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Abstract: Children’s literalist responses to metaphor comprehension tasks are often taken to indicate 
deficient metaphor comprehension. We aimed to decouple this assumed (literalist) performance– 
(metaphor) competence link and investigate whether children’s observed literalism is best explained 
by an early difficulty with metaphor. We assessed 3- to 7-year-olds’ metaphor comprehension abilities 
using different novel functional, attributional, and psychological metaphors in a between-subjects 
design. We found that when not provided with literal options, children could derive metaphorical 
interpretations successfully. This was further supported by longer reaction times for metaphorical 
over literal interpretations. However, when literal options were available, even adults predominantly 
chose them over metaphorical interpretations. These findings challenge the view that children’s 
literalism stems solely from difficulty with metaphor and urge researchers to more clearly distinguish 
studies assessing sensitivity to metaphorical meaning from those investigating the ability to prioritize 
a metaphorical interpretation over a literal one.  
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Introduction 
 
If you were to stub your toe and say, “Ah - my toe is on fire!”, there are at least two 
possible interpretations to take—that your toe is literally on fire or that your toe is in 
a lot of pain. Given the context, adults would likely infer that you were in a lot of pain. 
Children, however, may take you to mean that your toe was actually on fire. We 
explored why, between these alternatives, children often favor literal interpretations. 
Specifically, we investigated whether children’s preference for literal interpretations 
is best explained by early difficulties with understanding novel metaphors, as often 
suggested in previous research. 
 
Recent evidence has suggested that children as young as 3 years old can make sense 
of novel metaphorical statements (5et al., 2024; Pouscoulous & Tomasello, 2020). 
However, despite this early ability, children often favor literal interpretations, even 
when the context does not support them (e.g., Martín-González et al., 2025) and 
sometimes up until preadolescence (e.g., Van Herwegen et al., 2013). This observed 
literalist preference among young children has often been referred to as their “literal 
bias,” a concept that has been a long-standing issue in research on metaphor 
comprehension development (see Vosniadou, 1987 and Winner, 1988/1997 for 
reviews). More generally, children’s fragile performance on pragmatic tasks 
involving nonliteral uses of language (e.g., metaphor, irony, implicature) is puzzling 
in light of the growing body of evidence showing children’s early pragmatic 
sophistication in other domains, including prelinguistic communication, word 
learning, and referential communication (see Matthews, 2014 and Zufferey, 2015 for 
reviews). 
 
In early studies, researchers presumed children’s literalist tendencies reflected a 
developmental period in which children are incapable of accessing metaphoric 
meaning until they reach preadolescence (so called metaphor deficit or literal stage 
accounts; see Vosniadou, 1987 and Winner, 1988/1997 for reviews). Researchers with 
this view claimed children moved from an initial creative and flexible stage—
observed most notably in studies of children’s early metaphor productions (e.g., 
Billow, 1981; Winner et al., 1980)—toward a strictly literal stage that persists 
throughout their preschool years (Gardner et al., 1975; Levorato & Cacciari, 2002). 
This idea of a fixed stage has since been criticized, as children have shown some 
capacity for figurative language within this supposed literal period (e.g., Di Paola et 
al., 2020; Gentner, 1977; Gottfried, 1997; Pouscoulous & Tomasello, 2020; Özçalişkan, 
2005). However, while literal stage accounts have fallen out of favor, it is still com-
monly assumed that literalist tendencies reflect a difficulty with figurative language 
comprehension (e.g., Cacciari & Padovani, 2012; Long et al., 2021; Vosniadou et al., 
1984; Winner, 1988/1997; Winner et al., 1976). 
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In light of other cases where children’s competencies had previously been 
underdemonstrated in experimental settings (e.g., scalar implicature; Horowitz et al., 
2018; Skordos & Papafragou, 2016), more recent research has begun to explore 
whether children’s past difficulty with metaphor could be explained by task difficulty 
instead of a deficit in metaphor comprehension (Colston, 2020; Di Paola et al., 2020; 
Pouscoulous, 2011; Vosniadou et al., 1984). For example, previous tasks often relied 
on a sophisticated verbal reasoning ability where children had to explain what the 
experimenters really meant in context to demonstrate metaphor comprehension (for 
reviews, see Pouscoulous, 2011 and Vosniadou, 1987). The ability to comprehend is 
distinct from the ability to succinctly verbalize what is comprehended, and even 
adults struggle with this discrepancy in experimental settings (Faitaki & Murphy, 
2019). Now, instead of using complicated verbal reasoning tasks, recent metaphor 
comprehension tasks typically use forced-choice paradigms that require children to 
disambiguate between literal and metaphorical interpretations (e.g., Di Paola et al., 
2020; Long et al., 2021; Van Herwegen et al., 2013). For example, in a study with 5-
year-olds, researchers asked children to pair one of three images with the statement 
“Lucy is a parrot” from either a literal depiction of a parrot, a metaphorical depiction 
of a girl resembling a parrot, or a distractor girl (Long et al., 2021). The use of these 
forced-choice style tasks often corresponds with findings showing an earlier onset of 
metaphor comprehension (e.g., Almohammadi et al., 2025; Pouscoulous & 
Tomasello, 2020). However, a preference for literal interpretations still appears in 
many studies on young children’s metaphor comprehension (Vicente & Falkum, 2021; 
Winner, 1988/1997). For example, in Long et al. (2021) younger children chose 
literally ~80% of the time (see also Martín-González et al., 2025 for similar results 
among older children). 
 
Because these newer forced-choice tasks are assumed to better scaffold children’s 
developing abilities, any error children make on them tends to be taken as even 
stronger evidence against robust metaphor comprehension. In fact, presenting 
children with both literal and metaphorical interpretations in these forced-choice 
scenarios stems from the assumption that proving children’s ability to comprehend 
metaphorical meaning requires demonstrating their capacity to ignore literal 
alternatives (Winner, 1988/1997). In these cases, using literal competitors is meant to 
act as a more rigorous test of comprehension because it shows that participants can 
ignore a highly competing alternative. However, we argue that while pitting literal 
competitors against metaphorical ones is a common practice, it makes the task about 
why children prioritize one interpretation over another rather than a test of sensitiv-
ity to metaphorical meaning alone.  
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However, not only has this (literalist)performance–(metaphor)competence 
relationship never been tested but inferring children’s metaphor comprehension 
from their literal responses assumes literalist responding is inherently incorrect. 
These interpretations are reasonable if we are to assume that the literal interpretation 
is just a distractor, or that the metaphorical interpretations are the only correct 
choices. However, because both literal and metaphorical interpretations are made 
explicitly available in these tasks (usually via visual evidence), the ‘correct’ answer is 
in fact, ambiguous. This ambiguity makes it difficult to determine whether children’s 
literalism is due to an inability to reason metaphorically or whether children perhaps 
privilege literal interpretations when they are available.  
 
Long and colleagues (2021) also commented on the ambiguity of these literal versus 
metaphor disambiguation tasks (see also Gardner & Winner, 1978). In their 
comparison study with 13-year-olds (an age at which previous research has asserted 
children should be sensitive to metaphorical meaning, Vosniadou, 1987; Willinger et 
al., 2017; Winner, 1988/1997), they found that older children performed at chance and 
were not strictly metaphor-biased. They concluded that older children’s sensitivity to 
both literal and metaphorical meanings likely made them sensitive to the ambiguity 
of the task as well—compared to the 5-year-olds whose literally biased performance 
suggested sensitivity to the literal meaning only. It could be that younger children’s 
more apparent literalist preferences reflect a lack of sensitivity to metaphorical 
meaning; however, the fact that there was ambiguity makes this difficult to 
determine. 
 
Despite the literature moving away from literal stage (or metaphor deficit) wording, 
children’s errors—most of which are literal responses—are still presumed to reflect a 
difficulty in understanding metaphors. Regardless of whether this link between 
literalist performance and difficulty with metaphor exists, if the aim of metaphor 
comprehension tasks is to see if children can derive metaphorical interpretations, 
then including a highly competing literal interpretation complicates that goal. Decou-
pling these literal and metaphorical choices may therefore offer a more sensitive 
measure of early metaphor comprehension. 
 
In a recent study, Pouscoulous and Tomasello (2020) replaced literal alternatives with 
distractors and indeed found that 3-year-olds could comprehend novel, perceptually 
based metaphors. For example, children were given two toy cars—one with a large 
sack on its roof (metaphorical) and one with a similar sack inside (distractor)—and 
asked to “Pick the car with the backpack.” Children chose metaphorical depictions 
over distractors, demonstrating that even 3-year-olds can access metaphorical 
meaning in a minimal linguistic context.  
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Given the participants’ comparatively young age in this study, their success in the task 
may also support a possible distinction between children’s literalist tendencies and 
their ability to understand metaphor. However, because Pouscoulous and Tomasello 
(2020) did not provide literal options, it is unclear whether children’s success should 
be attributed to the type of metaphor tested or the absence of literal interpretation 
options. It has been suggested that visual or attributional metaphors, like those used 
in Pouscoulous and Tomasello, are more accessible and easier to comprehend 
(Gentner, 1977; Winner et al., 1976), so it could have been that children’s success was 
limited to those specific items. Additionally, because children appear to understand 
these more straightforward attributional metaphors, they may have been less likely 
to select literal alternatives had such options been provided. Since the task did not 
include literal options, it remains unclear what underpins children’s success. Conse-
quently, it cannot yet be determined whether literal responses reflect a deficient met-
aphor comprehension.  
 
In the current study, we sought to unpack this coupling between literalist responses 
and metaphor comprehension by replicating and extending Pouscoulous and 
Tomasello (2020) to include more abstract metaphor types and literal competitors. We 
tested 3- to 7-year-olds to see if they could understand novel metaphors in the absence 
of literal options (Experiment 1) and whether the presence of literal options affected 
performance (Experiment 2). In Experiment 1, children chose which image, between 
a metaphorical and a distractor, matches a metaphoric statement. In Experiment 2, 
we tested different children on the same four sets of metaphoric statements and 
replaced the distractor images with literal depictions. We also ran a third experiment 
in which we gave children the literal images from Experiment 2 and the distractor 
images from Experiment 1 to get a sense of the different age groups’ understanding 
of the test items and to compare possible processing differences across the 
experiments. 
 
If children could make sense of metaphoric statements in the first experiment but 
performed at chance or responded literally in the second, that would suggest that 
metaphorical meaning may be accessible to children, but the presence of literal 
competitors could mask their early reasoning abilities in ambiguous settings. This 
distinction between performance in Experiments 1 and 2 would also support previous 
work demonstrating that children can grasp metaphors early on and challenge the 
idea that literalism results from protracted metaphor comprehension development. 
 
In addition to our original question, we explored how children progress through the 
tasks using their reaction time. We also looked for any developmental patterns or 
differences in children’s understanding of the different types of metaphors.  
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Previous research suggests a linear development of metaphor type (Asch & Nerlove, 
1960; Gentner, 1977; Winner et al., 1976)—where children understand functional 
metaphors before psychological metaphors but both later than attributional 
metaphors1—so it could be that children’s overall task performance improves with 
age. However, additional research has found a U-shaped curve in some nonliteral 
language development, a possibility that might extend to metaphor comprehension 
as well (Gardner et al., 1975; see also Köder & Falkum, 2020 for an example in 
children’s metonymy acquisition). We extended the items to include these other 
metaphor types to provide a more robust test of metaphor comprehension. However, 
any predictions of metaphor type, age, and their interactions were purely 
exploratory, as neither these metaphor types nor their interactions with age have 
been tested systematically under this decoupled lens. 
 
Our reaction time predictions were equally speculative, as few reaction time 
measures existed in metaphor tasks using developmental populations. However, 
using a reaction-time-as-processing-effort approach (as in Di Paola et al., 2020), we 
assumed the following. If children in Experiment 2 responded more slowly than those 
in Experiment 3, it would indicate that they were still sensitive to the competing 
options in Experiment 2, even if their responses were equally literal. Conversely, if 
their response times in Experiment 2 were comparable to those in Experiment 3, it 
would suggest that the children did not perceive or engage with the ambiguity of the 
experimental context. If children chose metaphorical interpretations above chance 
in Experiment 1 and took longer to respond compared to children who chose literal 
interpretations in Experiment 3, this would align with findings suggesting that 
metaphorical interpretations are more costly than literal interpretations (as in 
Noveck et al., 2001). 

Experiment 1 
 
To investigate children’s early metaphor comprehension abilities without the pres-
ence of a competing literal interpretation, we first replicated the study by 
Pouscoulous and Tomasello (2020) and extended it to include novel concrete (i.e., 
attributional) and abstract (i.e., functional and psychological) metaphors and 
children from 3 to 7 years old. As in the original study, we expected children to pick 
metaphorical depictions above chance by eliminating the conflicting literal 
information. However, if children could not understand the metaphors, we expected 
them to perform at chance because there should have been no way for them to 
reconcile the differences between metaphor and distractor images if they were not 
capable of overcoming literal meaning.  

 
1 Terminology for these metaphors varies (e.g., functional and psychological often are referred to as 
“abstract” metaphors and attributional as “concrete” or “perceptual”). For the purpose of this study, 
functional metaphors involve metaphorical relations derived from an object’s function, whereas psy-
chological metaphors involve relations to internal states (see Table 1 for a list of items). 
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In Pouscoulous and Tomasello (2020), 3-year-olds performed nearly at ceiling on 
attributional metaphor understanding. We expected to replicate this performance on 
trials adapting their original stimuli. However, as research on metaphor 
comprehension rarely tests multiple types of metaphors and age groups, we also 
explored the interaction between metaphor type and age to isolate further whether 
comprehension difficulties could be specific to different types of metaphors at 
specific developmental periods. All experimental protocols adhered to The National 
Committee for Research Ethics in the Social Sciences and the Humanities guidelines 
and have been approved by the Norwegian Agency for Shared Services in Education 
and Research (Reference Number: 596365). The study was also preregistered 
(https://osf.io/vauw2), and all materials, data, and analysis scripts are available on our 
OSF project page (https://osf.io/jkq9w/). In the next section, we describe ways our 
study differs from the original and the rationale. 
 
Method 
 
Model Selection and Sampling Plan 
 
Prior to running the study, we ran full and null model simulations to assess the 
probability of successful model convergence (n = 120; for 1000 simulations) and 
confirmed model feasibility. For the complex model, including all correlational 
parameters, the probability of successful model convergence was 0.965; for the 
simple model excluding those parameters, the probability was 1. For each age group, 
planned sample size estimates were 20–26 for experimental conditions and 10–15 for 
the Experiment 3. Minimum estimates were informed by our model feasibility 
simulation (with total n = 120 for experimental conditions) and maximums by the 
reported samples in Pouscoulous and Tomasello (2020), referencing both final 
(Nexperiment1-2 = 24;  Nexperiment3 = 12) and excluded (N = 5) samples. Supplementary analysis 
information for this project appears on our OSF page (https://osf.io/jkq9w/). 
 
We chose to run our studies between subjects because we were interested in whether 
children could generally access metaphorical meaning and if they preferred literal 
meaning when it was available. Additionally, because we propose that providing 
literal alternatives may be problematic for testing metaphor understanding, we are 
less interested in exploring children’s individual literal biases in the context of these 
paradigms. However, to mitigate concerns regarding potential individual variances 
across samples, we tested experiments across each testing session. We also assessed 
children’s inhibitory control abilities using the DayNight task (Gerstadt et al., 1994) 
and collected language and demographic information from guardians, adapting the 
protocol from The ManyBabies Consortium (2020) to create a profile for each group 
of participants. Profiles were largely similar across samples and appear in the 
Supplementary Information section of this paper. 
 

https://osf.io/vauw2
https://osf.io/jkq9w/
https://osf.io/jkq9w/
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Participants and Design 
 
We tested 82 3- to 7-year-old Norwegian-speaking, typically developing children (28 3-
year-olds, 27 5-year-olds, and 27 7-year-olds). Of those tested, three children withdrew 
(1 per age group), and three were excluded (all 3-year-olds: one for a technical error, 
one for sibling interference, and one for practice failure). Children were given the 
same 20 test items in a fully randomized order, with metaphor and picture location 
on the right or left counterbalanced across participants. 
 
Materials 
 
In the original study, Pouscoulous and Tomasello (2020) always constructed the 
metaphors from perceptual similarities relating to the human body. Previous re-
search (e.g., Gentner, 1977) has shown that children tend to perform better with body-
related metaphors, supposedly because visual comparisons and spatial relations to 
the human body (e.g., “head = top”) are more intuitive and easier to grasp. To avoid 
having the items all share a specific relation, we broadened the metaphoric devices 
to include functional and psychological metaphors as well as created new 
attributional metaphors without this body relation.  
 
Additionally, following concerns regarding contrastive inference confounds 
discussed in Pouscoulous and Tomasello (2020, pp. 164–166), we adapted two of the 
original items. For “The dog with the brown shoes,” we changed the distractor image 
to a dog with brown ears instead of the original dog with a brown bow so that both 
referents contained multiple brown features. For “The bottle with the big belly,” we 
omitted the word “big” to avoid children choosing pictures from size (i.e., adjective) 
cues alone.  
 
We made our metaphors by first compiling metaphor stimuli used in previous 
research testing similar age groups. We then either refined ones taken from that list 
or devised additional novel metaphors, taking inspiration from literature on 
children’s understanding of object functions and mental state language (e.g., Bloom, 
2001; Callanan et al., 2007; Deák, 2006; Estes et al., 1989; Harris et al., 2005). We also 
confirmed that all vocabulary used to construct the test referents were generally 
acquired by typically developing, Norwegian-speaking 3-year-olds. We did this by 
referencing the Norwegian vocabulary database, Ordforrådet (Lind et al., 2013; 
Simonsen et al., 2014), and the Stanford Wordbank (Frank et al., 2016). Additionally, 
we ran a control experiment in which we tested children on literal versus distractor 
images to ensure that children of similar ages could understand the test utterances 
without metaphorical constructions. See Experiment 3 later in this paper for this 
methodology and results.  
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Once we had a list of workable statements, we adapted them to the format used by 
Pouscoulous and Tomasello (2020) such that metaphors described a property of the 
subject of the utterance and were embedded in a referential statement (e.g., Vis meg 
tårnet med hatten/Show me the tower with the hat). After this process, we chose the 
final 20 metaphors based on how easily they could be depicted. Ten of these 20 were 
concrete (five from Pouscoulous and Tomasello and five new attributional items), and 
10 were abstract (five novel functional and five novel psychological items).  
 
For the images, we replicated the visual depictions from the Pouscoulous and 
Tomasello (2020) study near exactly (they are the cartoon equivalents of the physical 
toys used in the original study). All other images followed similar protocols to these 
items, where each image had to contain the referent and match on overall visual 
salience. We modeled the literal images on the distractor images and constructed the 
distractor images by mirroring the visual characteristics of the metaphorical images 
in a nonmetaphorical way. For example, in the phrase “The tree with the arms,” the 
metaphorical tree had two branches that extended from the middle of the tree to look 
like arms. In contrast, the distractor tree had two roots that extended equally from 
the bottom of the tree, so they did not in any way relate to the metaphoric referent 
“arms.” Table 1 presents the final 20 metaphoric statements and their English 
translations. Visual depictions appear on OSF (Løvstakken & Neff, 2024) though, see 
Figure 1 for an example. 
 
Lastly, we ran a preference assessment test to account for potential preferences for 
one image over the other across sets. Similar to Pouscoulous and Tomasello (2020), 
we presented 3- to 7-year-old children either with metaphor and distractor items (n = 
35), metaphor and literal items (n = 36), or literal and distractor items (n = 14), and we 
asked them to Vis meg en (Show me one). Children showed no preferences for either 
metaphor or literal over distractor images (p > .05). However, individual binomial 
tests confirmed significant preferences for a subset of images in the metaphor versus 
literal comparison group (of which, most were preferences for the metaphorical 
items over the literal ones). We made some adjustments following this finding, and 
preferences were removed (n = 20, p > .05). Raw data for these assessments, alongside 
original images, appears on OSF (https://osf.io/jkq9w/). 

 
 
  

https://osf.io/jkq9w/
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Table 1. Test sentences and their English translations 
 

Metaphor Type Statement in Norwegian Statement in English 
Replicated  
attributional 

Tårnet med hatten The tower with the hat a 

Bilen med ryggsekken The car with the backpack a 

Gulroten med håret The carrot with the hair a 

Hunden med den brune sko The dog with the brown shoes a, b  

Flasken med magen The bottle with the belly a, b  

New attributional Treet med armene The tree with the arms 

Hodet med spagettien The head with the spaghetti 

Himmelen med kjeksen The sky with the cookie 

Kakaoen med putene The hot cocoa with the pillows 

Treet med de stekte eggene The tree with the fried eggs 

Functional Frosken med paraplyen The frog with the umbrella 

Reven med lommelykten The fox with the flashlight 

Apen med hammeren The monkey with the hammer 

Ekornet med koppen The squirrel with the cup 

Larven på flyet The bug on the plane 

Psychological  Planten som er trist The plant that is sad 

Ballene som er glade The balls that are happy 

Tegningen som er sint The drawing that is angry 

Baggen som sover The bag that is sleeping 

Gutten som brenner The boy that is on fire 
a Items are an original subset from Pouscoulous and Tomasello (2020).  
b Items changed to circumvent contrastive inferences. 
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Figure 1. In child point of view: Schematic of test trials for Experiments 1 (a), 2 (b), 
and 3 (c).  
Note. All statements were aurally presented in Norwegian, and no text bubbles were 
used. 

Procedure 
 
Testing was done on tablets using the program PsychoPy/Pavlovia (Bridges et al., 
2020; Peirce et al., 2019). The testing occurred in museums, kindergarten classrooms, 
and schools around Oslo. Testing always took place in a separate room to avoid other 
children and distractions. We only invited children whose guardians returned the 
signed consent form to participate. In addition to the guardians’ informed consent, 
we made participating children aware of the voluntary nature of the study and all 
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children had to assent to participate. Children also received a small gift (e.g., an 
eraser or a diploma) for their participation. 
 
To begin the task, an experimenter introduced the children to two characters on a 
tablet and explained that they would be playing a game where the characters would 
ask questions about different pictures on the screen. In the original Pouscoulous and 
Tomasello (2020) study, children interacted with two experimenters and real objects. 
We made these changes to familiarize the children with one character and play the 
game with another. We chose characters because it reduced the need to control for 
social information and allowed us to remove the other character from the environ-
ment when they were not speaking. This removal also reduced the amount of com-
municative style switching in the task (i.e., speaking literally and figuratively). Chil-
dren interacted with both characters; however, character identity was fixed in the 
practice and test sessions. The experimenter was a trained research assistant and a 
native Norwegian speaker. 
 

Practice Trials. To ensure children understood the game, the experimenter 
told them they would play a practice game with one of the characters first. After in-
troducing the child to the two characters on the screen, one character left, and the 
other remained to take the child through four practice trials. To be included in the 
final experiment, children had to have answered three out of four practice trials cor-
rectly, as was the case in Pouscoulous and Tomasello (2020).  
The practice trials were identical to the test trials; except they did not include meta-
phorical statements. For example, the practice character asked the child to “Pick the 
apple that is red” while presenting an image of a red apple and a green apple. We took 
two of the practice trials directly from Pouscoulous and Tomasello (2020), and we al-
tered the remaining two to familiarize children with more pragmatic choices. In pi-
loting, we noticed that using only literal practice trials trained children to expect a 
specific referential match (i.e., to look for a “correct” and literal response). In our 
experiments, the literalness varied, making the correctness less defined, so we cre-
ated two ‘pragmatic’ practice trials to discourage this type of response heuristic. Prag-
matic trials included referents that were not entirely satisfactory or prototypical, but 
one was always more appropriate than the other. For example, we asked children to 
pick “the line that is straight” and presented them with one nearly but not perfectly 
straight line and one squiggly line (Ronderos et al., 2022). Like in the original 
Pouscoulous and Tomasello trials, children got feedback on their responses. 
 

Test Trials. After practice, the experimenter told the children they had fin-
ished practicing and would now begin to play the actual game with the other character 
from the introductions. In the test, the character from the familiarization left, and the 
other character from the introduction returned and told the child that they would also 
like to play. As in practice, two images (now a metaphor and a distractor image) for 
each statement appeared on the screen, and the character asked the child to select 
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one of the images that aligned with the instruction: “Show me the” plus a metaphoric 
statement. For example, the character said, “Vis meg tårnet med hatten” (Show me 
the tower with the hat) while an image of a tower with a red balcony (i.e., distractor 
image) and an image of another tower with a large red roof (i.e., metaphoric depic-
tion) appeared. After the child selected an image, the subsequent trial immediately 
began. All test statements were metaphorical, and no feedback was provided. 
 
The experiment session was audio recorded, and children’s picture selections and re-
action times were recorded directly via the tablet. Distractor image location, which 
we noted as left or right according to the child’s point of view, was fixed in practice 
(i.e., ABBA) and counterbalanced in the test, such that half the metaphoric images 
appeared on the children’s right and half on the left. Statement order was also fixed 
in practice but fully randomized in the test. See Figure 1 for a schematic of the proce-
dure. 
 
Results 
 
Model Selection 
 
Children’s picture selections were analyzed using a generalized linear mixed model 
in R (lme4 package, Bates et al., 2015; R Core Team, 2021) using a binomial 
distribution with metaphoric responses coded as 1 and the distractor coded as 0. The 
full model included age group (z transformed), metaphor type, and their interactions 
as fixed factors; items and subject identity as random effects (Clark, 1973); and 
random slopes of age and metaphor type. The null model was identical but with 
metaphor type and its interaction with age removed. We made inferences regarding 
effects on picture selections via full-null model comparisons using an analysis of 
variance (p ≤ 0.05) via the lmerTest R package (Kuznetsova et al., 2017).  
 
In our preregistration (https://osf.io/vauw2) we outlined a confirmatory model that 
only included the effect of experiment type on picture selection, as well as an 
additional exploratory model that looked at potential interaction effects of age and 
metaphor type. We made these choices because, for our comparison across 
experiments, the model isolating experiment was more theoretically coherent. 
However, in isolating the effects of this first study, we decided to progress with the 
exploratory model as the maximal structure that included effects of metaphor type, 
age, and their interactions more appropriately fit our experimental design. See Barr 
et al. (2013) and Schielzeth and Forstmeier (2009) for further discussion regarding 
maximal slope structures. There were two additional changes from preregistration, 
namely that location ID and trial ID were removed from random effects structures as 
testing location was balanced and randomization was set to full random, so both were 
collapsed within subject identity. 

https://osf.io/vauw2
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Model Results 
 
The full model (AIC = 871.99) did not provide a significantly better fit to the data 
compared to the null model: AIC = 873.01, χ²(2) = 2.98, p = .225, suggesting that age 
alone had a significant effect on the proportion of metaphorical picture selections but 
not metaphor type or their interactions. From visual inspection of the data (see Figure 
2), we surmised that all children selected metaphorical pictures at above-chance 
levels (chance = .50) but that 3-year-old children chose slightly fewer metaphorical 
pictures compared to 5- and 7-year-olds. However, for a more detailed overview of 
metaphor type and individual item performance, see the Supplementary Information 
section for a graph depicting all four metaphor types alongside tables of mean picture 
selections for each item by age group.  
 
 

 
 
Figure 2. Proportion of metaphor selections in Experiment 1 by age and metaphor 
type. 
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Experiment 2 
 
Experiment 2 followed the exact procedure as Experiment 1—that is, we kept the 
metaphorical statement and depictions constant. However, in the test, we replaced 
the distractor images with literal depictions. We predicted reduced metaphoric 
selections in this second experiment because the literal interpretation was now 
available. For the predicted comparisons between experiments, if children’s 
literalism reflected an early metaphor comprehension deficit, we would expect literal 
responding in Experiment 2, chance responding in Experiment 1, and for this overall 
pattern to be more apparent in our younger age groups. However, if we encountered 
literalist responding in Experiment 2 but above-chance metaphor selection in 
Experiment 1, this would contradict a direct mapping between literalism and 
protracted metaphor comprehension. 
 
Method 
 
Participants and Design 

 
We tested 82 3- to 7-year-old Norwegian-speaking, typically developing children (29 3-
year-olds, 27 5-year-olds, and 26 7-year-olds). Of those tested, one 3-year-old child 
withdrew, and three were excluded (two 3-year-olds and one 5-year-old for practice 
failures). Aside from replacing the distractor images with literal ones, we gave 
children the exact same 20 test items as Experiment 1 in a fully randomized order with 
metaphor picture location (i.e., right vs. left) counterbalanced across participants. 
 
Results 
 
Our model followed the same parameters as the first experiment, but to investigate 
the effect of experiment type on picture selection, we additionally included fixed 
effects of experiment type (including its interaction with metaphor type and age), as 
well as its random slope on metaphor type. The null model did not include the effect 
of experiment type. 
 
The full model (AIC = 1,468.5) provided a significantly better fit to the data compared 
to the null model: AIC = 1,560.5, χ²(4) = 100.04, p < 0.001, meaning that including the 
effect of experiment type explained children’s picture selections better than age 
alone. Visual inspection of the data (see Figure 3) showed that not only did children 
select fewer metaphorical images in Experiment 2, but they also selected them at 
below-chance levels, thus indicating a preference for the literal alternatives. 
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Figure 3. Proportion of picture selections in Experiments 1 and 2 with dotted line 
representing chance at 0.50.  
 

Experiment 3 

To test whether children in these age ranges generally understood the test 
vocabulary, we ran a control experiment using the same procedure as Experiments 1 
and 2. Although we constructed the items from words generally acquired by 30 
months (Frank et al., 2016; Lind et al., 2013; Simonsen et al., 2014), we wanted a 
measure of children’s relative understanding of our test vocabulary. We presented 
children in this study with the same utterances as in Experiments 1 and 2, but we did 
not give them metaphoric options. Instead, we presented the children with the 
distractor images used in Experiment 1 and the literal images used in Experiment 2. 
For example, for “the tree with the arms,” the experimenter showed children a tree 
with cartoon arms (i.e., literal) and a different tree with its roots showing (i.e., 
distractor; see also Figure 1 for an example schematic). We expected children of all 
ages to choose literal items at above-chance levels, with older children responding at 
ceiling. 
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Additionally, in line with the exploratory reaction time data for Experiments 1 and 2, 
we planned to compare children’s response times in Experiment 2 with these in Ex-
periment 3 to determine whether children remained sensitive to the metaphorical in-
terpretation in Experiment 2 despite their literalist responding. If this were the case, 
we expected to find faster responses in Experiment 3 compared to Experiment 2. 
Additionally, if children were slower in Experiment 1 compared to Experiment 3, it 
would suggest that children were pragmatically constructing metaphorical 
interpretations at an added cost in Experiment 1 compared to the literal 
interpretations they could access more directly in Experiment 3. Because our reaction 
time hypotheses were partly motivated by adult comparison research, we present 
these data in the Adult Experiment section to include all data in a single model and 
avoid multiple testing (see also Figure 5 for these data). 

Method 
 
Participants and Design 

 
We tested 50 3- to 7-year-old Norwegian-speaking, typically developing children (17 3-
year-olds, 16 5-year-olds, and 17 7-year-olds). Of those tested, three participants 
withdrew (one per age group), and we excluded two (one 3-year-old for practice 
failure and one 7-year-old for language requirements). Procedures followed the other 
experiments except that we set picture identities in the test to literal versus distractor 
images. 
 
Results 

Model selection followed previous experiments; however, we removed fixed effects 
of metaphor type and experiment. The confirmatory model, including fixed effects of 
age, explained the variance in the data better in the full model (AIC = 137.0) than in 
the null model. The null model just included a random intercept: AIC = 148.3, χ²(3) = 
17.296, p < 0.001. Visual inspection of the data showed all participants selected literal 
pictures at above-chance levels; however, 5- and 7-year-olds selected target (i.e., 
literal) pictures slightly more often than 3-year-olds, but this difference was not 
significant (p = 0.138). See Figure 4 for all picture selection results across ages. 
 

Adult Experiment 
 
Children’s metaphor comprehension is often assessed in terms of their ability to 
overcome a literal interpretation. We assert that pitting literal and metaphorical 
referents against one another adds additional challenges to these tasks and ultimately 
makes the goal of these tasks more ambiguous. Therefore, we sought to disentangle 
these response patterns to determine whether literalist response patterns are best 
explained by an early difficulty with metaphor.  
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We found in Experiment 1 that when there were no competing literal alternatives, 
children were able to select metaphorical interpretations at well above-chance 
performance. Additionally, despite the general capacity for metaphorical reasoning 
at these age ranges, we found that children chose literally when given the option in 
Experiment 2. The above-chance performance on metaphor comprehension in 
Experiment 1 and the literally biased responses in Experiment 2 speak to a distinction 
between the two phenomena (i.e., between literalism and early metaphor 
comprehension abilities). The fact that the differences in successful metaphorical 
selections were relative to the presence or absence of a literal competitor, rather than 
an effect of age or metaphor type, also supports our previously asserted suspicions 
regarding the potential impact literal items have on performance. However, given the 
general skepticism surrounding young children’s capacity for figurative language, we 
set out to replicate these findings in an adult sample. 
 
Additionally, something that has motivated this research from the beginning is that 
even from our own perspective, we could not discern why literal competitors would 
be inherently incorrect in these settings where they had been made explicitly 
available. Upon hearing the statement “My toe is on fire,” one may not immediately 
expect the literal interpretation, but why would you not endorse that interpretation 
once provided with visual evidence that it is indeed afforded in that communicative 
context (see also Winner et al., 1980 for related discussion). Long et al. (2021) argued 
that the reduced literalist performance among 13-year-olds indicated a sensitivity to 
both metaphorical and literal meanings and therefore the ambiguity of the test 
interaction, whereas the literalist responding among 5-year-olds showed a lacking 
sensitivity. However, given the absence of context in these settings, it seems no less 
rational for even adults to choose literal interpretations when this is likely to be the 
least effortful way to resolve the ambiguity, and also one that enables reference 
assignment (Wilson & Sperber, 2006).  
 
Given the implications of an early metaphor comprehension deficit derived from 
children’s literalist responding in these settings, we wanted to see how adults perform 
in these tasks where literal and metaphorical meanings are pitted against one 
another. Assuming an adult’s sensitivity to metaphorical meaning is less fragile than 
that of a 3-year-old, if even adults choose literal meanings when given the same choice 
scenarios, then this would reinforce our argument for making a distinction between 
literalist performance and developing competence with metaphor. 
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Method 
 
Participants and Design 

 
We tested 67 Norwegian-speaking adults (26 in the following Experiment 1, 26 
following Experiment 2, and 15 in Experiment 3). The adult tasks were nearly 
identical to the children’s tasks with minor adaptations (e.g., shortening the intertrial 
intervals and changing the inhibitory control task to the Flanker task; Eriksen, 1995). 
We made these modifications so the adults could participate autonomously. All of the 
experimental materials appear on the OSF website (https://osf.io/8s2fm/). We did not 
collect demographic profiling information for adults, but their eligibility to 
participate was contingent on their self-reporting of Norwegian as a main language. 
 
As we did with the children, we ran experiments in parallel, randomly assigning 
adults to one of the three experimental conditions (i.e., Experiments 1, 2, and 3) with 
the target picture’s side counterbalanced and test item presentation fully randomized 
across participants. We recruited participants from museums, libraries, and 
universities in greater Oslo. All participants signed a written consent before 
participating, were made aware of the voluntary nature of the task and had the 
opportunity to opt-in to a prize draw for participating. 
 
Results 

As we were comparing adult data across experiments, we ran a full-null model 
comparison in which the full model included age, experiment, and their interaction 
terms and the null model only included age. Both random effects structures 
accounted for random slopes of age and experiment on each item and random 
intercept of subject ID and metaphor type. However, because we included all 
experiments in the model, we removed metaphor type as a fixed variable as there was 
no manipulation of metaphor in Experiment 3. 

We found that the full model specifying the effect of experiment type (AIC = 1,496.1) 
better explained the rate of target picture selections (with metaphor coded as the 
target in Experiments 1 and 2 and literal coded as the target in Experiment 3) than the 
null model specifying age alone (AIC = 1,625.5, χ²[4] = 137.42, p < 0.001). This finding 
suggests that 3-year-olds tended to select fewer target pictures compared to older 
participants and that Experiment 2 negatively affected target picture selection rates 
for all subjects. Like children, adults similarly chose metaphorical pictures fewer 
times in Experiment 2 compared to those in Experiment 1. Adults also chose these 
metaphorical pictures at above-chance levels in Experiment 1 but below-chance 
levels in Experiment 2, with near-ceiling and floor rates, respectively (M = 0.97, SD = 
0.17; M = 0.02, SD = 0.16). 

https://osf.io/8s2fm/
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However, there were potential multicollinearity issues with the full model as age had 
a high variance inflation factor value (VIF = 3.97). Though see Fox and Monette (1992), 
Harrison et al. (2018), and Quinn and Keough (2002) for discussions regarding issues 
with multicollinearity calculations and thresholds (especially with models specifying 
interaction effects). We did not consider the correlation an issue for our data 
(following Allison, 2012), but to see if it affected possible inferences, we reran the 
models where we dropped the fixed effect of age in the full model because the 
experiment was always our registered effect of interest. We included a random 
intercept model for the null and found comparable results (with full model AIC = 
1,635.6 and null AIC = 1719.4, p < 0.001). 

 

 
 
Figure 4. Proportion of picture selections by experiment and age with dotted line 
representing chance at 0.50. 
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Exploratory Analysis of Reaction Time 
 
Our primary aim in this paper was to disentangle literal and metaphorical response 
patterns. In doing so, we have also argued that directly contrasting literal and meta-
phorical items can obscure children’s sensitivity to metaphorical meaning by intro-
ducing communicative ambiguity. Prior research has suggested that a shift from lit-
eral to metaphorical responses may reflect a developing sensitivity to ambiguity 
(Long et al., 2021). However, because most studies test metaphor comprehension by 
requiring children to override literal alternatives, it was difficult to determine at what 
point literal responses reflect a lack of sensitivity to metaphorical meaning versus in-
terpretation difficulties due to communicative ambiguity. To look into these different 
factors, we conducted exploratory tests of reaction time to see whether there were 
any processing differences across literal choices.   
 
We proposed that slower responses in Experiment 2 compared to Experiment 3 could 
reflect sensitivity to competing interpretations, even when responses were equally 
literal. In contrast, similar response times would suggest limited engagement with the 
ambiguity in Experiment 2. Additionally, if children in Experiment 1 selected meta-
phorical interpretations above chance and took longer than those giving literal re-
sponses in Experiment 3, this would support the view that deriving novel metaphori-
cal meanings is more demanding (e.g., Noveck et al., 2001). However, while these 
analyses were planned from the outset, the specific predictions were speculative as 
our method departs from conventional approaches in the literature. Accordingly, we 
interpret any findings here with caution. 
 
Results 
 
We recorded reaction times from the offset of the test utterance to the picture selec-
tion and analyzed them using a linear mixed model mirroring the parameters ex-
plained in the picture selection analysis in the adult experiment. After fitting the 
model, we checked for normality by examining the Q-Q plot of residuals (Field, 2005), 
which we confirmed violated assumptions in a follow-up Shapiro test (p < 0.001). We 
then performed the Box-Cox procedure (Box & Cox, 1964) to find the appropriate 
transformation for our data (λ = 0.02) and reran all models using the transformed data 
which met model assumptions (Lo & Andrews, 2015). 
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The full model (AIC = 8,495.3) provided a better fit for the data compared to the null 
model (AIC = 8,756.1), indicating that participants’ reaction times varied signifi-
cantly based on the type of experiment and its interaction with age (χ²[24] = 277.13, p 
< 0.001). Generally, reaction times decreased with age. Specifically, 3-year-olds had 
the longest reaction times across experiments with Experiment 1 (M = 4.42 [3.97–
4.87]), Experiment 2 (M = 2.64 [2.35–2.94]), and Experiment 3 (M = 1.85 [1.64–2.07]). 
However, the interaction between age and experiment had mixed effects. Upon vis-
ual inspection (see Figure 5), children took longer to respond in Experiment 1 com-
pared to Experiments 2 and 3. In contrast, adults showed similar reaction times in 
Experiments 1 and 2, both of which were slower compared to Experiment 3. Only 7-
year-olds responded with similar reaction times in Experiments 2 and 3, although 5-
year-olds appeared to show a similar trend. However, 3- and 5-year-olds and adults 
seemingly took longer to make selections in Experiment 2 when compared to Exper-
iment 3. We revisit these exploratory results in the General Discussion. 
 
 
 

 

Figure 5. Mean response times in seconds observed across different age groups and 
experiment types with 95% confidence intervals.  
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General Discussion 
 
Children’s literal interpretations were often assumed to depend on whether they 
could understand metaphors; however, this assumed link between literalism and 
early metaphor comprehension had never been tested directly. We investigated 
whether children’s observed literalism in metaphor comprehension tasks is best ex-
plained by a developing sensitivity to metaphorical meaning using a between-subjects 
design. We found no support for claims that young children simply cannot under-
stand metaphors, which is also in line with more recent findings (Almohammadi et 
al., 2025; Pouscoulous & Tomasello, 2020). Children from 3 years old were adept at 
our metaphor comprehension task when we removed the picture representing the 
literal interpretation from their response options. When we included literal options, 
younger children were not more literally biased than older children—which would 
follow from a metaphor deficit view, where children would become less literalist and 
more sensitive to figurative meanings with age. And even adults chose literal options 
exclusively in this context, where the target utterance was ambiguous between a met-
aphorical and a literal interpretation. Contrary to previous assumptions, young chil-
dren’s tendency toward literal interpretations does not appear to be explained by an 
underdeveloped sensitivity to figurative meaning. 
 
Research on children’s metaphor comprehension has often interpreted literal re-
sponses as evidence of limited sensitivity to metaphorical meaning. If this were the 
case, 3-year-olds—given their generally weaker performance on metaphor tasks (in-
cluding in our Experiment 1)—should have shown the strongest literal bias in Experi-
ment 2. Instead, they were no more likely than older children or adults to choose lit-
eral interpretations and, if anything, appeared slightly less biased. Adults’ own ten-
dency to prefer literal interpretations when both options were available further un-
derscores that literalism cannot be straightforwardly equated with immature meta-
phor understanding. These findings challenge the assumption that literalist behavior 
declines linearly with age and call for a reevaluation of past research that equates 
literal responses with deficient metaphor competence. 
 
One reinterpretation may be that literalist responses reflect children’s preference for 
literal meanings, regardless of their understanding of metaphors, which conse-
quently affects their performance on metaphor comprehension tasks. In tentative 
support of this claim, the presence of literal competitors, much like age, often pre-
dicts children’s poor metaphor comprehension task performance (e.g., Van Her-
wegen et al., 2013; Vosniadou, 1989; Winner, 1988/1997). When given the opportunity 
in previous research, children chose literal interpretations (Vosniadou, 1987; Winner, 
1988/1997), similar to what we found in our second experiment.  
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It was previously assumed that children chose literal options because they were una-
ble to consider metaphorical alternatives. However, consistent with our findings, ear-
lier studies that did not include literal options showed that children’s responses were 
not random (Pouscoulous & Tomasello, 2020; Vosniadou, 1989; see Winner 1988/1997 
for a review), nor did an ability with metaphor reduce literalist selections when a lit-
eral option was present (e.g., Long et al., 2021; Vosniadou, 1989). Instead, studies that 
did not include literal competitors often showed early sensitivity to metaphorical 
meaning (Pouscoulous & Tomasello, 2020; Vosniadou, 1989), and those that included 
literal competitors tended to find less metaphor-biased responding, even among 
older children (e.g., Long et al., 2021; Van Herwegen et al., 2013). Therefore, a mis-
understanding of the tasks does not necessarily mark children’s protracted metaphor 
comprehension development: children do not behave wholly randomly or appear 
confused; rather, they seem to demonstrate preferences for literal interpretations. 
 
Relatedly, there are other factors that have been previously suggested to improve chil-
dren’s performance in metaphor comprehension tasks, which would also arguably 
help them overcome a literal preference. For example, Deamer (2013) found that chil-
dren with better inhibitory control performed better on metaphor comprehension 
tasks. Traditionally, these findings have been argued to suggest that inhibitory control 
is necessary for children’s metaphor comprehension because it allows them to handle 
conflict between literal and metaphorical meaning (Deamer, 2013; see also 
Pouscoulous, 2011 for a similar discussion). However, making this argument implies 
that literal meaning is inherently active, which children must overcome to appreciate 
metaphorical meaning—a processing account that has been debated (Gibbs & Col-
ston, 2012). Additionally, in light of previous presumptions that young children could 
not access metaphorical meaning, it remains unclear how inhibitory control would 
aid children’s sensitivity to metaphorical meaning because its relative absence would 
suggest the children would encounter no such conflict. Therefore, in keeping with a 
decoupled account, our data instead adds to these findings on inhibitory control by 
supporting the idea that literal meaning is salient (Deamer, 2013). As such, including 
these literal competitors introduces a nonarbitrary conflict in these tasks of metaphor 
comprehension and adds additional demands beyond testing sensitivity alone. 
 
Although our findings suggest that literalist selections appear independent of meta-
phor comprehension, we cannot fully speak to the reasons behind children’s early 
literalist tendencies. The goal of this paper was to disentangle metaphorical and lit-
eral responses from one another and not necessarily specify what underpins each in-
dividually in light of this decoupling. However, because children could successfully 
derive metaphorical interpretations in Experiment 1, and even adults chose literal 
options more often when available in Experiment 2, we assert that protracted meta-
phor comprehension is an unsatisfactory explanation.  
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While using literal alternatives remains a widely accepted method for testing meta-
phor comprehension, using literalism as evidence of a deficient development risks 
mischaracterizing both literal tendencies and underestimating children’s metaphor 
comprehension abilities. Consequently, we caution against perpetuating the assumed 
mapping of literalist responding and (reduced) sensitivity to metaphorical meaning 
and suggest a need for more research into the underpinnings of literalist preferences 
independent from tests of figurative language comprehension. This is particularly 
relevant for research using literal competitors, as differences in our metaphorical pic-
ture selection and reaction time data across experiments showed that literal compet-
itors add processing demands that researchers should consider when evaluating and 
making assumptions about early sensitivity to nonliteral meaning. 
 
Methodological Considerations and Limitations 
 
In our study, we replicated and adapted the choice paradigm used by Pouscoulous 
and Tomasello (2020). Though there have been discussions of potential confounds 
with this paradigm, such as contrastive inference abilities (e.g., Davies et al., 2021) 
and visual-associative processes (Pouscoulous & Tomasello 2020, pp. 164–166), the 
paradigm remains straightforward, has been successfully used in different popula-
tions (e.g., Almohammadi et al., 2025; Buehler et al., 2018), and, importantly, did not 
include literal competitors. However, to address these concerns, we adapted items 
that we felt could have been resolved via contrastive inferencing and still replicated 
and extended the original findings. We also broadened the metaphor types used to 
include more abstract metaphors and collected reaction time data to test the robust-
ness of the task—particularly concerning its test of metaphor comprehension instead 
of visual associations.  
 
In the original study, children could possibly have resolved the referential assign-
ment via visual associations. For example, the word “hat” in the phrase “The tower 
with the hat” could have triggered the expectation that there would be something on 
top. Therefore, like Pouscoulous and Tomasello (2020), children may have selected 
the metaphorical option in our first experiment because it was the only option with a 
salient property on top. Although this is possible, it remains unclear how this resolu-
tion process would qualify as inherently nonfigurative or purely associative. One 
could argue that this process mirrors the one described for lexical broadening (Wil-
son & Carston, 2007), where the concept encoded by “the hat” is broadened to also 
denote other objects that occupy the same spatial relation of being on top to their 
bearers. Nonetheless, we also included more abstract metaphors to avoid these po-
tential visual heuristics and found that children performed above chance on all met-
aphor types. Although this heuristic might be available in more attributional trials, it 
is unlikely to uniformly apply to our other metaphor types, where this meaning is 
more abstracted (e.g., as in “the drawing that is angry”).  
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Also, because associative accounts are usually highlighted as a leaner contrast to a 
richer cognitive account, it remains to be explained why participants took generally 
longer to progress through the first experiment. Although contested as an account of 
how communication works, one could argue that the initial search for the literal 
meaning adds extra time (Grice, 1975; though cf. Sperber & Wilson, 2008). However, 
the fact that children took longer to respond literally in Experiment 2 compared to 
Experiment 3 contradicts this account because it suggests that children are not simply 
searching for literal meaning in the first instance. We also controlled for potential 
low-level features of the images that could contribute to how children responded. Our 
preference assessment data showed that children chose randomly between image 
comparisons (i.e., metaphorical vs. distractor, metaphorical vs. literal, and literal vs. 
distractor) when instructed with the neutral phrase “Show me one.” Only when we 
made the metaphorical or literal meaning available in the main experiments did they 
reliably attend to one image over the other. Thus, regardless of broader concerns 
about what forced-choice tasks reveal about metaphor comprehension, our reaction 
time data and results across different metaphor types and test prompts suggest that 
children reliably selected specific referents based on the communicative context, ra-
ther than relying solely on visual shortcuts (though see Shanks, 2010, for a discussion 
on how associative and cognitive accounts can complement each other). 
 
Lastly, our task did not use any disambiguating discourse context in line with previous 
research (though cf. Keil, 1986 and Gardner et al., 1975 for arguments against testing 
metaphor sans discourse). Because we did not have any disambiguating context, we 
cannot speak to the literal “bias” explicitly, as even though participants exclusively 
chose literally, they did not do so despite more appropriate alternatives (see Tversky 
& Kahneman, 1974 for discussions operationalizing biased responding). We do not 
see this as an issue with the current design, as one of our core motivations was to 
highlight potential issues with traditional forced-choice paradigms. Therefore, we in-
tentionally chose these ambiguous scenarios to cohere with previous research. Addi-
tionally, although our findings show that literal competitors add nonarbitrary impact 
to tasks of metaphor comprehension, we do not claim to have resolved the literal bias 
full stop. However, considering that children could derive metaphorical interpreta-
tions without this prior discourse suggests that the facilitative effect of context ob-
served in previous studies may help children resolve the choice between literal and 
metaphorical interpretations, rather than explain their general ability to derive met-
aphorical meaning. We therefore suggest that considering participants’ responses to 
literal competitors, even if provided with disambiguating context, that literally biased 
responding should not be taken simply as evidence of a deficit, or even fragility, with 
metaphor. Instead, equal attention should be given to why literal meaning might be 
particularly salient or prioritized by children. 
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Developmental Trajectories 
 
We replicated Pouscoulous and Tomasello’s (2020) finding that 3-year-olds can under-
stand attributional metaphors and extended it to more abstract metaphors such as 
functional and psychological ones. Previous research found that younger children 
performed worse on abstract metaphors compared to older children (Asch & Nerlove, 
1960; Gentner, 1977; Winner et al., 1976), so when extending our paradigm, we in-
cluded older children to be able to detect any such developmental differences. 
Though broadly, children of all ages and adults performed similarly, we did find some 
evidence to suggest that 3-year-olds less successfully derived metaphorical interpre-
tations compared to 5- and 7-year-olds. However, we also found that 3-year-olds were 
less successful in the control condition (Experiment 3), so it could be that word 
knowledge instead of the ability to derive metaphorical interpretations explains these 
differences (see also Keil, 1986; Norbury, 2005; Vicente & Martín-González, 2021). 
Whether these small differences in our data resulted from simple word knowledge 
differences or differences in metaphor processing would require further research. 
However, for the purpose of our study, the fact that children performed above chance 
regardless of these potential differences—and that younger children were not more 
literally biased in the second experiment—highlights children’s general ability with 
novel, nominal metaphors and suggests that literalist responses should not be taken 
as direct evidence of deficient metaphor comprehension. 
 
Children of all ages and adults similarly passed our metaphorical selection task in Ex-
periment 1 and chose literally in Experiments 2 and 3. However, even though surface 
accuracy levels appear comparable, the reaction time data indicate different pro-
cessing strategies. Across all ages, participants responded more slowly in the meta-
phor versus distractor condition (i.e., Experiment 1) than in the literal versus distrac-
tor condition (i.e., Experiment 3). This finding aligns with research suggesting that 
deriving metaphorical meaning is more effortful (e.g., Noveck et al., 2001). We also 
found that reaction times overall decreased with age, which could be due to factors 
other than children’s developing competence with metaphor comprehension. For in-
stance, it might be that access and retrieval of conventional senses are generally 
slower in children than in adults.  
 
To explore whether participants were still sensitive to the metaphorical meaning 
when literal options were available, we conducted a third experiment to see if chil-
dren’s literal selections were processed faster in this unambiguous context than in 
Experiment 2. We found that 3- and 5-year-olds, as well as adults, took longer to re-
spond literally in Experiment 2 compared to Experiment 3. The fact that participants 
were highly literal in both studies but took significantly longer when the context was 
more ambiguous demonstrates their lingering sensitivity to the competing metaphor-
ical alternatives despite their literalist responses. 
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However, we do not claim that this sensitivity can be extrapolated to reflect partici-
pants’ full comprehension of the situation’s ambiguity, as we might expect that to re-
sult in longer reaction times overall (as seemingly if one were sensitive to the ambi-
guity of the choice, then making that choice should take longer compared to situa-
tions without any ambiguity). Instead of suggesting that younger children’s choices 
are literal because they cannot access metaphorical meaning, some of the develop-
mental differences seen across the literature may result from developing sensitivities 
to referential ambiguity (see Long et al., 2021 for a similar discussion with their data 
with 13-year-olds). It could also be that this sensitivity interacts with the ability to 
overcome the less effortful choice (i.e., literal interpretation). Because we did not pro-
vide disambiguating discourse context we cannot speak to a clear distinction between 
these alternatives, especially in light of adults’ literal responses in the ambiguous con-
text. However, we still argue that decoupling these alternatives from children’s met-
aphor comprehension provides a better explanation for the data. Even considering 
the curious reaction time shift in the 7-year-olds, where they appeared to choose lit-
erally in Experiment 2 just as quickly as in Experiment 3: It seems more likely that 
these older children were more influenced by the presence of a literal alternative than 
a loss of sensitivity to metaphorical meaning (see Lee et al., 2022 for similar findings 
with surface-meaning biases in 8-year-olds and Köder & Falkum, 2020 for accounts on 
related U-shaped developments in nonliteral language contexts).  
 
Conclusion 
 
Our study challenges the common assumption that literal responses represent fragile 
metaphor comprehension. Contrary to deficit-based expectations, young children 
successfully derived metaphorical interpretations, and we found no age-related de-
cline in literalist responses within ambiguous contexts where both metaphorical and 
literal options were available. We cannot argue whether these findings generalize to 
all metaphor comprehension because we did not probe children’s understanding of 
metaphor forms. However, given that even adults chose mostly literally when pro-
vided literal options, it is clear that literal options introduce a meaningful conflict that 
would likely persist across tasks. Consequently, previous research, which often in-
cluded literal competitors, may have underestimated children’s early metaphor com-
prehension abilities.  
 
Ultimately, our findings call for a decoupling of literalist responses from metaphor 
comprehension ability and for researchers to more clearly distinguish between stud-
ies assessing sensitivity to metaphorical meaning from those investigating when met-
aphorical interpretations “ought” to be prioritized over literal ones. Further, we urge 
researchers who use literal options to interpret any literalist responding cautiously 
rather than treating it as evidence of figurative language difficulties, especially in 
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light of increasing evidence of children’s early sensitivity to metaphorical meaning 
and harmful implications resulting from deficit-worded accounts. 
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Supplementary Information 
 
Table S1. Children’s average language development demographics per experiment 
and age group 
 
age exp N %  

female 
%  

exposure 
to lang1 

%  
lang1 

= 
norsk 

%  
w/  

language 
dev’t 

 issues 

%  
w/ 

dev’t  
issues 

%  
care-

giver A  
w/  

master’s 
edu 

%  
care-

giver B  
w/  

master's 
edu 

3 3 16 19 95 100 19 0 50 44 

3 2 16 38 97 94 0 0 50 25 

3 1 18 50 84 92 11 0 50 56 

5 3 17 29 84 91 6 6 31 44 

5 2 17 24 83 94 12 0 29 53 

5 1 13 54 82 92 15 0 33 33 

7 3 14 21 90 96 14 7 15 31 

7 2 24 50 83 94 13 0 50 32 

7 1 10 70 96 85 40 10 14 0 

 
Note. All children were born in Norway. Sample sizes will vary from the original ex-
perimental groups as the form was optional for caregivers and could include excluded 
participants (for practice failures). We did not collect these data from adult partici-
pants. 
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Table S2. Average inhibitory control task scores per experiment / age group 
 
Age Group Experiment N Mean  SD 

Adult Experiment 1 26 0.81 0.39 

Experiment 2 26 0.88 0.32 

Experiment 3 16 0.83 0.38 

7 Experiment 1 25 0.97 0.06 

Experiment 2 26 0.98 0.05 

Experiment 3 15 0.96 0.07 

5 Experiment 1 27 0.74 0.31 

Experiment 2 26 0.74 0.32 

Experiment 3 16 0.83 0.15 

3 Experiment 1 28 0.76 0.23 

Experiment 2 28 0.67 0.33 

Experiment 3 17 0.54 0.32 

Note. Sample sizes will vary from the original experimental groups as this task was 
always run last, some participants withdrew before taking the task, and data is from 
all possible subjects (including replacements and those excluded for practice fail-
ures). Task = DayNight for children and = Flanker for adults. 
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Table S3. Proportion of metaphorical picture selections in Experiment 1 by item and 
metaphor types for 3-year-olds 
 
Age Metaphor Type Metaphor Item Statement in 

English 
Mean Correct 
(proportion) 

3 Replicated Attribu-
tional 

The tower with the hat 1.00 
The car with the backpack 0.73 
The carrot with the hair 1.00 
The dog with the brown shoes 0.92 
The bottle with the belly 0.85 

New Attributional The tree with the arms 1.00 
The head with the spaghetti 0.89 
The sky with the cookie 0.54 
The hot cocoa with the pillows 0.85 
The tree with the fried eggs 0.42 

Functional The frog with the umbrella 0.92 
The fox with the flashlight 0.88 
The monkey with the hammer 0.69 
The squirrel with the cup 0.77 
The bug on the plane 0.96 

Psychological The plant that is sad 0.73 
The balls that are happy 0.65 
The drawing that is angry 0.81 
The bag that is sleeping 0.69 
The boy that is on fire 0.81 
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Table S4. Proportion of metaphorical picture selections in Experiment 1 by item and 
metaphor types for 5-year-olds 
 
Age Metaphor Type Metaphor Item Statement in 

English 
Mean Correct 
(proportion) 

5 Replicated Attribu-
tional 

The tower with the hat 1.00 
The car with the backpack 0.93 
The carrot with the hair 1.00 
The dog with the brown shoes 1.00 
The bottle with the belly 1.00 

New Attributional The tree with the arms 0.89 
The head with the spaghetti 1.00 
The sky with the cookie 0.89 
The hot cocoa with the pillows 1.00 
The tree with the fried eggs 0.07 

Functional The frog with the umbrella 1.00 
The fox with the flashlight 0.85 
The monkey with the hammer 0.89 
The squirrel with the cup 0.93 
The bug on the plane 0.96 

Psychological The plant that is sad 0.96 
The balls that are happy 0.93 
The drawing that is angry 0.96 
The bag that is sleeping 1.00 
The boy that is on fire 0.96 
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Table S5. Proportion of metaphorical picture selections in Experiment 1 by item and 
metaphor types for 5-year-olds 
 
Age Metaphor Type Metaphor Item Statement in 

English 
Mean Correct 
(proportion) 

7 Replicated Attribu-
tional 

The tower with the hat 1.00 
The car with the backpack 0.92 
The carrot with the hair 1.00 
The dog with the brown shoes 1.00 
The bottle with the belly 1.00 

New Attributional The tree with the arms 1.00 
The head with the spaghetti 1.00 
The sky with the cookie 0.92 
The hot cocoa with the pillows 1.00 
The tree with the fried eggs 0.28 

Functional The frog with the umbrella 1.00 
The fox with the flashlight 1.00 
The monkey with the hammer 0.92 
The squirrel with the cup 1.00 
The bug on the plane 0.96 

Psychological The plant that is sad 1.00 
The balls that are happy 0.88 
The drawing that is angry 1.00 
The bag that is sleeping 1.00 
The boy that is on fire 0.92 
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Figure S1. Proportion of metaphorical picture selections in Experiment 1 across all 
metaphor types and ages. 
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