Fifteen-month-olds accept arbitrary shapes as symbols of familiar kind tokens
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Abstract

Across three experiments, we show that 15-month-old infants
understand that arbitrary objects can be used as symbols. Ex-
periment 1 shows that infants map geometric shapes (e.g., a
triangle) onto familiar discourse referents (e.g., a duck) based
on labeling (e.g., “Look, a duck!”). Experiment 2 shows that
infants do not generalize these mappings to a new speaker.
This rules out the alternative hypothesis that infants interpret
the labeling events literally. Experiment 3 shows that infants
are sensitive to the conceptual identity of the discourse refer-
ent. After being told that one shape represents an agent (e.g.,
a duck) and another shape represents a patient (e.g., a cup),
infants attend differentially when the agent symbol moves to-
wards the patient symbol than the opposite. This rules out the
alternative hypothesis that infants interpret the labeling events
as referential pacts. The findings jointly indicate that symbolic
relations are easily activated and available early in human de-
velopment.
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Introduction

In communication, humans often set up STAND-FOR rela-
tions—local mappings between visual symbols and discourse
referents, the entities they want to communicate about (e.g.,
Clark, 2016). The symbols may be objects that are imme-
diately available in the environment and repurposed to de-
pict a relevant scene (e.g., bottles on the table manipulated
to convey the dynamics of a car accident). Alternatively, the
symbols may be generated specifically for the occasion, as in
graphs or maps (e.g., rectangles used to represent bridges).
Often, what a symbol represents cannot be retrieved from
its visual features. In such cases, the identity of the dis-
course referent can be conveyed via linguistic stipulation, ei-
ther verbally (e.g., “This bottle is a car, this pencil is a pedes-
trian”) or in a legend appended to the representation (e.g.,
[] = bridge). Taken literally, these predicative expressions
would cause confusion since bottles are not cars and nor are
rectangles bridges. Yet the literal interpretation does not even
seem to be even considered. In such cases, human adults intu-
itively infer that “is a” and the equality sign are shorthand for
“stands for” without being confused about the literal falsity
of the predication. Moreover, adults are also aware that these

mappings are local. Outside of the current communicative
1

context, the objects may not stand for the same referents (e.g.,
rectangles can stand for other things in a different graph).

In this study, we ask, first, whether human infants can
set up STAND-FOR relations between arbitrary visual objects
(e.g., atriangle) and discourse referents belonging to familiar
kinds (e.g., a duck). Second, we test the locality of STAND-
FOR relations by checking whether infants generalize these
mappings to a different discourse. Third, we test whether in-
fants, like adults, interpret events involving the symbols in
terms of the identity of the discourse referents. That is, after
establishing that the bottle stands for a car, and the pencil for
a pedestrian, will they interpret the bottle moving towards the
pencil as the car approaching the pedestrian?

Experiment 1: Arbitrary Symbols
Experiment 1 tested whether infants can represent STAND-
FOR relations between geometric shapes and discourse
referents in a looking-while-listening paradigm based on
(Pomiechowska, Brody, Csibra, & Gliga, 2021). If they can,
they should accept objects as symbols for discourse referents
even when those objects do not belong to the kind to which
the discourse referent belongs—just like they do in pretense.
Infants were exposed to geometric shapes (e.g., an octagon
and a triangle), one of which received a familiar label (e.g.,
“car” applied to an octagon). They were then asked a question
containing the same word used at stipulation (e.g., “Where is
the car?”’) or a different word, not heard previously in the
trial (e.g., “Where is the spoon?”). We predicted that, upon
hearing the same word at test, infants (i) would look above
chance at the labeled object; and (ii) would look longer at it
than when hearing a different word.

Methods

Transparency and Openness The hypotheses and meth-
ods were preregistered (http://tinyurl.com/sjcct7yv).
The stimuli, sample trial videos, anonymized data, and anal-
ysis scripts are available on the project’s online Open Science
Framework repository, accessible at http://tinyurl.com/
vt 9zbt3w. The local ethical committee approved all experi-
ments, and informed consent was obtained from the partici-

8pants’ caregivers before the testing session.
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Participants The final sample consisted of 32 typically de-
veloping German-speaking 14—16-month-old infants (M yge =
15 months 9 days, SD,g. = 22.3 days). An additional 4 in-
fants were tested and excluded due to fussiness (n = 2) or
failure to provide sufficient valid data (n = 2). The sample
size was set based on a pilot experiment with 10 participants
analyzed with a growth-curve model that we eventually dis-
carded. However, the sample size is large enough to detect
a mid-sized effect of trial type with 80% power and is above
average for infant studies.

Apparatus Infants’ gaze was recorded using a Tobii Pro
Spectrum eye tracker with an integrated 23.8-inch-diagonal
monitor (resolution: 1920 x 1080; refresh rate: 60 Hz). Ex-
ternal speakers delivered the sound. A custom Python pro-
gram built on PsychoPy 2021.1.3 (Peirce et al., 2019) was
used to calibrate infants’ gaze, present the stimuli, and col-
lect the eye data.

Stimuli Two sets of visual stimuli were used: color pho-
tographs representing 12 objects that are familiar to German-
speaking infants of this age (Grimm & Doil, 2019) and eight
pairs of geometric shapes (see Figure 1 for examples). The
objects’ bounding boxes were matched in width and, when-
ever possible, in height; their display size was approximately
330 x 330 pixels. The stimuli also included an image of a
pointing hand, displayed at 213 x 366 pixels. Audio stimuli
were the 12 nouns corresponding to the familiar kinds de-
picted by the photographs, embedded in carrier phrases: “Hi
baby! Look! An X! Here’s an X! Wow, an X!”, “Where is
the X? X!”. The stimuli were recorded by a female native
speaker of Austrian German in infant-directed speech.
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Figure 1: Overview of the three trial types in Experiment 1.

Procedure Infants were shown animated clips while seated
on their caregivers’ laps. Caregivers wore opaque glasses
throughout the procedure. The experiment consisted of 14 tri-
als, split into 4 Training, 4 Experimental, and 6 Word KnowlI-
edge trials (Figure 1).

Experimental trials (Trials 5-8) consisted of three parts:
baseline, stipulation, and test. All trials started with a blue
curtain covering the display. An attention-getter appeared in
the center of the screen and rotated until the infant oriented
to it for 500 ms. The curtain then went up to reveal a static
display of two geometric shapes, one on the left and one on
the right of the screen. During baseline, the static display was
shown to infants for 2 seconds in silence. Then, the stipula-
tion part started. An animated hand appeared above one of
the two shapes, pointing to it. The hand moved up and down
while the infant was greeted (“Hi baby! Look!”) to draw their
attention to the object. The hand stopped above the object,
and infants heard a familiar word 3 times in different carrier
phrases (“A duck! Here’s a duck! Wow, a duck!”). This part
lasted 10 seconds and was followed by a 750-ms break.

The test event started immediately afterward, with a col-
ored rotating spiral appearing in the center of the screen
to draw infants’ attention to a neutral point on the display,
equidistant from both objects. Once the infant oriented to
it for 500 ms, the spiral started expanding and contracting
cyclically while the test question was played. Depending
on the trial type, the test question contained the same word
used during the stipulation event (e.g., “Where is the duck?”)
or a different word, not heard before during the trial (e.g.,
“Where is the cup?”). The attention-getter disappeared at
the offset of the test question, which coincided with the start
of the measurement period. One second into the measure-
ment period, infants heard the test word one more time (e.g.,
“Duck!”/*“Cup!”). The measurement period ended after 3.5
seconds, when the blue curtain went down to cover the entire
display. Each trial lasted approximately 22 seconds.

Training trials (Trials 1-4) were identical to Experimen-
tal trials except that the two shapes were replaced by famil-
iar objects, which received their regular labels. These trials
were meant to familiarize infants with the general procedure
and speaker and to give them evidence that the disembodied
voice is connected to what is happening on the screen. Word
Knowledge trials (Trials 15-18) were identical to Training
trials, except that the stipulation event was removed. The
two-second silent period at the beginning of the trial was im-
mediately followed by the test question.

Design The experiment had a within-subjects design with
one independent variable, Trial type, which was two-leveled:
Same Word and Different Word. For each infant, the Ex-
perimental trials alternated according to an ABBA pattern,
with the type of the first trial (Same Word or Different Word)
counterbalanced across subjects. The side of the object that
was pointed to and labeled during the stipulation event fol-
lowed an ABAB pattern, the first side (left or right) counter-
balanced across subjects. For the six Word Knowledge trials,
the side of the correct response followed an ABBABA struc-
ture, with first side (left or right) counterbalanced across sub-
jects. The object pairings were randomly sampled for each
subject. First, eight of the 12 object photographs were sam-
pled and grouped into four pairs to create the Training trials.
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In each pair, the two objects were barred from belonging to
the same superordinate kind (e.g., animates: bird—duck), and
the two words referring to them were not allowed to start with
the same phoneme. Within each pair, one object was the tar-
get of labeling in the stipulation phase. Note that six words
are needed to create four trials (one for each Same Word trial,
two for each Different Word trial). For the Experimental tri-
als, we sampled four shape pairings and assigned the remain-
ing six words for the stipulation phase. There was thus no
overlap between the words used at Training and those used
in the Experimental block. The Word Knowledge trials tested
whether infants knew the words used during the Experimental
trials. In each trial, an object photograph denoted by a noun
previously applied to the geometric shapes was paired with
an object photograph from the Training block.

Data Processing and Exclusion At the end of each testing
session, the Python script outputted a data file containing the
infant’s gaze information on each sample (every 16.67 ms).
The gaze coordinates were averaged across eyes along both
horizontal and vertical axes. The screen was divided into
three regions, depending on whether the infant was looking
at the left-object area of interest (AOI), the right-object AOI,
or elsewhere on the screen. A gaze data point was considered
valid if the eye-tracker registered the gaze for at least one
eye. As preregistered, an Experimental trial was excluded
from the analysis if infants provided less than 60% valid data
during baseline (n = 3 trials) or test (n = 6 trials). Infants
were excluded if they failed to provide at least one valid trial
of each type in the Experimental block (n = 2). After this
preprocessing step, we derived a new variable, Highlighted
Object, which received a score of 1 if infants’ gaze fell into
the AOI of the highlighted object, O if infants looked to the
AOI of the other object, and NA if infants looked elsewhere
on the screen. The samples from the fest period of each trial
were grouped into 50-ms bins (70 bins total, corresponding
to the 3.5-second test period). For each bin, we computed the
variable PLH, representing the proportion of looks to the re-
gion of the highlighted object out of the sample that fell into
the regions of either object.

Missing Data There were several types of missing data,
all of which were excluded from the analysis: (i) missing
gaze data due to eye tracker signal loss (e.g., because in-
fants looked away from the screen); (ii) missing AOI gaze
data (e.g., because infants looked to other parts of the screen
during a particular bin); and (iii) missing trials (e.g., because
the infant did not provide enough valid data for that trial).

Data Analysis We initially preregistered a growth-curve
analysis on infants’ PLH in each test time bin. We decided
against this analysis due to its high false-positive rate (Huang
& Snedeker, 2020). Instead, we report two-tailed paired 7-
tests on PLH trial averages. Even though this analysis devi-
ates from the preregistration, it is more conservative than the
growth-curve one. This makes it more likely to falsify our
predictions than to confirm them.

Results

Figure 2 plots infants’ proportions of looking at the high-
lighted object at test in the Experimental block, averaged by
trial type. Infants looked at the highlighted object above
chance on Same Word trials, #(31) = 3.78, p = .001, Co-
hen’s d = 0.67. On Different Word trials, infants’ PLH scores
did not differ from chance, #(31) = 1.41, p = .169, Cohen’s
d = 0.25. While they looked more at the highlighted object
on Same Word than on Different Word trials, the difference
does not exclude the null hypothesis, #(31) = 1.55, p = .132,
Cohen’s d = 0.27.

This was not because the words applied to the shapes were
new to them. The results in the Word Knowledge block show
that infants knew the labels used in the Experimental block,
#(31) =4.28, p < .001, Cohen’s d = 0.76.

Where is the...

£ 1.00

0.75
Look! A duck!

0.50

Looking at the
Highlighted Object

0.00

...duck? ...cup?
Figure 2: Experimental setup and results of Experiment 1.
Infants look above-chance at a shape given a familiar noun
(e.g., “duck’) when asked about the same noun but not when
asked about a different noun.

Discussion

The main finding of Experiment 1 is that infants reliably look
to a geometrical shape labeled “duck” when asked where the
duck is. By contrast, when asked about a different word, in-
fants did not distinguish between the two objects'. But why
would infants accept a mislabeling event with such ease? Our
STAND-FOR account predicted this, but other accounts can
accommodate this finding as well. Infants could have inter-
preted the statements literally and, for instance, recategorized
the cross as a duck after it was labeled as such (e.g., Jaswal &
Markman, 2007). A second possibility is that infants inferred
that all the nouns used in this strange way are homonyms
(e.g., Mazzocco, 1997). That is, on hearing “This is a duck!”
applied to a green cross, perhaps they created a new lexical
entry for “duck” that meant cross. These alternative hypothe-
ses attribute a global representation to infants, since, in both
cases, infants would learn generalizable information: either

I'The lack of a statistical difference between the two trial types is
likely due to the growth curve model on which the sample size was
based, which probably overestimated the magnitude of the effect.
Experiment 2 confirms this.
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that the green cross is a duck or that the noun “duck” has a
second meaning. This is unlike STAND-FOR relations, where
the link between the cross and the duck should not be ex-
tended outside the communicative episode in which the link
is created. To test this, we reasoned that if infants come to
believe that the cross is a duck, or if they create a new lex-
ical entry for “duck”, then it should not matter who probes
that piece of information. Experiment 2 therefore introduced
a second speaker and varied the identity of the speaker who
asks the test question.

Experiment 2: Different Speakers
Methods

Transparency and Openness The Open Science Frame-
work preregistration can be accessed at http://tinyurl
.com/5tykfuh7. Except where noted, the methods were
identical to Experiment 1.

Participants The final sample consisted of 64 typically
developing German-speaking 14—16-month-olds (Mg = 15
months 10 days, SDyee = 27.26 days)>. An additional 16
subjects were tested and excluded due to fussiness (n = 9),
parental intervention (n = 1), or failure to provide enough
valid data (n = 6).

Stimuli The audio stimuli recorded by the female speaker
in Experiment 1 were doubled by a new set of stimuli
recorded by a male speaker. The recordings from the two
speakers were closely matched in duration (r = .98).

Design Training trials were identical to Experiment 1, ex-
cept that two were delivered by the female speaker and two
by the male speaker. This was done to accustom infants to
both speakers. As infants were not supposed to infer that the
speakers were part of the same scene, the same speaker deliv-
ered both the stipulation and the test question at Training.

Experiment 2 had two Experimental blocks—Same
Speaker and Different Speaker—consisting of the same
shape—word mappings. Each block was delivered either be-
fore (Trials 5-8) or after the Word Knowledge block (Tri-
als 15-18), counterbalanced across subjects. In the Different
Speaker block, one speaker delivered the stipulation, and the
other asked the test question. In the Same Speaker block,
the same speaker delivered the stipulation and test question
(as in Experiment 1). For the Training and first Experimental
block, the speaker delivering the stipulation alternated in an
ABBA-ABAB pattern for half the subjects and in an ABAB-
ABBA pattern for the other half (Male vs. Female on the first
trial counterbalanced). In the Word Knowledge trials (Trials
9-14), half the subjects were tested by the male speaker and
half by the female speaker.

ZExperiment 2 was originally planned as a smaller experiment (n
= 32) with the Experimental blocks presented in fixed order: Differ-
ent Speaker followed by Same Speaker. We obtained the predicted
result but wanted to ensure its robustness and therefore ran a second
experiment with the Experimental blocks presented in reverse order.
For brevity, we present the data collapsed across the two samples.

Data Analysis Using the same trial exclusion criteria as in
Experiment 1, we excluded 17 trials in the first Experimen-
tal block (Trials 5-8) and 36 trials in the second Experimen-
tal block (Trials 15-18). Five infants fussed out before the
second Experimental block but were included in the analysis
because they passed the valid-data threshold in the first block.

Results

The Same Speaker block replicated Experiment 1 (Figure 3).
Infants looked at the highlighted object above chance in Same
Word trials, #(59) = 3.70, p < .001, Cohen’s d = 0.48, but not
in Different Word trials, #(59) = 0.50, p = .617, Cohen’s d =
0.065. The effect of trial type was higher than in Experiment
1 and incompatible with the null hypothesis, #(26) = 2.03,
p = .046, Cohen’s d = 0.27.

Infants’ behavior in the Different Speaker block was
markedly different. They did not look at the highlighted ob-
ject above chance in either Same Word trials, #(61) = 1.67,
p =1, Cohen’s d = 0.21, or in Different Word trials, 7(31) =
0.90, p = .37, Cohen’s d = 0.12. In addition, infants looked
equally at the highlighted object in Same Word and Different
Word trials, #(60) = 0.43, p = .666, Cohen’s d = 0.06.

An exploratory mixed ANOVA on the subset of infants
who passed the inclusion criteria in both blocks, with Speaker
Identity and Trial Type as within-subjects factors and Block
Order (Same-Speaker first versus Different-Speaker first) as a
between-subjects factor, revealed that Block Order may have
interfered with the main independent variables (Trial Type X
Speaker Identity x Block Order: F(1, 54) = 3.748, p = .058).
When the Different-Speaker block was presented first, there
was a significant interaction between Trial Type and Speaker
Identity, F (1, 26) = 5.628, p = .025. When the Same-Speaker
block was presented first, there was no such interaction, F(1,
28) = 0.17, p = .684. Nevertheless, even infants in this sub-
set looked reliably at the highlighted object only on Same
Speaker—Same Word trials, #(31) = 2.77, p = .009 (all other
ps > .08).

Where is the...
eaker Differes
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...duck' ...cup? ...duck? ..cup?

Figure 3: Experimental setup and results of Experiment 2.
Infants look above-chance at a shape labeled with a familiar
noun (e.g., “duck”) only if the same speaker who stipulated
the mapping asks the test question.
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Discussion

Experiment 2 shows that infants did not generalize the
shape—label mapping to a new speaker. Thus, they neither
recategorized the objects based on the labeling event nor cre-
ated new lexical entries for the known nouns. Therefore, the
mappings infants set up are local to the context in which they
are created, in line with the STAND-FOR account.

However, it remains possible that the locality has a differ-
ent origin from the one we hypothesized. For instance, infants
might have taken the stipulating speaker to be an unreliable
source (e.g., Koenig & Woodward, 2010), who falsely believe
the cross is a duck. In this case, the locality of the shape-
label mapping would have arisen due to an idiosyncratic prop-
erty of the speaker. Alternatively, infants may have under-
stood the labeling events as introducing referential pacts (e.g.,
Matthews, Lieven, & Tomasello, 2010). In this case, infants
would have interpreted “duck” like a proper name—an arbi-
trary label the speaker uses to refer to the cross. There is no
reason under these accounts to interpret the cross in a duck-
related way once the mapping is in place. In the unreliable-
testimony case, infants know the cross is not a duck. In the
referential-pact case, the noun “duck” is an empty label that
picks out the cross. By contrast, in the STAND-FOR case, once
a cross stands for a duck, the information conveyed via the
cross will be interpreted as information predicated about the
(imagined) duck. To test this, Experiment 3 asked whether
infants distinguish events that are consistent with the identi-
ties ascribed to the shapes from those that are not, building on
the early-developing distinction between animate agents and
inert objects (e.g. Rakison, Cicchino, & Hahn, 2007).

Experiment 3: Moving Symbols
Methods

Transparency and Openness The experiment was prereg-
istered at the Open Science Framework (http://tinyurl
.com/mr27wnba). Except where noted, the methods are iden-
tical to Experiments 1-2.

Participants The final sample consisted of 32 typically de-
veloping Hungarian-speaking 14—16-month-olds (M g = 15
months 23 days, SD,g. = 24.3 days). Results from a pilot
with eight participants indicated that 28 participants would be
enough to detect an effect of looking time with 80% power.
An additional eight infants were tested and excluded due to
fussiness (n = 6), technical error (n = 1), or maxing out on
seven out of the eight trials (n = 1).

Procedure The experiment consisted of eight trials, split
into four Training and four Experimental trials. As in Exper-
iments 1-2, Training trials (1-4) were meant to familiarize
the infant with the general procedure and to give them evi-
dence that the voice they hear is connected to what is happen-
ing on the screen. The structure of a trial was very close to
that in Experiments 1-2. Infants were shown displays of the
same shapes as in Experiments 1 and 2, but here both shapes
were pointed to and labeled. One of the shapes was labeled

with a noun denoting an animate kind (e.g., “duck”), the other
with a noun denoting an inanimate kind (e.g., “shoe”). Af-
terward, one of the objects started moving toward the other
object, on a straight path, at uniform speed. On Congruent
trials, the moving object was the shape standing for the ani-
mate entity; on Incongruent trials, the moving object was the
shape standing for the inanimate one. After the moving object
reached the stationary object, a ding sound was played, and
the moving object wiggled for 666 ms (by rotating left—right
around its vertical axis for two cycles). After the wiggling
stopped, looking times were measured until infants looked
away from the screen for 2 consecutive seconds or until 30
seconds passed. Each trial lasted between 30 seconds (with-
out the test period) and up to a minute (with the test period).

Design The experiment had a within-subjects design with
one independent variable, Trial type, and two levels,
Congruent and Incongruent. Each infant was adminis-
tered the following trial alternation: ABBA-BAAB (Train-
ing—Experimental), with type of first trial (Congruent or In-
congruent) counterbalanced across subjects. The side of the
object labeled with an animate noun and the side of the object
labeled first were counterbalanced across subjects. The ani-
mate—inanimate object pairings and the visual symbol pair-
ings were fixed, but the symbol-label pairings within each
pair of symbols were counterbalanced. The pair succes-
sion cycle was fixed across subjects (duck—shoe, bear—spoon,
cat-banana, dog—sippy cup), but the identity of the pairing
shown in the first trial was counterbalanced across subjects.
Thus, across subjects, each pair appeared an equal number of
times in each of the eight serial positions.

Coding Infants’ looking times were coded online by the ex-
perimenter, who pressed a key whenever the infant looked
away from the screen (if the key was pressed for 2 seconds un-
interruptedly, the trial ended). The key presses were recorded
in the data file obtained for each infant at the end of the test
session. Looking times were also coded offline by the first
author based on video recordings. Online—offline inter-rater
reliability was substantial (total looking time: Spearman’s
p = .96; first looks: Spearman’s p = .89). The analyses are
based on the offline coding.

Data Exclusion As preregistered, experimental trials were
excluded if infants attended the screen less than 40% of the
time during the movement phase (n = 2 trials). Two addi-
tional Experimental trials were ended too early by the exper-
imenter and had to be excluded as well.

Measures We preregistered two paired ¢-tests for both total
looking times and first looks. Total looking times measure the
amount infants spend looking anywhere on the screen once
movement stopped until looking away from the screen for 2
seconds without looking back or until 30 seconds pass. First
looks measure the amount infants spend looking on-screen
before disengaging for the first time. Looking times were log-
transformed before the analysis (Csibra, Hernik, Mascaro,
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Tatone, & Lengyel, 2016). If infants are sensitive to the nouns
heard during the stipulation, they should distinguish the trials
in which animate referents move toward inanimate referents
from the trials in which the opposite occurs. We predicted
that infants would look longer on Congruent than on Incon-
gruent trials. This may be surprising, since infants tend to
look longer at incongruent stimuli (but see Hernik, Fearon, &
Csibra, 2014). However, the pilot revealed a preference for
Congruent trials in both total and first looks. This may be be-
cause looking times do not index violation of expectation in
this task but preference or anticipation?.

Results

As predicted, infants looked longer at the screen on Congru-
ent trials than on Incongruent trials (Figure 4). The effect
was significant on first looks, #(31) = 2.53, p = .021, Co-
hen’s d = 0.43. Total looking times exhibited a similar but
weaker pattern, 7(31) = 1.45, p = .157, Cohen’s d = 0.26.
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Figure 4: Experimental setup and results of Experiment 3.
Infants look longer on trials in which the movement of the
symbols is compatible with their conceptual identities.

Discussion

Experiment 3 shows that infants interpret the events involv-
ing the symbols based on the identity of the corresponding
discourse referents. This is not due to the expectation that
symbols will inherit the properties of the discourse referents
they stand for (e.g., that duck symbols will move) but to the
fact that the motion of the shape is interpreted symbolically
as the motion of the discourse referent the shape stands for.
Thus, after assigning the cross to a duck and the star to a shoe,
the movement of the cross is more easily interpretable (i.e.,
as the duck moving) than the movement of the star, because
ducks are animate and shoes are not.

Experiment 3 thus rules out that infants in Experiments
1-2 inferred that the speaker was unreliable. If they had,
they would not have had a preference for the movement of
the shapes depending on how they were labeled. Experiment

3In a follow-up experiment conducted after submitting this
manuscript, we found that more extensive familiarization with the
task leads to the standard incongruency effect on total looking times.

3 also rules out the referential-pact alternative. The nouns
applied to the shapes were not interpreted as proper names:
infants took the noun “duck” to mean duck®.

General Discussion

The present study indicates that 15-month-olds represent
STAND-FOR relations. Experiment 1 shows that 15-month-
olds accept arbitrary shapes as symbols. Experiment 2 shows
that infants know that STAND-FOR relations are local to the
discourse and should thus not be generalized to a new speaker.
Finally, Experiment 3 shows that infants interpret the events
involving the symbols based on their knowledge about the
discourse referents.

The results have implications for the investigation of sev-
eral other cognitive phenomena in development. On the
theoretical side, the results suggest that object substitution
pretense is not a special cognitive capacity (Harris & Ka-
vanaugh, 1993; Leslie, 1987). Instead, infants—at least from
15 months onward—can set up local assignments between ar-
bitrary objects and discourse referents, and this capacity man-
ifests itself under many guises, one of which is pretend play.

On the methodological side, these findings are relevant to
labeling studies in general and to mislabeling studies in par-
ticular (e.g., Csink, Mareschal, & Gliga, 2021; Dautriche,
Goupil, Smith, & Rabagliati, 2021; Koenig & Woodward,
2010). In mislabeling experiments, infants (or children) are
exposed to an adult speaker who consistently mislabels ev-
eryday objects, and researchers measure infants’ subsequent
inferences about the speaker. In the present experiments, mis-
labeling occurred as well, yet infants embraced this without
inferring anything about speaker reliability. Thus, mislabel-
ing events may be taken as stipulating STAND-FOR relations,
at least on some occasions. This would explain why infants
are less likely to learn new words in such contexts: They
know this is not a word-learning situation, so they will simply
restrict the mappings to the local discourse.

At the same time, the results raise a challenging question.
How do infants know when to interpret a labeling event as
STAND-FOR stipulation versus IS-A predication? It could be
that infants can access both interpretations and use additional
information to choose between the two. In our study, infants
may have opted for the STAND-FOR interpretation based on
world knowledge: the cross is not a duck, so it must stand
for one. Alternatively, infants may go for the STAND-FOR
interpretation by default and extract the 1S-A meaning over
many encounters with repeated stipulations of the same kind.
To explore these possibilities, a version of Experiment 2 in
which the familiar nouns are replaced by nonce words would
be a good place to start. If infants generalize these nouns to a
different speaker (e.g., Buresh & Woodward, 2007), this will
establish that they can access both interpretations and select
the one that fits best in the context.

4This does not mean that STAND-FOR relations cannot be con-
strued as a type of pact but that they involve relations between ob-
jects and referents, not between labels and objects.
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