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Abstract

Musical properties, such as auditory pitch, are not expressed in the same way across
cultures. In some languages, pitch is expressed in terms of spatial height (high vs. low),
whereas others rely on thickness vocabulary (thick = low frequency vs. thin = high
frequency). We investigated how children represent pitch in the face of this vari-
able linguistic input by examining the developmental trajectory of linguistic and
non-linguistic space-pitch associations in children who acquire Dutch (a height-pitch
language) or Turkish (a thickness-pitch language). Five-year-olds, 7-year-olds, 9-year-
olds, and 11-year-olds were tested for their understanding of pitch terminology and
their associations of spatial dimensions with auditory pitch when no language was
used. Across tasks, thickness-pitch associations were more robust than height-pitch
associations. This was true for Turkish children, and also Dutch children not exposed
to thickness-pitch vocabulary. Height-pitch associations, on the other hand, were not
reliable—not even in Dutch-speaking children until age 11—the age when they demon-
strated full comprehension of height-pitch terminology. Moreover, Turkish-speaking
children reversed height-pitch associations. Taken together, these findings suggest
thickness-pitch associations are acquired in similar ways by children from different cul-
tures, but the acquisition of height-pitch associations is more susceptible to linguistic
input. Overall, then, despite cross-cultural stability in some components, there is vari-
ation in how children come to represent musical pitch, one of the building blocks of

music.
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to language input.

1 | INTRODUCTION

Auditory pitch plays a central role in music. In particular, successive
changes in pitch direction (i.e., contour) form the essence of a melody.
To describe changes in pitch, speakers of English inevitably use spatial
terminology (Pratt, 1930). For instance, pitch can be described as ‘high’
or ‘low’, a melody can ‘rise’ or ‘fall’, and a musical scale can ‘ascend’ or
‘descend’. English speakers thus describe auditory pitch through spatial
terminology, especially spatial height. However, languages vary consid-
erably in how they express musical pitch (e.g., Eitan & Timmers, 2009;
Majid et al., 2018; Shayan et al., 2011). For example, pitch polarity is
described as light versus heavy (Kpelle, Liberia) or young versus old
(Suyd, Brazil) in some languages and cultures (Eitan & Timmers, 2009).
Even when using spatial terminology, there are differences across lan-
guages. The Austronesian language 'Are’are, for instance, expresses
pitchin terms of spatial height, but a high-pitched tone is ‘low’ or ‘down’
(Zemp & Malkus, 1979). Languages like Farsi (Iran), Turkish (Turkey),
and Zapotec (Mexico), on the other hand, do not refer to height but
spatial thickness, with high pitches described as ‘thin’ and low pitches
as ‘thick’ (Shayan et al., 2011). As these examples illustrate, languages
across the world differ substantively in their pitch vocabularies.

There is evidence that differences in pitch terminology can also
influence the way people represent pitch, even in entirely nonlinguis-
tic tasks (Dolscheid et al., 2013, 2020; Fernandez-Prieto et al., 2017).
In one study, Dutch speakers (who talk about pitch in terms of spatial
height) and Farsi speakers (who talk about pitch in terms of thick-
ness) were asked to sing back tones they heard in the presence of
irrelevant visuo-spatial information, that is, lines that varied in either
height or thickness. Whereas Dutch speakers’ singing was influenced
by spatial height but not thickness, the reverse was true for Farsi speak-
ers, thus demonstrating non-linguistic pitch representations differ in
language-specific ways (Dolscheid et al., 2013). Converging evidence
comes from another study that showed English speakers (who pref-
erentially use height-pitch terminology) display stronger non-linguistic
associations between spatial height and pitch than speakers of Catalan
or Spanish (who make less consistent use of height-pitch terminology)
(Fernandez-Prieto et al., 2017). So differences in music terminology—
specifically pitch vocabularies—can affect nonlinguistic associations
between space and auditory pitch.

Critically, although language shapes space-pitch associations, it
does not establish them in the first place. Even young infants possess
implicit associations between spatial dimensions and pitch (Dolscheid
et al., 2014; Jeschonek et al., 2013; Pietraszewski et al., 2017; Walker
et al,, 2010, 2018; but see Lewkowicz & Minar, 2014). For example,
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» Height-pitch mappings are acquired late and require additional scaffolding from lan-

guage, whereas thickness-pitch mappings are acquired early and are less susceptible

* Space-pitch mappings are not static from birth to adulthood, but change over

development, suggesting music cognition is shaped by cross-cultural experience.

4-month-old infants prefer to look at a visual display when a ball mov-
ing upward is accompanied by a rising rather than falling pitch, and
vice versa for a ball moving downwards (Dolscheid et al., 2014; Walker
et al,, 2010). Infants also look longer at displays when a rising pitch
is paired with a tube decreasing in thickness rather than increasing,
and vice versa for falling pitch (Dolscheid et al., 2014). Thus, 4-month-
old infants are sensitive to both height-pitch and thickness-pitch
mappings, suggesting these associations are present prelinguistically.
The existence of early space-pitch mappings in infants seems to
contrast with the language-specific associations evident in adults, beg-
ging the question of what happens between infancy and adulthood. Do
children who acquire different pitch terminologies also differ in their
nonlinguistic space-pitch associations? If so, when and how are chil-
dren’s pitch representations shaped by language? These questions feed
directly into larger debates about cultural influences on music percep-
tion. On the one hand, music seems to be universal (Mehr et al., 2019;
Trehub, 2000), and even infants with minimal exposure to music show
striking similarities to adult listeners, suggesting the presence of uni-
versal perceptual biases in relation to music (for an overview see, e.g.,
Trehub, 2000). However, there is also substantial cross-cultural vari-
ation (Nettl, 2000; Trehub et al., 2015), as well as diversity in how
children come to perceive music (Hannon et al., 2012; Trehub et al.,
2008; Weiss et al., 2020). So a key question is to what extent funda-
mental properties of music perception are shared across cultures and
over development and to what extent they are susceptible to variations
of experience. In the present study, we seek to address this by focus-
ing on a particular type of experience—namely, differential exposure
to music vocabularies across languages. Specifically, we investigate
whether cross-linguistic differences in pitch terminologies modulate

how children represent auditory pitch.

1.1 | The development of associations between
auditory pitch and space

In a previous cross-linguistic study, Shayan et al. (2014) examined
children’s associations between thickness and pitch by comparing
cohorts of Turkish, Farsi, and German-speaking children. Two- to 5-
year-olds saw a cardboard snake who was either thin or thick (i.e.,
physically narrower or wider) and were told the snake was looking for
its friend in one of two houses. Children then listened to two tones—
a high and low pitch sound—emanating successively from each house,
and had to decide where the snake’s friend lived by pointing to the

respective house. Crucially, stimuli were never described in words.
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Nonetheless, children differed in their mapping choices: Farsi and Turk-
ish children associated spatial thickness and pitch consistently, but
the same-aged German children—who are not exposed to thickness-
pitch terminology—did not (Shayan et al., 2014). This suggests linguistic
terminology promotes the development of nonlinguistic space-pitch
associations.

Other studies appear at odds with Shayan and colleagues’ conclu-
sions, however. Starr & Srinivasan (2018), for example, found English
speaking children not only associated pitch with spatial height, but also
displayed consistent associations between pitch and thickness (see
also Starr et al., 2021). This was true even though English children
are not exposed to thickness-pitch vocabulary in their input language,
challenging the idea that linguistic terminology is critically involved in
children’s pitch representations.

Given these inconsistent findings, the role of language in shap-
ing children’s space-pitch associations remains unclear. In the present
study, we build on previous work by addressing some limitations of
earlier studies. We move beyond the work of Shayan et al. (2014) by
examining not only thickness-pitch associations, but also height-pitch
associations, as Starr & Srinivasan (2018) did in their study of English-
speaking children. In addition, we test children from two different
communities—Dutch and Turkish—who are exposed to different pitch
vocabularies (i.e., height vs. thickness), thus going beyond the study of
asingle WEIRD community (Henrich et al., 2010; Kidd & Garcia, 2022).

If language influences nonlinguistic associations between space and
pitch, Dutch and Turkish children’s associations should differ in accor-
dance with the pitch vocabularies of each language. Alternatively, if
language does not (yet) influence associations between space and
pitch, Dutch and Turkish children’s performance should be similar
for the two types of space-pitch associations. Since children seem
to acquire height-pitch terminology remarkably late (e.g., Andrews
& Madeira, 1977; Costa-Giomi & Descombes, 1996; Durkin & Shire,
1990; Durkin & Townsend, 1997; Webster & Schlentrich, 1982), we
included a broad age range, testing children at 5, 7, 9, and 11 years
to obtain more detailed insight into the developmental trajectories of
space-pitch representations.

1.2 | The acquisition of vocabulary for auditory
pitch

Another central goal of the study was to examine children’s acquisition
of pitch terminology itself. As has long been observed, children face
difficulties in the acquisition of height-pitch terminology (Andrews &
Madeira, 1977; Costa-Giomi & Descombes, 1996; Durkin & Townsend,
1997; Webster & Schlentrich, 1982; but see Stalinski et al., 2008; Starr
& Srinivasan, 2018). For instance, Andrews & Madeira (1977) tested
6-,7-, and 8-year-old children’s ability to label tones as high or low and
found only the oldest cohort of 8-year-olds performed above chance
(see Table 1, p. 285). In another task, the same children were asked to
compare two tones and label the second as either higher or lower than
the first. Again, only the oldest children were able to do this, suggesting

the production of pitch terminology is difficult for the child learner.
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Similar difficulties have been observed for children’s comprehension
of pitch terminology (Dolscheid et al., 2015; Sergeant, 1984; Shayan
et al., 2014; although see Starr et al., 2021). For instance, when 4-
to 9-year-olds were asked to find the button that played the high-
est/lowest sounds, all children performed at chance (Sergeant, 1984).
Similarly, younger children (2- to 5-year-olds) did not reliably under-
stand height-pitch terminology when asked which of two sounds was
high or low i pitch (Shayan et al., 2014). So both communicating about
pitch and understanding pitch terminology appears to be challenging
for children.

A possible explanation for this difficulty is that pitch is relatively
abstract: its perception is fleeting, limited to (largely) one channel (i.e.,
auditory, leaving aside felt vibrations for now), and not readily available
for simultaneous comparison, making it harder for children to extrapo-
late relevant features for concept learning. Across languages, abstract
vocabulary is learnt later than more concrete vocabulary (Braginsky
et al,, 2019), so the relatively abstract nature of auditory pitch may
make it challenging for children to acquire. Consistent with this, a train-
ing study found 3- to 5-year-old English speaking children more easily
acquired spatial than auditory meanings of novel words. However, the
same study also found children were as adept mapping novel auditory
meanings to space as they were mapping novel spatial meanings to
sound, contrary to the predictions of a simple concreteness account
(Starr et al., 2021).

Another possibility is that the polysemy of pitch terminology (i.e.,
the multiple meanings of the words high and low) causes problems for
the child learner (Costa-Giomi & Descombes, 1996). Polysemous pitch
vocabulary is said to evoke uncertainty because the child is faced with
multiple meanings and so does not know how to interpret high and low
in the context of musical pitch (e.g., Costa-Giomi & Descombes, 1996;
Durkin & Townsend, 1997). In line with this, French speaking children
are better able to describe musical tones when trained with antonyms
exclusively dedicated to pitch (aigu and grave) compared to polysemous
expressions (haut ‘high’ and bas ‘low’) used for both spatial height and
auditory pitch (Costa-Giomi & Descombes, 1996).

However, other evidence suggests polysemy cannot be the only
explanation for the difficulties children have with pitch vocabulary.
A polysemy account would predict children are confused about the
multiple potential mappings of height-pitch terminology and strug-
gle to map domains consistently (e.g. Durkin & Townsend, 1997). In
contrast, children make regular errors (e.g., Dolscheid et al., 2015;
Sergeant, 1984): in one study around half the tested children reversed
‘high’ and ‘low’ in the context of musical pitch (Hitchcock, 1942, as
cited in Sergeant, 1984). A later study replicated this reversal, finding
most 5-year-olds associate ‘high’ with a low-pitch tone and ‘low’ with
a high-pitch tone (Dolscheid et al., 2015). So children systematically
reverse height-pitch polarity, suggesting they are not simply confused
by the polysemy of pitch vocabulary, but instead they intuit a reversed
alignment between spatial height and pitch. If true, then children’s diffi-
culties with height-pitch terminology might not be rooted in polysemy
alone.

In the present study we sought to test this possibility by taking

advantage of cross-linguistic differences between Dutch and Turkish.

85US017 SUOWILIOD BA 81D 3(cedl|dde aup Aq peusenob are 9 VO ‘SN 0 S3IN1 10} A%iqI 8UIUO /8|1 UO (SUOPUOD-PLE-SWBHALIOD A8 | WA RIq 1 [BUUO//STY) SUORIPUOD PUe SWS | 8U3 89S *[£202/60/6T] U0 AriqIT8uluO AB|IM ‘AISBAIUN PIOJXO AQ THEET ISSP/TTTT'OT/I0P/WO0" A 1M AReiq 1 BU1|UO//SARY WOJ) PaPRO|UMOQ ‘G ‘E20C ‘£89LL9YT



40f13 Developmental Science
% | WILEY

While both Dutch and Turkish use polysemous space-pitch termi-
nology, the two languages differ in the specific spatial dimension
they use. Examining the acquisition of pitch vocabularies in both
languages allows us to test which factors specifically contribute to
children’s difficulties with pitch terminology. If polysemy is the main
problem, children should be equally late to acquire height-pitch and
thickness-pitch terminology because both are polysemous. Alterna-
tively, if children’s difficulties are not due to polysemy alone, then
height-pitch and thickness-pitch terminologies might be acquired in
different ways.

1.3 | The present study

Accordingly, we investigated whether differences in experience (i.e.,
cross-linguistic variation in exposure to pitch terminologies) modu-
late how children represent auditory pitch—one important component
of music. To do this, we took a cross-cultural and cross-sectional
approach. In a battery of tasks, we tested children of different ages
speaking Dutch and Turkish to examine: (a) how well they under-
stood space-pitch terminology, and (b) how reliably they associated
various spatial dimensions to pitch when no language was used. To
yield a more comprehensive picture, we examined Dutch and Turk-
ish children’s comprehension of space-pitch terminology in their own
language, and terminology not in their input language (i.e., comprehen-
sion of thickness-pitch terminology by Dutch children and height-pitch
terminology by Turkish children). We also examined nonlinguistic

height-pitch and thickness-pitch associations in both groups.

2 | METHODS
2.1 | Participants

Native Dutch (n = 80) and Turkish children (n = 80) participated in
the experiments. Children were divided into four age groups with 40
children per group: 5-, 7-, 9- and 11-year-olds (see Table 1).

Dutch children were recruited from two primary schools in the
Netherlands and Turkish children from several local primary schools
in Turkey. All children had normal hearing and no known learning or
language problems. According to a language background questionnaire
administered to parents, the only language spoken at home was Dutch
or Turkish, as dominant in each city where testing took place. Parents

also filled out a musical background questionnaire, providing infor-

TABLE 1 Demographicinformation by language and age group
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mation about children’s musical instrument training, number of years
of training, and note reading abilities. Only five children out of 160
had some minimal musical training, and were therefore included in the
study.

Informed consent was obtained from all participants, and ethical
approval granted from the relevant universities and authorities prior
to testing. Data and scripts for analyses are publicly available at OSF:
https://osf.io/vgfzr/

2.2 | Procedure

The experiment was administered on a PC laptop using Presentation
software (version 18.1, www.neurobs.com) and a Cedrus RB540 but-
ton box. Children were tested in silent (class)rooms in schools. Sounds
were presented via headphones at approximately 60 dB-a. Partici-
pants sat in front of a laptop, next to the experimenter. Instructions
were given verbally and on the laptop screen in the native language
of the participant. All questions were read aloud by experimenters to
mitigate against children’s limited reading abilities. No space-pitch ter-
minology was used during testing, nor was feedback supplied regarding
the correctness of responses. The experiment lasted for approximately
35 min. For both linguistic and nonlinguistic tasks, the order of height
and thickness conditions was counterbalanced across participants. To
avoid spill-over effects from linguistic to nonlinguistic tasks, all par-
ticipants were first tested in the nonlinguistic tasks. However, for

exposition purposes, we report the findings for the linguistic tasks first.

2.3 | Materials
2.3.1 | Linguistic space-pitch comprehension tasks

To test participants’ height and thickness pitch terminology, a linguistic
space-pitch comprehension task was administered. Participants wore
headphones and were presented with videos of two colored squares
(square friends) that appeared simultaneously on the left and right
side of the computer screen (see Figure 1). Each trial started with the
left square ‘singing’ (accompanied by a wiggling move to indicate the
square was making the sound) a single tone for two seconds followed
by the right square ‘singing’ a single tone for two seconds. Three tone
pairs (262 vs. 698 Hz, 262 vs. 523 Hz., 330 vs. 523 Hz) were pre-
sented four times. For each condition 12 trials were presented; half
started with a high pitch and half with low pitch. In the height-pitch

Turkish Dutch
Age group M (range) n (female)* M (range) n (female)
5-year-olds ;2 (4,7-5;7) 20(9) 5;7 (5;0—6;0) 20(14)
7-year-olds :3(7;0-7;7) 20(12) 7:5(6;10-7;7) 20(10)
9-year-olds ;2 (9;0-9;6) 20(9) 9,6 (8;7—10;0) 20(9)
11-year-olds 11;1(10;8—11;5) 20 (10) 11;6 (10;11-12;1) 20(13)
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FIGURE 1 Example trial of the linguistic space-pitch
comprehension task. Children were first asked a space-pitch question
(e.g.,'Which sings high?') and then shown two 'square friends’
sequentially producing a low-pitched versus high-pitched tone. They
had to select which square produced the sound by pressing the
corresponding button on a response box

condition, children were asked 'Which sings high/low? before they lis-
tened to the tones. In the thickness-pitch condition, children were
asked 'Which sings thick/thin?. The words tested in Dutch were
hoog/laag and dun/dik, and in Turkish yukari/asagi and ince/kalin
(high/low and thin/thick respectively). For each trial, children were
asked to indicate which square belonged to the sound by pressing the
corresponding button on a response box. Children were told they could
listen to the sounds again in case they were not sure how to respond, in
which case the whole trial was repeated. Responses on each trial were
coded as 1 when they were in line with Dutch height-pitch and Turk-
ish thickness-pitch terminology (i.e., thin = high pitch; thick = low pitch)

and as O when they were not.

2.4 | Nonlinguistic space-pitch association tasks

Children first listened to one of two pure tones for 2 s (440 vs. 698
hertz). They were then presented with two spatial stimuli on the laptop
screen. In the height-pitch condition, they were shown two orange balls
(both approximately 2.2 cm diameter), presented side by side, with one
ball at the top and the other on the bottom of a 12.5 x 11.3 cm grid
of white dots on a black background (see Figure 2a). Children were
asked to decide which of the two visual stimuli best matched the pre-
ceding sound by pressing the corresponding button (i.e., left vs. right)
on a response box. The stimuli disappeared as soon as a button was
pressed. If no response occurred within 30 seconds, the image dis-
appeared and children were asked to select the corresponding image
afterwards. Before the experimental trials began, there were two prac-
tice trials in order to familiarize participants with the task. Children
were then presented with 8 experimental trials. No feedback was
provided.

The thickness-pitch condition was identical to the height-pitch con-
dition apart from the spatial stimuli. Instead of two balls, two vertical
tubes of orange color and equal length (4.7 cm) were presented side by
side, with one tube being relatively thin (1.2 cm width) and the other
comparatively thick (5 cm width, see Figure 2b).

Developmental Science
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FIGURE 2 Example trial of the nonlinguistic space-pitch tasks.
Children were first presented with one of two sounds (a high-pitch or
low-pitch tone) before they had to indicate which image best matched
the sound by pressing the corresponding button on a response box.
Children were presented with: (a) balls that differed in height, (b)
tubes that differed in thickness, or (c) juxtaposed spatial dimensions
which created a conflict (i.e., a thick line presented high in space and a
thin line presented low in space)

2.5 | Nonlinguistic space-pitch conflict task

The space-pitch conflict task was identical to the nonlinguistic tasks
above except for the spatial stimuli. Children saw two horizontal lines
side by side on the screen: one was relatively thick (9 mm width) and
presented at the top of a 20 x 20 cm grid of white dots on a black back-
ground, and the other was relatively thin (1.5 mm width) and presented
at the bottom of the grid (see Figure 2c). On each of 8 trials, children
had to decide which best fit the tone played. Responses were coded as
reflecting either a height-pitch or thickness-pitch mapping.

3 | RESULTS

3.1 | Linguistic tasks: Comprehension of
space-pitch vocabulary

3.1.1 | Children’s understanding of their native
language pitch vocabulary

First, we examined how children mastered pitch terminology from
their native languages (i.e., height-pitch for Dutch and thickness-pitch
for Turkish). Overall, Dutch children’s height-pitch comprehension
was relatively poor, with on average 56% correct (collapsed across
age groups). In order to test whether participants’ performance was
different from chance (50%), one-sample t-tests were conducted sep-

arately for each age group. Only 11-year-old Dutch children showed
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above chance performance for height-pitch comprehension, 81% cor-
rect responses, t(19) = 5.89, p < 0.001, Cohen’s d = 1.32. All other
Dutch children performed at chance: 5-year-olds, 42%, t(19) = —1.81,
p = 0.09, Cohen’s d = —0.40; 7-year-olds, 48%, t(19) = —0.23, = 0.82,
Cohen’s d = —0.05; and 9-year-olds, 52%, t(19) = 0.29, p = 0.78,
Cohen’s d = 0.06.

In contrast, Turkish children had good comprehension of thickness-
pitch, with on average 81% correct responses. Although the youngest
age group, that is, 5-year-olds, performed at chance, 46% correct
responses, t(19) = 2.03, p = 0.06, Cohen’s d = 0.45; by 7 years, Turk-
ish children were already performing better than chance on their
native language musical vocabulary: 7-year-olds, 83%, t(19) = 10.81,
p <0.001, Cohen’s d = 2.42; 9-year-olds, 93%, t(19) = 23.56, p < 0.001,
Cohen’s d = 5.27; 11-year-olds, 88%, t(19) = 7.37, p < 0.001, Cohen’s
d=1.65.

To directly compare space-pitch comprehension in Dutch and Turk-
ish, children’s binary responses on each trial were analyzed using a
mixed effects logistic regression model. Analyses were performed in
R (R version 4.0.4) using the afex package (Singmann et al., 2021) and
the ImerTest package (Kuznetsova et al.,, 2015). Model terms were
tested with likelihood ratio tests using the afex package (Singmann
et al.,, 2021). Significant interactions were followed-up using Tukey
contrasts to control for multiple comparisons using the emmeans
package (Lenth et al., 2021). To establish if non-significant compar-
isons were an indication that an effect was absent (or sufficiently
small), we performed equivalence tests (Lakens, 2017; Lakens et al.,
2018); details of the procedure are outlined in the Supporting Infor-
mation S1. The model included language (Dutch vs. Turkish), age
group (5, 7, 9, 11 years), and their interaction as fixed effects, and
subject as a random effect. Deviation coding was used for all fac-
tors (i.e., language and age group). All figures were produced in JASP
(JASP Team, 2021).

The analysis revealed a significant interaction between language
and age group, ¥2 = 11.42, p = 0.010, as well as significant main
effects of language, 2 = 41.86, p < 0.001, and age group, ¥2 = 41.86,
p < 0.001. Post-hoc contrasts revealed that 5-year-old, 7-year-old and
9-year-old Turkish speaking children comprehended thickness-pitch
terminology better than same-aged Dutch children comprehended
height-pitch terminology: 5-year-olds, z.ratio = 2.07, p = 0.04; 7-year-
olds, z.ratio = 4.30, p < 0.001; 9-year-olds, z.ratio = 5.56, p < 0.001.
There was no difference between 11-year-old Dutch and Turkish chil-
dren in space-pitch comprehension of their native language terms,
zratio = 1.48, p = 0.14, ns (see Figure 3). However, according to
an equivalence test, the group differences cannot be interpreted as

statistically equivalent, z.ratio = —0.15, p = 0.44.

3.1.2 | Children’s understanding of non-native pitch
vocabulary

Next, we analyzed children’s comprehension of space-pitch vocabulary
not expressed in their native language (i.e., height-pitch terminology
for Turkish; thickness-pitch for Dutch).
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FIGURE 4 Dutch and Turkish children’s height-pitch
comprehension. Data points of individual children are plotted
(averaged across experimental trials). Group averages and standard
deviations are also plotted for each age group

Height-pitch vocabulary

Turkish children did not display better than chance comprehension
of height-pitch language; in fact, they had on average 30% correct
responses (collapsed across age groups). The youngest age group
of 5-year-olds performed at chance with 46% correct responses,
t(19) = —0.89, p = 0.38, Cohen'’s d = —0.20, but older Turkish speaking
children were significantly below chance, thus reversing height-pitch
terminology: 7-year-olds, 27%, t(19) = —4.86, p < 0.001, Cohen'’s
d = —1.09; 9-year-olds, 27%, t(19) = —5.07, p < 0.001, Cohen’s
d = —1.13; 11-year-olds, 21%, t(19) = —5.34, p < 0.001, Cohen’s
d=-1.20.

To compare height-pitch comprehension in Turkish and Dutch chil-
dren directly, performance on the height-pitch comprehension task
was analyzed using a mixed effects logistic regression model with the
same approach as previously, that is, language (Dutch vs. Turkish),
age group (5, 7, 9, 11 years), and their interaction were fixed effects,
and subject was included as a random effect. There was a significant
language by age group interaction, 2 = 34.05, p < 0.001, as well as a sig-
nificant main effect of language, ¥2 = 39.92, p < 0.001. The main effect
of age group was not significant, y2 = 5.84, p = 0.12, ns. Planned post-

hoc contrasts (Tukey corrected) revealed 5-year-old Dutch children did
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TABLE 2 Number of children reversing height-pitch vocabulary
(i.e., scoring below 0.5) in the comprehension task (percentages in
parentheses)

5-year-olds  7-year-olds 9-year-olds 11-year-olds
Dutch 11(55%) 10 (50%) 7 (35%) 1(5%)
Turkish 10 (50%) 16 (80%) 17 (85%) 17 (85%)

not differ from 5-year-old Turkish speaking children, z.ratio = 0.46,
p =.65, ns, although according to an equivalence test, the group differ-
ences cannot be interpreted as statistically equivalent, z.ratio = —1.56,
p = 0.06. By 7 years, however, Dutch and Turkish children differed
significantly in their understanding of height-pitch terminology with
Turkish children more likely to reverse height-pitch terminology than
Dutch children: 7-year-olds, z.ratio = —2.62, p = 0.01; 9-year-olds,
z.ratio = —3.04, p = 0.002; and 11-year-olds, z.ratio = —7.65, p < 0.001
(see Figure 4).

To summarize, Turkish children were more likely to reverse height-
pitch vocabulary than Dutch children. Intriguingly, around half the
5- and 7-year-old Dutch children also comprehended height-pitch
terminology in a reversed fashion (see Table 2).

Thickness-pitch vocabulary

In contrast to Turkish children’s behavior with height-pitch vocabulary,
Dutch children did very well with thickness-pitch vocabulary, with 82%
correct responses on average. Even the youngest children performed
above chance: 5-year-olds, 75%, t(19) = 5.74, p = < 0.001, Cohen’s
d = 1.28; 7-year-olds, 83%, t(19) = 9.41, p < 0.001, Cohen’s d = 2.10;
9-year-olds, 82%,t(19) =7.72,p <0.001, Cohen’sd = 1.73 and 11-year-
olds, 88%, t(19) = 9.74,p < 0.001, Cohen’s d = 2.18.

Again, using a mixed effects logistic regression model, we found a
significant interaction between language and age, ¥2 = 9.19, p < 0.03,
a significant main effect of age group, ¥2 = 30.91, p < 0.001, but
no main effect of language, ¥2 = 0.08, p = 0.77, ns. Planned post-
hoc contrasts (Tukey corrected) revealed 7- and 11-year-old Dutch
children did not differ statistically from Turkish children: 7-year-olds,
zratio = 0.03, p = 0.98, ns; 11-year-olds, z.ratio = 0.09, p = 0.93, ns.
Furthermore, equivalence tests for 7-year-olds, z.ratio = 1.95,p = 0.03,
and 11-year-olds, z.ratio = —1.68, p = 0.05 were significant, indi-
cating 7- and 11-year-old Turkish and Dutch children’s performance
is statistically equivalent (i.e., close to zero). There were also sig-
nificant differences at other ages, but these were not stable. Dutch
children were significantly better than Turkish children at 5 years,
z.ratio = —2.10, p = 0.04, but worse at 9 years, z.ratio = 2.21, p = 0.03
(see Figure 5).

3.2 | Nonlinguistic associations between space and
pitch

We turn now to the non-linguistic tasks to establish whether non-
linguistic space-pitch mappings differ between Dutch and Turkish

children.
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FIGURE 5 Dutch and Turkish children’s thickness-pitch
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associations. Data points of individual children are plotted (averaged
across experimental trials). Group averages and standard deviations
are also plotted for each age group.

3.2.1 | Nonlinguistic height-pitch associations

We first examined height-pitch associations and found performance
overall was low: Dutch children had on average 53% correct, whereas
Turkish children had 28% correct. As before, we conducted one-sample
t-tests against chance (50%) for each language and age group. Dutch
children were not able to match tones to spatial height until 11 years,
71%, t(19) = 2.42, p = 0.03, Cohen’s d = 0.54. At younger ages Dutch
children were at chance: 5-year-olds, 43%, t(19) = —1.07, p = 0.30,
Cohen’s d = —0.24; 7-year-olds, 39%, t(19) = —1.32, p = 0.20, Cohen'’s
d = —0.29; and 9-year-olds, 59%, t(19) = 1.20, p = 0.24, Cohen’s
d=0.27.

Turkish children showed a different profile. Although the youngest
groups performed at chance; 5-year-olds, 44%, t(19) = —1.53,p = 0.14,
Cohen’s d = —0.34; 7-year-olds, 37%, t(19) = —2.06, p = 0.05, Cohen'’s
d = —0.46, by 9 years Turkish children performed significantly below
chance, 19%, t(19) = —5.38,p < 0.001, Cohen’sd = —1.20; 11-year-olds,
13%, t(19) = —8.39, p < 0.001, Cohen’s d = —1.88 (see Figure 6).

To summarize, older Turkish children consistently reversed height-

pitch mappings by associating a low-pitched tone with a stimulus

85US017 SUOWILIOD BA 81D 3(cedl|dde aup Aq peusenob are 9 VO ‘SN 0 S3IN1 10} A%iqI 8UIUO /8|1 UO (SUOPUOD-PLE-SWBHALIOD A8 | WA RIq 1 [BUUO//STY) SUORIPUOD PUe SWS | 8U3 89S *[£202/60/6T] U0 AriqIT8uluO AB|IM ‘AISBAIUN PIOJXO AQ THEET ISSP/TTTT'OT/I0P/WO0" A 1M AReiq 1 BU1|UO//SARY WOJ) PaPRO|UMOQ ‘G ‘E20C ‘£89LL9YT



8of13 Developmental Science
2% | WILEY

TABLE 3 Number of children reversing height-pitch mappings (i.e.
scoring below 0.5) in the non-linguistic task (percentages in
parentheses)

5-year-olds  7-year-olds 9-year-olds 11-year-olds
Dutch 11(55%) 12 (60%) 6(30%) 5(25%)
Turkish 8 (40%) 12 (60%) 15 (75%) 17 (85%)
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FIGURE 7 Dutch and Turkish children’s nonlinguistic
thickness-pitch associations. Data points of individual children are
plotted (averaged across experimental trials). Group averages and
standard deviations are also plotted for each age group.

located high in space and vice versa for low-pitched sounds. This is

visible in individual level data too, as seen in Table 3.

3.2.2 | Nonlinguistic thickness-pitch associations

Unlike height-pitch associations, children performed well on thickness-
pitch associations, with 74% correct responses for Dutch children and
82% correct for Turkish children. Even at the youngest ages, Dutch chil-
dren were able to do this mapping better than chance, with a slight
blip at 9 years where the threshold for statistical significance was not
met: 5-year-olds, 63%, t(19) = 2.15, p = 0.04, Cohen’s d = 0.48; 7-
year-olds, 78%, t(19) = 4.44, p < 0.001, Cohen’s d = 0.99; 9-year-olds,
66%, t(19) = 2.14, p = 0.05, Cohen’s d = 0.48; and 11-year-olds, 89%,
t(19) = 9.58, p < 0.001, Cohen’s d = 0.80.

Turkish children showed a slight delay in the non-linguistic
thickness-pitch mapping, with 5-year-olds at chance, 58%, t(19) = 1.64,
p = 0.12, Cohen’s d = 0.37, but by 7 years there was clear evidence
of the association: 7-year-olds, 76%, t(19) = 4.50, p < 0.001, Cohen’s
d = 1.01; 9-year-olds, 94%, t(19) = 17.90, p < 0.001, Cohen’s d = 4.00;
11-year-olds, 99%, t(19) = 56.66, p < 0.001, Cohen’s d = 12.67 (see
Figure 7).

3.3 | Comparing Dutch and Turkish children in
height-pitch and thickness-pitch tasks

To assess whether non-linguistic space-pitch associations differed in

language-specific ways, we analyzed responses using a mixed effects
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FIGURE 8 Dutch and Turkish children’s nonlinguistic space-pitch
associations (collapsed across age groups). Average performance and
standard deviations are plotted. Data points display the performance
of individual children (averaged across experimental trials), with the
size of the data points corresponding to the number of children who
yielded this performance

logistic regression model, including language (Dutch vs. Turkish), con-
dition (height-pitch vs. thickness-pitch), age group (5, 7, 9, 11 years)
and their interaction as fixed effects, and subject as a random effect.
However, this full model failed to converge, so we collapsed across age
groups by removing age group. This analysis revealed significant effects
of condition, y2 = 412.49, p < 0.001, language, % = 5.59, p = 0.02,
and an interaction between the two,)(2 = 69.78, p < 0.001. Post-hoc
contrasts (Tukey corrected) revealed Dutch and Turkish children dif-
fered in their nonlinguistic height-pitch associations, z.ratio = —6.32,
p < 0.001, but only marginally in their thickness-pitch associations,
z.ratio = 1.96, p = 0.05 (see Figure 8). An equivalence test, however,
revealed Dutch and Turkish children’s thickness-pitch associations
were statistically equivalent (i.e., close to zero), zratio = —2.21,
p=0.01.

To examine when children’s nonlinguistic mappings started to
diverge, we examined the effects of language (Dutch vs. Turkish) and
condition (height-pitch vs. thickness-pitch) separately for each age
group. At the youngest ages we did not find evidence that language
influenced responses, but there was a difference across conditions.
Both Dutch and Turkish children were better able to map thickness to
pitch than height to pitch according to their canonical mappings. This
was evident in the logistic regression models. For 5-year-olds, there
was a significant main effect of condition, y? = 18.55, p < 0.001, but no
significant effect of language, 2 = 0.11, p = 0.74, and no interaction
between condition and language, y*> = 0.88, p = 0.25. The same was
true for 7-year-olds: there was a significant main effect of condition,
x% =114.78, p < 0.001, but not of language, y2 = 0.22, p = 0.64, and no
interaction between condition and language, ¥2 = 0.05, p = 0.82.

By 9 years the picture looked different. Now, as well as a signif-
icant main effect of condition, y2 = 143.98, p < 0.001, there was a
significant interaction between condition and language, 2 = 106.59,
p < 0.001, although no main effect of language, y2 = 0.07, p = 0.79.
Post-hoc contrasts (Tukey corrected) confirmed that at this age Dutch
and Turkish children differed in both nonlinguistic height-pitch asso-
ciations, z.ratio = 5.24, p < 0.001, and thickness-pitch associations,
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FIGURE 9 Dutch and Turkish children’s performance on the
nonlinguistic space-pitch association tasks, plotted separately for the
different age groups. Average performance and standard deviations
are plotted. Data points display the performance of individual children
(averaged across experimental trials), with the size of the data points
corresponding to the number of children who yielded this
performance.

z.rratio = 4.74, p < 0.001. In line with patterns in language, 9-year-old
Dutch children performed better than Turkish children on the height-
pitch association task, but Turkish children performed better on the
thickness-pitch association task.

The same pattern was evident for 11-year-olds. There was no main
effect of language, ¥2 = 1.66, p = 0.20, but a significant main effect of
t:ondition,)(2 =242.78,p < 0.001, and a significant interaction between
condition and language, ¥2 = 79.72, p < 0.001.2 Post-hoc contrasts
(Tukey corrected) revealed 11-year-old Dutch children performed bet-
ter than same-aged Turkish children on the height-pitch association
task, z.ratio = —7.56, p < 0.001, but Turkish children outperformed
Dutch children in the thickness-pitch association task, z.ratio = 2.68,
p=0.04 (see Figure 9).

3.4 | Pitting height-pitch and thickness-pitch
against each other

In the final task, children matched auditory pitch to spatial stimuli jux-
taposing thickness and height (see Figure 2c). Overall, children opted
for thickness over height, regardless of language background. Chil-
dren’s responses were analyzed using a mixed effects logistic regres-
sion model, including language (Dutch vs. Turkish), and age group (5, 7,
9, 11 years), and interaction as fixed effects, and subject as a random
effect, and thickness-pitch responses on each trial as the dependent
variable (note, a thickness response implies the rejection of a height
response, and vice versa). While there was no significant main effect
of language, x2 = 0.86, p = 0.36, ns, there was a significant main effect
of age group, ¥2 = 14.12, p = 0.003, as well as a significant language
by age group interaction, y2 = 13.37, p = 0.004. Post-hoc contrasts

(Tukey corrected) revealed no significant differences between younger
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FIGURE 10 Dutch and Turkish children’s performance on the
nonlinguistic space-pitch conflict task. Average performance and
standard deviations are plotted for each age group. Data points
display the performance of individual children (collapsed across
experimental trials).

Dutch children and same-aged Turkish speaking children, 5-year-olds,
z.rratio=—1.10, p = 0.27, ns; 7-year-olds, z.ratio = —1.73, p = 0.08, ns.
However, these differences were not statistically equivalent, 5-year-
olds, z.ratio = —0.67, p = 0.25, ns; 7-year-olds, z.ratio = 0.02, p = 0.51,
ns. By contrast, older Turkish children more often opted for a thickness-
pitch interpretation than Dutch children of the same age, 9-year-olds,
z.ratio = 2.25, p = 0.03, and 11-year-olds, z.ratio = 2.21, p = 0.03 (see
Figure 10 and Supporting Information S1 for further analyses S1).

4 | GENERAL DISCUSSION

Overall, this study points to commonalities at early ages in children’s
knowledge of one of the building blocks of music, that is, pitch, but
also demonstrates divergence across cultures by middle childhood,
consistent with the proposal that language plays a formative role in

space-pitch associations.

4.1 | Children’s acquisition of pitch terminology

Dutch children are exposed to height-pitch vocabulary, whereas Turk-
ish children are exposed to thickness-pitch vocabulary, giving rise
to different learning conditions for children of each language. We
found Turkish children acquire thickness-pitch terminology earlier
than Dutch children acquire height-pitch terminology. While Turk-
ish children had mastered thickness-pitch terminology from 7 years,
only the oldest Dutch children (i.e., 11-year-olds) showed reliable
height-pitch comprehension. These findings cannot be attributed to
the polysemy of pitch vocabularies alone since both height-pitch and
thickness-pitch terms have dual spatial and auditory meanings.
Although children have difficulties acquiring pitch terminology
(e.g., Costa-Giomi & Descombes, 1996; Durkin & Townsend, 1997;
Sergeant, 1984), our findings suggest polysemous expressions are not

difficult per se. Rather, children’s difficulties depend on the specific
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spatial dimension used for expressing pitch. Thickness-pitch termi-
nology appears easier to grasp than height-pitch terminology, as is
also evident from the comprehension of novel space-pitch expressions
(i.e., height-pitch for Turkish kids and thickness-pitch for Dutch kids).
Even though Dutch does not express pitch in terms of spatial thick-
ness, all Dutch children were above chance in their comprehension of
thickness-pitch terminology. Dutch children’s abilities were compara-
ble to Turkish children, and even exceeded Turkish children at 5 years
of age. However, later—by 9 years—Turkish children showed better
thickness-pitch comprehension, likely scaffolded by additional input
from language.

The fact that children, regardless of language background, showed
excellent comprehension of thickness-pitch terminology, suggests this
is more intuitive for the child learner. Although pitch is considered a
metathetic dimension with no clear assignment of what constitutes
‘more’ or 'less’ (Stevens, 1957), children may initially interpret low
frequencies as ‘'more’ and high frequencies as ’less’ in pitch, perhaps
because pitch and loudness are integral dimensions (Grau & Nelson,
1988; Melara & Marks, 1990) and loudness can be conceptualized as
more or less. Similar mappings have been observed in early develop-
ment for the mapping of achromatic color (i.e., lightness), where dark
grey is initially perceived as 'more’ than light grey (Smith & Sera, 1992).

Associating low (or high) pitch with more (or less) could also explain
children’s difficulties with height-pitch terminology, especially when
it comes to the reversal of height-pitch mappings. We found Dutch
children did not reliably understand height-pitch terminology until 11
years, and at earlier ages showed the reverse interpretation of height-
pitch terminology (see also Dolscheid et al., 2015; Sergeant, 1984 for
converging evidence). It seems younger children intuitively link low
pitch with the unmarked term ‘high’ and high pitch with ‘low’, in opposi-
tion with the mapping direction of their input language (where ‘high’
is used for high pitch, and vice versa for ‘low’). Reversal of height-
pitch terminology was also observed in Turkish children with most
children reversing height-pitch terms. It is possible that Turkish chil-
dren’s reversal of height-pitch terminology comes about because they
draw an analogy to thickness-pitch terminology, interpreting ‘high’ as
analogous to ‘thick’ and thus to designate ‘low in pitch’.

Overall, then, both Turkish and Dutch children showed a tendency
to reverse height-pitch terminology, but this was more consistent and
persistent (encompassing older age groups) for Turkish children. In
comparison, Dutch speaking children were ultimately able to map spa-
tial height and pitch in accordance with their native language. So,
over a protracted learning period, children’s comprehension of pitch

terminology comes to align with the norms of their speech community.

4.2 | Cross-cultural stability of thickness-pitch
mappings

We find remarkable consistency for thickness-pitch associations
across age and culture. Children were able to make this association,
regardless of language. Furthermore, children’s mappings appear com-
parable to those of adults. In a previous study, Dolscheid et al. (2020)

DOLSCHEID ET AL.

reported adult Turkish speakers made non-linguistic thickness-pitch
mappings correctly on average 87%, while in the current study Turkish
9-year-olds were on average 94% correct. A direct comparison across
studies is not possible because of differences in the number of trials and
testing conditions, but this points to remarkable stability. Even when
children were presented with conflicting information in the space-
pitch conflict task, they were more likely to opt for a thickness-pitch
interpretation (e.g., when presented with a low pitch sound, children
chose a thick line despite the fact it was high in space). This was true
even though differences in spatial thickness were subtler in the con-
flict task than in the thickness-pitch association task, again supporting
the conclusion that thickness-pitch mappings are more intuitive than
height-pitch associations.

This differential behavior in mapping across space-pitch mappings
requires explanation. Perhaps associations between pitch and thick-
ness (and correspondingly size) are more biologically relevant and this
makes them more available (e.g., Pietraszewski et al., 2017). Differ-
ences in body-size covary with pitch in most mammals, with larger
species producing lower frequency sounds than smaller species. In
addition, pitch is reliably associated with smaller objects in the real
world. For instance, smaller musical instruments make higher fre-
quency sounds than larger musical instruments. Children could pick up
these statistical regularities, resulting in strong associations between

thickness (size) and pitch, irrespective of language and culture.

4.3 | The vulnerability of height-pitch mappings

Unlike thickness-pitch associations, we find height-pitch mappings are
more fragile than previously assumed. Dutch children comprehend
height-pitch associations only at the age of 11, whereas Turkish speak-
ing children consistently reverse associations between spatial height
and pitch. Earlier studies found associations between spatial height and
pitch in young infants (e.g., Dolscheid et al., 2014; Walker et al., 2018),
but our data suggests a protracted developmental process instead.
This, therefore, raises questions about how to reconcile the emerg-
ing conflicting data. We consider a number of possibilities. First, infant
studies make use of indirect, implicit paradigms (such as preferential
looking), whereas older children are typically asked for explicit judg-
ments instead. Second, there are differences in experimental materials.
Infant studies commonly make use of pitch glides (e.g., Dolscheid et al.,
2014; Walker et al., 2010; 2013), but child studies—including our own—
often employ punctual auditory stimuli instead (e.g., Shayan et al.,
2014; Starr & Srinivasan, 2018; Starr et al., 2021). Since infants asso-
ciate spatial height with pitch only when dynamic stimuli, such as pitch
glides and moving objects are used (cf., Jeschonek et al., 2013), this sug-
gests dynamic trajectories could serve as an additional boost for linking
spatial height and pitch. Third, there appear to be discrepancies in the
pitch ranges used across studies. Most infant studies employ a broad
pitch range exceeding 1 kHz, but the same is not true of child studies.
Intriguingly, when Parise et al. (2014) recorded natural sounds from
the environment, they found a consistent mapping between the fre-

quency of sounds and the elevation of their sources in external space
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that was particularly pronounced in the middle range of the spectrum
(between 1 and 6 kHz) but seemed weaker—and even reversed—below
1 kHz (Parise et al., 2014). So, employing stimuli from the low end of
the pitch spectrum may result in weaker or even reversed height-pitch
mappings.

However, none of these factors explain inconsistencies between our
findings and previous studies showing height-pitch associations can
be mastered by young children (e.g., Starr & Srinivasan, 2018; Starr
etal.,, 2021). Our study differs from Starr & Srinivasan (2018) in a num-
ber of ways, including differences in the ages tested (5-to-11-year-olds
vs. 3-to-6-year-olds) as well as experimental materials (e.g., abstract
forms, i.e., circles and squares vs. cartoon-like characters). Critically,
even though Starr and Srinivasan report above chance associations
between spatial height and auditory pitch in children, these do not
seem entirely robust: when collapsed across age groups, average per-
formance was only at 58%. In contrast, Dolscheid et al. (2020) report
a non-linguistic height-pitch association of 92% for Dutch adults, sug-
gesting the height-pitch mappings reported by Starr and Srinivasan
are far from adult-like. Taken together, our findings suggest height-
pitch associations undergo substantial developmental change (see also
Speed et al., 2021).

4.4 | The role of language in space-pitch
associations

Given the developmental and cross-cultural patterns in how children
link space and pitch, it appears the role of language varies for differ-
ent space-pitch associations. Language does not seem necessary to
form thickness-pitch associations, since Dutch children show evidence
of this association without being acquainted with thickness-pitch ter-
minology in language. This is in contrast to the findings of Shayan
et al. (2014) where only those 2- to 5-year-old children exposed
to thickness-pitch terminology formed corresponding thickness-pitch
associations. But other studies—like ours—have found children can
make thickness-pitch mappings without the supporting input of lan-
guage (e.g. Starr & Srinivasan, 2018; Starr et al,, 2021).

Although language does not appear to be necessary for establish-
ing thickness-pitch mappings, we propose it plays a foundational role
in developing height-pitch associations. We found 11-year-old Dutch
children who had mastered height-pitch terminology also reliably asso-
ciated spatial height to pitch, whereas other cohorts performed at
chance or even reversed height-pitch associations. However, since our
data are correlational, they do not license conclusions about the direc-
tionality of causation. Future studies could target this issue directly;
in the meantime our study provides evidence consistent with this
interpretation relying on a cross-sectional approach.

Taken together, our findings point to diverging developmental path-
ways for different types of space-pitch mappings. Thickness-pitch
associations appear stable but can be additionally enhanced by lan-
guage, whereas height-pitch associations appear more fragile and
susceptible to linguistic influence. In line with this, nonlinguistic height-

pitch mappings are significantly weaker in adults when they are not
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additionally bolstered by language—as demonstrated by adult speak-
ers of Catalan and Spanish (Fernandez-Prieto et al., 2017), Farsi (Holler
et al., 2022), and Turkish (Dolscheid et al., 2020)—in comparison to
speakers of height-pitch languages like English or Dutch (e.g., Dolscheid
et al., 2020; Fernandez-Prieto et al., 2017).

4.5 | Implications for music development

Our study speaks to several open issues concerning the develop-
ment of music cognition. By taking a cross-cultural and developmental
approach, we show both commonalities and differences in how chil-
dren acquire musical properties, such as musical pitch. We show
previously attested difficulties in labeling pitch cannot be attributed
to polysemy alone. Instead it is the specific alignment between spatial
height and pitch that is difficult for the child learner. Thickness-pitch
terminology is also polysemous, but is more intuitive and under-
stood earlier by children. These findings can be informative for music
education. To overcome children’s difficulties with height-pitch vocab-
ulary, for example, one could combine low-pitch tones with spatial
stimuli that are both low in space and big in size (and vice versa
for high-pitched sounds). In other words, one could take advan-
tage of children’s size-pitch associations for reinforcing height-pitch
mappings.

Beyond music education, our findings also shed new light on chil-
dren’s nonlinguistic pitch representations. Although young infants and
neonates are sensitive to associations between spatial dimensions and
pitch (Dolscheid et al., 2014; Walker et al., 2018), adults are affected
by differences in the pitch vocabularies they use (e.g., Dolscheid et al.,
2013, 2020; Fernandez-Prieto et al., 2017). Here we add an important
missing piece, linking the work from infants to adults. By consider-
ing the development of children into middle childhood, we reveal a
more nuanced picture of how representations of pitch emerge and
change. We find remarkable similarities in how children from different
cultures map spatial thickness to pitch, suggesting statistical regular-
ities resurface in the way pitch gets represented across cultures. This
points to cross-cultural commonalities—and potentially even universal
tendencies—akin to what has been observed in music (e.g. Mehr et al.,
2019) or the perception of odor pleasantness (Arshamian et al., 2022).
At the same time, our findings highlight cross-cultural differences in
child music cognition. From 9 years of age, we find language-specific
differences in how children link spatial dimensions and pitch, in line
with the proposal by Lucy (2016) that linguistic relativity effects only
appear around middle childhood, after 8-years of age.

Our findings highlight the importance of cross-cultural empirical
studies to disentangle what is cross-culturally stable versus variable in
how children come to represent musical pitch, similar to what has been
observed for other dimensions of music (e.g., Athanasopoulos et al.,
2021; Jacoby et al,, 2019; McPherson et al., 2020). Children’s pitch
representations ultimately become attuned to patterns in language,
but only later in development, underlining the fact that the most pro-
tracted processes in music cognition are those that are the most culture
specific (Stalinski & Schellenberg, 2012).
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5 | CONCLUSIONS

Children from different cultures show differences in their understand-
ing of music vocabulary and in their nonlinguistic associations between
spatial dimensions and auditory pitch. While height-pitch mappings are
acquired late and seem to require additional scaffolding from language,
thickness-pitch mappings are acquired early and are less susceptible
to language. In sum, our study provides new evidence that space-
pitch mappings change over development, showing signatures of both
cross-cultural stability and diversity.
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NOTES

1There were no transgender or gender nonbinary children in this sample, so
n minus female provides the number of male children tested.

21t has to be noted that—despite the simple structure of the random
effects—the model failed to converge. However, a logistic regression
(without random effects) yielded the same results.
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