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a b s t r a c t

In this paper we investigate children's processing and comprehension of metonymy, a type
of figurative use of language where an object or individual is referred to via a salient
property (e.g., The beard used to refer to a man with a big beard). We tested 126 children
aged 3 to 8 years and an adult control group, using a novel methodology which combines
an online (eye-tracking) and an offline (picture selection) measure. The results from the
picture selection task replicate the findings of a U-shape reported in Falkum et al. (2017),
with a better performance of 3-year-olds compared to 4- to-5-year-olds, who tend to
prefer literal interpretations of target metonymic utterances. The gaze data, however,
while also suggesting an early sensitivity to metonymy from the age of 3, show a
continuous improvement of understanding with age. We discuss the results in the light of
theoretical accounts of children's pragmatic development. We argue that eye-tracking is a
‘purer’ and cognitively less demanding measure of figurative language comprehension,
which sheds new light on children's developing pragmatic competence.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

How children cope with uses of figurative language has long interested researchers working on language acquisition and
cognitive development, due to the interesting facts children's figurative language ability reveals about the relation between
their linguistic knowledge and pragmatic competence. There is growing consensus in the developmental literature that
children have an early pragmatic competence e which includes the abilities to engage in joint attention, draw inferences,
attribute mental states, and to integrate contextual information from a variety of sources e and that this competence plays a
foundational role in language acquisition (Clark, 2016; Falkum, 2019b; Matthews, 2014; Tomasello, 2003; Zufferey, 2015). At
the same time, a large body of evidence suggests that until quite late in development, children have difficulties with certain
pragmatic inferences that require them to go beyond the literal meanings of the linguistic forms used to obtain the meaning
intended by the speaker (Noveck, 2001;Winner, 1988/1997). Uses of figurative language are a case in point, since they involve
utterances where the speaker-intended meaning typically departs quite radically from the meaning semantically encoded by
the words used. Despite considerable research attention, the causes of this pragmatic difficulty are not well understood.

In this paper, we investigate children's processing and comprehension of metonymy, a figurative device that has received
relatively little attention in the developmental literature, which has mainly focused on the acquisition of metaphor (e.g.,
‘Mary is an angel’, conveying that Mary is a kind person) (for reviews, see Gibbs, 1994; Pouscoulous, 2014; Vosniadou, 1987;
. K€oder), i.l.falkum@ifikk.uio.no (I.L. Falkum).
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Winner, 1988/1997; see also Pouscoulous & Tomasello, 2019; Di Paola, Domaneschi & Pouscoulous, this volume) and irony
(‘What lovelyweather!’, uttered in a downpour) (for reviews, see Creusere,1999; Filippova, 2014;Winner,1988/1997; see also
Panzeri, Giustolisti & Zampini, 2019; Whalen, Doyle & Pexman, 2019). In metonymy, an expression is used to refer to
something that falls outside its conventional denotation, with a contextually salient associative relation e typically one of
contiguity e linking the conventional and metonymic denotations:
(1) The hat is waiting to be served.
In (1), the expression the hat is used metonymically to refer to the person wearing it, and in order to arrive at this
interpretation, hearers have to make or access the association between the hat and its wearer and use it to infer the speaker-
intended metonymic reference.

Children are able to identify and use associative relations in their communication from early on. For instance, children's
early symbolic gestures (e.g., smacking lips for ‘food’) are based on associations between the gesture and meaning repre-
sented (Acredolo and Goodwyn,1988). Children's early onomatopoeic uses (e.g., bow-wow for ‘dog’) are based on associations
between the sound represented and the object being referred to (Laing, 2014). In the research on the phenomenon of
overextension (Rescorla, 1980), some reported uses involve words referring to objects or events normally found in contiguity
with the conventional referent of the word (e.g., nap for ‘crib blanket’). Furthermore, salient associative relations underlie
early lexical innovation strategies such as zero-derivation (e.g. to gun for ‘to shoot’) (Bushnell and Maratsos, 1984) and
nounenoun compounding (e.g., hat-man for ‘manwearing a hat’) (Clark et al., 1985). English-speaking children resort to such
lexical innovations as early as age two, and some authors have observed their affinity with metonymy (Bonnett and Tamine-
Gardes, 1982; Gibbs, 1994; Konieczna and Kleparski, 2006).
1.1. Previous research on metonymy acquisition

Given the evidence that the prerequisite for metonymic uses is present early on, it is perhaps not surprising that the few
previous studies of children's production and comprehension of metonymy all attest to a relatively early ability, emerging
during the preschool years (Falkum et al., 2017; Nerlich et al., 1999; Rundblad and Annaz, 2010; Van Herwegen, Dimitriouc
and Rundblad, 2013). In an early comprehension study, Nerlich et al. (1999) used a forced-choice task with short stories
containing a set of metonymic uses. For each metonym, children were shown two pictures, one depicting the literal inter-
pretation, the other the metonymic interpretation, and were asked to point to the one that showed what was happening in
the story. They found that 4- and 5-year-olds performed significantly better than 2- and 3-year-olds (whowere at chance) and
that performance improved for both groups when the preceding text explicitly mentioned the associative relation on which
the metonymy was based. The studies by Rundblad and Annaz (2010) and Van Herwegen et al. (2013) looked at the devel-
opmental trajectory of metonymy comprehension from the age of 5e6 to adulthood, comparing it with the comprehension of
metaphors. They found an early comprehension of both lexicalised (Rundblad and Annaz, 2010) and novel metonyms (Van
Herwegen et al., 2013) and that overall performance improved with chronological age.

Recently, Falkum et al. (2017) conducted a combinedmetonymy production and comprehension studywith English-speaking
children aged 3e5 years. In two semi-structured elicitation tasks, they found that metonymic uses were prevalent in the pro-
ductions of all the age groups tested, and metonyms were used both as a shorthand referential strategy (e.g., the stickers for THE
GAME THAT INVOLVES STICKERS) and to name individuals on the basis of a salient property (e.g. The nose for THE MAN WITH
THE BIG NOSE). In themetonymy comprehension task, childrenwere presented with a forced-choice story task accompanied by
pictures. Childrenwere first shown a context picture and told a short story about the two characters in the picture, one of whom
had a salient property (e.g., a large nose, a bicycle helmet, etc.). Then the target utterance had the salient property of this
character as its subject andwas used tomake either ametonymic or a literal reference. For instance, in themetonymic condition,
childrenwould hear the following story: ‘These two girls are talking before going home fromwork. The helmet gets on her bike
and rides home’, with the helmet referring metonymically to the bearer of the property in the story. Childrenwere then asked to
select the matching picture from a set of three smaller pictures, depicting the metonymic referent, the literal referent and the
other character respectively. Results suggested that by age 3, children are able to understand some novel metonymic uses in
context. Children also became better at explaining their choices of target metonymic interpretations with age. Surprisingly,
however, the results showed a decline in metonymy comprehension with age, with 3-year-olds performing significantly better
on the picture selection task than the 4- and 5-year-olds, who tended to interpret metonymic uses literally. To explain this
finding, the authors suggest that children's figurative language ability may, at a certain stage, be affected by the development of
other communication-relevant abilities. For instance, a growing metalinguistic awareness, enabling children to reflect on lan-
guage and its use e as suggested by the older children's better performance on the verbal explanation part of the task e may
have pushed them to over-emphasise the literal meanings of target metonymic utterances.
1.2. Research questions and hypotheses

While providing some insight into children's abilities withmetonymy, Falkum et al.'s (2017) study leaves several questions
open to further investigation. First, it suggests that the development of metonymy comprehension may follow a U-shaped
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curve, with a decrease in performance from 3 to 5 years of age. But it does not reveal at what age children begin to improve
their performance before they reach adult-like levels of comprehension. A U-shaped developmental curve has been observed
in several other cognitive domains, a well-known example being morphology acquisition (Berko, 1958). It has been
hypothesised to be part of the process of developing the underlying cognitive representational systems involved, so that
despite their adult-like performance, the younger children may be relying on different strategies than adults (Karmiloff-
Smith, 1992). In Van Herwegen et al.’s (2013) study of novel metonym and metaphor comprehension in children aged 3 to
17, most 6-year-olds understood somemetonyms andmetaphors, which suggests that children have begun to improve at this
age. Contrary to Falkum et al., this study did not find a U-shaped development of metonymy comprehension, but the number
of subjects from each age groupwas small and a U-shape could potentially have been concealed. Therefore, we need to look at
a larger number of subjects from a wider age range to get a fuller picture of the developmental trajectory of metonymy
comprehension and the cognitive mechanisms underlying it.

Second, there is a question of what the source of the pragmatic difficulty manifested by the literal preference of the 4- and
5-year-olds in Falkum et al.'s (2017) study might be. That children tend to interpret figurative uses literally is an observation
that dates back to the earliest developmental studies of figurative language abilities in children. It has been interpreted as
suggesting that children go through a ‘literal stage’ in figurative language development: After an early phase of creative
linguistic behaviour, as indicated for instance by children's early spontaneous ‘metaphors’ (Pouscoulous, 2011; Vosniadou,
1987; Wałaszewska, 2011), metonymic uses (Falkum, 2019a; Falkum et al., 2017), implicature production (Eiteljoerge et al.,
2018) and word coinages (Clark, 2016), the idea is that children enter a stage characterised by a decrease in their produc-
tion of figurative language and a tendency towards literal interpretations, before a more sophisticated level of figurative
language ability is attained (Winner, 1988/1997). For instance, Levorato and Cacciari (2002: 129) claim that up to about age
seven, a primitive type of processing is prevalent which involves “a piece-by-piece elaboration of the linguistic input: children
process language literally even when it does not make sense in the context”. However, although often described, the ‘literal
stage’ and the factors giving rise to it remain largely unexplained. What is the literal stage, and when is the apparent ‘literal
preference’ replaced by a more mature comprehension strategy? The use of online methods such as eye-tracking might
provide new insights into this puzzling aspect of children's pragmatic development.

Third, a question is what sort of pragmatic comprehension strategy the youngest children rely on when they interpret
metonymic uses successfully. Following the assumptions of relevance theory (Sperber and Wilson, 1986/1995; Wilson and
Sperber, 2004), an influential cognitive-pragmatic theory of how hearers infer speaker meanings by combining contextual
informationwith the linguistic evidence provided, the majority of 3-year-olds in Falkum et al.’s (2017) study who interpreted
metonymic uses correctly were speculated to have followed a pragmatic interpretation strategy where they took the first
appropriate interpretation that was accessible to them to be the one intended by the speaker, without considering alternative
possibilities (cf. a 'naïvely optimistic strategy'; Sperber, 1994). This strategy would involve seizing on anything that allowed
them to identify the metonymic referent (e.g., The helmet in The helmet rides home), based on the contextually available as-
sociation between the property and the referent. In Falkum et al.’s (2017) study, where the context clearly supported the
metonymic interpretation, following such a strategy would typically yield a relevant1 interpretation in the sense that it would
be the most salient, least effortful one that, at the same time, brought about satisfactory effects, by matching the story, being
compatible with what the children knew about the world, allowing further inferences about how the story would continue,
and so on. For such a naïve comprehension strategy to be successful the speaker must be benevolent and skilled enough to
realize what is relevant and salient for the addressee at that instant. Note that the strategy of ‘naïve’ comprehension differs
from the ‘sophisticated’ understanding of adults (Sperber, 1994), in which the speaker's intention to refer metonymically
would be recognized on the basis of her utterance, the contextually available association between the property and its bearer,
as well as the evidence provided by the story context. It also differs from the ‘cautiously optimistic’ comprehension strategy
(Sperber, 1994) that the 4- and 5-year-olds were hypothesised to have followed when interpreting metonymic uses literally.
Using such a strategy, hearers, knowing that speakers are sometimes mistaken, look for an interpretation that the speaker
might have thought would be relevant to them. This would have allowed children to take into account the possibility that the
speaker might have misjudged what would be most relevant and accessible to them on that occasion (i.e., by intending to
make a literal reference when the context clearly supports a metonymic one). This is suggested by the older children's
tendency to hesitate betweenmetonymic and literal interpretations, and their explicit comments regarding what the speaker
had literally said by her utterance (e.g., “The moustache sits down first. That's what you said”), and which eventually led them
to draw a wrong conclusion about the speaker's intention.

However, although the appeal to these different pragmatic comprehension strategies represents one possible way tomake
sense of the U-shape found in the developmental data on metonymy comprehension, the recent and growing evidence of
children's early pragmatic abilities cast doubt on whether these different comprehension strategies e which, according to
Sperber (1994) are also available in adulthood and exploited differentially depending on the conversational context e

correspond to actual stages of pragmatic development. First, there is a question of whether the stage of ‘naïve optimism’ e

which assumes that speakers are both competent and honest e has an empirical counterpart. There is now a large body of
1 The relevance of an utterance in a particular context can be assessed in terms of the mental effort required to process it and the ‘positive cognitive
effects’ the hearer may derive from it, that is, information which, when combined with existing knowledge allows the hearer to draw inferences that would
not have been possible otherwise (Sperber, 1994; Sperber and Wilson, 1986/1995; Wilson and Sperber, 2004).
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research showing that already at 24 months of age, children track speakers' mental states when learning new words and are
sensitive to the prior (in)accuracy of speakers' labelling (Koenig et al., 2004; Koenig and Woodward, 2010), which suggests
that even very young children do not take speakers' competence for granted. Second, whether there exists a developmental
stage of ‘cautious optimism’ewhich assumes that speakers are honest but not necessarily competente has recently been put
into question. In a study addressing children's apparent obliviousness to the opportunities for and risks of deception, Mascaro
et al. (2017) add empirical evidence to a small but growing literature suggesting that preschool children possess the mind-
reading and epistemic abilities necessary for deceiving and being vigilant against deception (see also Vanderbilt et al.,
2018), but that these may be masked by an expectation that communication should be reliable (Mascaro et al., 2017:
1059). Such abilities are prerequisites of a strategy of ‘sophisticated understanding’ (Sperber, 1994), which assesses both
speakers' competence and honesty. This opens up for the possibility that there may not be a stage proper of ‘cautious
optimism’ either. However, even if there might be no developmental stages corresponding to ‘naïve’ and ‘cautious’ optimism,
it is still possible that children rely on such strategies in different conversational contexts. The question for developmental
pragmatics, then, is why children do not behave like sophisticated understanders in these contexts even though they may
possess the conceptual apparatus to do so.

Relating this to the current study, we may ask whether preschool children's tendency to prefer literal interpretations e

which is attested across a range of non-literal phenomena (metaphor: Di Paola, Domaneschi, & Pouscoulous, this volume;
metonymy: Falkum et al., 2017, irony: Loukusa and Leinonen, 2008; scalar implicature: Noveck, 2001)e is a symptom of their
lacking the pragmatic abilities to understand non-literal uses, or whether there are factors that mask preschoolers' abilities
with such uses. One possibility is that there are properties of offline picture selection tasks e related, for instance, to the
involvement of reflective reasoning and decision-making abilities e that mask children's understanding. Comparing chil-
dren's offline accuracy on picture selection with data from a less cognitive demanding online measure such as eye-tracking
would provide deeper insight into the development of children's figurative language abilities, and into the comprehension
strategies involved at different developmental stages.
Against the backdrop of these considerations, the current study set out to investigate the following research questions:

� Can the results showing a U-shaped development of metonymy comprehension be replicated using a picture selection
task with a new set of stimuli and a different language (Norwegian)?

� At what age do children begin to improve their performance before they reach adult-like levels of comprehension?
� Can online data from children's metonymy processing shed light on possible differences in comprehension strategies
between different age groups?

� Can online data shed light on pragmatic abilities with uses of figurative language that might be masked by offline task
demands (e.g., reflective reasoning and decision-making abilities)?

Norwegian affords similar possibilities to English for metonymic uses, although there is some variation in the morpho-
syntactic consequences of referential uses (for more detail, see the Methods section below). On the assumption that me-
tonymy is a universal feature of linguistic communication (e.g., Littlemore, 2015) and should follow similar developmental
trajectories across different languages, we hypothesised that using a similar offline picture selection task with a new set of
stimuli and a different language (Norwegian), wewould replicate Falkum et al.’s (2017) finding of a U-shaped development of
metonymy comprehension.

Moreover, in line with Van Herwegen et al.’s results (2013), we expected children's performance on the picture selection
task to start improving around 6 years of age. This is also the age at which children start performing well on tasks that involve
the comprehension of more complex types of figurative language such as irony (Creusere, 1999; Glenwright and Pexman,
2010), which clearly require the use of a strategy of ‘sophisticated understanding’ (Wilson, 2009).

With regard to the gaze data, we expected these to shed light on possible differences in comprehension strategies between
age groups. First, if children who interpret metonymic uses correctly are following a strategy where they take the first,
contextually appropriate interpretation that is accessible to them to be the one intended by the speaker, we should expect
them to look more at the metonymic referent and less at the literal competitor during the presentation of a target metonymic
utterance. Second, if children who choose literal interpretations of metonymic uses are following a comprehension strategy
where they go straight for the literal meaning, even though it is at oddswith the context (cf. Levorato and Cacciari, 2002: 129),
we should expect them to look significantly more at the literal referent than at the metonymic competitor during the pre-
sentation of a target metonymic utterance. However, if they are following a more ‘cautious’ strategy where they take into
account that the speaker might have misjudged what would be most relevant or accessible to them (e.g., by using an ut-
terance that makes themetonymic interpretation highly accessible when intending a literal interpretation), we should expect
looks to reveal activation of both the metonymic and the literal interpretations during the presentation of the target
metonymic utterance.2 Third, we should expect the gaze patterns of older childrenwho interpret metonymic uses correctly to
resemble those of the adults. Finally, we hypothesised that gaze data, providing insights into children's online processing of
metonymic uses, might reveal an early sensitivity to metonymic uses that might be masked by offline task demands.
2 Note that this sort of comprehension strategy does not predict a general literal bias but rather that children's ability to take speakers' (in)competence
into account may sometimes lead to a wrong, literal interpretation.
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2. Methods

2.1. Participants

126 children and a control group of 21 adults participated in the study. Table 1 lists the mean age, number and gender
distribution in the different age groups. All participants have Norwegian as their first language. Children were recruited from
kindergartens and schools in the Oslo area. Written parental consent was obtained prior to the experiment. The adults were
mostly students from the University of Oslo. Each participant was tested individually in a quiet room at the kindergarten,
school or university.3
Table 1
Participants.

Age group Mean age Number Gender (f/m)

3 3.41 21 14/7
4 4.51 21 9/12
5 5.41 20 13/7
6 6.61 22 14/8
7 7.33 19 10/9
8 8.68 23 12/11
Adults 33.24 21 10/11
2.2. Stimuli and procedure

Our design is based on the Visual World Paradigm (Tanenhaus et al., 1995), and all stimuli are a combination of a visual
array of four pictures and a short aurally presented story. Each story has a literal and a metonymic version, in which the same
linguistic expression (e.g., the beard) is used to refer to either an object (literal interpretation) or a person (metonymic
interpretation). Participants see, for instance, the four pictures in Fig. 1 on a screen and hear either story (a) or (b).
Fig. 1. Example stimulus.

3 The gaze data of three participants (one 7-year-old and two 8-year-olds) are missing due to technical problems during the experiment.



(a) Literal condition:
Her er to ting med hår. Skjegget er stort.
‘Here are two things with hair. The beard is big’.

(b) Metonymy condition:
Her er to menn som forteller eventyr. Skjegget er morsom.
‘Here are two men who are telling a story. The beard is funny.’
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All stories consist of two parts: a context utterance, which establishes a focus on either inanimate objects (e.g.,Here are two
things…) or people (e.g., Here are two men…) and a 2500 ms long target utterance, starting with the referential target
expression (e.g., The beard) and ending with an adjective that disambiguates between a literal or a metonymic reading of the
utterance (e.g. big/funny).4 The linguistic expressions used in the stories are acquired early according to the Norwegian
adaptation of the MacArthureBates Communicative Development Inventories (CDI) (Kristoffersen and Simonsen, 2012). For
the few lexical items that were not listed in the Norwegian CDI, we checked the youngest children's comprehension of these
words after the experiment by asking them to name their referents in a picture book. This confirmed that children understood
these words.

Two of the four pictures on the screen depict people, which are either characterized by a salient body part (e.g., a big beard,
a long nose) or a salient object associated with them (e.g., a bicycle, a sandwich). The other two pictures depict the same two
body parts or associated objects in isolation. The pictures depicting people and the pictures depicting objects are always
presented in the same row, but we varied whether people or objects are presented in the top or bottom row and also
counterbalanced the spatial position of the target and competitor pictures.

In the example in Fig. 1, the picture of the person with the big beard is the metonymic target picture,5 the picture of the
beard in isolation is the literal target picture, the pictures of the man with curly hair (other person) and the curly hair (other
object) serve as distractors. Note that there is a limitation to this visual array. In the literal condition, looks to themanwith the
big beard are strictly speaking not in conflict with a literal interpretation, while crucially in the metonymic condition only
looks to the man with the big beard are consistent with a metonymic interpretation.

During the presentation of the audio-visual stimuli, participants’ eye gaze to the four pictures on the screen was
measured with an SMI eye-tracker RED250MOBILE, a remote eye-tracking device with a sampling rate of 250 hz. After
each story, the experimenter asked the participants to point to the picture among the four pictures on the screen that
fits the story best.

Tomake sure that participants do not see the same visual arrays twicee oncewith a literal, oncewith ametonymic storye
we assigned them randomly to one of two lists. Each list contains 20 audio-visual stimuli (10 literal, 10 metonymic) presented
in random order. The experiment took participants around 15 min to complete.
3. Results

3.1. Picture selection

Figs. 2 and 3 show the percentages of the pictures that participants chose in the literal and the metonymy condition. With
one-sample t-tests (adjusted for multiple comparisons with Bonferroni correction), we compared the choice of the picture
depicting the metonymic referent (‘the metonymic picture’) and the picture depicting the literal referent (‘the literal picture’)
in the different age groups to the chance level of 25%. In both conditions, all age groups except the 3-year-olds chose the literal
picture significantly more often than chance (in literal condition: 4, 5, 6, 7, 8, adults: p < .001; in metonymy condition: 4-, 5-,
6-year-olds: p < .001, 7-year-olds: p¼ .002, adults: p¼ .002). In the literal condition, the choice of the metonymic picture was
at chance level (3- to 8-year-olds) or below (adults: p¼ .009).6 By contrast, in themetonymy condition, 3-year-olds (p¼ .005),
6-year-olds (p < .001), 7-year-olds (p¼ .012), 8-year-olds (p < .001) and adults (p < .001) chose the correct metonymic picture
significantly more often than chance, while 4- and 5-year-olds were at chance level. To investigate whether the 3-year-olds's
good performance in the metonymy condition could result from a general preference for animate objects, we compared
choices of the metonymic picture with choices of the picture depicting the other person and found that the latter was chosen
significantly less often (p < .001).
4 Unlike English, Norwegian marks the gender and number of the subject noun on the predicate adjective. In cases where the target expression is a
neuter noun (e.g., Skjegget, ‘the beard’), the metonymic reading would be evident from the lack of neuter marking on the predicate adjective (e.g., morsom,
‘funny’), since a neuter marking would be incompatible with an animate subject referent. In cases where the target expression is a plural noun (e.g.,
Museflettene, ‘the pigtails’), the metonymic reading would be evident from the lack of plural marking on the predicate adjective, which would be
incompatible with a singular subject referent. In the remaining cases, the semantics of the predicate adjective would disambiguate between a metonymic
and a literal reading (e.g., Hjelmen er sulten, ‘The helmet is hungry’).

5 For convenience, we will refer to this picture as the ‘metonymic picture’ in the presentation of the results in both the literal and the metonymy
condition, acknowledging that participants considering the ‘metonymic picture’ in the literal condition, where there is no metonymic utterance, are likely
to do so for a different reason than in the metonymy condition.

6 Notice that due to an artefact of the visual array (cf. Fig. 1), choosing the metonymic picture in the literal condition is strictly speaking not incorrect.



Fig. 2. Percentage of picture choice in the literal condition.

Fig. 3. Percentage of picture choice in the metonymy condition.
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Next, we analysed the correct responses (i.e. choice of literal picture in literal condition, choice of metonymic picture in
metonymy condition) (see Fig. 4) using linear-mixed effects logistic regression modelling with the glmer function in R
(version 3.4.4). Stepwise we included fixed effects and random effects that improved themodel fit significantly (criterion: AIC
decrease higher than 2 (Akaike, 1974)). Our final model includes as fixed effects CONDITION (Literal, Metonymy) and AGE (as
continuous variable) and as random effects random intercepts and random slopes per CONDITION for subjects and random
intercepts for items, taking by-subject and by-item variability into account. We found main effects of CONDITION (b ¼ 0.95,
z¼ 3.18, p¼ .001) and AGE (b¼ 0.05, z¼ 5.87, p < .001). Overall, participants were 2.6 times more likely to choose the correct
answer in the literal condition compared to the metonymy condition. The number of correct answers increased with age.
Fig. 4. Percentage of correct picture choice in the literal and metonymy conditions. (Error bars represent 95% confidence intervals. Dotted line indicates chance
level.)



F. K€oder, I.L. Falkum / Journal of Pragmatics 156 (2020) 191e205198
3.2. Gaze analysis

In order to facilitate the presentation of the gaze data, we grouped children into larger age groups based on the picture
selection results: younger children (3-year-olds), middle children (4- to 5-year-olds) and older children (6- to 8-year-olds).
Fig. 5. Proportion of looks to interest areas in the literal condition (top) and metonymy condition (bottom) in different age groups.
Fig. 5 shows the proportion of looks to the four areas of interest while the target utterance unfolds. Each target utterance is
2500 ms long. The graphs also include gaze data from 500 ms after the presentation of the target utterance, which is the
approximate time 3-year-olds need to initiate a saccade (Irving et al., 2006; Yang et al., 2002).

We analysed the gaze data with generalized additive mixed modelling (GAMM) with the ‘mgcv’ package (version 1.8e18)
in R (version 3.4.1.) (Wood, 2017). The dependent variable, 'target looks', is defined as looks to the metonymic picture
compared to looks to the literal picture. Our model is presented in Table 2. It includes the categorical predictor CONDITION
(Literal, Metonymy) and the smooth function TIME by CONDITION, which accounts for non-linear differences in time trends
for the literal and metonymy conditions.
Table 2
Model explaining the effect of CONDITION on target looks during the presentation of the target utterance.

Formula
TargetLooks~Condition þ s(Time, by ¼ Condition)
Predictor Estimate SE z value Pr(>jzj)
Intercept �1.036 0.008 �130.7 <.001
Metonymy vs. Literal 0.252 0.011 23.0 <.001

Smooth term edf REf.df Chi.sq p-value

s(Time): Condition Literal 6.841 7.94 862.7 <.001
s(Time): Condition Metonymy 7.914 8.69 1881.8 <.001

Model characteristics
R-sq.(adj) ¼ 0.0217, Deviance explained ¼ 1.79%
fREML ¼ 2.3218eþ05, Scale est. ¼ 1, n ¼ 167730
To investigate the development with age, we built similar models for each age group and plotted the difference in target
looks between the metonymy and literal conditions, using the R package ‘itsadug’ (van Rij et al., 2017) (see Fig. 6). If the graph
is above zero, this means that there are more target looks, i.e. looks to the metonymic picture compared to the literal picture,
in the metonymy condition than in the literal condition; if it is below zero there are more target looks in the literal condition
than in the metonymy condition. The colour red in the figures indicates when in time the difference between the two
conditions is significant.



Fig. 6. Estimated difference in target looks between metonymy and literal conditions for different age groups, based on models “Target
looks ~ Condition þ s(Time, by ¼ Condition)”. (Red marking indicates significant differences.). (For interpretation of the references to colour in this figure legend,
the reader is referred to the Web version of this article.)
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For the 3-year-olds, the difference in target looks between the metonymy condition and the literal condition becomes
significant towards the end of the target utterance, from 2212ms. 4- to 5-year-olds have significantly more target looks in the
metonymy condition compared to the literal condition from 1000 ms onwards. However, this is interrupted by a short period
of non-significance between 2091 and 2394 ms, suggesting competition from the literal interpretation. For 6- to 8-year-olds
the difference in target looks is significant from 424ms onwards, also interrupted by a drop in significance between 1909 and
2272 ms. Adults have significantly more target looks in the metonymy condition compared to the literal condition already
from the onset of the target utterance. Overall, then, we found a significant difference in looking behaviour between the
metonymy and the literal conditions for all age groups, with more looks to metonymic targets in the metonymy condition
than in the literal condition, which showed up earlier in time with increasing age.
3.3. Gaze during context utterance

In this section, we investigate participants' looking behaviour while listening to the context utterances (e.g., Here are two
boys playing football). This will inform us about whether the context utterances have the intended effect of directing par-
ticipants' attention to either objects (literal condition) or people (metonymy condition). Table 3 indicates that the context
utterance in themetonymy condition successfully directs participants' attention to the two people pictures, while at first sight
the context utterance in the literal condition does not seem to succeed in guiding participants’ attention to the object pictures.
Table 3
Percentage of looks to pictures with people or objects from onset of context utterance until onset of target utterance.

Literal condition Metonymy condition

People Objects People Objects

Younger (3) 45.90 24.25 48.19 19.17
Middle (4e5) 45.82 26.24 49.97 22.65
Older (6e8) 45.36 26.57 49.99 22.59
Adults 43.65 28.09 54.11 19.26
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To test whether participants' eye gaze was influenced by the two types of context utterances (literal condition, metonymy
condition), we analysed participants’ gaze from the onset of the context utterance until the onset of the target utterance with
generalized additive mixed modelling. As dependent variable, we chose 'people looks', defined as looks to the two people
pictures (i.e., AOI Metonym, AOI Other Person) compared to looks to the two object pictures (AOI Literal, AOI Other Object).
Themodel includes as random effects random intercepts for subjects and items to take into account the individual variation in
people looks for each subject and item. As fixed effects the model includes CONDITION and AGE GROUP as well as their
interaction. With the exception of the youngest children (3-year-olds) (b ¼ 0.121, z ¼ 1.580, p ¼ 0.114), all age groups looked
more at people in the metonymy condition compared to the literal condition: middle children (4- to 5-year-olds) (b ¼ 0.152,
z ¼ 2.006, p ¼ 0.045), older children (6- to 8-year-olds) (b ¼ 0.186, z ¼ 2.474, p ¼ 0.013) and adults (b ¼ 0.445, z ¼ 5.805,
p < 0.001), with an increase in significance with age. So even though participants have a general preference for looking at
people during the presentation of the context utterance, this preference is stronger in the metonymy condition.

4. Discussion

In this experiment testing children's metonymy comprehension, we used a novel methodology that allowed us to collect
and analyse both offline data from a picture selection task and online data from eye-tracking from 3- to 8-year-old Norwegian
speaking children and a control group of adults. One aimwas to investigate whether we could replicate the results of Falkum
et al. (2017) showing a U-shaped development of metonymy comprehension, and if so, at what age children begin to improve
their performance before they reach adult-like levels of comprehension. Another aimwas to investigate whether online data
from eye-tracking could shed light on possible differences in comprehension strategies between age groups, and whether
such data might reveal an earlier sensitivity to metonymic uses that might be masked by offline task demands.

4.1. Picture selection: a U-shaped development

The results from the picture selection task replicate Falkum et al.’s (2017) finding of a U-shaped development of metonymy
comprehension for Norwegian-speaking children. 3-year-olds, 6- to 8-year-olds and adults chose the metonymic picture
significantly above chance level in themetonymy condition but not in the literal condition. 4- and 5-year-olds, however, chose
the literal picture significantly above chance in both conditions, while they were at chance for choosing the metonymic
picture, suggesting a literal preference in this age group.

The good performance of the 3-year-olds in the metonymy condition suggests an early sensitivity to metonymy, which is
impeded by a literal preference during the ages of 4 to 5 years. To us, it seems unlikely that 3-year-olds’ performance merely
reflects an animacy preference, where they favour pictures of humans over pictures with objects, since they chose the
competing picture of a human (e.g., manwith the big hair) significantly less often in the metonymy condition. This is parallel
to the results of Falkum et al. (2017). But because Falkum et al. only tested children from 3 to 5 years of age, they could not
answer the question at what age children's metonymy comprehension starts to improve again. Our data show that from the
age of 6, children have a robust understanding of metonymy which improves until the age of 8, the oldest age we tested.

In the literal condition, 3-year-olds were at chance for choosing both metonymic and literal interpretations, unlike the
older children and adults, who chose the literal picture significantly above chance level, and whowere at chance or below for
choosing the ‘metonymic’ picture. We take this to reflect the fact that in this condition, the pictures of both the literal (e.g., the
beard on its own) and the ‘metonymic’ (e.g., manwith a beard) referents would be compatible with a literal interpretation of
the target expression (e.g., The beard), and this ambiguity might have been more difficult to process for the 3-year-olds than
for the older children and adults.

In general, children were significantly more accurate in the interpretation of utterances containing words used with their
literal meaning compared to their figurative metonymic meaning, and there was a general improvement of performancewith
age (see Di Paola, Domaneschi, & Pouscoulous, this volume, for a similar finding for children's metaphor comprehension).

4.2. Gaze data: sensitivity to metonymic uses

When we look at the gaze data, we find an early sensitivity to metonymy. Already 3-year-old children show a different
looking behaviour when they hear an utterance with a referring expression used metonymically compared to one that is
being used literally. While this effect showed up at the very end of the target utterance in the youngest children, with
increasing age, children looked at the metonymic picture earlier. Interestingly, in 4- to 8-year-olds there was an increased
number of looks to the literal picture in the metonymy condition around 2200 ms. Adults’ gaze, however, differed between
conditions from the very onset of the target utterance.

What does this tell us? First, the gaze data suggest that children are sensitive to metonymic uses already from the age of 3
(and possibly even earlier than this, given that the age of 3 is the earliest testable age with this sort of task), a finding that
converges with the finding that 3-year-olds choose metonymic interpretations above chance in the metonymy condition but
not in the literal condition in the picture selection task. We also find this sensitivitye and an increasing sensitivity with agee
even in the gaze data of those age groups who show a strong preference for literal interpretations of target metonymic ut-
terances in the picture selection task. So even if they typically end upwith awrong, literal interpretation, the gaze data reveals
that the metonymic interpretation is highly activated throughout the presentation of the target metonymic utterance, and
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indicates that children's eventual choice of a literal interpretation reflects something else than an inability to understand
metonymy. At the same time, the increase in the number of looks to the literal picture in the metonymy condition in 4- to 8-
year-olds suggests that children in this age range experience a stronger competition from the literal interpretation than 3-
year-olds and adults do.

Prior to the presentation of the target utterance, participants listened to a context utterance which was intended to direct
their attention to either the pictures of the two people or the pictures of the two objects. The analysis showed that the context
utterances had an effect in the desired direction for all age groups except for 3-year-olds, as participants looked significantly
more often at people pictures compared to object pictures in the metonymy condition than in the literal condition. However,
despite this difference between conditions, participants had a general preference for looking at the pictures of the two people,
also in the literal condition. A reason for this could be thewell-established animacy bias in the eye-tracking literature (Fernald
et al., 2008: 106) as well as the expectation that people are more likely to be the protagonists of a story than inanimate
objects. In addition, other factors could influence looking behaviour such as a strategy of matching the picture depicting the
body part or object in isolationwith the one including the person. The finding that the context sentences did not successfully
direct the 3-year-olds's attention to either the pictures of the people or objects could be due to the fact that our context
sentences were potentially too short. Future studies could use a more elaborate context to address this issue.

4.3. Comprehension strategies in pragmatic development

Could the 3-year-olds have been following a pragmatic interpretation strategy where they take the first, contextually
appropriate interpretation that is accessible to them to be the one intended by the speaker, when interpreting metonymic
uses correctly in the picture selection task? The gaze data from 3-year-olds in the metonymy condition (cf. Fig. 5) would seem
to support such a hypothesis, revealing a clear preference for looking at the metonymic picture and comparatively little
competition from the literal picture. However, a similar preference is manifested in the gaze data from 3-year-olds in the
literal condition, suggesting that this result could be partly explained by a preference to look at people over objects. At the
same time, 3-year-olds experience a stronger competition from the literal picture in the literal condition compared to the
metonymy condition. And, crucially, the analysis revealed significantlymore looks to themetonymic picture in themetonymy
condition compared to the literal condition during the last 500 ms of the target utterance. Taken together, along with the fact
that in the literal condition looks to the ‘metonymic’ picture would not strictly speaking be in conflict with a literal inter-
pretation (e.g., looks to the man with the big beard when hearing an utterance of The beard is big), we take this to suggest an
early sensitivity tometonymy. It is possible, then, that the looking behaviour of 3-year-olds in the literal condition reflects the
lack of a single highly accessible interpretation. That participants were considering the ‘metonymic’ competitor in the literal
condition can be seen in the looking behaviour of all the age groups.

Turning to the 4- and 5-year-olds, who, in the picture selection task, showed a general preference for literal interpretations
across the two conditions, the gaze data reveals activation of both the metonymic and the literal interpretations during the
presentation of the target metonymic utterance. Thus, the gaze data speak against an explanation in terms of a ‘primitive,
literal processing of language’where children interpret language literally evenwhen it does notmake sense in the context (cf.
Levorato and Cacciari, 2002), and support the hypothesis that children in this age group were following a comprehension
strategy which allowed them to take into account that the speaker might have misjudged what would be most relevant and
accessible to them in that particular context. The gaze data show that even if the interpretation that was most accessible and
relevant to 4 and 5-year-olds was the metonymic one, as suggested by the higher proportion of looks to the metonymic
picture in the metonymy condition, and the fact that this interpretation would be a better fit with the context utterance that
they had just been presented with, they still chose the less accessible and less relevant literal interpretation in the picture
selection task. In other words, it suggests that they treated the speaker of a metonymic use as having a literal intention, but
was using an expression that conveyed this intention in a non-optimally relevant way.

Recently, one factor that has received some attention in the developmental literature on scalar implicature e another type
of non-literal use of language e is children's ability to consider alternative interpretations, and that children are helped by
cues establishing the conversational relevance of the alternatives to spontaneously derive scalar inferences (e.g., treating an
utterance of Mary ate some of the cookies as implying that she did not eat all the cookies) (Skordos and Papafragou, 2016).
While the consideration of alternative interpretations appears to be an important difference between the comprehension
strategies for metonymy used by 4- and 5-year-olds vs. 3-year-olds, 4- and 5-year-olds seem to have difficulties appropriately
assessing the relevance of the alternatives (metonymic vs. literal interpretation), ending up with a wrong, literal interpre-
tation in the picture selection task in most cases. What could the underlying reason for this be?

One possibility is that it has to do with the test situation and children's assumptions about what the adult experimenter
might expect of their performance on the task. It is well known that children at this age care a lot about conventions, both
linguistic and social, andwill often take issuewith thosewho do not adhere to them (e.g., “Mummy, that's called a jacket, not a
sweater”) (see Kalish and Sabbagh, 2007). Could it be that their fixation on conventional (‘literal’) meanings might somehow
interferewith their pragmatic reasoning, leading them to take the literal meaning to be the one intended by the experimenter
even though they are at some level aware that it does not quite fit with the context? Lexical meaning conventions, that is,
regularities in the uses of words and sentences to convey particular meanings, have been shown to play an important role in
language acquisition (Clark, 1993, 2007, 2016). They allow children to assume that for a certain meaning there is a word that
speakers are expected to use in a language community (‘the principle of conventionality’; Clark, 1993), and that when a
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speaker uses an unfamiliar word it has a meaning distinct from words they already know (‘the principle of contrast’; Clark,
1993). However, while an appreciation of lexical meaning conventions is hugely enabling in lexical acquisition, it may be a
source of interpretive inflexibility in cases where familiar words are used with unconventional meanings, as in figurative uses
of language. On this view, pre-schoolers’ tendency toward literal interpretations is not a result of poor pragmatic abilities but
arises because attending to conventional senses serves a crucial function at a particular stage of language learning. At this
point, this remains only speculation, and a further investigation into the factors underlying the so-called ‘literal stage’ in
metonymy comprehension (and in figurative language comprehensionmore generally) is a pressing issue that future research
needs to address. The present study, however, we believe goes a long way in suggesting that the explanation does not lie in
children's lack of abilities with metonymic uses of language but may be due to other interfering or impeding factors.

Finally, the results from the older children (6- to 8-year-olds) suggest that they are following a pragmatic comprehension
strategy for metonymic uses which is similar to that of adults, but with a stronger competition from the literal interpretation.
This can be seen in the gaze data, with the short period of a non-significant difference between target looks in the two
conditions, as well as in the picture selection results, with a higher proportion of literal picture choices compared to adults.

4.4. Implicit vs. explicit understanding?

It is tempting to see the present results in the context of the debate regarding the distinction between implicit and explicit
understanding, a central topic in the literature on the development of theory of mind abilities (for an overview, see Low and
Perner, 2012). The distinction has been evoked to explain the findings that in non-verbal tasks, infants as young as 15 months
show a sensitivity to people's mistaken behaviour on the basis of a false belief (Onishi and Baillargeon, 2005), while on verbal
tasks children typically do not show such understanding before the age of 3 or 4 (Wellman et al., 2001). One line of argument
in this literature is that the cognitive demands of verbal tasks such as the traditional false belief test (Wimmer and Perner,
1983), mask children's conceptual competence. It is possible, then, that by using a task that allowed us to simultaneously
glean online and offline data from children's metonymy comprehension in the critical age range, we may have tapped into a
similar distinction between implicit and explicit understanding in figurative language acquisition, although one that mani-
fests itself at a somewhat later stage in development (see Nilsen et al., 2008, for a similar observation regarding the acqui-
sition of reference). It is well established in the literature on figurative language development that task properties influence
children's performance (see Pouscoulous, 2014; Vosniadou, 1987, for discussion). For instance, with respect to the acquisition
of metaphor, it has been suggested that the lack of understanding found by early studies (Asch and Nerlove, 1960; Billow,
1975; Winner et al., 1976) could stem in part from the complexity of the tasks used, which often required the children to
paraphrase or explain the metaphorical meaning, thus tapping the metalinguistic abilities required to explain metaphorical
meanings. Taking this into account, later studies of metaphor comprehension have shown that preschool children perform
better on tasks where they are asked to retell a story containing a metaphor (Pearson, 1990), to act out the metaphoric
meaning (Vosniadou and Orthony, 1986; Pouscoulous & Tomasello, 2019), or to choose the correct metaphorical meaning
from a set of alternatives (Waggoner and Palermo, 1989; Winner et al., 1980; €Ozçalışkan, 2005; Di Paola, Domaneschi &
Pouscoulous, this volume). While a forced-choice task such as the picture selection task we used to test metonymy
comprehension has been shown to work better than other more complex e and verbally challenging e tasks used to
investigate children's figurative language competence (Falkum et al., 2017), it is likely that an offline task of this kind still
imposes additional cognitive demands compared to non-verbal measures, connected to, for instance, the involvement of
reflective reasoning and decision-making abilities, as well as children's expectations related to the test situation, whichmight
contribute to results that underestimate their competence. In this respect, gaze data can be seen as providing a ‘purer’
measure of metonymy comprehension not influenced by such demands, nor by any reflections children might have regarding
the adult experimenter's expectations, and they also reveal an earlier sensitivity or what we may refer to as an ‘implicit’
metonymy understanding.

4.5. Task demands

Before concluding, we would like to mention one methodological caveat, which we have already alluded to in several
places. Even though it had a simple and child-friendly set-up, our picture selection task proved to be a rather conservative
measure of metonymy understanding. First, ourminimal context utterances (e.g.,Here are two things with hair vs.Here are two
men telling a story) were only partially successful in guiding participants’ attention to the correct category (objects vs. people).
Even though we found a significant difference between the two conditions, participants generally preferred to look at people
pictures, probably because people are more likely to be the protagonists of a story. Presenting participants with more
elaborate contexts might have resulted in better performance of all age groups on the task overall. In particular, this could
potentially have improved performance in the metonymy condition, given that novel metonymic uses are typically highly
context-dependent and may be perceived as less felicitous e and thereby less relevant e in the minimal contexts that our
participants were given. That children are helped by contextual information in interpreting figurative uses of language is well
established (Keil, 1986; Vosniadou, 1989; Vosniadou et al., 1984). A richer context might also have reduced the competition
from the 'metonymic' picture in the literal condition.

Second, there was a limitation to the visual array that the participants were presented with in the literal condition, where
looks to and choices of pictures of both the literal (e.g., the beard on its own) and the 'metonymic' (e.g., a man with a beard)
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referents would be compatible with a literal interpretation. This could be seen clearly in the gaze data of all age groups in the
literal condition, which revealed a strong competition from the 'metonymic' referent. The picture selection data revealed the
same tendency, with a relatively high proportion of 'metonymic' interpretations in the literal condition, even among adults. It
is difficult to see how this problem could have been avoided in this kind of task, but it is important to take it into account in
interpreting the results.

5. Conclusion

Our experiment is the first to investigate children's comprehension of metonymy using both an offline picture selection
task and online eye-tracking measure. The gaze data provided valuable additional insights into children's processing of
metonymy. While the results from the picture selection task suggested a U-shaped development of metonymy compre-
hension, the gaze data indicated an early sensitivity to metonymy already from the age of 3 and a general improvement with
age. We argue that offline and online measures tap into different aspects of children's figurative language comprehension:
while gaze data provide a window into participants' processing of figurative uses while the utterance unfolds, picture se-
lection data might be a more conservative, cognitively demanding measure requiring more byway of reflective reasoning and
decision-making. Our results indicate that offline measures of figurative language understanding such as the picture selection
task we used, which are standard in the developmental field, could potentially underestimate children's competence, and we
should be cautious about concluding from children's ‘literal preference’ on such tasks to a lack of figurative language un-
derstanding and pragmatic immaturity. For future studies, we recommend using additional online measures such as eye-
tracking to get a deeper understanding of children's pragmatic development.
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