
Archive ouverte UNIGE
https://archive-ouverte.unige.ch

Article scientifique Article 2021                                     Published version Open Access

This is the published version of the publication, made available in accordance with the publisher’s policy.

Music therapy enhances preterm infant's signs of engagement and 

sustains maternal singing in the NICU

Palazzi, A.; Filippa, Manuela; Meschini, R.; Piccinini, C.A.

How to cite

PALAZZI, A. et al. Music therapy enhances preterm infant’s signs of engagement and sustains maternal 

singing in the NICU. In: Infant behavior & development, 2021, vol. 64, p. 101596. doi: 

10.1016/j.infbeh.2021.101596

This publication URL: https://archive-ouverte.unige.ch//unige:156276

Publication DOI: 10.1016/j.infbeh.2021.101596

© This document is protected by copyright. Please refer to copyright holder(s) for terms of use.

https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch//unige:156276
https://doi.org/10.1016/j.infbeh.2021.101596


Infant Behavior and Development 64 (2021) 101596

0163-6383/© 2021 Elsevier Inc. All rights reserved.

Music therapy enhances preterm infant’s signs of engagement and 
sustains maternal singing in the NICU 

A. Palazzi a,*, M. Filippa b,c, R. Meschini d, C.A. Piccinini a 

a Psychology Institute, Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil 
b Department of Psychology and University Hospital, University of Geneva, Switzerland 
c Department of Social Sciences, University of Valle d’Aosta, Italy 
d S. Stefano Rehabilitation Institute, P. P. Picena, MC, Italy   

A R T I C L E  I N F O   

Keywords: 
Neonatal Intensive Care Unit 
Preterm infants 
Mother-infant interaction 
Music therapy 
Early vocal contact 
Religion 

A B S T R A C T   

Hospitalized preterm infants are exposed to stressful stimuli and early parental separation, which 
can undermine their long-term development and mother-infant bonding. Family-centered music 
therapy can enable positive mother-infant interactions, mediated by maternal infant-directed 
singing. This study aimed to investigate the effects of music therapy on preterm infant’s signs 
of engagement, namely Eye Opening (EO) and Smiling (SM), and maternal vocalizations. Par
ticipants were 30 mother-preterm infant dyads in a Brazilian Neonatal Intensive Care Unit 
(NICU), divided into a Music Therapy Group (MTG) and a Comparison Group (CG). The MTG 
participated in 6 sessions of the Music Therapy Intervention for the Mother-Preterm Infant Dyad 
(MUSIP), with the aim of supporting maternal singing with the infant. Prior to discharge, all 
mothers were filmed during a Non-singing (NS) and Singing (S) interactional condition; in the S 
condition, mothers were explicitly asked to address their infants by singing. Results of video and 
audio analysis showed that infants in the MTG displayed greater Eye Opening (EO) frequency 
compared to CG, but only when they were in an initial awake state at test, suggesting that music 
therapy can potentialize infants’ alertness, by increasing their disposition and chances of being 
engaged in the interaction with the mother. Non-religious mothers appeared to sing significantly 
more in the MTG than in the CG. These preliminary findings indicate that music therapy in the 
NICU could promote infant’s signs of engagement during interactions and can sustain maternal 
singing, especially with non-religious mothers in Brazil.   

1. Introduction 

1.1. Neonatal Intensive Care Unit environment: risks for preterm infant and mother-infant interactions 

Prematurity affects globally 15 million of infants per year (Chawanpaiboon et al., 2019) and represents a threat for long-term 
neurodevelopment, involving increased risks for motor, cognitive, linguistic and socioemotional deficits (Aarnoudse-Moens et al., 
2009; Cheong et al., 2017; Sansavini et al., 2015), as well as behavioural problems (Huhtala et al., 2012; Langerock et al., 2013) and 
psychiatric disorders (Johnson & Marlow, 2011). Besides the biological risks of prematurity, preterm infants are early exposed to 
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stressors in the Neonatal Intensive Care Unit (NICU), such as painful procedures and routine nursing interventions, which have been 
found to be associated with decreased brain size in the frontal and parietal regions, altered functional connectivity in both temporal 
lobes and poor neural network development, as well as with motor and neurobehavioural problems at term equivalent age (Smith 
et al., 2011). NICU hospitalization also forces preterm babies to an early parental separation, which can impact their long-term 
development, parental mental health and parent-infant bonding (Flacking et al., 2012). A review of human and animal studies 
highlights that painful and stressful experiences in the prenatal period, such as early parental separation in the NICU, can affect the 
oxytocin system, resulting in long-term impacts on mother-infant prosocial behaviours (Filippa et al., 2019). Indeed, compared to 
full-term newborns, preterm babies display less positive affect and eye contact, have more difficulties in maintaining a quiet alert state 
and are commonly perceived by parents as less active and responsive (Forcada-Guex et al., 2006; Korja et al., 2012). Similarly, preterm 
infants’ mothers have been described as more stimulating, intrusive and less sensitive (Forcada-Guex et al., 2006; Korja et al., 2012), 
while mother-infant interactions at infants’ 12 months corrected age were found to be characterized by less frequent symmetric and 
more frequent unilateral co-regulation patterns (Sansavini et al., 2015). 

1.2. Protective role of vocal contact in the NICU 

As highlighted by research on parent-preterm infant interactions (Hane et al., 2019; Stefana et al., 2019), parental vocalizations 
seem to play an important role in engaging the preterm baby, and parent-preterm infant dyads were found to show spontaneous 
bidirectional sequential patterns of communication in the first weeks of life, despite the increased interactional risks of the preterm 
baby. Hane et al. (2019) found that more sensitive maternal caregiving and higher quality of vocal contact during interactions in the 
NICU with preterm infants at a gestational age of 36 weeks were associated with more maternal emotional connection at 4 months 
corrected age. Similarly, Stefana et al. (2019) showed that father’s affectionate behaviour, through touch of and gaze at the infant, but 
without talk, was not as effective as the combination of father’s affectionate touch, gaze and talk in eliciting infant engagement. During 
development, maternal singing is particularly responsible for sustaining infant’s attention, modulating arousal and enabling 
mother-infant protoconversations in at term infants (Trehub, 2017; Trevarthen, 2008). Communicative musicality is the coordinated 
vocal interplay between a mother and her infant, which happens through three musical dimensions: pulse, representing the timing of 
protoconversations; quality, consisting of the melody and timbre of vocalizations; and narratives, defined as units of pulse and quality 
that enable a shared experience of passing time between the mother and the infant (Malloch, 1999/2000). 

Considering the detrimental effects of stress, pain and early parental separation on the oxytocin system, interventions that enhance 
positive parent-infant interactions in the NICU, such as early vocal contact, can attenuate these impacts and act as protective factors for 
parental skills, parent-infant prosocial behaviours and infant development (Filippa et al., 2019). A systematic review of 15 studies, 
with a total of 512 preterm infants, showed that maternal voice interventions had short-term effects on infant’s physiological and 
behavioural stability, by reducing critical cardiorespiratory events (Filippa et al., 2017). In particular, maternal speaking is associated 
with higher frequencies of quiet alert state and singing seems to maintain the infant in an active sleep (Filippa et al., 2013). The 
systematic review also suggested mid-term and long-term potentials of maternal voice interventions for enhancing neurodevelopment, 
evidenced by an increase in the quality of the general movements and a larger auditory cortex (Filippa et al., 2017). 

The stabilization of alertness is a crucial accomplishment for newborns in the first weeks of life: by six weeks after birth the alert 
states are more consistent and reliable, allowing the full-term infants to be early engaged in social interactions (Als et al., 2005). The 
calm awake state, which is characterized by eye opening and lack of movements, is considered more supportive to social interaction 
(Als et al., 1990), and is associated with long-term attentional and self-regulatory abilities (Als et al., 1994). Nevertheless, premature 
birth affects the development and displaying of infant’s behavioural states and social behaviours. The calm awake state is the most 
difficult state for the preterm baby and is more easily disrupted than the calm awake state of a full-term infant (Philbin & Klaas, 2000). 
Because of preterm infants’ immaturity and poor behavioural subsystems differentiation, even a simple accomplishment such as eye 
opening requires an overall high cost of the motor and regulation systems (Als et al., 2005). 

With regards to neonatal smiling, from a neurophysiological level smiles occur after the contraction of the zygomatic major muscle 
and are present at birth in full-terms (Emde & Koenig, 1969) and preterm infants (Emde et al., 1971). Smiling is displayed mostly in 
sleeping and drowsy states of rapid eye movement (REM), being described as endogenous smiling, since it physically occurs before 
being integrated in social interaction (Messinger & Fogel, 2007). Depending on infant’s neurological maturity, social smiling emerges 
between the first and second month of age, because of infant’s increased alertness and the development of new patterns of visual 
attention that facilitate the face-to-face contact with the caregiver (Lavelli & Fogel, 2002). In particular, Wolff (1987) observed that at 
the end of the second week of life half of the infants smiled regularly in response to the human voice when they were awake and, by the 
fourth week, they had a preference for the human voice. Preterm infants were found to have significantly more endogenous smiling 
that full-term new-borns (Emde et al., 1971) and premature birth may delay the display of social smiling (Emde & Harmon, 1972). 

Despite preterm infants’ difficulties in achieving and modulating a calm awake state and displaying social smiling, a recent study 
carried out with preterm infants (32–36 weeks of post-menstrual age), showed that maternal speech and singing can increase eye 
opening and self-touch behaviours, while singing seemed to enhance smiling (Filippa et al., 2020). Indeed, maternal infant-directed 
speech and singing are more emotional (in terms of higher pitch and intensity) during infant eye opening and smiling, which sug
gests that these behaviours are intuitively interpreted as acts of communication by mothers (Filippa et al., 2018). Therefore, eye 
opening and smiling can play a crucial role during maternal vocal interactions and might be considered two important markers of 
preterm infant engagement during vocal interactions (Filippa et al., 2018; Filippa et al., 2020). 

Moreover, both mothers and fathers have showed to change their vocal qualities depending on infants’ awake or sleep state (Saliba 
et al., 2020). Taken together, these studies highlight the protective role of parental early vocalizations for preterm infants’ 
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neurodevelopment and parent-infant prosocial behaviours, by easing the negative effects of prematurity and the NICU sensory 
environment and promoting positive parent-infant interactions through speech and singing. 

1.3. Family-centered music therapy in the NICU 

Family-centered music therapy represents an early intervention that enables positive dyad interactions in the NICU mediated by 
parental contingent singing; these interactions result in long-term impacts for the infant’s neurodevelopment, parental skills and the 
quality of the parent-infant relationship (Haslbeck et al., 2020; Shoemark, 2017). Research in NICU music therapy has demonstrated 
positive effects for preterm infants’ physiological and behavioural responses (Bieleninik et al., 2016; Haslbeck, 2012; Standley, 2012), 
as well as for maternal mental health (Bieleninik et al., 2016; Kostilainen et al., 2020; Loewy et al., 2013; Palazzi et al., submitted; 
Ribeiro et al., 2018). 

Despite the increasing growth of research in NICU music therapy, the few studies focusing on the dyad interaction show benefits for 
mother-infant communicative musicality and interactional synchrony (Haslbeck, 2014; Palazzi et al., 2020) and parental bonding 
(Ettenberger et al., 2017). In particular, a previous longitudinal case study carried out in the south of Brazil investigated the contri
butions of the Music Therapy Intervention for the Mother-Preterm Infant Dyad (MUSIP; Palazzi et al., 2014, 2019), the same intervention 
used in the present study, for mother-infant interactional synchrony. Results of video microanalysis showed that, prior to discharge and 
4 months after discharge, most mother-infant synchronous exchanges occurred during and right after singing compared to a 
non-singing interaction (during breastfeeding). The mother displayed more affectionate behaviours (such as smiling, touching, rocking 
and caressing) during or after singing in both assessments. In the NICU, prior to discharge, the infant looked at the mother more during 
singing, while at home the infant touched and smiled more during singing and vocalized more right after singing (Palazzi et al., 2020). 
These preliminary results suggest the potentials of MUSIP in stimulating mother-infant interactional competence. 

1.4. Aims of the study 

This study aimed to investigate the effects of music therapy on preterm infant’s signs of engagement and maternal vocalizations. To 
test these questions, mother-infant dyads were divided into two groups: a Music Therapy Group (MTG), which participated in a music 
therapy intervention, and a Comparison Group (CG), which received standard care. Both groups were observed during a Non-singing 
(NS) and a Singing (S) interactional condition prior to discharge. 

We formulated three main hypotheses. (1) We expected that infants in the MTG would show greater signs of engagement, compared 
to the CG, independent of condition (NS and S). Outcomes measures were: infants’ Eye Opening (EO) frequency and duration, and 
infants’ Smiling (SM) frequency in the NS and S conditions and overall. (2) In the NS condition, we expected that mothers in the MTG 
would speak more to the infants compared to mothers in the CG, showing a transfer effect from the music therapy intervention to the 
amount of infant-directed speech. The outcome measure was the duration of maternal speech in the NS condition. (3) In the S con
dition, we expected that, mothers in the MTG would sing more to the infants compared to mothers in the CG, showing an increased ease 
in the use of infant-directed singing in interactional contexts. The outcome measure was the duration of maternal singing in the S 
condition. 

2. Material and methods 

2.1. Participants 

Participants were admitted to the NICU at the Hospital Nossa Senhora da Conceição, which is a public hospital in Porto Alegre 
(Brazil). A convenience and non-randomized sampling method was used: recruitment started in January 2018 with the participants of 
the CG, who were in process of discharge; afterwards, from June 2018, participants of the MTG were recruited. Eligibility criteria were: 
adult mothers (>18 years old) that were Brazilian or fluent in Portuguese; preterm infants (gestational age <37 weeks) in stable 
condition, without sensory diseases or neurological impairment. Infants were excluded if they had grade III and IV intraventricular or 
periventricular haemorrhage. Participants were excluded if they did not participate in at least 4 out of the 6 music therapy sessions. 

Thirty-nine mothers (17 in the CG and 22 in the MTG) met the eligibility criteria, agreed to participate in this study and signed an 
informed consent form. From the initial sample, one case in the CG was excluded because had discharge before completing the 
assessment. With regards to the MTG, eight cases were excluded: three cases that did not participate to the whole intervention because 
of maternal withdrawal; two cases that had discharge before final assessment; one case that participated only in two out of the six 
sessions; and two cases whose video footage had audio problems. A final sample of 30 mother-preterm infant dyads (16 dyads in the CG 
and 14 dyads in the MTG) was finally included and their data were analysed. Detailed demographic and clinical characteristics of the 
sample, as well as differences between MTG and CG, are shown in Table 1. Maternal age in both groups was similar, all mothers were 
married or lived with a partner, most of them had secondary and tertiary education (MTG: 78.60 %; CG: 68.80 %) and had middle-low 
socioeconomic status (MTG: 50 %; CG: 68.80 %). Most of mothers declared having a religion (MTG: 71.40 %; CG: 75 %), and half of 
them in both groups reported having sung to the baby during NICU hospitalization (before participating in the intervention in the case 
of the MTG). Infants’ gestational age was 30.57 weeks (SD = 2.17), while post-menstrual age at test was 36.75 weeks (SD = 2.24). 
Infants in both groups had similar clinical characteristics, and most of them were in active sleep at the beginning of the test (MTG: 
64.30 %; CG: 75.00 %). 

Variables that were different between groups, such as maternal employment (p = .047), income (p = .026) and infant’s Apgar at 5 
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min (p = .045), did not associate with outcome variables. Maternal mental health scores at discharge also were significantly higher in 
the CG compared to the MTG but did not associate or correlated just marginally with outcome measures (see Table A.1 in Appendix A). 

2.2. Ethical considerations 

This study received ethical approval from the Ethical Review Board of the Psychology Institute of the Universidade Federal do Rio 
Grande do Sul (UFRGS) (no. 2.268.801) and the Ethical Review Board of the hospital (no. 2.301.686). 

2.3. Procedures 

Before the intervention, when the baby was in stable conditions and ready for skin-to-skin contact, the demographic and clinical 
data of the MTG were collected. 

2.3.1. Intervention 
The mother-infant dyads in the MTG participated individually in MUSIP (Palazzi et al., 2014, 2019), a 6-session music therapy 

intervention aimed at supporting maternal singing with the preterm infant. The intervention was carried out by the first author, with 
the monthly supervision of an expert music therapist (third author). The 6 MUSIP sessions are carried out twice a week for 20− 30 min, 
with the infant on the mother’s lap or during skin-to-skin contact. The MUSIP protocol involves 3 music therapy techniques: singing of 

Table 1 
Sociodemographic and Clinical Characteristics of Mothers and Infants.  

Characteristics MTG (n = 14) CG (n = 16) Test P 

Mother 
Age (y) 30.29 ± 6.28 29.75 ± 6.80 t = − 0.22 p = .825 
Number of children 1.93 ± 0.62 2.50 ± 1.21 t = 1.66 p = .111 
Educational level (%)a   χ2 = 0.37 p = .544 

IEE – ISE 3 (21.40 %) 5 (31.30 %)   
SE – TE 11 (78.60 %) 11 (68.80 %)   

Religion (%)   χ2 = 0.05 p = .825 
Religious mothers 10 (71.40 %) 12 (75 %)   
Non-religious mothers 4 (28.6 %) 4 (25 %)   
Employment (%)   χ2 = 5.13 p ¼ .024 
Employed 11 (78.60 %) 6 (37.50 %)   
Unemployed 3 (21.40 %) 10 (62.50 %)   

Income (Brazilian Real)c 3597.14 ± 1340.08 2603.13 ± 1273.90 t = − 2.08 p ¼ .047 
Socioeconomic status (%)b   χ2 = 1.09 p = .296 

E - C1 7 (50 %) 11 (68.80 %)   
B2 - B1 7 (50 %) 5 (31.30 %)   

Delivery   χ2 = 1.20 p = .273 
Vaginal (%) 2 (14.30 %) 5 (31.30 %)   
Caesarean (%) 12 (85.70 %) 11 (68.80 %)   

STAI-T at testd 36.64 ± 10.74 47.75 ± 11.66 t = 2.70 p ¼ .012 
STAI-S at teste 36.86 ± 4.96 46.13 ± 11.17 t = 3.00 p ¼ .007 
EPDS at testf 6.00 ± 4.61 11.06 ± 6.28 t = 2.49 p ¼ .019 
PSS at testg 23.14 ± 8.38 30.00 ± 9.65 t = 2.06 p ¼ .049 
Previous singing (%) 7 (50 %) 8 (50 %) χ2 = 0.00 p > .999 

Infant 
Gestational age (w) 30.64 ± 1.78 30.50 ± 2.53 t = − 0.18 p = .861 
Post-menstrual age at test (w) 35.86 ± 2.54 36.75 ± 2.24 t = 1.02 p = .314 
Birth weight (g) 1372.36 ± 349.19 1354.38 ± 376.27 t = − 0.13 p = .894 
Weight at test (g) 2480.86 ± 522.44 2689.81 ± 872.97 t = 0.78 p = .442 
Weight gain (g) 22.56 ± 3.77 22.03 ± 6.83 t = − 0.26 p = .800 
Apgar at 1 min 6.50 ± 2.38 5.31 ± 1.96 U = 151.50 p = .097 
Apgar at 5 min 8.29 ± 1.27 7.62 ± 1.09 U = 157.50 p ¼ .045 
Length of hospitalization (d) 48.49 ± 18.96 57.19 ± 31.32 U = 104.00 p = .739 
Initial behavioural state   χ2 = 2.64 p = .450 

Deep sleep 2 (14.30 %) 0 (0.00 %)   
Active sleep 9 (64.30 %) 12 (75.00 %)   
Quiet awake 2 (14.30 %) 2 (12.50 %)   
Active awake 1 (7.10 %) 2 (12.50 %)   
Crying 0 (0.00 %) 0 (0.00 %)   

Note: t: Student’s independent t-test; U: Mann–Whitney U test; χ2: chi-square test; a Educational level: IEE = incomplete elementary education, 
ISE = incomplete secondary education, SE = secondary education, TE = tertiary education; b Socioeconomic status: E – C1 = from less than 1–3 
minimum salaries; B2 – B1 = between 5 and 10 minimum salaries (Associação Brasileira de Empresas de Pesquisa, 2018); c Income: 1 dollar (USD) is 
about 5.33 Brazilian Reais (Retrieved in 2020, August 03, from https://www.exchangerates.org.uk/Dollars-to-Brazilian-Reals-currency-conversion- 
page.html); d STAI-T: State-Trait Anxiety Inventory – Trait; e STAI-S: State-Trait Anxiety Inventory – State; f EPDS: Edinburgh Postnatal Depression 
Scale; g PSS: Perceived Stress Scale. 
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“songs of kin”, infant-directed singing and song writing. In sessions 1 and 2, the mother and the music therapist sang maternal 
preferred songs for the baby, using a slower tempo, a simpler harmony and repetitive patterns, such as in a lullaby (Loewy et al., 2013). 
These “songs of kin” were accompanied by the music therapist with a guitar. In sessions 3 and 4, the music therapist guided the mother 
in observing the infant’s signals and using infant-directed singing to entrain these behavioural cues (Shoemark, 2011, 2018). In 
sessions 5 and 6, the music therapist helped the mother in composing a song parody for the baby, based on the musical characteristics 
of a familiar song, with new lyrics containing the infant’s name and messages from parents, siblings or other family members (Baker 
et al., 2005; Ettenberger & Ardila, 2018). As part of MUSIP, from Session 1 mothers were invited to sing for their baby whenever they 
wanted and were comfortable in the NICU, even when the music therapist was not present. 

2.3.2. Post-intervention 
Mothers of the CG, who received standard care, were recruited only in the post-intervention phase. Prior to discharge, maternal 

mental health in the MTG and CG was assessed, after an equivalent period of hospitalization, as highlighted by similar length of stay 
between groups. Maternal mental health was assessed through the State-Trait Anxiety Inventory (STAI; Spielberger et al., 1970), the 
Edinburgh Postnatal Depression Scale (EPDS; Cox et al., 1987) and the Perceived Stress Scale (PSS; Cohen et al., 1983). In the present study 
these measures were used to describe maternal mental state and not as a comparison between groups. Infants’ clinical information was 
obtained from NICU medical reports. Mothers in both groups were also filmed in the NICU during two 5-minute interactional episodes 
with the infant on their lap: a free interaction, in which mothers were asked to interact freely with their infant, without singing (NS 
condition), and a singing interaction, in which mothers were explicitly asked to sing to their infant (S condition). Mother-infant dyads 
were filmed with a GoPro Hero 5 camera, connected to an external microphone (Zoom H4n) placed near the mother and the baby. 

2.4. Measures 

2.4.1. Coding of infants’ signs of engagement 
Research questions for hypothesis 1 were infants’ EO frequency and duration and infants’ SM frequency. The definitions of infants’ 

behaviours were derived from Filippa et al. (2018). Eye Opening (EO) was defined as both infant’s eyes opened, including half-closed 
eyes, and this behaviour was codified from the beginning of the eyelids opening until the end of the eyelids closing. Smiling (SM) was 
defined as simultaneous lip corner raising. 

Because of technical problems during data collection, the duration and homogeneity of video footage of the two 5-minute inter
actional episodes was often compromised. For this reason, only the first two minutes were selected and coded in the two groups (MTG 
and CG). EO frequency and duration and SM frequency, in both the NS and S conditions, were coded. The frame-by-frame analysis of 
infants’ behaviours was carried out using ELAN 5.7 software by two independent coders, and reliability was assessed. Thirty per cent of 
infants’ behaviours were double-coded by the first author and a research assistant. Inter-observer reliability was estimated via 
intraclass correlation coefficients (ICC). For all variables, high agreement coefficients were found: EO frequency, ICC = .998, p = .000; 
EO duration, ICC = .995, p = .000; SM frequency, ICC = .852; p = .000. After the reliability process, each coder analysed half of the 
remaining data set. 

To determine the homogeneity of the population during the video assessment, the infants’ initial behavioural state was coded by two 
independent researchers, experts in neonatal behavioural coding, using Precht’s behavioural states (Precht, 1974): (1) deep sleep: eyes 
closed, regular respiration, no movements; (2) active sleep: eyes closed, irregular respiration, small movements; (3) quiet awake: eyes 
open, no movements; (4) active awake: eyes open, gross movements; and (5) crying. In addition, considering that active sleep comprises 
more than 70 % of the sleep time of infants prior to 30 weeks of gestation (Holditch-Davis, 1990; Zaiwalla & Stern, 1993), we decided to 
code as active sleep when infants showed mixed signs of active and quiet sleep, in line with similar studies in this field (Foreman et al., 
2008). Thirty per cent of infants’ behavioural states were double-coded and inter-rater reliability was high (Cohen’s kappa = 0.82). 

2.4.2. Coding of maternal vocalizations 
Audio sequences were extracted from the corresponding video footage, considering the total amount of mother’s vocalizations 

during each 5-minute episode. Following criteria from Gratier et al. (2015), maternal vocalizations were defined as the production of 
an audible vocal sound where interruption of sound did not exceed 300 ms. The outcome measure for hypothesis 2 was the duration of 
maternal speech, which was defined as the duration of mother’s spoken vocalizations within the 5-minute episode of the NS inter
action, excluding all internal pauses (greater than 300 ms) and unvoiced sounds such as onomatopoeic and rhythmic sounds. The 
outcome measure for hypothesis 3 was the duration of maternal singing, which was defined as the duration of mother’s sung vo
calizations within the 5-minute episode of the S interaction, excluding all internal pauses (greater than 300 ms) and unvoiced sounds 
such as onomatopoeic and rhythmic sounds. 

Thirty per cent of maternal vocalizations were double-coded by the first author and a research assistant. Inter-observer reliability 
was estimated via ICC and, for all variables, high agreement coefficients were found: speech duration, ICC = .991, p = .000; and singing 
duration, ICC = .997, p = .000. After the reliability process, each coder analysed half of the remaining data set. The analysis was carried 
out using Audacity Team (2019). When the audio of the mothers lasted less than 5 min, the duration of maternal speech or singing 
proportionate to 5 min was calculated. 

2.5. Data analysis 

Statistical analysis was carried out using SPSS 18.0 software. First, data distribution was examined, and descriptive statistics (mean, 
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standard deviation and frequency) were calculated. All variables were tested for normality (Kolmogorov–Smirnoff, p > .05; Shapir
o–Wilk, p > .05). Normally distributed data were analysed through Student’s t-test; data without normal distribution were analysed 
through Mann–Whitney’s U test; and categorical data were analysed with the chi-squared test. Differences between MTG and CG in 
relation to sociodemographic and clinical characteristics were calculated (Spearman’s correlation, p > .05; Mann–Whitney U test, 
p > .05; Kruskal–Wallis H test, p > .05), as well as associations between these variables with all outcome measures (Table A1 in 
Appendix A). In this study, a 5% significance level was used. 

Mann–Whitney U tests were used to calculate the effects of Group (MTG and CG) on all outcomes variables. Afterwards, linear 
regressions analyses (enter method) were carried out with each outcome measure: (1) EO frequency and duration (Overall, NS and S 
condition); (2) duration of maternal speech; and (3) duration of maternal singing. In the regression models, all the variables that 
showed a significant or marginally significant association were introduced, besides Group. It was not possible to conduct regressions 
with SM frequency (Overall, NS and S condition) because the values were too small, and they were not associated with any other 
variable. Model collinearity was verified through the variance inflation factor (VIF) statistics. Normality of residuals was also verified. 
All variables with an association of p > .10, except for Group, were removed from the regression model. Finally, interactions between 
the remaining variables associated with the outcome (p < .10) and the Group were calculated through analysis of variance (ANOVA). 

3. Results 

Descriptive statistics of infant’s signs of engagement, maternal vocalizations and the results of the non-parametric tests between 
MTG and CG are reported in Table 2. Final regression models of infants’ and mothers’ outcomes are presented in Table 3. First, results 
regarding preterm infants’ signs of engagement will be presented. Afterwards, we will present the findings related to mothers’ vo
calizations, in particular maternal speech and singing. 

3.1. Infants’ signs of engagement 

As shown in Table 2, there were no significant differences (p > .05) between MTG and CG with regards to infants’ overall be
haviours (p > .05), although the MTG showed higher EO frequency, EO duration and SM frequency, in line with hypothesis 1. Simi
larly, there were no significant differences between groups in NS and S conditions (p > .05). 

With regards to regression models reported in Table 3, infants’ initial behavioural state at test showed to be the only predictor of the 
overall EO frequency (R square = 0.62; Beta = 0.78; t = 6.50; p = .000) and overall EO duration (R square = 0.85; Beta = 0.93; 
t = 12.39; p = .000). However, ANOVA showed a significant interaction between Group and initial behavioural state for the overall EO 
frequency (F = 6.98; p = .014), revealing that when infants in intervention and control groups were in awake states at the beginning of 
the test, the MTG displayed a significantly higher overall EO frequency than the CG (MTG: M = 36.33; SD = 4.15; CG: M = 19.50; SD =
3.59; p = .005). Conversely, when infants were in sleep states, there was no difference between MTG and CG in the overall EO fre
quency (MTG: M = 4.59; SD = 2.17; CG: M = 4.36; SD = 2.17; p = .941). No significant interaction between Group and behavioural 
state in NS was found for the overall EO duration (F = 3.01; p = .095). 

Further regressions and ANOVAs were carried out for each condition, NS and S, and results were confirmed only in the S interaction. 
During singing, the infants’ initial behavioural state was the only predictor of EO frequency S (R square = 0.66; Beta = 0.81; t = 7.10; 
p = .000) and EO duration S (R square = 0.65; Beta = 0.81; t = 7.02; p = .000). Significant interactions were found between Group and 
initial behavioural state for EO frequency S (F = 6.65; p = .016), but not for EO duration S (F = 2.53; p = .124). With regards to the NS 
condition, the initial behavioural state was the only predictor of EO frequency NS (R square = 0.44; Beta = 0.65; t = 4.41; p = .000) and 
EO duration NS (R square = 0.87; Beta = 0.94; t = 13.47; p = .000). However, no significant interactions between Group and initial 
behavioural state were found for EO frequency NS (F = 3.33; p = .080) and duration NS (F = 1.04; p = .318), indicating a different ten
dency, compared to overall EO frequency and duration and to S condition. 

Table 2 
Descriptive statistics of infant’s signs of engagement and maternal vocalizations and results of non-parametric tests between MTG and CG.   

MTG CG    
M (SD) M (SD) Test Sig. 

Infant’s signs of engagement 
Overall EOa frequency 11.39 (15.69) 8.40 (9.01) U = 100.00 p = .847 
Overall EO duration 46.06 (76.47) 45.44 (66.19) U = 104.00 p = .983 
Overall SMb frequency 1.00 (1.58) 0.37 (0.90) U = 79.500 p = .270 
EO frequency NSc 7.18 (10.20) 4.97 (6.42) U = 88.50 p = .477 
EO duration NS 27.90 (42.05) 29.90 (41.19) U = 96.00 p = .715 
SM frequency NS 0.54 (1.18) 0.20 (0.77) U = 90.00 p = .533 
EO frequency Sd 4.21 (6.19) 3.43 (4.70) U = 99.50 p = .813 
EO duration S 18.16 (37.83) 15.54 (28.71) U = 105.00 p = 1.000 
SM frequency S 0.46 (0.84) 0.17 (0.52) U = 81.000 p = .310  

Maternal vocalizations 
Speech 47.69 (39.75) 38.15 (46.81) U = 136.00 p = .334 
Singing 177.88 (30.02) 142.24 (71.56) U = 136.00 p = .334 

Notes. a Eye Opening; b Smiling; c Non-singing; d Singing. 
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3.2. Maternal vocalizations 

There were no significant between-group differences for maternal vocalizations (p > .05). Nevertheless, the MTG tended to show 
higher duration of Speech and Singing compared to the CG, which is in line with hypotheses 2 and 3 (Table 2). Regarding hypothesis 2, 
the regression models reported in Table 3 showed that the duration of maternal Speech was predicted by the type of birth delivery (R 
square = 0.29; Beta = 0.38; t = 2.27; p = .031) and mother’s previous singing (R square = 0.29; Beta = 0.40; t = 2.43; p = .022). 
Further analysis through ANOVA showed no significant interaction between Group and delivery (F = 0.13; p = .725) or Group and 
previous singing (F = 0.14; p = .707) in maternal Speech. 

With regards to hypothesis 3, the duration of maternal Singing appeared to be predicted both by Group (R square = 0.47; 
Beta = 0.34; t = 2.39; p = .024) and religion (R square = 0.47; Beta = 0.61; t = 4.36; p = .000). ANOVA highlighted a significant 
interaction between Group and religion (F = 8.38; p = .008), indicating that the impact of music therapy in the duration of maternal 
singing was particularly strong in non-religious mothers, who appeared to sing 3 times more than non-religious mothers in the CG 
(MTG: M = 155.45; SD = 19.43; CG: M = 48.93; SD = 19.43; p = .001). Alternatively, this effect was not found with religious mothers 
(MTG: M = 186.85; SD = 12.29; CG: 173.34; SD = 11.22; p = .424). 

4. Discussion 

This study aimed to investigate the effects of music therapy on preterm infant’s signs of engagement and maternal vocalizations. 

4.1. Infants’ signs of engagement 

We expected that infants in the MTG would show greater signs of engagement compared to the CG, independently of condition (NS 
and S). This hypothesis was partially confirmed, as results showed that when infants in intervention and control groups were in an 
initial awake state and more available for the interaction, the infants in the MTG displayed a higher EO frequency compared to CG, 
during both maternal S and NS interaction. Therefore, although we can expect that any baby in an awake state is naturally more alert to 
surrounding stimuli, our findings suggest that this effect was significantly greater for the MTG, which indicates that music therapy 

Table 3 
Final models of linear regressions analyses of infants’ and maternal outcomes.   

R Square B 95.0 % Confidence Interval for B Beta t Sig.    

Lower Bound Upper Bound    

Overall EO frequencya 0.62       
Group  4.17 − 1.93 10.27 0.17 1.41 p = .172 
Behavioural state  22.53 15.41 29.66 0.78 6.50 p ¼ .000  

Overall EO durationb 0.85       
Group  8.42 − 12.74 29.59 0.06 0.82 p = .421 
Behavioural state  149.00 124.28 173.72 0.93 12.39 p ¼ .000  

EO frequency NSc 0.44       
Group  2.87 − 2.12 7.85 0.17 1.18 p = .248 
Behavioural state  12.49 6.67 18.31 0.65 4.41 p ¼ .000  

EO duration NSd 0.87       
Group  2.62 − 8.88 14.09 0.03 0.466 p = .645 
Behavioural state  87.91 74.50 101.32 0.94 13.47 p ¼ .000  

EO frequency Se 0.66       
Group  1.31 − 1.18 3.79 0.12 1.08 p = .290 
Behavioural state  10.04 7.14 12.95 0.81 7.10 p ¼ .000  

EO duration Sf 0.65       
Group  5.82 − 9.49 21.13 0.09 0.78 p = .441 
Behavioural state  61.09 43.21 78.97 0.81 7.02 p ¼ .000 

Speechg 0.29       
Group  3.00 − 26.47 32.48 0.03 0.21 p = .836 
Delivery  38.59 3.71 73.46 0.38 2.27 p ¼ .031 
Previous singing  34.16 5.26 63.07 0.40 2.43 p ¼ .022  

Singingh 0.47       
Group  38.46 5.50 71.42 0.34 2.39 p ¼ .024 
Religion  79.04 41.85 116.22 0.61 4.36 p ¼ .000 

Notes: Excluded variables: a Delivery and STAI-S at test; b Delivery; c GA and delivery; d Delivery; e STAI-S at test; f STAI-S at test; g Maternal age, 
income and behavioural state; h Birth weight and STAI-T at test. B: Unstandardized Coefficient; Beta: Standardized Coefficient. 
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potentialized infants’ readiness, increasing their disposition and their chances of being engaged in the interaction. 
Compared to full-term newborns, preterm infants can have more difficulties in maintaining a quiet alert state, which is considered 

more supportive to social interaction (Als et al., 1990) and is associated with long-term attentional and self-regulatory abilities, as well 
as better mother-infant bonding (Als et al., 1994). A recent study, whose sample had a similar post-menstrual age to the infants in our 
study, showed that EO can be increased both by maternal speech and singing (Filippa et al., 2020). EO and SM have also been shown to 
be associated with more emotional maternal vocalizations (Filippa et al., 2018). Infant’s behavioural states can influence the vocal 
qualities of parental vocalizations (Filippa et al., 2018; Saliba et al., 2020) and maternal speech and singing are likely to become more 
infant-directed when the infant displays EO and SM, which mothers intuitively interpret as social behaviours (Filippa et al., 2018). 
Hane et al. (2019) found that behaviours displayed during closed face-to-face interactions, such as eye contact, can be used to 
determine the mutual emotional connection between the mother and the infant, which suggests that a higher EO frequency can be 
associated with a greater mother-infant emotional connection. In line with these studies, our findings showed that music therapy 
enhanced infant’s signs of engagement during interaction and has potential effects on maternal interactional abilities and 
mother-infant co-regulation and emotional connection. 

We suggest that music therapy had a partially undirected effect on infant’s signs of engagement, mediated by maternal affective 
behaviours during singing. Compared to the CG, MTG infants were used to heightened maternal singing throughout the hospitali
zation, which took place during music therapy sessions and might have enhanced maternal vocal contact during infant’s everyday life 
in the NICU. When mothers sing, they frequently integrate their vocalizations with other infant-directed behaviours, which constitute 
multi-modal stimulation for the baby (Trehub et al., 2016; Trehub, 2017). Therefore, it is possible that MTG infants were more used to 
this richer and multisensory experience throughout the NICU stay, which might have affected their greater responsiveness and 
alertness during the interaction with the mother prior to discharge. 

Music therapy predicted infants’ overall EO frequency during awake states, independent of the condition, which suggests a transfer 
effect of the intervention in other mother-infant interactional contexts besides singing. This is particularly important considering the 
increased risks of prematurity and NICU hospitalization for mother-infant interactional competences (Forcada-Guex et al., 2006; Korja 
et al., 2012; Sansavini et al., 2015). Moreover, music therapy also predicted EO frequency during awake states in the S condition, which 
supports previous evidence concerning the effect of infant-directed singing on infants’ engagement and attention (Trehub, 2017). 

4.2. Maternal vocalizations 

With regards to maternal speech, we expected that mothers in the MTG would speak more in the NS condition compared to CG 
mothers. This hypothesis was not confirmed, because the only two predictors of speech were infant’s initial behavioural state and 
previous maternal singing. Mothers who sang spontaneously for their preterm infants in the NICU, independent of participation in 
music therapy or before starting the intervention, were more likely to talk to them prior to discharge. This result highlights the close 
connection between different kinds of intuitive maternal vocalizations, which can be stimulated early in the NICU to enhance mother- 
preterm infant vocal contact (Filippa et al., 2013; Filippa, Kuhn et al., 2017). This tendency of association between singing, parental 
musical engagement and general use of vocalization has also been described in previous studies (McLean, 2016; McLean et al., 2018; 
Shoemark & Arnup, 2014). Parental singing and use of voice, supported by a music therapist in the NICU, are linked to the devel
opment and strengthening of parental identity (McLean, 2016). Surprisingly, in our study, previous maternal singing did not affect the 
duration of maternal singing prior to discharge. 

Regarding maternal singing, we expected mothers in the MTG would sing more to infants compared to mothers in the CG, showing 
an increased ease in the use of infant-directed singing in interactional contexts. Our findings partially supported this hypothesis, 
showing that both Group and Religion were predictors of the duration of maternal singing. In particular, non-religious mothers in the 
MTG sang significantly more than non-religious mothers in the CG, and this difference was not found with religious participants. This 
unexpected result suggests that music therapy might have represented a sustaining experience for non-religious mothers, and a 
resource to cope with all the difficulties associated with infant’s health and hospitalization and to stimulate an increased participation 
in the interaction with the baby through singing. 

Several studies have highlighted the beneficial effects of family-centered music therapy in empowering parental skills in the NICU 
(Ettenberger et al., 2017; Haslbeck, 2014; Palazzi, Meschini, Baggio et al., submitted; Shoemark, 2017). A previous qualitative study 
that used MUSIP (Palazzi, Meschini, Baggio et al., submitted) showed its contributions to infant’s development, maternal empow
erment and mother-infant connection. Music therapy in palliative and cancer care has already been shown to help people connect with 
their spiritual side (Clements-Cortés, 2017) and create a sense of trust and faith (McClean et al., 2012). However, so far, we have not 
found any published study that has highlighted the relationship between music therapy and mothers’ religiosity or spirituality in the 
NICU. This unexpected result can be better understood in relation to the Brazilian cultural context, whose intrinsic musicality emerges 
through the strong connection of singing, playing and dance expressions, and encompasses different aspects of social, cultural and 
spiritual life. Preterm mothers’ sound identity (ISO; Benenzon, 2008), besides involving their individual musical legacy and preferences 
throughout life, is influenced by Brazilian musicality and its close connection with religion. Evangelical music in Brazil, known as 
Brazilian gospel music, has progressively been consumed outside the religious context, becoming a remarkable social phenomenon 
(Bandeira, 2017). Indeed, even non-religious mothers in Brazilian NICUs are used to singing gospel songs during music therapy, 
because they can identify with the themes of the spiritual lyrics, such as hope and resilience (Vianna et al., 2020). 

We suggest that the healing effects of music therapy might be particularly strong in cultures characterized by an intrinsic musicality 
and a close connection between music, spirituality and religion. Taking into account the higher risks for mental health disorders and 
psychological distress among mothers of preterm infants (Gondwe & Holditch-Davis, 2015; Loewenstein, 2018; McGowan et al., 2017; 
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Trumello et al., 2018; Vigod et al., 2010), we suggest that non-religious mothers in Brazil might be particularly vulnerable to a preterm 
birth and the early parental separation, which may result in increased difficulties for establishing positive vocal interactions with their 
infants. Therefore, non-religious mothers might particularly benefit from music therapy, which can facilitate early vocal contact with 
the preterm baby, by retrieving maternal intuitive abilities and helping them to express (without words) and give meaning to the 
inexplicable and painful experience of having a hospitalized baby. 

Nevertheless, it is important to point out that these are only preliminary findings. Future studies are needed to investigate the 
association between musicality and religion with bigger samples, highlighting if these results can be generalized to other cultures, 
through specific questionnaires or interviews focused on religious and spiritual dimensions in the NICU. Beyond reflections about 
cultural specificity that need to be further investigated, our results highlight the relevant connection between maternal religiosity and 
musical habits and familiarity towards singing, which is not normally taken into consideration in early dyadic studies about infant- 
directed singing. We hope that these findings may inspire broader reflections about the effects of cultural belonging on families’ 
musicality in the early interaction with the newborn. 

Before ending, it is important to point out some limitations of this study. First, the small sample size may explain the few significant 
results. We found overall positive trends for music therapy in enhancing almost all infant behaviours in the NS and S conditions and in 
increasing the duration of maternal speech and singing, although these between-group differences did not reach the level of significance. 
Moreover, participants were not randomized and some of the sample demographic and clinical characteristics were not homogeneous 
between groups. However, during data analysis, possible associations between these characteristics and the outcome variables were 
verified. As part of the intervention, mothers were invited to sing autonomously in their NICU daily life, but we did not assess and control for 
the amount of maternal singing outside the MUSIP sessions, which may limit the reliability of our results; it is important to take into account 
this methodological limitation in light of possible replications of the study and future research. Fathers were not included in the study, 
because mothers are generally the most present and available caregivers in Brazilian NICUs. Nevertheless, fathers need to be involved in 
future research, because they possess intuitive abilities for coping with their preterm newborns (Saliba et al., 2020), are as likely as mothers 
to be negatively affected by the stressful experience of having a preterm baby (Loewenstein, 2018) and music therapy has already been 
shown to be beneficial for fathers as well (Ettenberger et al., 2017). Despite these limitations, the present study compensates for the lack of 
research in this area, showing the influences of music therapy on the interactive dimension of preterm infants and their mothers. 

Overall, this study has some important clinical implications for music therapy and early vocal contact interventions in the NICU. Our 
results indicate that music therapy can potentialized infant’s alertness during the interaction with the mother, increasing their disposition and 
their chances of being engaged. Moreover, music therapy was shown to be particularly effective with non-religious mothers, empowering 
their intuitive abilities and increasing their singing interaction with the infant. Considering hospitals’ limited financial resources and the need 
to establish priorities in referrals, non-religious mothers in Brazil might be considered a specifically vulnerable population that would 
particularly benefit from early and family-centered music therapy interventions. Future studies are necessary to investigate the effects of 
music therapy on other infant behaviours, such as vocalizations, and on maternal vocal qualities in speech and singing. Moreover, further 
transcultural studies are needed to explain the relationship between music therapy, religion and parental mental health in the NICU. 

5. Conclusions 

Early vocal contact and music therapy interventions should be implemented in the NICU to mitigate the adverse effects of pre
maturity and parental separation on mother-infant prosocial behaviours. This study showed that music therapy can enhance preterm 
infants’ signs of engagement during the interaction by increasing their eye opening frequency, especially when the infants are in awake 
states at the beginning of the interaction. Moreover, music therapy can promote maternal intuitive abilities, resulting in an increase of 
the amount of singing, particularly in non-religious mothers. Our findings underscore the importance of supporting maternal infant- 
directed singing in the NICU, which can act as a protective factor for mother-infant interactional competences and connectedness. 
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Table A1 
Correlations and associations between variables.  

} EO freq NS} EO dur NS} SM freq NS} EO freq S} EO dur S} SM freq S} Ov EO freq} Ov EO dur} Ov SM freq} Speech} Singing} 

Maternal age 
r = − 0.003 r = 0.015 r = 0.310 r = 0.103 r = 0.070 r = 0.075 r = 0.093 r = 0.067 r = 0.273 r = 0.382* r = 0.159 
p = .986 p = .938 p = .101 p = .596 p = .717 p = .701 p = .632 p = .731 p = .151 p = .037 p = .400 

Number of children r = − 0.050 r = 0.006 r = 0.140 r = 0.227 r = 0.232 r = − 0.022 r = 0.101 r = 0.100 r = 0.054 r = 0.021 r = − 0.128 
p = .796 p = .975 p = .469 p = .235 p = .226 p = .910 p = .603 p = .605 p = .782 p = .914 p = .500 

Educational level U = 92.500 U = 83.000 U = 75.000 U = 85.000 U = 81.000 U = 87.000 U = 93.000 U = 88.000 U = 90.000 U = 114.000 U = 112.000  
p = .407 p = .749 p = .865 p = .660 p = .826 p = .497 p = .401 p = .564 p = .419 p = .223 p = .260 

Religion U = 71.500 U = 76.000 U = 75.000 U = 78.500 U = 75.000 U = 69.500 U = 72.000 U = 66.000 U = 73.500 U = 103.000 U = 152.000**  
p = .769 p = .957 p = .865 p = .934 p = .913 p = .610 p = .793 p = .564 p = .828 p = .482 p = .003 

Employment U = 108.500 U = 96.000 U = 98.000 U = 89.500 U = 89.000 U = 127.500 U = 92.000 U = 88.000 U = 111.500 U = 86.000 U = 132.000  
p = .763 p = .781 p = .768 p = .551 p = .535 p = .132 p = .649 p = .524 p = .608 p = .305 p = .368 

Socioeconomic status U = 102.500 U = 105.000 U = 112.000 U = 104.500 U = 106.000 U = 83.500 U = 100.000 U = 101.000 U = 97.500 U = 96.000 U = 104.000  
p = .981 p = .889 p = .460 p = .905 p = .849 p = .275 p = .927 p = .964 p = .808 p = .611 p = .866 

Income r = 0.192 r = 0.221 r = 0.126 r = − 0.001 r = 0.012 r = 0.044 r = 0.097 r = 0.147 r = 0.096 r = 0.424* r = 0.046 
p = .319 p = .248 p = .514 p = .995 p = .951 p = .821 p = .618 p = .448 p = .621 p = .019 p = .810 

Delivery U = 110.000* U = 110.000* U = 81.000 U = 83.000 U = 88.000 U = 61.500 U = 101.000 U = 105.000* U = 70.500 U = 129.000* U = 71.000  
p = .021 p = .021 p = .281 p = .417 p = .271 p = .590 p = .076 p = .046 p = .921 p = .017 p = .641 

Previous singing U = 106.000 U = 108.000 U = 102.000 U = 116.000 U = 122.000 U = 91.000 U = 107.500 U = 111.000 U = 89.500 U = 160.000* U = 143.000  
p = .963 p = .891 p = .827 p = .605 p = .424 p = .415 p = .911 p = .788 p = .409 p = .049 p = .206 

STAI-T at test r = 0.014 r = 0.097 r = − 0.151 r = 0.134 r = 0.177 r = 0.032 r = 0.156 r = 0.190 r = − 0.035 r = − 0.043 r = − 0.313 
p = .941 p = .618 p = .435 p = .489 p = .359 p = .870 p = .420 p = .322 p = .858 p = .821 p = .092 

STAI-S at test r = 0.239 r = 0.289 r = − 0.073 r = 0.333 r = 0.332 r = − 0.149 r = 0.360 r = 0.348 r = − 0.139 r = 0.114 r = − 0.077 
p = .212 p = .129 p = .707 p = .078 p = .078 p = .440 p = .055 p = .064 p = .474 p = .549 p = .687 

EPDS at test 
r = − 0.014 r = 0.036 r = − 0.142 r = 0.094 r = 0.100 r = 0.123 r = 0.096 r = 0.124 r = 0.009 r = 0.008 r = − 0.243 
p = .941 p = .854 p = .463 p = .629 p = .607 p = .527 p = .620 p = .520 p = .963 p = .964 p = .196 

PSS at test 
r = − 0.049 r = 0.068 r = − 0.089 r = 0.029 r = 0.067 r = − 0.005 r = 0.032 r = 0.099 r = − 0.114 r = 0.142 r = − 0.241 
p = .801 p = .727 p = .645 p = .883 p = .728 p = .981 p = .870 p = .608 p = .555 p = .453 p = .200 

Gestational age r = 0.350 r = 0.289 r = − 0.248 r = 0.220 r = 0.255 r = 0.114 r = 0.304 r = 0.294 r = − 0.063 r = − 0.123 r = − 0.299 
p = .063 p = .129 p = .195 p = .251 p = .183 p = .555 p = .109 p = .122 p = .747 p = .517 p = .109 

Post-menstrual age at test r = 0.229 r = 0.134 r = − 0.094 r = 0.164 r = 0.129 r = − 0.129 r = 0.261 r = 0.186 r = − 0.012 r = − 0.143 r = − 0.153 
p = .231 p = .487 p = .629 p = .397 p = .504 p = .506 p = .171 p = .335 p = .951 p = .450 p = .418 

Birth weight 
r = 0.234 r = 0.285 r = − 0.056 r = 0.263 r = 0.297 r = 0.203 r = 0.229 r = 0.246 r = 0.083 r = 0.057 r = − 0.315 
p = .221 p = .134 p = .773 p = .168 p = .117 p = .292 p = .233 p = .199 p = .668 p = .763 p = .090 

Weight at test 
r = − 0.015 r = − 0.022 r = − 0.070 r = 0.107 r = 0.058 r = 0.276 r = 0.020 r = − 0.037 r = 0.253 r = − 0.264 r = 0.101 
p = .937 p = .910 p = .717 p = .582 p = .766 p = .147 p = .920 p = .847 p = .185 p = .159 p = .594 

Weight gain r = − 0.053 r = − 0.129 r = − 0.166 r = 0.015 r = − 0.052 r = 0.239 r = − 0.012 r = − 0.071 r = 0.172 r = − 0.263 r = − 0.030 
p = .784 p = .506 p = .390 p = .937 p = .789 p = .211 p = .952 p = .713 p = .373 p = .160 p = .876 

Apgar at 1 min 
r = − 0.086 r = − 0.110 r = 0.119 r = 0.273 r = 0.220 r = 0.202 r = 0.003 r = − 0.037 r = 0.157 r = − 0.098 r = 0.059 
p = .658 p = .572 p = .538 p = .152 p = .252 p = .292 p = .988 p = .847 p = .417 p = .606 p = .756 

Apgar at 5 min 
r = − 0.063 r = − 0.066 r = 0.081 r = 0.161 r = 0.136 r = 0.141 r = − 0.015 r = − 0.019 r = 0.117 r = 0.012 r = 0.053 
p = .745 p = .736 p = .677 p = .403 p = .481 p = .465 p = .936 p = .921 p = .545 p = .952 p = .779 

Length of hospitalization 
r = − 0.042 r = − 0.072 r = 0.016 r = 0.068 r = 0.020 r = 0.104 r = 0.007 r = − 0.051 r = 0.181 r = − 0.063 r = 0.209 
p = .830 p = .709 p = .936 p = .727 p = .917 p = .592 p = .972 p = .791 p = .347 p = .740 p = .268 

Initial behavioural state at 
test 

H = 11.763** H = 17.601** H = 1.055 H = 16.132** H = 18.295** H = 2.287 H = 15.338** H = 17.253** H = 1.242 H = 7.346 H = 0.814 
p = .008 p = .001 p = .788 p = .001 p = .000 p = .515 p = .002 p = .001 p = .743 p = .062 p = .846 

Notes: EO freq NS: Eye Opening frequency in Non-Singing; EO dur NS: Eye Opening Duration in Non-Singing; SM freq NS: Smiling frequency in Non-Singing; EO freq S: Eye Opening frequency in Singing; 
EO dur S: Eye Opening Duration in Singing; SM freq S: Smiling frequency in Singing; Ov EO freq: Overall Eye Opening frequency; Ov EO dur: Overall Eye Opening duration; Ov SM freq: Overall Smiling 
frequency. 
** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed). 
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