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Abstract

Introduction: Perception and memorizing of melody and 

rhythm start about the third trimester of gestation. Infants 

have astonishing musical predispositions, and melody con-

tour is most salient for them. Objective: To longitudinally 

analyse melody contour of spontaneous crying of healthy 

infants and to identify melodic intervals. The aim was 3-fold: 

(1) to answer the question whether spontaneous crying of 

healthy infants regularly exhibits melodic intervals across 

the observation period, (2) to investigate whether interval 

events become more complex with age and (3) to analyse 

interval size distribution. Methods: Weekly cry recordings of 

12 healthy infants (6 females) over the first 4 months of life 

were analysed (6,130 cry utterances) using frequency spec-

trograms and pitch analyses (PRAAT). A preselection of utter-

ances containing a well-identifiable, noise-free and undis-

turbed melodic contour was applied to identify and measure 

melodic intervals in the final subset of 3,114 utterances. Age-

dependent frequency of occurrence of melodic intervals was 

statistically analysed using generalized estimating equa-

tions. Results: 85.3% of all preselected melody contours (n = 

3,114) either contained single rising or falling melodic inter-

vals or complex events as combinations of both. In total 

6,814 melodic intervals were measured. A significant in-

crease in interval occurrence was found characterized by a 

non-linear age effect (3 developmental phases). Complex 

events were found to significantly increase linearly with age. 

In both calculations, no sex effect was found. Interval size 

distribution showed a maximum of the minor second as the 

prevailing musical interval in infants’ crying over the first 4 

months of life. Conclusion: Melodic intervals seem to be a 

regular phenomenon of spontaneous crying of healthy in-

fants. They are suggested to be a further candidate for de-

veloping an early risk marker of vocal control in infants. Sub-

sequent studies are needed to compare healthy infants and 

infants at risk for respiratory-laryngeal dysfunction to inves-

tigate the diagnostic value of the occurrence of melodic in-

tervals and their age-depending complexification.
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Introduction

In the first 2 months of life, it is primarily crying and 
fussing that assume a predominant role in the expressive 
vocal repertoire of the infant [1]. For both, parents and 
scientists, infant crying is often recognized as a natural 
alarm signal, an emergency expression of a motorically 
helpless young infant. As a result of its helplessness, the 
human infant is dependent upon close social contact with 
its mother from birth (the term “mother” is used here to 
imply the infant’s primary caregiver). A variety of sen-
sory signals would help to facilitate this interaction. How-
ever, crying is the most powerful signalling available to 
the young infant. There are numerous publications in the 
popular press on the topic of infant crying, and most of 
them are dedicated to providing advice for the best meth-
ods to stop the crying [2–4]. Although most of these re-
ports and guidebooks mention that crying is a normal 
expressive behaviour of all infants, there is a general focus 
on its unpleasant and disturbing character, particularly 
so-called excessive crying [2]. However, the observation 
of this rather extreme crying behaviour should not con-
strain the recognition of spontaneous crying within the 
mother-infant context as a regular behaviour of vocal de-
velopment. Indeed, from a developmental perspective, 
crying has been recognized as a communicative behav-
iour that provides a foundation for later language acquisi-
tion [5–7]. For the present study, this perspective was rel-
evant.

There is evidence that the infant phonatory system re-
sponsible for crying is reflective of the underlying neuro-
physiological functioning [7–13]. In the early 1960s, 
Scandinavian phoniatricians and paediatricians de-
scribed this indicative valence by acoustically investigat-
ing infant crying from a medical diagnostic perspective 
[10, 12, 13]. Following the research line newly established 
at that time, a large number of researchers demonstrated 
that specific acoustic features of an infant’s cry were suit-
able as risk markers that directly reflect dysfunctions in 
vocal control over the next about 30 years [see review in 
2, 11]. Since then, there has been a shift in focus by exam-
ining the relationship between acoustic features of infant 
cry and later language development. Particularly the time 
function of the fundamental frequency (f0), the cry melo-
dy, was suggested to have an indicative value for delays of 
early language development [14–16]. In a longitudinal 
study, it was found that cry melody complexity, that is 
slow modulation of the f0, at about 2.5 months of age 
could predict the language outcome at 2 years [14]. On a 
perceptive level, a more recent brain physiological study 

corroborated the importance of melody for language de-
velopment. François et al. [17] demonstrated that melod-
ic cues contained in songs can facilitate word form extrac-
tion. Neonatal brain responses for sung streams predicted 
a later expressive vocabulary: “using a longitudinal de-
sign, we provide empirical and computational evidence 
for a link between the enhanced brain responses to me-
lodically enriched streams (prosodic modulations) and 
later expressive vocabulary measures at 18 months” [17, 
p. 7].

According to a melody development model by Wermke 
and Mende [6, 18], melody complexity increases over the 
first months of life. Starting with the production of a sin-
gle-arc structure, melody develops towards double- and 
multiple (complex)-arc structures with age. These melo-
dy contour patterns are easily perceptible in an infant’s 
spontaneous crying and set them apart from pain cries 
with their falling, often vibrato-like contour, disrupted by 
subharmonics and phonatory noise [19–21]. However, 
the complexity of the arc-like melody structure is not the 
only indicator for vocal control and maturity found in 
infant cry utterances. For example, very short-term vari-
ability of f0, like jitter (period-to-period variability) and 
other f0 perturbation indices, were also found to reflect 
constituents of vocal control [22, 23].

Efforts are under way to describe the short-time vocal 
flexibility of young infants by examining melodic inter-
vals [5, 24–26]. In musical melodies, intervals reflect the 
difference in pitch between 2 discrete tones (e.g., semi-
tone, full tone or third). Wermke and Mende [5] com-
mented: “At first sight, the continuous versus discrete na-
ture of cry melody and musical melody seems to limit 
structural comparisons, but both aspects can be recon-
ciled by an appropriate choice of resolution in time and 
frequency […]. In music based on tonal scales, a small 
inventory of discrete tones is defined inside the octave 
space […], cry melodies do often not have a marked step-
structure with stationary frequencies; they are swept over 
a frequency interval (FM-amplitude)” (p.155).

Nonetheless, the cry melody contour may contain in-
terval-like episodes that can be described as a glide be-
tween 2 following f0 plateaus (Fig. 1a) [5, 6, 25]. Such ep-
isodes, which we described as melodic intervals, can oc-
cur when the rising or falling flanks of melody arcs are not 
smooth but stair-like (Fig. 1a), especially investigated in 
an early study of 2-week-old infants by one of the authors 
(R.G.) [25]. An alternative variant to create a melodic in-
terval is exemplified in Figure 1b. The displayed cry mel-
ody contains a single melodic interval whose size is de-
fined by the frequency ratio of the 2 f0 plateaus. In con-
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Fig. 1. a Melody diagram exemplifying a 
double-arc melody structure containing 3 
successive single intervals, 2 falling and 1 
rising interval (complex event). b Melody 
diagram exemplifying a single-arc melody 
structure. A single interval was identified 
on the rising flank of the arc (a simple 
event). The first f0 plateau (P1) is linked to 
the second plateau (P2) by a transition pe-
riod (T). Interval size is defined by the ratio 
P2:P1 (here: 325.72 cents). c Melody dia-
gram exemplifying a single-arc melody 
structure without exhibiting a melodic in-
terval.
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trast, a cry melody without a melodic interval is 
exemplified in Figure 1c. The defined melodic intervals, 
as described later in more detail, are in a certain sense 
similar to tone variations in tonal languages or pitch ac-
cents in non-tonal languages. Both, the slower f0 modula-
tions in the form of melody arcs and the sometimes 
emerging melodic intervals make up the overall shape of 
the cry melody and are related to intonation and stress 
patterns in speech prosody. Both are also relatively inde-
pendent from keys or voice registers. Previous studies 
postulated that specific musical intervals, mainly semi-
tones, occur regularly in young infants’ spontaneous cry-
ing [24–26]. This raised the question of how these inter-
vals can be interpreted. Do they reflect an infant’s musical 
talent or musical home? Or, are melodic intervals in cry-

ing reflections of an infant’s “melody play”, that is his in-
tentional “trying out” of laryngeal opportunities and their 
perceptual effects?

To date, it is not yet clear whether these interval phe-
nomena are simply coincidental epiphenomena of a par-
tially still immature vocal control mechanism [9, 27]. 
Hence, the present study aimed to investigate whether the 
occurrence and complexity of interval-like episodes is 
age-dependent. If melodic intervals are caused by the im-
maturity of the vocal system, their probability of occur-
rence should decrease with maturation across the obser-
vation period. Otherwise melodic intervals reflect a regu-
lar “melodic play” which is characterized by more and 
more complex events with increasing maturity of the au-
ditory-vocal system across the age. In both cases, a dem-

Table 1. The original and final data set (number of cry utterances) available for each subject per week

Infant Age, week Total

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A 36 34 12 32 58 44 26 17 22 18 50 29 15 9 6 9 417
Final 7 28 8 26 46 34 20 16 13 16 24 18 15 4 2 7 284

B 31 22 26 27 23 32 33 29 75 10 47 22 19 25 16 0 437
Final 23 15 15 16 7 22 26 15 24 7 28 17 10 17 4 0 246

C 8 22 11 16 16 15 25 18 19 20 30 18 12 29 30 65 354
Final 6 9 3 11 9 7 18 15 12 9 16 13 6 18 19 25 196

D 25 71 80 28 81 69 48 8 59 53 26 64 16 58 48 60 794
Final 13 21 35 11 32 30 21 4 25 18 16 18 6 9 8 30 297

E 34 0 16 38 12 17 37 40 14 48 39 16 35 24 18 25 413
Final 10 0 9 17 9 11 15 21 4 24 17 4 18 15 16 10 200

F 15 4 35 24 25 28 32 24 34 28 46 21 29 29 26 34 434
Final 13 1 23 9 21 22 17 20 16 16 41 14 22 19 18 23 295

G 38 3 21 32 48 23 27 15 16 18 22 17 25 39 33 69 446
Final 22 0 11 23 36 5 14 10 12 11 13 7 18 16 12 5 215

H 36 22 7 16 14 20 37 63 20 19 18 15 31 27 9 14 368
Final 5 17 6 15 5 12 25 40 17 11 9 7 12 15 5 2 203

I 34 68 53 44 33 36 59 29 50 51 23 38 64 41 24 28 675
Final 17 25 21 28 8 15 16 26 21 32 5 14 21 13 23 16 301

J 40 44 39 37 45 20 40 35 19 31 90 39 34 38 57 23 631
Final 19 32 15 11 18 10 20 9 13 20 35 21 25 19 25 18 310

K 61 29 52 40 58 54 70 46 62 24 31 52 26 19 27 48 699
Final 20 4 9 12 25 25 25 39 31 16 15 36 20 15 11 24 327

L 21 22 43 32 41 27 0 21 33 43 25 24 37 52 19 22 462
Final 13 4 10 14 5 24 0 20 15 13 20 21 24 37 0 20 240

Total 379 341 395 366 454 385 434 345 423 363 447 355 343 390 313 397 6,130
Final 168 156 165 193 221 217 217 235 203 193 239 190 197 197 143 180 3,114
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onstration of melodic intervals representing a robust 
property of healthy infants’ spontaneous crying would 
postulate a further suitable candidate for assessing vocal 
control in young infants. This would be particularly help-
ful since occurrence of these interval phenomena can be 
easily perceived by parents, phoniatricians and speech-
language therapists.

Subjects and Methods

Participants
The study used audio files from the archive at the Center for 

Pre-Speech Development and Developmental Disorders of the 
University Hospital of Würzburg. For this longitudinal study, vo-
calizations of 12 (6 female) healthy infants from middle-class 
monolingual families were carefully selected. Inclusion criteria 
were an unsuspicious pregnancy, age-adequate somatic develop-
ment at birth, an unsuspicious perinatal adaptation (APGAR score 
of ≥8 at 5 min and ≥9 at 10 min), metabolic indices within a nor-
mal range and passing of the newborn hearing screening, that is 
healthy infants. The mean birthweight was 3,298 g (range 2,860–
3,795 g), the mean head circumference was 34.7 cm (range 33–37.5 
cm) and the mean birth length was 50.6 cm (range 48–52 cm). The 
mean gestational age was 39 weeks (range 37–42 weeks). Using 
archived files, we also confirmed that none of the children showed 
any developmental delay or disorder with respect to language or 
cognitive development during their first 3 years of life.

Vocalizations
A data set of 6,130 spontaneous cry utterances of the 12 healthy 

infants was used. The cries were uttered between the age of 1 and 
112 days (i.e. 16 weeks; Table 1). A cry utterance (vocalization) was 
defined as the total vocal output during one single expiration. 
These utterances were available as anonymized audio (wav) files, 
recorded at weekly intervals. According to archived file informa-
tion, original cry recordings were made in an isolated room in a 

quiet environment within the hospital (first week of life) and the 
infant’s homes. The noise level in the room was perceptually 
judged to be low in ambient noise and acceptable for audio record-
ings. The cry recordings were made using a DAT recorder (Sony 
TCD-D100) coupled to a hand-held directional microphone 
(SONY ECM-MS950). Cry recording began when an infant started 
to fuss or at a time when the mother would normally feed the child. 
None of the cries were associated with the administration of a 
painful stimulus to the infant. Sampling frequency was 48 kHz, and 
the dynamic range was 16 bits. The microphone was positioned 
approximately 10 cm from the infant’s mouth. The average dura-
tion of each infant’s recording was approximately 2 min. To ensure 
a standardization, each infant was recorded longitudinally by the 
same research assistant and mostly on the same day of the week.

Method
In total, 6,130 frequency spectrograms were automatically cal-

culated (CSL 4500, KayPentax, USA). Each cry utterance that con-
tained a well-identifiable melody was audiovisually preselected us-
ing these frequency spectrograms [20]. Typically, young infants 
produce a relatively high number of cries with a disturbed melody 
due to subharmonics or phonatory noise that are readily visible in 
frequency spectrograms [19, 20, 28]. For reasons of reliability, cry 
utterances containing noise/subharmonic phenomena that caused 
a disturbed melody contour and those being very short (fussing; ≤300 ms) were excluded from the final interval analysis (Table 2). 
Following the preselection of undisturbed utterances, melody dia-
grams (f0 contours) were calculated and analysed by using the 
open-source software PRAAT 6.0.37 [29]. The final data set for 
interval identification included 3,114 cry utterances with well-
identifiable melody contours, on average 260 cries per infant (min-
imum of 196 cries, maximum of 327 cries per infant; Table 2).

Interval Definition and Identification
A low-pass filtering (40-Hz Gaussian filter) of the melody was 

performed before identifying melodic intervals [14, 24]. As shown 
in previous studies [24–26], a single melody contour, independent 
of its number of melody arcs, can exhibit either none (Fig. 1c), one 
(Fig. 1b) or more than one melodic interval (Fig. 1a). Correspond-
ing to melodic intervals in music [30], here a single melodic inter-
val was defined as consisting of 3 elements: a first f0 plateau (P1), 
defining perceptually a tone (relatively stable f0 over ≥50 ms, am-
plitude variation < ± a quartertone), followed by a transition (T), 
defined by an f0 gliding from P1 to a subsequent higher/lower f0 
plateau (P2: identical criteria; shown in Fig. 1b). A single interval 
can exhibit one of 2 interval directions, namely 

rising ( ) or falling ( ).  

Like in musical melodies the f0 ratio of 2 tones, the f0 ratio of 
both f0 plateaus P1 and P2 (f0 plateau: geometric mean of all f0 val-
ues) defines the size of the respective melodic interval. Single in-
tervals may occur isolated or in an adjacent sequence. Here, we 
differentiated between “simple” and “complex” events. A simple 
event was defined by exhibiting 

one ( ; ) or 2 single intervals ( ;  ; ; ).  

A complex event describes any combination of more than 2 
single intervals. A complex event describes any combination of 
more than 2 single intervals. The minimum duration to define an 
f0 plateau (50 ms) was chosen according to a perceptual study 

Table 2. Number (%) of included and excluded melodies of each 
infant for interval analysis

Infant Sex Included Excluded Total

A f 284 (68.10) 133 (31.89) 417
B f 246 (56.29) 191 (43.70) 437
C m 196 (55.36) 158 (44.63) 354
D f 297 (37.40) 497 (62.59) 794
E m 200 (48.42) 213 (51.57) 413
F f 295 (67.97) 139 (32.02) 434
G f 215 (48.20) 231 (51.80) 446
H m 203 (55.16) 165 (44.83) 368
I f 301 (44.59) 374 (55.40) 675
J m 310 (49.12) 321 (50.87) 631
K m 327 (46.78) 372 (53.21) 699
L m 240 (51.94) 222 (48.05) 462
Total 3,114 (50.8) 3,016 (49.2) 6,130
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demonstrating this high temporal resolution for tone intervals in 
infants as young as 2–3 days [31].

Although the applied measurement criteria allowed a reliable 
quantitative analysis, interval identification was verified using a 
subset of the data including 100 cry utterances randomly selected. 
The estimated Cohen’s kappa (SPSS 25) for the intrarater reliabil-
ity (reproducibility) displayed a value of 0.895 (p < 0.001). The 
result of the interrater reliability Cohen’s kappa was a value of 
0.874 (p < 0.001). Both values express a very reliable reproducibil-
ity for interval identification. Interval identification and size cal-
culation (ratio of frequency values P1/P2) was performed by using 
the lab-internal cry data analysis programme (CDAP, pw-project, 
author P.W.). Melody diagrams (f0 vs. time) were produced with a 
logarithmic scale for f0 and a quarter tone grid (Fig. 1b). Single in-
tervals of the melody contour were identified by using the defined 
criteria for f0 plateaus (≥50 ms duration; f0 variation within ± a 
quarter tone) and manually marked by cursors (Fig. 1b). Set cursor 
positions were automatically documented in the Excel tables that 
contained the f0/time (melody) values of the respective melody 
contour. Finally, the first author, who is also a musician, re-evalu-
ated all 6,814 identified melodic intervals auditorily by listening to 
the respective f0 contour, using a special PRAATscript provided by 
J. Mayer (http://praatpfanne.lingphon.net). This additional meth-
od was applied to test the reliability and accuracy of the identified 
intervals – all measured intervals were confirmed to be well per-
ceptible.

Outcome Measures
The analysis focused on 3 outcome measures:

1. Frequency of occurrence of melodic intervals in cry utterances 
with a well-identifiable melody (n = 3,114). This was analysed 
by assigning each cry utterance and its melody structure, re-
spectively, to one of 2 categories defined by not containing 
(Fig.  1c) or containing at least one interval (binary variable; 
Fig. 1a, b). This analysis aimed to answer the question whether 
cry utterances exhibit significantly more melodies with than 
without melodic intervals and whether there is an age or sex 
effect observable.

2. Event complexity was analysed by assigning each melody con-
tour of the above-mentioned category “containing at least one 

interval” to one of 2 subcategories to whether the contour ex-
hibited (1) only a “simple event” (Fig. 1b) or (2) a “complex 
event” (Fig.  1a). This analysis aimed to answer the question 
whether event complexity is related to age and/or sex.

3. Melodic interval size (f0 plateau ratios): To evaluate the frequen-
cy of occurrence of melodic intervals, a distribution of all single 
intervals, independent of their occurrence in simple or com-
plex events, identified across the observation period (1–112 
days) was calculated. For assignment of interval sizes along the 
full scale from prime to octave (well-tempered Western music 
scale), ratios between 2 plateau frequencies were expressed in 
cent using the formula: c = 1,200·3.322038 log10 (f2/f1). The mu-
sical unit cent is based on the 12-tone equal temperament. Here 
one octave is defined consisting of 1,200 cents, which can be 
divided into 12 semitones, each of them containing 100 cents. 
As shown in Figure 2, this dimension is helpful since further 
equally tempered intervals can be described by simply adding 
cents (e.g., the major second obtained 200 cents, the third 300 
cents).

Statistical Analysis
Descriptive information on melodic intervals was presented in 

terms of occurrence and interval sizes. Generalized estimating 
equations (GEEs) were applied to analyse the dependency of oc-
currence of melodic intervals on age and sex. GEEs are extensions 
of commonly known regression models [32, 33]. Note that repeat-
ed measurements within an individual are usually statistically de-
pendent. This means that a certain common amount of informa-
tion is contained in the measurements obtained from the same 
individual. Therefore, for example, 100 measurements obtained 
from 10 individuals (10 measurements in each of them) provide 
less information than 100 measurements in 100 independent indi-
viduals (one measurement in each of them). Hence, if we would 
apply usual logistic regression (which assumes independent mea-
surements), the calculated confidence intervals for odds ratios and 
probabilities would be too narrow, that is, we would suggest a high-
er precision of statistical estimates than the actual amount of in-
formation allows. In contrast, GEEs appropriately account for the 
intrasubject dependencies of measurements, thus providing esti-
mates with adequately sized confidence intervals.
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To allow for non-linear relationships between the logit of the 
probability of melodic intervals and age, polynomial dependencies 
were considered. Since we found different patterns of dependency 
on age for the occurrence of melodic intervals and their complex-
ity, we did not use an ordinal model, as it might be suitable at first 
glance, because proportional odds could not be assumed. Instead, 
we computed 2 models: one for the probability of melodic intervals 
and a second for the conditional probability of a complex event, 
given that a melodic interval did occur. Statistical analyses were 
carried out using SPSS version 25 (released 2017 by IBM Corp., 
Armonk, NY, USA).

Results

The majority (85.3%) of all analysed cry utterances  
(n = 2,657) exhibited a melody contour containing at least 
one single melodic interval, whereas only 457 melodies 
(cry utterances) did not exhibit entities of the melodic in-
tervals defined here across the observation period. In 
these 2,657 cry utterances, a number of 6,814 single me-
lodic intervals were identified over the first 16 weeks (ap-
prox. 4 months) of life. With respect to direction, 46.4% 
of single melodic intervals were identified as 

rising ( ), while 53.6% were falling ( ) intervals. 

The result of the interval size analysis is shown in Fig-
ure 2. Each measured single interval was assigned to one 
class of musical intervals to demonstrate a respective dis-
tributional pattern over the observation period of 1–112 
days (approx. 4 months). The minor second was found to 

be the most prominent interval across all months (1–4 
months: 43.7, 38.9, 37.7, 40.2%). The number of all other 
intervals decreased with increasing interval size. Howev-
er, smaller intervals than semitones were also identified 
(shown in Fig. 2).

The first GEE model for the probability of the occur-
rence of melodic intervals revealed a non-linear relation-
ship between the logit of that probability and age. The 
first (p < 0.001), second (p = 0.01) and third (p = 0.03) 

Table 3. Weekly probability of occurrence of cry utterances with a 
melody containing at least one single interval

Age, weeks Estimate, % 95% CI

1 78.7 70.4–85.2
2 81.8 74.2–87.5
3 83.8 77.1–88.8
4 85.0 79.3–89.4
5 85.8 80.8–89.6
6 86.1 81.9–89.5
7 86.1 81.9–89.5
8 86.1 81.9–89.5
9 86.1 81.9–89.5

10 86.1 81.9–89.5
11 86.2 80.5–90.5
12 86.6 80.6–91.0
13 87.2 81.2–91.5
14 88.2 82.5–92.2
15 89.5 84.2–93.2
16 91.2 85.9–94.6
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period.

Fig. 4. Estimated conditional probability of occurrence of complex 
events with age.
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powers of age were significant. This relationship is shown 
in Figure 3. No significant relationship with sex could be 
detected (p = 0.92). As well, there was no significant in-
teraction of sex with age (p = 0.69) and its square (p = 
0.44) or cube (p = 0.36). The resulting probabilities are 
displayed in Table 3.

In the second model for complex events, only the de-
pendency on age was significant (p = 0.001) but not the 
relationships with the square (p = 0.29) and its cube (p = 
0.18; Fig. 4). Again, no significant relationships with sex 
(p = 0.77) or its interaction with age (p = 0.92) were ob-
served. The resulting probabilities are displayed in Table 
4. The combined results of both GEE analyses (i.e., the 
age-dependent fractions of melodies with no, simple or 
complex events) are shown in Figure 5.

Discussion

Infants learn their native language fast and effortlessly 
during the first years of life. Meanwhile there is mounting 
evidence for the preparatory function of early vocal de-
velopment for subsequent developmental steps towards 
language [6, 18, 34–36]. Both, “emotional” and “linguis-
tic” prosody involve the elements of f0, rhythm and other 
elements as they relate to the grammatical structuring of 
meaning in utterances. Among other prosodic elements, 
melody is tied in complex ways to phonology, the system-
atic encoding of meaning in the sounds of language.

Undoubtedly, it is important to recognize features of 
early vocal development that contribute to the emergence 
of speech; this includes constituents of infant sounds 
which in one or the other way provide the raw material 
for the later speech sounds, particularly syllables [37]. 
However, suprasegmental “musical” characteristics 
(prosody) are not only as decisive for spoken languages 
as segmental, but also have among their precursors one 
that is crucial to acquire language, from both the ontoge-
netic as well as the phylogenetic perspective [5–7, 14, 18, 
22, 31, 38–41]. This is sound melody, as time function of 
the f0 (“intonation”). With regard to prosodic features of 
infants’ sounds, melodic contours are of primary impor-
tance and, moreover, melody provides a kind of scaffold-
ing for the developing articulatory abilities [6, 18, 41]. Ac-
cording to Brown’s “musilanguage” hypothesis, a com-
mon source for both music and language existed in 
prehistoric times in a stage of “lexical tones.” Discrete 
tones were matched to meanings and combined to “melo-
dorhythmic” phrases [42]. Human infants’ perceptual 
and productive preferences for musical elements of 
speech (prosody) support Brown’s hypothesis and bridge 
the importance of melody from phylogenesis to ontogen-
esis with respect to language development.

Particularly over about the last 20 years, brain studies 
and behavioural experiments accumulated considerable 
evidence for precocious performances with respect to 
melody and rhythm of the fetus, newborn and young in-

Table 4. Conditional probability of occurrence of cry melodies 
containing complex events across the observation period

Age, weeks Estimate, % 95% CI

1 30.2 21.8–40.3
2 31.8 23.3–41.7
3 33.5 25.0–43.1
4 35.1 26.7–44.6
5 36.8 28.4–46.1
6 38.6 30.2–47.7
7 40.3 32.0–49.3
8 42.1 33.8–51.0
9 44.0 35.6–52.7

10 45.8 37.5–54.4
11 47.6 39.2–56.2
12 49.5 41.0–58.0
13 51.4 42.8–59.8
14 53.2 44.5–61.7
15 55.1 46.2–63.6
16 56.9 47.9–65.5
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fant [43–47]. There is general agreement among scientists 
and speech-language therapists that melody contour is 
key to understanding infants’ early steps of vocal develop-
ment towards language. Behavioural studies reported the 
discrimination of melodic contours [46–48] and tempo-
ral speech sound patterns in newborns and 1- to 4-month-
old infants [49–52]. 

The present study highlights the regularly occurring 
and age-dependently developing melody properties that 
define melodic intervals in spontaneous crying over the 
first 4 months of life. The probability of vocalization mel-
ody containing at least one single melodic interval was 
found to be high already in newborns’ crying (78.7%; 95% 
CI 70.4–85.2) and significantly increased to 91% (95% CI 
85.9–94.6) over the next 15 weeks. A non-linear develop-
ment in 3 main phases was observed: (1) a steep increase 
within the first 1.5 months, (2) a relatively stable phase 
(consolidation) until about the end of the third month 
and (3) a new increase across the fourth month of life 
(Fig. 3). This result demonstrated that melodic intervals 
seem to be a regularly occurring phenomenon in sponta-
neous crying of healthy infants, most likely reflecting 
both, an increasing vocal control and vocal flexibility dur-
ing the first 4 months of life [35, 53–56]. Moreover, our 
findings demonstrated also that interval complexity and, 
hence, intentional “melody play” increased in spontane-
ous crying with age (from 30% in week 1 to 57% in week 
16).

Consequently, we found a dramatic increase in melod-
ic intervals across the first 6 weeks that was followed by a 
temporarily steady state and performance consolidation 
over the next 6 weeks. However, interval complexity fur-
ther increased during the stabilization phase and beyond 
(Fig. 4). This means that the development process is iden-
tical to that found for the overall contour development 
[18]. Here too, the development of melodic complexity 
runs through 3 phases in the same time pattern [18]. This 
suggests that both developmental processes are synchro-
nized to generate the overall shape of the melody contour 
or cry intonation. In summary, the second and third 
months represent a first prosodic stabilization phase. 
Wermke and Mende [18] postulated that during this time 
previously trained melody patterns of different time scales 
now function as scaffolding for articulatory activity that 
becomes continuously more prominent during the next 
months of life [41]. This results in a synchronous develop-
ment of suprasegmental elements with the emergence of 
segmental elements starting at about the third month of 
life, when typical cooing sounds with their vowel- and 
consonant-like elements (vocants and closants) are pro-

duced during face-to-face interactions. When babbling 
with its syllable-like constituents occurs over the next 
months, prosody again is important for further vocal de-
velopment towards language [34, 57]. However, we ana-
lysed only cry vocalizations and it remains to be deter-
mined if melodic intervals also occur in non-cry vocaliza-
tions and if so, how they interact with segmental 
constituents of cooing and babbling. Several studies have 
shown a synchronous occurrence of voice phenomena 
that are independent of vocalization type during the first 
months [e.g., 6, 18, 35]. Our results contribute to the as-
sumption that the young infant is “trying out” various 
control options of the vocal control system at the same 
time. The combinatory sound constituents will eventually 
result in a huge vocalization repertoire. Admittedly, the 
sample size of the present study was rather small and thus 
requires repetition with a larger corpus. This would also 
allow to analyse variations of interval size distributions in 
individual infants with age. However, this would require 
an automatic interval identification (or a larger “analysis 
crew”) since the analyses were highly time consuming. 
Meanwhile, we encourage phoniatricians and speech-lan-
guage therapists to “musically” listen to infant crying. 

Infants do not only exhibit precocious abilities in mel-
ody production, but also have a “musical ear.” Infants’ 
processing of musical or music-like patterns is much like 
that of adults [48, 58]. Especially melodic contour seems 
to be a salient feature for infant listeners. Young infants 
have perceptive capabilities for rising/falling pitch con-
tours [58–60] and the detection of beat [60–62]. Various 
studies demonstrated the ability of infants to perceive f0 
contours and to recognize melody intonation and me-
lodic intervals [31, 58–65]. By 2 months of age, infants are 
able to remember short melodies and can discriminate 
those from similar melodies [66]. Sandra Trehub has 
been investigating infants’ musical predispositions for 
many years. For example, Trehub et al. [67, 68] discov-
ered that infants are capable of noticing a 1-semitone 
change within a melody, when the interstimulus intervals 
were brief and the standard and comparison melodies 
were presented in the same key. These findings could sup-
port the remarkable preference for the semitone interval 
in our results across the observation period. Trehub et al. 
[48] also found that infants are more attentive and ex-
hibit more positive affect while listening to consonant 
music than to music with many dissonant intervals. The 
authors suggest that the “preferences could arise from the 
predominance of consonant intervals in the infant’s en-
vironment (e.g., speech, music, environmental sounds)” 
[48].
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Patel et al. [69] described a “predominance” for small 
intervals (with a maximum of 2 semitones) in cross-cul-
tural music and speech melodies (namely 56% in English 
and French spoken sentences). Neuroscientists and mu-
sicologists even discuss the semitone to be a perceptual 
boundary in pitch-interval discrimination [70]. If true, 
young infants are hard-wired with this ability as our dem-
onstration of the semitone as prevailing melodic interval 
in spontaneous crying seems to suggest.

The ability of a young infant to generate melodic inter-
vals in crying with its typical high subglottal pressures 
and tiny vocal folds as a young infant demands a well-
functioning and very fast-acting laryngeal-respiratory co-
ordination. The developmental shift from simple to com-
plex events (Fig. 5) seems to be the result of a very steady 
maturational process of vocal control without any dis-
continuity. It would be worthwhile to explore whether 
melodic intervals in infants’ vocalizations could establish 
a risk marker for mature laryngeal, respiratory, phona-
tory and vocal control capacity.

Conclusion

The present quantitative analysis provided a further 
example for the development of prosodic elements dur-
ing very early stages towards language. However, so far 
we cannot answer the question whether melodic inter-
vals are a crucial property for normal vocal development 
or just a lovely reflection of infants’ musical predisposi-
tions from birth. In any case, it seems to be important to 
listen to the young infants’ crying from this “musical” 
perspective. The study further contributes to the recog-
nition that infant spontaneous crying must be set apart 
from “animal call-like vocalization” and be treated as an 
essential vocalization type on the path towards spoken 
language.
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