Köder and Falkum, 2020).

2.3. Questions for further investigation

While providing valuable insights into children’s abilities and affinity with metonymy, the extant 
studies are not flawless, thus leaving several contradictions and questions open to further investiga-

tion. 

One thing problematic is a lack of effort to further distinguish between metonymy comprehen-

sion and production, especially in the experiment methods of previous research. Children’s ability 
of metonymy consists of metonymy comprehension and metonymy production, as most of the stud-

ies on children’s metonymy has differentiated between the two levels, focusing on either production 
on a pragmatic level or comprehension on a cognitive level. The researchers (Falkum et al., 2017; 
Jiang, 2019) have also designed and conducted their experiments accordingly. In Falkum et al.’s 
(2017) study and Jiang’s (2019), researchers employed picture selection as their experiment instru-

ment to examine and collect data concerning children’s metonymy understanding, while using other 
methods to examine metonymy production. This seems to have made clear the boundary between 
the cognitive level and pragmatic level; however, the method itself is still problematic, as pic-

ture-selection inevitably involves interactions between the examiners and the children participants, 
whose perception of the examiners’ speaker’s intention would, to a large extent, affect their choices 
of the pictures. In other words, picture-selection as a method, though aiming to examine metonymy 
comprehension, still touches upon the production level, thus being a less pure method for metony-

my cognition. Consequently, the present study, building on a reflection of the existing studies (Van 
Herwegen et al., 2013; Falkum et al., 2017; Jiang, 2019; Köder and Falkum, 2020), plans to employ 
picture-selection + interview and eye-tracking experiments, which was claimed to be a purer and 
less demanding measure of figurative language comprehension (Köder and Falkum, 2020), to col-
lect data of children’s pure metonymy comprehension.

Another pending issue is about the discussion of the U-shape developmental curve, which has 
been observed in several cognitive domains (Yan and Huang, 2009), not confined to the metonymy 
comprehension. One contradiction is that while Falkum et al. (2017) found a U-shape in her study, 
Van Herwegen et al.’s (2013) result found a linear steady improvement of children’s metonymy 
comprehension. It might be due to a relatively small number of subjects in Van Herwegen et al.’s 
(2013) study, which might have concealed the U-shape. However, in Köder and Falkum’s (2020) 
study, the researcher provided alternative explanations, claiming that the seemingly decreased 
competence of age-4 and age-5 children could be masked by a literal preference at that age, which 
means around the age of 4 and 5, children undergo a period when they show a general preference 
for literal interpretations and a rising awareness of speaker’s intentions. In other words, it is possi-
ble that age-4 and -5 children are equipped with a better comprehension competence of metonymy; 
however, this competence is hidden under the cloak, and thus not manifested in the previous studies. 
Considering that U-shape is still a puzzling aspect of children’s metonymy and that the previous 
study (Köder and Falkum, 2020) did not provide a thorough discussion over it, the present study 
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aims to provide some possible insights into this topic.

There is also a question that resides within “metonymy” itself, concerning the different catego-

ries of metonymic expressions. Few of extant studies on children’s metonymy comprehension paid 
attention to the possible difference of comprehension order resulted by different kinds of metony-

mies. In Zhou’s (2003) study on children’s developmental trend of metaphorical ability of time, the 
researcher realized that children’s comprehension ability of different categories of metaphorical ex-

pressions may be different with their age. For example, children’s comprehension of personification 
of time and space-time metaphors appears earlier than other categories of metaphors (Zhou, 2003). 
Accordingly, we tempt to ask a similar question about metonymy: are different categories of meton-

ymies acquired by children in different time order? Which categories of metonymy are acquired ear-
lier? Given that the time is limited, the present study does not address this issue in detail; however, 
the present study, in order to avoid stereotyping metonymy as “all metonymies”, sets the operational 
concept of metonymy by dividing metonymic expressions into different difficulty levels. In the be-

havioral experiment, the stimuli contain three difficulty levels of metonymies: the lowest difficul-
ty-level of metonymy in this study is concerned with the relations of human-body-related physical 
contiguity, since children are early familiar with animated and human-like properties (Piaget, 1964), 
for example, the red cap and the cap wearer; the medium level is concerned with the relations of 
non-body-related contiguity; the highest level is added with cultural-related elements, for example, 
“lose your bowl” and “lose your job” (in the Chinese context). 

As for the stimuli in the eye-tracking experiment, the present study modifies Peirsman and Geer-
aerts’ metonymy classification model and constructs a three-dimensional model where metonymies, 
especially for children, can be classified into different types and difficulty levels. 

Peirsman and Geeraerts (2006) provided a classification model for metonymies, where a large 
number of typical metonymies are differentiated and categorized in terms of the type of contiguity 
they are motivated by. Their model is three-dimensional (Figure 2).

As positive shifts are made on each dimension line (domain, boundedness or strength of contact), 

the difficulty of processing and understanding the certain metonymies increases. For example, along 

Figure 2. Metonymical patterns in Peirsman and Geeraerts (2006) (adapted).
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the line of strength of contact, the contact between the beard and the beard wearer (a part-whole 
contiguity) is stronger than the contact between the clothes and the clothes wearer (an adjacency 
contiguity), and thus the difficulty of using beard to refer to a man who wears a beard is lower than 
the difficulty of using a pair of shoes to refer to the person in them. 

The present study, on the basis of Peirsman and Geeraerts’ model, has made realistic adjustments 
in setting the difficulty of the stimuli in the experiment. Since children are early familiarized with 
animated and human-like properties (Piaget, 1964), human-body-related metonymies are considered 
less difficult than non-body-related metonymies, which is, in the present study, the primary standard 
for metonymy difficulty classification. Then, under this primary standard, the classification is sub-

ject to the above-mentioned model.

As a result, in Figure 3, the three dimensions are changed, compared with Peirsman and Geer-
aerts’ model, into “human or not”, “boundedness” and “strength of contact”. Human related meton-

ymies are attributed to the first layer, namely the “human platform”, and are regarded less difficult to 
comprehend for children than the non-human-related metonymies, which belong to the second layer. 
For example, the clothes-wearer metonymy is easier than the bottle-water metonymy, although it re-

verses the rank between containment contiguity and adjacent contiguity.

The U-shape developmental curve in children’s metonymy comprehension lacks test in the Chi-

nese speaking context. Falkum et al.’s (2017) experiment exploring children’s acquisition of meton-

ymy was conducted in English, while the experiment of Köder and Falkum’s (2020) another study 
was conducted in Norwegian, which marks an inter-language attempt. However, in view of the fact 
that English has, in history, received heavy influence from Scandinavian languages (Lutz, 2017), 
whose descendants include Norwegian, I argue that this attempt or extension is not far enough. To 
further test the universality of the conclusion made by the study, the present study is conducted to 

investigate the metonymy comprehension ability of children whose mother tongue is Chinese, a lan-

guage that does not belong to the Indo-European language family.

Aware of the problems identified above, the author of the present study intends to address the fol-
lowing research questions:

Figure 3. A revised model of metonymy taxonomy.
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• Can the U-shape be replicated in the Chinese speaking context?

• How can the explanation of the U-shape be further improved concerning the metonymy com-

petence of children of different age groups?

• Can higher difficulty levels of metonymies mask children’s pure metonymy comprehension?

3. Methodology

The present study employs a quantitative approach, conducting a three-section behavioral exper-
iment (picture-selection plus retrospective interview + story Q&A) and an eye-tracking laboratory 
experiment. The behavioral experiment in this study partly follows and modifies the behavioral ex-

periment designs in previous studies (Jiang, 2019; Falkum, 2020) by adding retrospective interview 
sections and adding stimuli of different difficulty levels. Eye-tracking is increasingly applied as an 
experiment instrument in the fields of human cognitive studies (Dong, 2014) and the method itself is 
supported by the Eye-brain Unity Hypothesis, which states that there is no appreciable lag between 
what is fixed and what is processed (Just and Carpenter, 1980). Thus, the present study employs an 
eye-tracking experiment to explore children’s inner comprehension process of metonymy expres-

sions.

3.1. Behavioral experiment

In the behavioral experiment, which is divided into three sections (each section contains 5 ques-

tions), we employed two experiment methods, including picture-selection plus retrospective inter-
view (for section 1) and story Q&A (for sections 2 and 3). The three sections of the experiment are 
assigned with different levels of difficulty, aiming to investigate the children’s metonymy compre-

hension development in different types or difficulty-levels of metonymies. All the participants are 
asked to complete all the three sections. In this experiment, the experimenters collect the data of 
error rate in all the three sections, the data of reaction time in sections 1 and 2.

3.1.1. Participants

We invited 32 children, all of whom are screened to exclude health and intellectual impairments 
and speak Chinese as their mother tongue, to participate in our behavioral experiment. The age of 
the children ranges from 3-year to 8-year, and all the participants were distributed into three age 
groups: group 1 (3 years old), group 2 (4–5 years old) and group 3 (over 6 years old). The context 
of this experiment is an international kindergarten located in Gaoxin District, Zhengzhou. Written 
parental consent was obtained prior to the experiment.

Prior to the experiment, we conducted a pilot study with two 3-year-old children to make sure 
that children older than 3-year can understand the words uttered by the experimenters and can rec-

ognize the different components that appear in the pictures.

3.1.2. Design

This was a 3 (age) × 2 (gender) × 3 (task) in-subject design, with age and gender as be-

tween-groups factors and difficulty level as an in-group factor.

The three independent variables are: (1) age (year 3, year 4–5, year 6–8); (2) gender (female vs. 
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male); (3) task (picture selection + retrospective interview of human body-related metonymy, story 
Q&A of non-body related metonymy, story Q&A of culture-related metonymy).

There were also three dependent variables: error rate, experiment score, reaction time.

3.1.3. Stimuli and procedure

In the first section, aiming to test children’s metonymy comprehension competence concerning 
the relations of physical human-body-related contiguity, the experimenters would show the partici-
pants 5 sets of pictures. Each set consists of 4 pictures: one background picture and three option pic-

tures. The background picture gives participants a general idea of “what” is going on with “whom”. 
The three option pictures contain one literal picture (the object, for example the “big nose” itself), 
one metonymy picture (the right answer) and the irrelevant picture (the other person from the back-

ground picture). 

The participants are tested one by one. At each time, one participant is shown one set of the 
pictures while being told a story which narrates the scene and gives the instruction to choose one 
picture. Each story is composed with one context utterance (“These two cooks work in one res-

taurant…”), which helps the children to establish a focus on both human-components in the back-

ground picture, and one target utterance, which helps the participants to differentiate between the 
literal and metonymic pictures. Each target utterance contains a referential expression of the meto-

nymic target (“the big nose…”) and a describing expression (“cooks the better”) which helps with 
the instruction.

One example of the story is shown below. (Since the whole experiment is conducted in Chinese, 
the lines below are the translated version of the story told in the experiment.)

“These two cooks work in one restaurant. However, most of the customers of the restaurant com-

ment that the big nose cooks better meal. So, please tell me who cooks the better meal?”

After the instruction is given, the reaction timing starts, and stops once the participant gives his 

or her choice. Then, after the participant’s choice is given, one follow-up question (“Could you tell 

Figure 4. Example stimulus.
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me why you choose this?”) is asked to collect data concerning the retrospective comprehension pro-

cess of the participant. 

In the second section, the experimenter tells the participant short stories (5 in total) concerning 
non-body-related metonymies. Each story contains the background information of the target and the 
metonymic expression. Following the story, two choices are given to the participant who is instruct-
ed to pick one according to the context of the story. The reaction of each participant is timed.

One example is shown below.

“Lu Xun is a famous thinker and writer in China. As a writer, he has many famous works, howev-

er, many people think that Lu Xun is really hard to read. So, please tell me what is hard to read, 

Lu Xun the person himself or the works he wrote?” 

In the third section, the experimenter tells the participant short stories (5 in total) concerning 
metonymies with cultural-related elements. Each story contains the background information of the 
target and the metonymic expression; however, this time no choices would be given to the partici-
pant—the experimenter would ask directly for an explanation of the meaning of the metonymic ex-

pression. In this section, the experimenter does not time the reaction of each participant, considering 
that the difficulty of the metonymies in this section is relatively higher than the previous, and that, 
therefore, “no response” from the participant may occur frequently.

One example is shown below.

“Uncle Wang has messed things up in his work. He does not dare tell this to his leader because 

he is afraid of ‘losing his bowl’ (understandable within the Chinese cultural background). So, 

please tell me what ‘losing his bowl’ means here?”

3.2. Lab experiment

This eye-tracking experiment was conducted in the cognitive laboratory of Shanghai Interna-

tional Studies University. The participants’ eye movements were tracked by Eyelink-1000 plus, 
an eye-tracking device with a sampling rate of 1,000 hz. The whole experiment procedure was de-

signed and programmed on Experiment Builder, an experiment design software intended for Eyelink 
devices. Data collected in this experiment were used to analyze children’s eye movements during 
the process of hearing the audio story while looking at the picture stimuli on the display screen. Af-
ter collection, the data were generated on Data Viewer, and analyzed on Python.

3.2.1. Participants

Six children ranged from 3 to 8 years old were invited and tested in this experiment. Table 1 

lists the mean age, number and gender distribution in the different age groups. All participants were 
native Chinese speakers screened to exclude health, vision and intellectual impairments. Children 
were recruited from kindergartens and schools in Shanghai. Written parental consent was obtained 
prior to the experiment. Each participant was tested individually in the eye-tracking lab.

3.2.2. Design

This was a 3 (age) × 2 (gender) × 2 (difficulty level) in-subject design, with age and gender as 
between-groups factors and difficulty level as an in-group factor.
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The three independent variables are: (1) age (year 3, year 4–5, year 6-8); (2) gender (female vs. 
male); (3) difficulty level (lower difficulty levels vs. higher difficulty levels).

The eye movement measure is children’s fixation duration on the target areas.

3.2.3. Stimuli and procedure

The stimuli contain 12 sets of pictures, the first two sets being training stimuli. The rest 10 sets of 
picture stimuli are divided into four difficulty levels (two of lower levels and two of higher levels), 
following the classification provided in §2.4 (Figure 3). Every participant was asked to complete all 
the 12 trials.

Each set of pictures contains four pictures placed on four areas of the screen. The largest picture 
on the upper half of the screen is the background picture, which helps the audio listener to form the 
context of the story; the three pictures on the lower half are option pictures: one literal picture (the 
object, for example the “big beard” itself), one metonymy picture (the right answer) and the irrel-
evant picture (the other person from the background picture). The participants are asked to choose 

one, by pointing with finger, according to the story, which lasts around 20,000 ms, they hear.

Each audio stimulus, similar to the stories in the behavioral experiment, consists of one context 
utterance and one target utterance. Each target utterance contains a referential expression of the 
metonymic target and a describing expression, which helps to instruct the participants to make the 
choice.

The set of pictures are shown to the participant 4,000 ms earlier than the audio is displayed, 
which allows the participants enough time to recognize and be familiar with the elements in the pic-

tures.

Table 1. Participants

Age group Mean age Number Gender (f/m)

Year 3 3.46 2 2/0

Year 4–5 5.04 2 1/1

Year 6–8 7.34 2 2/0

Figure 5. Example stimulus.
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Eye-movements of participants are tracked and recorded during the whole process of each task. 
Viewing was binocular, but only the movement of the left eye was tracked and recorded1

.

Participants were positioned for individual comfort in an adjustable chair with a chin rest to min-

imize head movements for an increase in measurement accuracy.

4. Findings and discussion

4.1. Behavioral experiment results

To examine the age differences in metonymy comprehension and the influence of the task differ-
ences on performance, we used Excel to analyze the data collected from the behavioral experiment, 
treating “age” and “task” as independent variables, while “error rate”, “experiment score” and “re-

action time” as dependent variables. 

Concerning the “error rate”, all the wrong responses in picture-selection, including choosing the 
literal pictures and the irrelevant pictures, were all coded as “error”. Concerning the “experiment 
score”, all the right answers were coded as “1”; all the literal choices in picture-selection, all the ir-
relevant responses in retrospective explanation and all the wrong answers in other tasks were coded 
as “0”; all irrelevant choices in picture-selection were coded as “X” (not shown in the tables); all the 
half-relevant responses in retrospective explanation were coded as “0.5”.

Concerning the “reaction time”, considering the relatively high difficulty of task three and the 
ages of the children, we did not time the reaction of the participants in the third task, the story Q&A 
on metonymies with cultural elements.

4.1.1. Error rate

Table 2 presents the error rate data of the children’s performance in the 3 experimental tasks. 
One-way analysis of variance (ANOVA) between groups is carried out on children of different ages 
in different experimental tasks. In the picture-selection task (the retrospective explanation task is 
not included), we find no difference between the performance of the age-3 group and the age-4-to-5 
group (F = 0.306, P = 0.587); in comparison to the age-4-to-5 group, age-6-to-8 group demonstrate 
a lower error rate, however, this difference is not statistically significant (F = 2.673, P = 0.119). In 
the story Q&A concerning non-body related metonymies, no difference is found between the perfor-
mance of the groups of lower ages (age-3 and age-4-to-5) (F = 0, P = 1); however, the error rate of 
the age-6-to-8 group shows a significant drop (M = 0.12, F = 4.314, P = 0.052). In the third task (story 
Q&A concerning metonymies with cultural elements), significant difference can only be detected 
between age-3 group and age-4-to-5 group (F = 5.018, P = 0.038).

4.1.2. Experiment score

We analyzed the data of experiment scores by conducting one-way ANOVA between groups. 
Table 3 mainly shows how the mean scores of picture-explanations and the mean total scores vary 
between the three groups. 

A significant trend can be found in picture explanation that children’s ability to explain their 

1. Kliegl et al. (2006) has shown high correlations between right-eye and left-eye fixation durations (r = 0.98).
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choice of metonymic pictures improves with age. This improvement is most obvious between the 
group of year 4–5 and the group of year 6–8 (F = 18.123, P = 0.000).

In the analysis of the data “total score”, which consists of four parts (picture-selection score, pic-

ture-explanation score, task 2 score and task 3 score), we find an improvement, not very significant 
though, from the group of year 3 to the group of year 4–5 (F = 3.089, P = 0.096). However, from 
year 4–5 to year 6–8, a significant development can be observed in children’s metonymy compre-

hension (F = 11.597, P = 0.003).

4.1.3. Reaction time

Table 4 presents the one-way ANOVA result of the reaction time data of the three age groups in 
picture-selection task and task 2 (story Q&A concerning non-body related metonymies). The par-
ticipants’ reaction time in picture-selection task does not have significant difference, either between 
year 3 and year 4–5 (F = 0.829, P = 0.375), or between year 4–5 and year 6–8 (F = 0.109, P = 0.668). 
In task 2, the age-6-to-8 group shows a significant improvement in reaction rate compared to the 
group of year 4–5 (F = 10.002, P = 0.005). 

4.2. Eye-tracking results

Heatmaps in §4.2.1 are generated by Data Viewer (64 bit 4.1.1) and the figures in §4.2.2 are gen-

erated by Numerical Python (NUMPY) packages in Python.

Table 2. Error rate of 3 age groups in 3 tasks

Age group Picture selection Non-body Q&A Cultural-related Q&A
M SD M SD M SD

Year 3 0.24 0.2459 0.3 0.2539 0.86 0.1350
Year 4–5 0.18 0.2394 0.3 0.2357 0.64 0.2797
Year 6–8 0.04 0.1265 0.12 0.1398 0.52 0.2700

Table 3. Score of picture explanation and total score

Age group Picture explanation Total score
M SD M SD

Year 3 1.6 1.1972 9.6 2.2828

Year 4–5 2.4 1.3703 11.8 3.2335

Year 6–8 4.5 0.7454 16.1 2.3428

Table 4. Reaction time of different groups in tasks 1 & 2

Age group Picture-selection Non-body related Q&A

M (ms) SD M (ms) SD

Year 3 3,559 3,183.6 2,203 1,627.4

Year 4–5 2,517 1,720.2 1,995 431.8

Year 6–8 2,101 2,479.1 1,239 620.5
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4.2.1. Gaze heatmap

The four heatmap examples in Figure 6 show the 3-year-olds’ fixation area during the 10,000 ms 
after the target utterance is heard. The four heatmaps cover all the four difficulty levels (from low to 
high clockwise) according to Figure 3. The pictures surrounded by red squares are the metonymic 
pictures, namely the target areas. 

As can be concluded from the heatmaps, the fixation of age-3 participants on the different areas 
of the pictures are, to a large extent, at chance—there is no obvious preference between the three 
option pictures, and there is also no noticeable competition between the target (metonymic) picture 
and the literal picture.

The four heatmap examples in Figure 7 show the 4-to-5-year-olds’ fixation area during the 

Figure 6. 3-year-olds’ fixation area.

Figure 7. 4-to-5-year-olds’ fixation area.
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10,000 ms after the target utterance is heard. As can be concluded from the four heatmaps, the age-4 

and age-5 children show a high preference to the literal pictures, whose fixation competes with fixa-

tion on the target pictures.

Concerning the pictures of lower difficulty levels of metonymies (the two in the first line), chil-
dren of age-4 and -5 fix their eyes on irrelevant pictures significantly less, compared with the ran-

dom fixation of 3-year-olds. However, as for higher difficulty levels, the gaze heatmaps of age-4-
to-5 children are still largely disordered and random.

The four heatmap examples in Figure 8 show the over-6-year children’s fixation area during the 
10,000 ms after the target utterance is heard. As can be concluded from the heatmaps, over-6-year 

participants show a significantly different and improved fixation heatmap compared with the other 
two age groups.

Compared with the heatmaps of age-4-to-5 children, over-age-6 participants’ heatmaps in low 
difficulty level pictures show a clear preference towards target pictures and thus a less competition 
between target pictures and literal pictures. Furthermore, concerning the metonymies of higher dif-
ficulty levels (the second line), the heatmaps of over-6-year children show a lower randomness and 
the target areas are more heated.

4.2.2. Fixation proportion

Figure 9 presents the proportion of fixation on the target areas (in the trials containing lower 
difficulty levels of metonymies) during the 10,000 ms after the audio target utterance is played. The 
three lines represent the fixation performance of the three age groups respectively. 

Fixation is detected and recorded by the eye-tracker when an eye movement lasts over 50 ms 
within the range from 0.5° to 2.0° (EyeLink Data Viewer 4.1.1, 2019). Thus, target fixations are 
hereby defined as the fixations whose coordinates fall within the area of target metonymy pictures.

Since the target area in each trial covers approximately 15% of all the picture areas, the fixation 

Figure 8. Over-6-year children’s fixation area.
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of the 3-year-olds, though with a rise after the target utterance unfolds, can be regarded as largely at 
random. For the older age groups, the proportion of target fixations witnesses a rise as the audio tar-
get utterance is played. However, the target fixation proportion of over-6-year participants shows an 

Figure 9. Fixation proportion on target areas (low difficulty levels).

Figure 10. Fixation proportion on target areas (high difficulty levels).
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even more significant rise and levels out at around 0.55 as time passes.

Figure 10 presents the proportion of fixation on the target areas (in the trials containing higher 
difficulty levels of metonymies) during the 10,000 ms after the audio target utterance is played. The 
red line represents the fixation performance of the over-6-year participants and the green line, the 
performance of the other two age groups.

When being exposed to metonymic expressions of higher difficulty levels, both the age-3 chil-
dren and the age-4-to-5 children produced a relatively random fixation pattern between different ar-
eas, with the target fixation consistently lower than 0.2 along the 10,000 ms. 

However, target fixation proportion of the oldest group shows a different and improved feature. 
As can be concluded from Figure 10, their target fixation proportion, though being lower compared 
with Figure 9, is significantly above random, which means that their comprehension ability of high-

er difficulty levels of metonymies has developed at this stage.

Between Figure 9 and Figure 10, there is another comparison noted between lower and higher 
difficulty levels of metonymies. In different age groups, children’s target fixation proportion in trials 
of higher difficulty levels is noticeably lower than that in trials of lower difficulty levels, except for 
the 3-year-olds whose fixation appears largely random in each level.

4.3. Discussion

4.3.1. U-shape tendency in picture selection

A U-shape demonstrating the trajectory of children’s metonymy comprehension development 
was found by Falkum’s (2017) study and an explanation for this phenomenon was provided in her 
following study (Falkum, 2020) that the inferior performance of group of age-4-to-5 can be ex-

plained as the result of a literal preference of the children at year 4 and 5.

However, the data collected and analyzed in the present study indicate some different characteris-
tics, compared with the U-shape, concerning children’s metonymy comprehension development.

The present study has not found a direct U-shape in children’s performance in the picture selec-

tion task. However, the author has found a tendency towards the U-shape. Combining the data in 
Table 2, which show limited difference between age-3 and age-4-to-5 in picture selection, with the 
data in Table 3, which show a significance difference between the two groups in picture explanation, 
we can find that children’s ability of picture explanation, compared with the accuracy of picture se-

lection, marks a more noticeable improvement with age. Although the present study has not found a 
U-shape, the author can still argue that the method of picture selection, to a large extent, masks chil-
dren’s ability of pure metonymy comprehension, especially at the stage of year 4 and 5, and that the 
method of retrospective interview can alleviate this masking influence. In addition, the author could 
also argue that the alleviation of the masking influence is also due to the fact that the participants 
knew in advance that they would be asked to explain their choices of pictures, so that they were in-

fluenced less by the literal preference in the process of selection.

Furthermore, in the process of the behavioral experiment, the experimenter noticed some phe-

nomena which may stand for the age-4 and -5’s “literal preference”. For example, in the second 
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task, when asked “What was boiling, the stadium itself or the spectators?2”, one 4-year-old partici-
pant replied: “One player robbed the ball off the defender and ran, and the opposing players wanted 
to stop him and make his team lose the game.” This is an irrelevant response to the question; howev-

er, it denotes a literal preference of the child—though possibly unable to understand the question, he 
still wanted to say something to show that he is in the conversation. Another example is that when 
asked “what do people prefer, the food they make or the name McDonald’s itself?3”, one 4-year-old 
children answered: “My mother took me to Pizza-hut.” The literal preference of the 4-to-5-year-olds 
may be a significant contributor to the U-shape; however, it is not the only factor.

Another factor that may contribute to the U-shape in previous studies and the tendency to 

U-shape in the present study is a fake superiority of the performance of the 3-year-olds. In the data 

collection process of picture selection, the experimenter coded irrelevant choices as “X”s; however, 
in the data analysis process, these “X”s, together with literal choices, were all entered as wrong an-

swers, which might have been a problem. The author has found that the wrong answers of 3-year-
olds contain far more “X”s than other groups’, indicating that the 3-year-olds made their choices 
largely at chance. Accordingly, it is reasonable that we suspect that the right answers of the 3-year-
olds also have a high randomness. In this way, the positive performance of the 3-year-olds might 
have been faked up by this randomness, and thus the U-shape or the tendency to the U-shape can be 

observed. 

4.3.2. U-shape explained by eye-tracking

Slight difference was detected between the 3-year group and the 4- to 5-year group; however, in 
the eye-tracking experiment, both the heatmaps and the fixation proportion indicate that, from age-3 
to age-4-to-5, there is a significant development in children’s metonymy comprehension ability. 

The “fake superiority” and the high randomness of the 3-year-olds’ metonymy comprehension 
can also be explained and thus supported by the data of the eye-tracking experiment. The heatmaps 
of the 3-year-olds show that the participants’ fixation is highly random between different areas. Al-
though, during the process of the eye-tracking experiment, the experimenter asked the children to 
choose one picture according to the story they heard and some of them gave correct feedbacks by 

picking the target pictures, it is still reasonable to argue that their answers were, to a large extent, by 
chance, which can be explained by their “disordered” fixation heatmaps.

Compared with the heatmaps of the 3-year-olds, age-4 and age-5 participants’ heatmaps show 
that the irrelevant picture areas are significantly less heated than the target areas and the literal areas, 
which means that they no more look at the pictures at random and that their metonymy comprehen-

sion has started to develop, though possibly masked by a literal preference.

4.3.3. Age-6 as a crucial stage

The present study, supported by the data collected, argues that age-6 might be a crucial stage for 

children’s metonymy comprehension development. 

2. The whole story and the question were: “There is a football game between China and Japan. In the last minute, the Chinese team 
scored a winning goal, and the whole stadium was boiling (a metonymy that only makes sense in the Chinese context). So, please tell 
me, what was boiling, the stadium itself or the spectators?”
3. 

The whole story and the question were: “Mcdonald’s and Dicos are two famous fast-food companies. Between them, more people 
prefer Mcdonald’s. So, please tell me, what do people prefer, the food Mcdonald’s make or the name Mcdonald’s itself?”
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The error rate data, experiment score data, and the reaction time data all indicate a significant 
improvement of the oldest group in metonymy comprehension competence, compared with other 
groups. In detail, during the picture explanation task, nearly all the participants of the oldest group 
could clearly point out the relation of contiguity between part and whole, for example, “you are ask-

ing about the beard, not the beard itself! Beard is not human being!”. More surprisingly, we attempt-
ed to ask the participants of the oldest group to explain their answer in task 2, and some of them 
replied “The kettle cannot be inside itself. Only the water can, so it is the water that is boiling.” and 
“Van Gogh would die if you put him on the wall!4”, which accurately tell the difference between 
metonymic meaning and literal meaning.

The eye-tracking heatmaps can also support the argument. Compared with the data of the other 
two age groups, the data of over-age-6 participants in the eye-tracking experiment generate a more 
ordered heatmap, in which target pictures received significantly more fixation than other areas. Even 
concerning metonymies of higher difficulty levels, the heatmaps of the oldest group also show a 
clear difference and regularity compared with the other two groups.

The factors contributing to the cruciality of the stage are manifold. Children at the age of four 

are able to construct the relation of similarity between concepts, thus able to comprehend metaphor-
ical expressions (Zheng, 2008). Children’s comprehension of metonymy, as has been found in the 
present study and previous studies (Falkum, 2017; Jiang, 2019; Köder and Falkum, 2020), devel-
ops earlier from the age of three. However, due to the poor vocabulary and a lack of social-cultural 
experience, the metonymy comprehension ability at the age of three is a rather incomplete one. It 
is after the kindergarten stage (6 years old) that children’s vocabulary gets enriched due to primary 

school education or preschool education (for children ready to attend school in the next year) where 
children receive more systematic trainings on language. This, to a large extent, activates children’s 
contiguity-comprehending ability, which already exists at the age of 3, and it also helps this metony-

my comprehension mechanism to function between a wider range of concepts.

The cruciality of this stage may be also due to the procedural features of children’s cognition 

development. Children’s cognition of language, which develops correlatedly with their cognition 
of the physical objects (Liu and Hong, 2000), shows a tendency from concrete to abstract and goes 
through a mixed trajectory of continuity and discontinuity (Hudspeth and Pribram, 1990). “Discon-

tinuity” here means that although children’s language cognition improves with age, there are still 
clear phases and stages. Children at the age of 6 finish the stage of literal language development and 
enters a phase during which children’s abstract thinking develops rapidly, which may help to explain 
the superior performance of the oldest group, and also may shed light on language education for 

preschoolers.

4.3.4. Comprehension development in different metonymies

Previous studies on children’s metonymy comprehension development either investigated chil-
dren’s metonymy competence of one certain type of metonymy (Köder and Falkum, 2020), or stere-

otyped different types of metonymies as “metonymy” as a whole when designing their experiments 
(Falkum, 2017; Jiang, 2019). However, against this stereotype, the present study has found that 
children’s competence of comprehending metonymies of different difficulty-levels shows different 

4. 
These two examples are about the stories and questions in task 2. 
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developmental features.

From metonymies concerning human-body part-whole relations, to metonymies of non-body 
relations, and finally to the cultural-related metonymies, children’s error rate, according to Table 2, 
rises with the increasing difficulty of the metonymies. Furthermore, the third task was where all the 
age groups answered over half of the questions wrong (error rate: year 6–8, 0.52; year 4–5, 0.64; 
year 3, 0.86), which forms a contrast with the error rates in other tasks. 

Furthermore, heatmaps and figures generated from the eye-tracking data also tell the difference 
of children’s comprehension development in different difficulty levels of metonymies. As for lower 
difficulty levels, participants’ target fixation proportion demonstrates a steady improvement with age 
from age-3 to over-age-6; however, higher difficulty levels of stimuli give rise to a lower target fix-

ation proportion of all age groups as compared to their performance in less difficult trials, even with 
the age-3 and age-4-to-5 children giving random fixations in higher difficulty levels of trials.

This result indicates that, even though there is development with age in children’s cultural-relat-
ed metonymy comprehension, children’s metonymy comprehension competence not only improves 

with age, but also can be different between different types of metonymies. As the present study aims 
to investigate children’s pure comprehension development of metonymies, the author hereby argues 

that children’s inferior performance in the third tasks does not imply a low metonymic ability of 
children, but suggests that children’s metonymy comprehension ability can be heavily masked by 

cultural elements.

5. Conclusion

The goal of the present study was to investigate the developmental trajectory of children’s pure 
metonymy comprehension ability. The focus of this study was on children’s metonymy compre-

hension development with age and children’s metonymy comprehension development in different 
types or difficulty levels of metonymic expressions. Contributive points mainly include the modified 
behavioral + eye-tracking experiment method and the anti-stereotypical exploration into different 
types of metonymies when studying children’s comprehension.

Data from the modified multi-task behavioral experiment, together with the eye-tracking data, 
provided innovative insights into how to further explain the U-shape developmental feature as re-

ported in previous research. Concerning the U-shape tendency, the author argues that behavioral 

experiment design, the literal preference of the age-4 and -5 children, and the randomness of age-3 
children’s feedbacks jointly contribute to the U-shape tendency observed in the behavioral experi-
ment. The findings of this study also suggested that, when studying children’s metonymy compre-

hension development, the concept of metonymy could not be generalized, since the present study 
found that the different types and difficulty levels of metonymic expressions may render different 
stages of comprehension development. Although there are masking effects from cultural elements 
in higher difficulty levels of metonymic expressions, when children enter the stage of six years old, 
their metonymy comprehension ability, in both lower and higher difficult levels, shows an obvious 
improvement compared with other younger age groups, which suggests the cruciality of the stage of 
age six.

For future studies on children’s figurative language comprehension development, this empirical 
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study would suggest that researchers avoid stereotypical operation of concepts, since different types 
of a certain figurative device may differ in difficulty, and thus in developmental stages. Furthermore, 
as the present study has not yet made a thorough enquiry into how different types of metonymies 
can influence the developmental trajectory of children’s metonymy comprehension, the author rec-

ommends conducting more detailed investigation into different types of metonymies. Furthermore, 
researchers who are interested in children’s metonymy comprehension are advised to set a wider 
range of variables in both behavioral and eye-tracking experiments, including, if possible, family 
backgrounds, personality, and (in eye-tracking) saccade events analysis.

Furthermore, although this study provides insights and implications for further studies, it comes 
with certain limitations. Due to the pandemic and the relatively short time span of the research, the 
author did not manage to recruit as many children as expected to participate in the experiments, 
which might have affected the experiment results. In the next stage, the author still has an ambition 
to expand or do more on the basis of the present results. The author plans to further improve the ex-

periment instruments and hopefully, to invite more children to participate.
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