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Tonal or melodic contours of maternal voice directed to infants play a role in infants’ self-regulation
and vocal responsiveness. However, we are unaware about melodic contours of maternal humming
directed to preterm infants and its role for infants’ vocal responsiveness. We aimed (1) to identify
the melodic contours (sinusoidal, bell-shaped, U-shaped, rising, falling, and linear contours) of
maternal humming directed to preterm infants in kangaroo care and (2) to identify preterm infants’
overlapping vocalizations in each humming melodic contour. Mothers (N = 36) were invited to speak
and to hum (using an improvised melody) for their preterm infants during kangaroo care. A temporal
segmentation (frequency and lengths) of melodic contours of humming, and descriptive comparative
analyses were performed. We found a predominance of sinusoidal contours, followed by bell-shaped,
rising, falling, U-shaped, and, finally, linear contours. Also a predominance of infants’ overlapping
vocalizations was found in sinusoidal and in bell-shaped contours. This study underlines the role
of melodic contours of maternal humming to preterm infants, highlighting its communicative
functions for the vocal engagement of preterm infants during kangaroo care.
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Fetuses at term are able to discriminate between linguistic and musical stimuli such as
ascending and descending melodies (Granier-Deferre, Ribeiro, et al., 2011) and these can
induce an orientation response (with a profound cardiac reaction) from the newborn at
6 weeks after birth (Granier-Deferre, Bassereau, et al., 2011). Extensive prenatal exposure to
a melody during the third gestational trimester induces neural representations of the new-
born and these may last up to 4 months after birth (Partanen et al., 201 3). One-day-old new-
borns present a brain hemispheric specialization for native and non-native language
(Vannasing et al., 2016).

From birth when mothers start to interact vocally with their infants, three different alter-
natives of vocal communication are available: speech, singing, and humming (singing with
a closed mouth). These vocal modalities are composed of musical elements which ensure the
coordination and synchronization within the dyads (Malloch & Trevarthen, 2009). One of
these musical elements is the tonal or melodic contour, which is defined as the quality of
movement or the shape of a melodic segment, taking into account the successive pitches
(fundamental frequencies) or notes within a certain musical segment (a vocal sequence of
musical tones with interruptions that are shorter than a predefined level). These tonal or
melodic contours play a crucial role in communicative intentionality of early interactions
(Malloch & Trevarthen, 2009; Trevarthen, 1993). In addition, these melodic contours may
be modulated in a contingent way encouraging the infants’ vocal responsiveness (Falk, 2011;
Fernald, 1989; Papousek, 1996; Papousek et al., 1991; Trainor, 1996; Trehub et al., 1984;
Trehub & Trainor, 1998).

Contingent interaction is a key condition for the engagement of newborns (Pelaez et al.,
2011), synchronizing (alternating or overlapping) their vocalizations with their partners’ vocal-
izations (Rosenthal, 1982). Contingent interaction requires a reciprocal capacity from both
partners to capture and return the other’s message. The contingent interaction may be reduced
or compromised in preterm dyads due to several factors among which the difficulty of emotional
self-regulation of one or both partners is of utmost importance. Kangaroo care is a method cur-
rently used in Neonatal Intensive Care Units (NICUs) as a multimodal experience with positive
effects to promote the contingent interaction and also the self-regulation of preterm infants
(Fluharty et al., 2021). More benefits for the contingent interaction of preterm dyads were found
when the preterm infant is positioned diagonally in skin-to-skin contact according to the “kan-
garoo supported diagonal flexion positioning” (Buil et al., 2016) protocol.

A microanalytical study with preterm dyads during the speech and humming conditions in
kangaroo supported diagonal flexion positioning shows that humming increases the infants’
overlapping vocalizations favoring the dyadic attunement while speech increases the infants’
vocal responses during pauses between phrases (Carvalho et al., 2019). In addition, more pre-
term infants’ overlapping vocalizations were found during the final note of the maternal hum-
ming phrases underlining an early capacity of preterm infants to anticipate the ending of
maternal humming phrases (Carvalho et al., 2020). This suggests that humming connects the
partners and plays an important role in mother—infant tuning (Carvalho et al., 2019). The use
of maternal singing during kangaroo care in NICU leads to the autonomic stability of preterm
infants and reduces maternal anxiety (Arnon et al., 2014), improving the auditory processing
of speech sounds (measured by electroencephalogram) in preterm infants when at term age
(Kostilainen et al., 2021).

Falk (2011) analyzed the tonal contours in infant-directed (ID) speech versus ID singing in
the context of play versus soothing using a protocol based on Cordes (2005), Papousek
(1996), and Katz et al. (1996). This protocol presented the following three parameters using
the program Praat (Boersma & Weenink, 2001): (1) form, including linear, bell-shaped,
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U-shaped, and sinusoidal contours; (2) direction, including ascending, descending, and flat
contours; (3) slope, including flat and steep. Although similar tonal characteristics and
melodic contours have been observed in the context of play, some differences in melodic con-
tours have been found in soothing contexts, with more sinusoidal contours in singing than in
speech (Falk, 2011).

Melodic contours can have similar communicative functions in ID speech and ID singing.
According to the literature (Cordes, 2005; Papousek, 1996; Unyk et al., 1992), the falling and
bell-shaped contours allow a decrease in the infant’s state of arousal, calming, and comforting
the infant and also helping to conclude a communicative cycle. In contrast, the rising and
U-shaped contours can be cheerful, stimulating, exciting, and even threatening, increasing the
infant’s arousal level, which can range from enjoyment to a feeling of threat or surprise. The
sinusoidal contours can maintain the infant’s attention, ensuring a moderate level of arousal
while the linear contours allow the maintenance of a minimum level of arousal, keeping the
infant calm and even in a state of drowsiness (Papousek et al., 1991). A similar classification of
melodic contours for ID singing was proposed by Cordes (2005): (1) “Schwingtyp” (oscillating
songs), whose melodic contours smoothly oscillate and were rated as very calming and tender;
(2) “encomium,” which have a wide pitch range as well as bell-shaped and smoothly falling
contours (rated as cheerful and stimulating); and (3) “admonishing,” characterized by the
diversity of contour types, with many steeply falling contours (rated as stimulating, exciting,
and even menacing).

ID singing plays a crucial role in the regulation of infants’ arousal levels ranging from high
levels of attention and pleasure to levels of calm and well-being (Shenfield et al., 2003). ID
singing presents a higher pitch level (Trainor & Zacharias, 1998), inducing a slower tempo
and a more expressive vocal tone (Trainor, 1996; Trainor et al., 1997; Trehub et al., 1997).
When mothers sing to their infants, they adjust the pitch, the tonal amplitude, and other qual-
ities of their voices (Trehub & Trainor, 1998). This singing style changes according to the
infants’ needs, adjusting or influencing the infants’ behavioral state (Trehub & Trainor, 1998)
suggesting that musical and acoustic features of ID singing are more pronounced when the
infant is present than when absent; many of these acoustic modifications are likely to attract
infants’ attention (Trainor, 1996; Trainor et al., 1997). Also an increase of maternal pitch
(using speech or singing condition) was found after a positive response of the preterm infant
such as opening the eyes, gazing at the mother, or smiling (Filippa et al., 2018). This suggests
that preterm infants’ behavior can play an important role in the vocal modulation of the
maternal voice.

Parents and adults use two types of singing (playsongs and lullabies) which are likely to
communicate different emotional messages to respond to their infants’ needsinducing a change
in their behavioral states, either to increase arousal or to soothe the infant (Trehub et al.,
1993a). Lullabies aim to calm, decreasing the arousal level, ensuring an intimate and warm
environment and inducing the infant’s sleep, while playsongs promote engagement and emo-
tion (Trehub & Trainor, 1998). Regarding the melodic contours, playsongs are characterized by
contours with interval jumps and contours of different types like linear, steeply falling, and
abruptly ending bell-shaped contours (Cordes, 2005); lullabies are characterized by smoothly
oscillating sinusoidal contours (originally considered as “Schwingtyp” by Cordes, 2005), as
well as by descending linear and bell-shaped or flat contours where the pitch range tends to be
smaller (Cordes, 2005; Papousek, 1996). These characteristics are identical for adults of differ-
ent cultures and musical systems (Trehub et al., 1993a, 1993b) and they are able to recognize
lullabies by their universal characteristics of many and repeated sinusoidal and falling con-
tours (Unyk et al., 1992).
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Early vocal contact within preterm dyads in the NICU has been shown to promote intuitive
parenting and parental communicative musicality (Filippa et al., 2021). Although studies in
the literature highlight the use of maternal singing more than maternal humming, this one
seems to be a current condition used by mothers when they want to calm or put their newborn
infants to sleep. Probably, the use of maternal humming directed to preterm infant, due of
words absence, can be a more accessible and favorable condition for mothers in order to main-
tain a state of emotional self-regulation in the context of NICU. In this way, the creative music
therapy model at the NICU emphasizes the particular use of improvised humming (in lullaby
style) directed to the preterm infant in a contingent way—adjusting its musical parameters
(repetition, tempo, rhythmic, and melodic pattern) to breathing movements and signals emit-
ted by the preterm infant (Haslbeck & Bassler, 2018; Haslbeck et al., 2020). The use of the
contingent maternal humming particularly during kangaroo care has been emphasized in the
practice of music therapy in neonatal care centered on the family and on the individual neu-
rodevelopment of preterm newborns (Haslbeck et al., 2020). This sustains a moderate state of
arousal and improving self-regulation (Shoemark, 2011, 2018, 2019) with benefits for the
infants’ neurodevelopment as well as to the progress of attachment (Haslbeck & Bassler, 2018;
Loewy, 2015; Shoemark, 2011, 2018, 2019) improving early mother—infant interaction and
maternal self-efficacy (Shoemark et al., 2021).

The use of contingent singing or humming aims to achieve a crucial balance between stimu-
lation and holding using musical attributes such as melody, registration, dynamics, tempo, tim-
bre, attack, and silence. The following three stages of contingent singing have been described
(Shoemark, 2011; Shoemark & Grocke, 2010): (1) The use of a semi-sung motif (the moment
when the voice changes from speech to singing) and of a single-line melody (using musical ele-
ments—tempo, rhythm, pitch, and timbre) at the point of the infant’s availability; (2) ongoing
improvised song (melody) as the context for interplay (in a melodic line with an ABAB shape to
promote familiarity and to activate engagement); and (3) modifying singing as the infant
becomes less available. However, doubts remain about how the use of maternal singing (or
humming) can be adjusted to the infant’s signals and needs. More studies are needed to investi-
gate the musical characteristics of contingent singing in order to maintain the infant’s self-
regulation. If the melodic contours in maternal ID humming can play a crucial role in the
transmission and understanding of different messages, we believe that it is important to under-
stand the relationship between the melodic contours of maternal humming and the preterm
infant’s vocal responsiveness. The aims of this study are as follows: (1) to characterize the
melodic contour styles of maternal humming directed to preterm infants in skin-to-skin and
visual contact and (2) to know more about the relationship between the melodic contours in
humming and the infant’s overlapping vocalizations.

Method

Study design

This is a study with preterm dyads carried out at NICU in Maternidade Dr Alfredo da Costa hos-
pital after being approved by the Ethical Committee of the Central Lisbon Hospital Center
(267/2015). All mothers gave written informed consent and were interviewed with a
Sociodemographic and Clinical Questionnaire. Using video and audio recordings, each preterm
dyad was observed in NICU during skin-to-skin contact according to the “kangaroo supported
diagonal flexion positioning” (Buil et al., 201 6) protocol in order to improve eye contact between
mother and infant. In the baseline condition, preterm infants were in a state of quiet alertness
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or drowsiness (Brazelton & Nugent, 2011, pp. 49-51). Each observation took place in the skin-
to-skin condition next to each incubator in the rooms of the intermediate care unit. During the
observation time, the door was closed to avoid interference from external noise. Also, during
observations, the monitoring alarms of the observed preterm infant were turned off. With very
few cases in which the father was present, in addition to the preterm dyad, only the researcher
and the hospital staff were present.

Although this study focuses on the melodic contours of maternal humming, data collected
were based on a larger study about the vocal responsiveness of preterm infants in NICU when
their mothers were invited to speak (as usually) and to sing in humming condition (an improvised
melody with the mouth closed) for their infants during kangaroo care. Although some mothers
resisted the invitation to sing, the explanation about humming was enough to resolve the situa-
tion; most of the mothers stated that humming like speaking was a part of their communication
with their preterm infants. This protocol (counterbalanced across speech vs. humming condi-
tions) was composed by the following sequence of five periods of 3 min each: (1) silent baseline,
(2) maternal voice (speech or humming), (3) silence, (4) maternal voice (speech or humming),
and (5) final silence. Data were coded with the aim of performing various microanalytical analy-
ses of the temporal characteristics of maternal and preterm infants’ vocalizations in order to
know the infants’ vocal responsiveness in both speech and humming conditions.

Exclusion criteria

During recruitment dyads were excluded based on the following criteria: (1) mother being
younger than 19 years old, (2) difficulties understanding and speaking the Portuguese lan-
guage, (3) infant or mother having an auditory deficit, (4) gestation without medical supervi-
sion, (5) previous psychiatric pathology or serious negative emotional states, and (6) addictive
behaviors. Dyads were also excluded if, at the observation moment, infants had the following:
(1) post-menstrual age less than 32 weeks or higher than 37 weeks, (2) instability of the vital
parameters, (3) support of CIPAP (Continuous Positive Airway Pressure), (4) intraventricular
hemorrhages, (5) congenital or neurological anomalies of the auditory cortex, (6) nasogastric
tube, and (7) supported breathing. Dyads were also excluded if kangaroo care had not been
practiced at least once.

Participants

Preterm dyads (N=50) were recruited. Some mothers did not participate because of issues
related to hospital routines or due to personal reasons (n=10) while other participants were
excluded due to disruption of the recording process (n=4) like interruptions due to preterm
infants’ distress or staff activities. The final sample included 36 preterm dyads. Regarding
maternal nationality, most of the mothers were Portuguese (n=26, 72.22%) while the remain-
ing (n=10, 27.77%) were from African or Brazilian backgrounds living in Portugal for at least
7 years. Maternal age was in average 34 years old (SD=5.63, min. =21, max. =48) with a high
number of successfully completed years at school (M=15.33, SD=3.69, min. =6, max.=24),
nearly two-thirds of the mothers were married (n=23, 63.88%) and almost two-thirds of the
mothers did not have other children (n=22, 61.11%). There were no mothers with formal
musical background.

In the sample of infants, there were more male (n=20, 55.55%) than female infants (n=16,
44.44%), gestational age at birth was 30 weeks and 4 days on average (gestational days at
birth, M=212.78,SD=17.11, min. =178, max.=241), mean weight at birth was 1265.47 g
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LINEAR RISING FALLING BEL-SHAPED U-SHAPED || SINUSOIDAL

Figure 1. Melodic Contours.

(SD=308.20, min.=590¢g, max.=2,017g), mean post-menstrual age at observation was
34 weeks and 1day (days of mean post-menstrual age, M=239.27, SD=9.28, min.=224,
max.=259), infants’ chronological age at the time of observation was 26.5days on average
(SD=19.99, min. =4, max. =81) and mean weigh at observation was 1,538.05g(SD=237.72,
min.=1,060¢g, max.=2,185g).

Materials

Video recordings (MP4) and their corresponding audio recordings (WAV) were used to gather
data from each dyad. To code the data, ELAN software (EUDICO Linguistic Annotator version
4.9.4) was used.

Coding of dyads’ vocalizations

All maternal vocalizations were coded and quantified in terms of frequency (number of vocaliza-
tions per minute) and duration (milliseconds). In order to identify maternal vocalizations, we
adopted the temporal criteria established by Gratier et al. (2015); each maternal vocalization was
defined as the production of an audible vocal sound by the mother which interruption of sound
could not exceed 300 ms. All infants’ vocalizations were coded and quantified only for frequency
(number). An infant’s overlapping vocalization was identified as the production of an audible
vocalization by the infant that was at least partially simultaneous with a maternal vocalization.

The first author listened to each vocalization and assigned it to one of the six possible melodic
contours (linear, rising, falling, bell-shaped, U-shaped, or sinusoidal) which were based on the
classification of the tonal contours developed by Falk (2011). A linear contour is identified
when the humming vocalization is flat, the rising contour is characterized by an increase of the
musical tones, the falling contour is characterized by a decrease of the musical tones, the bell-
shaped contour is a sequence of an increase followed by a decrease, the U-shaped contour is a
sequence of a decrease followed by an increase, and the sinusoidal contour is composed of a
sequence of a bell-shaped and a U-shaped contours independently of its sequence. Figure 1
shows the graphic representation of these six melodic contours.

Statistical analyses

For the characterization of melodic contours of maternal humming, several descriptive statistical
analyses were performed relative to frequency (number) and length of maternal vocalizations in
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each melodic contour. Having in account that mothers’ vocalizations were different in terms of
individual frequencies (number), individual proportions were estimated for each melodic contour.
For infants’ overlapping vocalizations in each maternal melodic contour, only frequencies (num-
ber) were calculated. Knowing that the absolute number of infants’ overlapping vocalizations
vary widely among individuals, we estimated the individual proportion of infants’ overlapping
vocalizations for each type of maternal melodic contour as a function of the individual total of
infants’ overlapping vocalizations. Based on these individual proportions, several comparative
statistical analyses (Student’s t) were performed to understand which melodic contours were
more frequent among maternal vocalizations and also to know if the infant’s overlapping vocali-
zations varied in agreement with maternal melodic contours. Finally, correlations between moth-
ers’ individual proportions of humming melodic contours and the individual proportions of
infants’ overlapping vocalizations in each melodic contour were also estimated.

Reliability

A coding process of the temporal units of maternal and infants’ vocalizations was carried out
by two independent researchers for 30% of the sample. Intraclass correlation coefficients (ICC)
were used to assess differences between the researchers. A high agreement was found for the
frequencies of temporal units of maternal humming vocalizations (ICC=.999, p<<.001) and
also for pauses in humming (ICC=.999, p<.001). A high agreement was also found for the
frequency of infants’ overlapping vocalizations in humming (ICC=.996, p<.001). Regarding
melodic contours, an additional reliability analysis was performed by two researchers with a
musical background who studied seven dyads (19.44% of the participating dyads), achieving a
high degree of agreement in all melodic contours: (1) linear (ICC=.944, p=.002), (2) rising
(ICC=.999, p<.001), (3) falling (ICC=.996, p<.001), (4) bell-shaped (ICC=.995, p<.001),
(5) U-shaped (ICC=.933, p=.002), and (6) sinusoidal (ICC=.992, p<.001).

Results

Melodic contours of maternal humming

The total of maternal humming vocalizations (N=1761) was coded according to melodic con-
tour: (1) linear (n=70, 3.97%), (2) rising (n=365, 20.72%), (3) falling (n=274, 15.55%), (4)
bell-shaped (n=407, 23.11%), (5) U-shaped (n=118, 6.70%), and (6) sinusoidal (n=527,
29.92%). After the estimation of individual proportions, we found a predominance of sinusoi-
dal contours, followed by bell-shaped, rising, falling, U-shaped, and, finally, linear contours
(Table 1). Table 2 presents the significant differences (Student’s t) between the individual pro-
portions of the various pairs of melodic contours. The individual proportion of linear contours
is significantly lower than rising, falling, bell-shaped, and sinusoidal contours. The individual
proportion of rising contours is significantly higher than U-shaped contours. The individual
proportion of U-shaped contours is significantly lower than both bell-shaped and sinusoidal
contours.

Table 3 displays the descriptive statistics for the length of melodic contours in maternal
humming. According to the results, the longest contour is the sinusoidal one, followed by bell-
shaped, falling, U-shaped, rising, and linear. The significant differences between the lengths of
the melodic contours are presented pair by pair in Table 4. The linear contour is significantly
shorter than all other contours. The sinusoidal contour is significantly longer than the rising,
falling, and U-shaped contours. The bell-shaped contour is significantly longer than the
U-shaped, rising, and falling contours.
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Table 1. Descriptive Statistics of the Individual Proportions of Melodic Contours as a Function of the
Individual Total of the Humming Vocalizations (N =36).

Melodic contours M SD min. to
max.
Linear 3.88 6.82 0-31.15
Rising 18.64 17.82 0-59.68
Falling 14.85 17.03 0-84.48
Bell-shaped 23.52 18.36 0-92.31
U-shaped 6.56 8.84 0-36.17
Sinusoidal 32.51 26.05 0-100.00

Table 2. Significant Differences Between the Individual Proportions of the Six Melodic Contours.

Melodic contour differences t df pr<
Linear versus rising —4.64 35 .001
Linear versus falling -3.67 35 .002
Linear versus bell-shaped -5.68 35 .001
Linear versus sinusoidal -6.08 35 .001
Rising versus U-shaped 3.36 35 .003
Bell-shaped versus U-shaped 4.66 35 .001
U-shaped versus sinusoidal -5.82 35 .001
%< .003.

Table 3. Descriptive Statistics of the Melodic Contours’ Length.

Melodic contour types M SD min. to max.
Linear 407.41 591.22 0-2,100.00
Rising 1,398.85 914.57 0-3,280.00
Falling 1,855.07 1,043.97 0-4,445.00
Bell-shaped 2,972.88 892.83 0-4,516.00
U-shaped 1,632.98 1,553.05 0-5,163.33
Sinusoidal 3,322.66 1,401.64 0-5,158.88

Infants’ overlapping vocalizations according to the type of melodic contour

The percentage of infants’ overlapping vocalizations was estimated for each type of melodic
contour as a function of the total of infants’ overlapping vocalizations in the total sample of
overlapping vocalizations (n=162): (1) linear (n=0), (2) rising (n=28, 17.28%), (3) falling
(n=29,17.90%), (4) bell-shaped (n=40, 24.69%), (5) U-shaped (n=8, 4.93%), and (6) sinu-
soidal (n=57, 35.18%).

Also the individual proportions of infants’ overlapping vocalizations in each melodic con-
tour as a function of the total of individual infants’ overlapping vocalizations were estimated.
The descriptive statistics of these individual proportions are presented in Table 5. The results
show a predominance of infants’ overlapping vocalizations during the sinusoidal contours
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Table 4. Significant Differences Between the Means of the Six Melodic Contours’ Length.

Melodic contour differences t df pr<
Linear versus rising -7.75 35 .001
Linear versus falling -8.69 35 .001
Linear versus bell-shaped -15.24 35 .001
Linear versus U-shaped -5.39 35 .001
Linear versus sinusoidal -12.47 35 .001
Rising versus bell-shaped -8.49 35 .001
Rising versus sinusoidal -6.73 35 .001
Falling versus bell-shaped -6.03 35 .001
Falling versus sinusoidal -5.39 35 .001
Bell-shaped versus U-shaped 4.40 35 .001
U-shaped versus sinusoidal -6.48 35 .001
*p < 003.

Table 5. Descriptive Statistics of the Individual Proportions of Infants’ Overlapping Vocalizations in Each
Melodic Contour as a Function of the Total of Individual Infants’ Overlapping Vocalizations (N=36).

Melodic contours M SD min. to max.
Linear - — -
Rising 17.83 27.74 0-100
Falling 13.43 21.94 0-71.43
Bell-shaped 27.86 34.34 0-100
U-shaped 2.57 9.66 0-41.18
Sinusoidal 38.31 39.67 0-100

Table 6. Significant Differences Between the Individual Proportions of Infants’ Overlapping Vocalizations
in Several Melodic Contours as a Function of the Total of Individual Infants’ Overlapping Vocalizations.

Infants’ overlapping vocalizations in t df pr<
Bell-shaped versus U-shaped 3.83 28 .002
U-shaped versus sinusoidal -4.67 28 .001
*p < 003.

followed by the bell-shaped, rising, falling, and U-shaped contours. Infants’ overlapping
vocalizations were not found in the linear contours. Table 6 presents the significant differ-
ences between the various pairs of individual proportions as a function of the total of indi-
vidual infants’ overlapping vocalizations. According to the results, the individual proportion
of infants’ overlapping vocalizations during U-shaped is significantly lower than the individ-
ual proportion of infants’ overlapping vocalizations during the sinusoidal contours as well as
during the bell-shaped contours. Regarding correlations between the individual proportions
of humming melodic contours and the individual proportions of infants’ overlapping vocali-
zations in each melodic contour, only one significant correlation (r=.587, p=.005) was
found, which was for the U-shaped contour.
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Discussion

This study allowed to know the characteristics of the melodic contours of maternal humming
directed to preterm infants. This underlines the importance of the communicative function of
those melodic contours for the infants’ responsiveness namely its overlapping vocalizations. In
our sample, when mothers hum to their preterm infants in kangaroo care a predominance of
sinusoidal contours, followed by bell-shaped, rising, falling, U-shaped, and, finally, linear con-
tours was found. Furthermore, the individual proportion of U-shaped contours is significantly
lower than both bell-shaped and sinusoidal contours. Regarding the lengths of melodic con-
tours, sinusoidal contours are the longest ones while the linear contours are the shortest. The
bell-shaped contour is significantly longer than the U-shaped contour, and rising and falling
contours do not vary significantly in length. However, we do not know to what extent the dif-
ferent proportions of the melodic contours of humming might be associated with the infant’s
behavioral signs, with their health status or with the cultural and individual differences of the
dyads.

Sinusoidal contours in singing are more frequent in soothing than in speech contexts (Falk,
2011) and it has been shown that sinusoidal and bell-shaped contours are predominantly pre-
sent in lullabies whose function is to calm the infant and to ensure a soothing environment
(Cordes, 2005; Papousek, 1996). In the same way, when mothers of our sample hum to their
preterm infants, they seem to hum in a lullaby style with a predominance of sinusoidal and
bell-shaped contours. Some of these melodies were easily identifiable as lullabies of the tradi-
tional musical repertoire such as “Rock-a-bye Baby” and “Wiegenlied: Guten Abend, Guten
Nacht” by Johannes Brahms. Moreover, those melodies that we were unable to associate with
familiar repertoires were composed by repeated sinusoidal and bell-shaped contours associated
with a lullaby style. Taking in account that mothers in our sample had no formal musical back-
ground, their option between melodies based and non-based on known musical repertoire
could not be influenced by that factor.

Lullabies are often used in the context of neonatal music therapy in order to allow preterm
infants to self-regulate (Haslbeck & Bassler, 2018; Haslbeck et al., 2020; Loewy, 2015). Also,
the use of contingent singing or humming in a lullaby style plays an important role in promot-
ing the self-regulation of very vulnerable hospitalized infants (Haslbeck et al., 2020; Loewy,
2015; Shoemark, 2018). Also, it seems that mothers in our sample used this humming lullaby
style probably in order to maintain the infant’s self-regulation; nonetheless, our data do not
allow us to conclude about this matter. Furthermore, it would be interesting to observe if the
infant’s behavioral state can influence the maternal humming style as it has been suggested in
the literature (Filippa et al., 2018). In addition, it is possible that the condition of stress and
emotional vulnerability of preterm dyads while in NICU make it difficult for maternal contin-
gent singing to be used in a spontaneous way. However, this study only explores the melodic
contours of maternal humming in the absence of the orientation of a music therapist. This
guidance would be important in order to promote the maternal reading of the infant’s behavior
and this way guiding maternal singing in order to adjust it to the infant’s messages. Future
studies are needed to analyze the melodic contours of the maternal contingent singing and
humming.

According to Longhi (2009), maternal ID singing conveys the hierarchical structure of the
song through multimodal sensory information. This multimodal experience in maternal sing-
ing or humming is helpful for infants’ self-regulation. Several mothers in our sample seemed to
synchronize their humming with their sway motions. This was not formally assessed but pos-
sibly it is relevant to understand the role played by these multimodal temporal cues that
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mothers provide for their infants. In our study, mothers positioned their bodies in a way that
favored eye-to-eye contact with their infants; an analysis of the timing of the maternal gaze
may provide further insight into the multimodal organization of ID communicative behavior.
We do not know whether the swaying of the mother’s upper torso matches the phrase timing
and the melodic contouring of their humming, which would improve a synchronous proprio-
ceptive experience for infants held in skin-to-skin and in visual contact. The specific organiza-
tion of these multimodal cues remains to be investigated as well as their function in regulating
infants’ states and providing opportunities for social interaction.

Concerning infants’ vocal responsiveness, a predominance of infants’ overlapping vocaliza-
tions was found in sinusoidal contours followed by bell-shaped and rising contours, while in
U-shaped contours, these vocalizations were scarce and totally absent in linear contours. This
suggests that the sinusoidal, bell-shaped, and rising contours increase the infants’ vocal respon-
siveness while U-shaped and linear contours do not. Probably, linear contours are prone to
decrease the infants’ arousal leading to a reduction of the infants’ overlapping vocalizations.
Furthermore, a higher frequency of infants’ overlapping vocalizations was found in sinusoidal
and in bell-shaped contours than in U-shaped contours, and these differences are significant. It
is likely that the bell-shaped contour during humming, helping to close a curve that ends in a
fall, leads the infant to anticipate this fall through a vocal response. It is possible that this experi-
ence of anticipation plays a role in decreasing arousal and helping the infant to self-regulate.
Likewise, the sinusoidal contour can encourage the infant’s vocal responsiveness while ensur-
ing the maintenance of a moderate state of attention.

The infant’s vocal responsiveness during these melodic contours could also be associated
with a high frequency and length of sinusoidal and bell-shaped contours in humming.
However, only a significant correlation was found between the frequency of the U-shaped con-
tours and the infant’s overlapping vocalizations during the U-shaped contours. This suggests
that the infant’s overlapping vocalizations may be contingently associated with the U-shaped
contours.

We can also question if the absence or decrease in the infant’s overlapping vocalizations
mean active listening rather than a lack of engagement. In addition, the infants’ health status
and their individual differences may have contributed to their higher or lower vocal responsive-
ness. Considering the singing or humming as an interactive multimodal experience, in addition
to melodic contours, other factors (such as maternal touch and swing) may have influenced the
increase or the decrease of the infants’ vocal responsiveness.

Limitations

The limitation due to the number of participants must be considered. As this is not a naturalis-
tic observational study, we can question whether the lack of spontaneity, intimacy, and privacy
of the participating dyads may have influenced the expressiveness of maternal humming
directed to the preterm infant. It is possible that this leads mothers to hum in a socially desired
style which is not attuned to the infant’s needs. Future studies should deepen the knowledge
about the possible influence of melodic contours of maternal humming for the infants’ self-
regulation. The evaluation of the preterm infant’s physiological parameters (heart rate and
oxygen saturation) captured during the production of the melodic contours of the humming
will allow us to deepen this issue in a near future.

As we had no access to the health condition of each preterm infant at the time of observation,
this could have compromised the infant’s engagement as well as have influenced the humming
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style of the mothers. However, we excluded dyads with preterm infants who presented instability
of vital parameters, CIPAP support, intraventricular hemorrhages, congenital or neurological
anomalies of the auditory cortex, use of a nasogastric tube, and supported breathing. All these
parameters were granted by the nursing staff ensuring the homogeneity of the infants” health
status.

Although the interactive experience mediated by maternal humming is a multimodal expe-
rience this study did not investigate whether maternal touch and swaying during humming
influenced the infant’s vocal production. Multimodal observations of maternal humming
directed to preterm infants must be included in future studies.

Conclusion

This study contributes to deepen the knowledge about the melodic contours of maternal
humming directed to preterm infants during kangaroo care in NICU without a music thera-
pist intervention. It also contributes to understand how preterm mothers, intuitively, orient
their melodic contours while humming in order to promote the infants’ engagement namely
with their overlapping vocalizations. We believe that this study encourages the development
of future studies about the communicative function of the melodic contours of contingent
humming sustained by a certificated music therapist in order to improve the self-regulation
of preterm infants in the context of NICU's. Favoring the maternal humming can be seen as
a strategy to facilitate the task of the preterm mother; possibly the attunement between the
mother and the infant can be easier to achieve when the mother sings without words than
when singing with words. However, as this hypothesis was not tested yet we expect to study it
soon.
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