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Introduction

Music is often referred to as the language of emotions (Pank-
sepp & Bernatzky, 2002). People listen to music primarily 
because of its ability to arouse and regulate emotions (Juslin 
& Laukka, 2004; Koelsch et al., 2019; Reybrouck & Eerola, 
2017; Sloboda & Juslin, 2001; Swaminathan & Schellen-
berg, 2015). However, culture plays a major role in how 
we play and understand music (Hannon & Trainor, 2007); 
therefore, it is unclear whether newborns and young children 
associate music with emotions they feel and if they perceive 
distinct emotions in music (Nawrot, 2003). When asked to 
pair emotions detected from facial expressions with music, 
even children aged 3–4 years fail the task (Dalla Bella et al., 
2001; Gregory et al., 1996; Nawrot, 2003). Schubert and 
McPherson (Schubert & McPherson, 2015) suggested that 
experiencing emotions while listening to music is a learnt 
trait and that different emotions have different developmental 
trajectories.

It was reported that from infancy, humans are sensitive to 
the structure of music (Trehub, 2003; Trehub et al., 1993). 
Newborns accurately perceive the beat of music (Winkler 
et  al., 2009) and  respond to consonance and dissonance 
(Masataka, 2006; Perani et al., 2010; Trainor & Heinmiller, 
1998), and very young infants are attracted to ‘motherese’, 
a very musical, melodic, slow, infant-directed speech with 
exaggerated pitch contours (Trainor et al., 1997). Caregivers 
sing to babies to put them to sleep, as well as during feeding, 
changing, and bathing them and playing and travelling with 
them (Trehub et al., 1997). Babies show focused attention and 
reduced body movements when their mothers sing (Trehub 
& Nakata, 2001). This behaviour is not due to learning, as 
hearing newborns of deaf parents also show a preference for 
maternal-style singing (Masataka, 1999). Moreover, foetuses 
pay attention to and remember the music to which they were 
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previously exposed. The earliest foetal responses to sound 
occur at 16 weeks of gestation (Shahidullah & Hepper, 1994). 
By the end of the second trimester, the foetus can hear and 
detect changes in sound (Querleu et al., 1988). Foetuses exhibit 
distinct behavioural and physiological responses to music in 
general and to some extent respond to the tempo of music 
(Tristao et al., 2020). Gebuza et al. (2018a, b) found that when 
pregnant women at the 28th week of gestation were exposed 
to 10 min of their favourite songs, foetal heart rate increased 
90 s into the song, but there were no changes in foetal body 
movement. The authors suggested that the delayed responses 
may have been mediated by the mothers’ emotional reac-
tions, although the mothers themselves showed no changes 
in heart rate. Another study that examined pregnant women at 
37–41 weeks of gestation in three groups —an auditory inter-
vention for the mothers, a classical music auditory intervention 
for the foetuses, and a control condition—found no significant 
differences in foetal heart rate between groups (Khoshkholgh 
et al., 2016). Al-Qahtani (2005) found that foetuses exhib-
ited increased heart rates and motor responses to both music 
and voice compared to a control condition, although there 
were no significant differences between responses to music 
and responses to voice. Overall, although evidence suggests 
that foetuses respond to musical stimuli, the nature of their 
responses is unclear.

Regarding newborns, several studies have explored the 
use of music as a form of intervention for prematurely born 
babies in neonatal intensive care units. A randomized clini-
cal trial using lullaby, classical music, and no music (con-
trol) conditions with 25 preterm infants found that lullabies 
induced a reduction in both heart and respiratory rates, 
whereas classical music reduced only the heart rate (Amini 
et al., 2013). A systematic review (Anderson & Patel, 2018) 
of the 10 most rigorous studies reported in the literature 
found that half of them observed behavioural responses, 
such as reduced crying (Keith et al., 2009), arousal (Loewy 
et al., 2013), stress (Caine, 1991), and pain (Butt & Kisi-
levsky, 2000). Only half of them reported significant effects 
on heart rates or blood pressure (Arnon et al., 2014; Butt 
& Kisilevsky, 2000; Keith et al., 2009; Loewy et al., 2013; 
Lorch et al., 1994). Moreover, most of these studies also had 
dependent measures that did not demonstrate the effects of 
music, and overall, the effect sizes of the changes are unclear.

Few studies have examined the impact of music on 
healthy, term neonates with no complications. Winkler 
et al. (2009) reported that newborns are sensitive to music 
beat. Kotilahti et al. (2010) used near-infrared spectroscopy 
and found that speech and music responses in the brain are 
significantly correlated. Hernandez-Reif et al. (2006) found 
that lullabies with or without vocals elicited heart rate decel-
eration, but infants of depressed mothers showed delayed 
responses compared to those of non-depressed mothers. No 

studies, however, have examined whether neonates can dif-
ferentially perceive and respond to emotions in music.

This study aimed to investigate the effects of background 
music on healthy, term neonates’ behavioural and physiologi-
cal responses using frame-by-frame analysis of their move-
ments and heart rate. A ‘happy’ and a ‘sad’ music piece was 
used, validated by independent raters in terms of emotional 
impact, from a large pool of children’s songs and lullabies. 
The effects of the emotions in the music have been compared 
to a no-music control condition. It was expected that new-
borns respond differently to the two music conditions and to 
the control condition. Although it is known that young chil-
dren’s predominant response to music is movement (Metz, 
1989), findings on foetuses and young infants are inconclusive 
regarding the direction and nature of the movement responses. 
Gebuza et al. found no changes in foetal movements (2018a, 
b), whereas Al-Qahtani (2005) reported that foetuses exhibited 
motor responses to both music and voice compared to a control 
condition. Two other studies (Ilari, 2015; Zentner & Eerola, 
2010) observed more rhythmic movements to music than to 
speech in older infants. Gordon (2013) suggested that infants’ 
responses to music go through developmental stages, first 
absorbing music through listening and then moving and bab-
bling, first out of tune and eventually in tune with the music.

Previous studies have also reported conflicting results 
regarding heart rate. Heart rate increased in Tristao et al.’s 
study (2020), increased in Gebuza et al.’s(2018a, b) and Al-
Qahtani’s (2005) studies, and did not change in Khoshk-
holgh et al.’s study (2016) with foetuses. Similarly, three 
studies on premature infants reported heart rate deceleration 
(Butt & Kisilevsky, 2000; Keith et al., 2009; Loewy et al., 
2013), Arnon et al. found no changes (2006), and Lorch et al. 
found varying changes (1994). Tempo, a characteristic dif-
ference between ‘sad’ and ‘happy’ music, is linked to arousal 
in music across cultures (Schubert & McPherson, 2015). 
Faster, happy music may induce arousal and an increase 
in heart rate. If newborns are able to differentiate between 
‘happy’ and ‘sad’ music, this might be reflected in heart rate 
deceleration to sad music and acceleration to happy music.

Validation of the Songs

Methods

Selection of the Music

Prior to the validation of the songs, two experimenters 
reviewed 126 children’s songs and lullabies from all around 
the world.
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They selected 25 children’s songs and lullabies from all 
around the world, where both raters agreed on their emo-
tional content as ‘happy’ or ‘sad’.

When validating recognition of emotional expressions in 
adults, such as with the most widely used the Pictures of 
Facial Affect (PoFA) (Ekman & Friesen, 1975), happiness 
was the most reliably recognized emotion with 98.56% accu-
racy, and unlike other emotions, happiness was not confused 
with other emotions. In particular, it had a 0% confusion rate 
with sadness. Given its high recognition rate, happiness is 
often used as a baseline (Uljarevic & Hamilton, 2013) in 
studies on emotion recognition from faces. Happiness and 
sadness were therefore selected as the two basic emotional 
categories for the pieces.

Ratings of the Songs

Participants

Sixteen participants (11 female and 5 males, Mean age= 
25.25 years, SD = 10.76 years), all native English speakers, 
participated in the validation phase of the songs.

Materials and Procedure

Participants were asked to rate each song on an 11-point 
Likert scale ranging from − 5 to + 5. ‘− 5’ indicated 
‘extremely sad’, 0 as ‘emotionally neutral’, and ‘+ 5’ indi-
cated ‘extremely happy’. Participants were asked to listen 
to each song from the beginning to the end, and regard it 
as a whole. They were also asked to disregard the linguistic 
content as much as possible.

Table 1   The validation results of the 25 songs (mean + 5 to − 5 ranging from very happy to very sad)

Title (album/artist) Minimum Maximum Mean SD

Die Jahresuhr (Die Jahresuhr) − 2 4 2.63 1.821
Hey diddle diddle (35 Favourite Nursery Rhymes) − 4 1 − 2.38 1.258
Fais Dodo – France (Mediterranian Lullaby) − 5 − 4 − 4.50 .516
Dornröschen (Mein Fröhlicher Kindergeburtstag—27 Mitmach-Lieder) 

Kuscheltierbande
− 4 3 − .75 1.844

Simple Simon (Favorite Lullabies for Children & Toddlers) 2 5 3.75 1.065
Bébé kolela te Lingala spoken in Kongo (Lullabies Around the World) 0 5 2.88 1.408
Das singende Känguru (von Volker Rosin) 3 5 4.31 .704
Nia, Nia -Italy (Mediterranean Lullaby) − 5 − 1 − 4.19 1.047
Wieviel Farben hat die Welt (Rolf Zuckowski und seine Freunde) − 5 1 − 2.38 1.857
Zeigt Her eure Füße (Die schönsten Kinderlieder) − 2 4 1.94 1.611
Humpty Dumpty (100 Classic Nursery Rhymes) 0 5 2.50 1.317
Arrurru (Cuban lullaby) − 5 − 1 − 3.44 1.459
Du da im Radio (Rolf Zukowski) 3 5 4.25 .775
Yao Yah Yao (Mandarin Lullaby) − 5 1 − 3.25 1.880
1, 2, 3 im Sauseschritt (Detlev Jöcker) 2 5 4.19 .911
Nanourisma –Greece (Mediterranian Lullaby) − 5 − 1 − 4.06 1.289
Immer wieder kommt ein neuer Frühling (Bei uns in der Kita—22 Lieder im 

Frühling + Sommer)
− 5 5 2.87 2.391

Immer wieder kommt ein neuer Fruehling (Die Jahresuhr) 2 5 4.06 1.181
Ding Dong Bell (Children’s Spectacular Little Bo Peep) − 5 4 − 1.31 2.496
Was macht der Fuhrmann (Die schönsten Kinderlieder) − 1 3 .56 1.209
Danke (Oma liebt Opapa) 1 5 3.00 1.366
Little Miss Muffet (Nursery Rhyme Adventures) − 4 4 − .56 2.607
Nessaja (Peter Maffay) − 5 − 1 − 3.25 1.571
Little Bo Peep (Top Karaoke Classics, Vol. 7) − 4 2 − 1.44 1.672
Kleine Taschenlampe Brenn (Nenas Tausend Sterne) − 5 − 1 − 3.19 1.515
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For each song, the mean ratings, range, and standard 
deviation was calculated (see Table 1).

In the following experiments, as the outcome of this rat-
ing, the song with the lowest score was chosen as ‘sad’, a 
French lullaby entitled ‘Fais Dodo’ (by Alexandra Montano 
and Ruth Cunningham). The song with the highest score was 
chosen as a ‘happy’ song entitled Das singende Känguru (by 
von Volker Rosin). The two experimenters who preselected 
the songs were Hungarian and German native speakers and 
fluent in English, while the participants in the validation 
process, were native English speakers. Only six, out of the 
25 songs were sung in English, the others in various, non-
English languages. While language might have affected the 
rating process, the final selected pieces were German and 
French for the happy and sad pieces, respectively. Linguis-
tic elements would seem to be preferably avoided in a pure 
music-emotion perception study, however, lullabies and 
children songs traditionally and authentically are sung and 
are not instrumental, as young infants prefer singing over 
instrumentation (Ilari & Sundara, 2009). Given the nature 
of the musical pieces, the linguistic component seems una-
voidable, even though language might have had an unknown 
effect on the ratings.

Experiment 1: Newborns Behavioural Responses 
to Emotions in Music

Materials and Methods

Participants

The researchers approached the mothers of healthy, sin-
gleton newborn infants to take part in the study. Mothers 
who had no obstetric complications and whose newborns 
were healthy and required no neonatal intensive care unit 
observation were invited to participate. Of those, the new-
borns of mothers who signed an informed consent form were 
included in the study. All newborns who were tested for this 

experiment between the periods of October 2006 and Janu-
ary 2007 were included in this study. The sample contained 
the video-records of 56 babies. However, 15 of the partici-
pants were removed from the sample as they were soothed 
by pacifiers. Additionally 6 participants were excluded as 
they were too distressed to remain in the experiment and 
3 babies had incomplete data. The remaining 32 newborns 
were included in the final sample (male = 22, female = 10). 
The babies were 0–3 days old at the time of the experi-
ment (mean age = 2.34, SD = 1.38), born between 36 and 
40 gestational weeks (mean GA(Gestational Age) = 38.65, 
SD = 1.36). All newborns had 8 or above Apgar scores when 
tested 1, 5 min and 10 min after birth (Apgar, 1952). New-
borns’ weight was 2510–4390 g (mean weight = 3473 g, 
SD = 474 g). Parental informed consent was received from 
all the mothers whose infants participated in this study. The 
Department of Obstetrics and Gynaecology of the Albert 
Szent-Gyorgyi Medical University and ethics board at the 
University of Dundee approved this research.

Materials

As the result of validation, music titled Das singende Kän-
guru by von Volker Rosin for happy music, and a French 
lullaby entitled ‘Fais Dodo’ by Alexandra Montano and Ruth 
Cunningham for sad music were used.

A Sony CD player and speakers were used to adminis-
ter the music. The length of both compositions was 2 min 
54 s. The infants were video-recorded using a Panasonic-240 
video camera which was placed on a tripod.

Procedure

The examination was carried out in a separate room that was 
integral part of the Neonatal Ward. The room had constant 
illumination and a temperature of 28 °C. Newborns were 
examined 30–90 min after feeding. Infants were placed in 
a newborn seat on an examination table. The experimenter, 
who was the same throughout, stood in front of the infant, 

Fig. 1   Illustration of the 
experimental setup with a new-
born boy (left) and girl (right) 
(pictures published with permis-
sion of the mothers)
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approximately 30 cm away. A CD player connected to speak-
ers was placed next to the infant’s seat (see Fig. 1 for illus-
tration). The experiment consisted of three different condi-
tions: a baseline, no-music activity condition, a happy music 
condition, and a sad music condition. Once the infants were 
settled, the baseline condition began. The baseline condition 
was an activity control baseline which was used to gauge the 
activity level of and state of the infants while no music was 
played. The order in which the music was administered to 
the infants was counter-balanced. Throughout the testing, 
the experimenter only intervened if the infant was showing 
signs of extreme distress.

Coding

The coding system contained 20 codes (see Table 2). The 
newborns’ state was coded (Brazelton, 1973; Prechtl, 1974). 
‘Awake’ was coded when the infant’s eyes were open and 
the infant was aware of their surroundings. ‘Drowsy’ was 
coded when the infant’s eyes were barely open or switching 
between open and closed and showed little sign of awareness 
of the environment around them. ‘Sleep’ was coded when 
the infant’s eyes remained shut and the infant showed no 
signs of movement. ‘Aroused’ was coded when the infant’s 
motor movements increased and the movements appeared 
random. ‘Crying’ was coded when the infant became dis-
tressed and began to cry.

Infants self-regulatory behaviour (yawning, sucking) was 
also coded. ‘Yawning’ was coded when the infants opened 
their mouth wide and yawned and ‘Sucking’ was coded 
when the infant began to suck on their fingers, clothes, or 
their tongue. The coding of arm movements contained 2 
separate codes; ‘arm stretch’ was coded when the infant 
extended their arm away from their body, and ‘Arm flexion’ 
was coded when the infant’s arm was retracted back towards 
their body. The coding of the infant’s fingers contained 3 
separate codes. ‘Finger movement’ was coded when the 
fingers moved but were not stretched or clenched. ‘Fingers 
clenched’ was coded when the infant’s fingers were brought 
together tightly to form a fist. ‘Fingers stretched’ was coded 
when the infant’s fingers were extended fully. Furthermore, 
infant’s ‘Smile’ was also coded when the mouth of the infant 
moved to form a smile.

‘Leg flexion’ was coded when the infant’s leg was 
retracted back towards their body. ‘Leg stretch’ was coded 
when the infant’s leg was extended away from their body.

Toe movements were also coded. ‘Toes curled’ was 
coded when the infant’s toes were curled towards their foot. 
‘Toes stretched’ was coded when the infant’s toes were fully 
extended. Lastly, the infant’s eyes were also coded. ‘Eyes 
open’ was coded when the infant’s eyes were fully open. 
‘Eyes barely open’ was coded when the infant’s eyes were 
open slightly. ‘Eyes closed’ was coded when the infant’s 
eyes were closed.

Table 2   The coding system used in this study and the description of the codes

Behaviour Code Definition

State Awake Infant seems aware of their surroundings, eyes are open
Drowsy Infant shows little sign of being aware of their surroundings, 

eyes switch between open, barely open and shut
Sleep Infants eyes remain shut, little or no sign of movement
Aroused Motor movements increase and movements appear random
Crying Infant’s facial expressions show distress and infant begins to cry

Smile Smiling Infants begin to smile
Self-regulatory behaviours Yawning Infants open their mouth wide and yawned

Sucking Infants begin to suck on their tongue, clothes and/or hands
Eye behaviour Eyes open Infant’s eyes are fully open

Eyes Closed Infant’s eyes are fully closed
Eyes barely open Infant’s eyes were between open and closed

Arm movements Arm Stretch Infant’s arm was extended away from their body
Arm Flexion Infant’s arm was retracted back towards their body

Leg movements Leg flexion Infant’s leg was retracted back towards their body
Leg Stretch Infant’s leg was extended away from their body

Finger movements Finger Movement Infant’s fingers moved out of line with other fingers
Fingers Clenched Infant’s fingers were curled together to form a fist
Fingers Stretched Infant’s fingers were fully extended

Toe movements Toe Stretch Infant’s toes are fully extended away from their foot
Toe Curled Infant’s toes are tightly curled towards their foot
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The three sections were coded frame-by-frame, using 
the Noldus Observer-Pro 5.0 system (Noldus Information 
Technology, 2003). Each condition was coded for 60 s. All 
behaviours were coded and analysed for both their frequen-
cies and durations, and latencies were calculated by the 
Observer 9.0 system.

Reliability Coding

Two independent coders who have not been involved in the 
design of the study, the data collection, and interpretation, 
coded the data. The coders were blind to the conditions 
they have been coding. 10% of the data files were coded 
for reliability in the beginning of the coding, to ensure the 
coders started with good inter-rater reliability. The overall 
inter-rater reliability agreement was 77.17% with Cohen’s 
Kappa of 0.75 for frequency. For duration, the overall inter-
rater reliability agreement was 87.10% and 0.86 for Cohen’s 
Kappa.

During the coding, a further 8% of the data had been 
reliability coded to ensure the coders stayed reliable. The 
overall inter-rater reliability agreement was 72.00% with 
Cohen’s Kappa of 0.70 for frequency. For duration, the over-
all inter-rater reliability agreement was 75.74% and 0.74 for 
Cohen’s Kappa.

Statistical Analysis

Frequencies of the behaviours (rate/minute) calculated by 
the Observer XT-9.0 system (Noldus Information Technol-
ogy, 2009) were used for statistical analysis. Repeated anal-
ysis of variances (ANOVAs) were conducted using SPSS 
22.0 for Windows statistical software (SPSS, Inc., Chicago, 
IL). A p < 0.05 was accepted as significant throughout and 
p < 0.10 was noted as tendency.

Results

Repeated ANOVAs were used to test the effects of the three 
conditions (Happy music, Sad music, Baseline) on the fre-
quencies, durations, and latencies of the behaviours of the 
newborns. When Mauchley’s tests indicated a violation of 
the assumption of sphericity, degrees of freedom were cor-
rected using Greenhouse–Geisser sphericity estimates.

Frequency of Drowsiness

The data showed a significant main effect of the conditions, 
F(1.594, 49.418) = 4.230, p = 0.028, ηp2 = 0.120. Pairwise 
comparison showed that the frequency of drowsiness was 

significantly lower during happy music compared to base-
line, and at a tendency level when compared to sad music. 
Drowsiness during baseline and sad music were not signifi-
cantly different. See Table 3 and Fig. 2.

Duration of Sleepiness

The data showed a significant main effect of the conditions, 
F(2,62) = 3.189, p = 0.048, ηp2 = 0.093. Pairwise compari-
son showed that the duration of drowsiness was significantly 
higher during happy music compared to sad music, and at a 
tendency level when compared to baseline. Drowsiness dur-
ing baseline and sad music were not significantly different. 
See Table 3 and Fig. 3.

Frequency of Eyes Open

The data showed a significant main effect of the conditions, 
F(2,62) = 3.773, p = 0.028, ηp2 = 0.108. Pairwise comparison 
showed that the frequency of eyes open was significantly 
lower in both sad and happy music to baseline. Eyes open 
frequencies during happy and sad music were not signifi-
cantly different. See Table 3 and Fig. 4.

Frequency of Eyes Closed

The data showed a significant main effect of the conditions, 
F(1.565, 48.519) = 8.723, p = 0.001, ηp2 = 0.220. Pairwise 
comparison showed that the frequency of eyes closed was 
significantly lower in both sad and happy music to baseline. 
Eyes closed frequencies during happy and sad music were 
not significantly different. See Table 3 and Fig. 5.

Latency of Leg Stretching

The data showed a significant main effect of the conditions, 
F(2,62) = 3.579, p = 0.034, ηp2 = 0.104. Pairwise comparison 
showed that the latencies of leg stretching was the longest 
during sad music, significantly longer than during baseline 
and at a tendency level compared to happy music. The laten-
cies of leg stretches were comparable during happy music 
and baseline. See Table 3 and Fig. 6.

Latency of Toe Curling

The data showed a significant main effect of the conditions, 
F(2,62) = 3.678, p = 0.031, ηp2 = 0.106. Pairwise comparison 
showed that the latencies of toe curling were significantly 
higher in both during sad and happy music compared to 
baseline. The latencies of toe curling were comparable dur-
ing sad and happy music. See Table 3 and Fig. 7.
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Table 3   Means (SE) in the three music conditions and pairwise comparisons (p values) across the conditions for the coded behaviours

F, frequency; D, duration; L, latency

Drowsy (F) Baseline Happy Sad

Mean (SE) 0.657 (0.124) 0.305 (0.087) 0.456 (0.088)
Baseline
Happy 0.018
Sad 0.149 0.073

Sleepiness (D) Baseline Happy Sad

Mean (SE) 52.889 (7.527) 70.436 (7.013) 54.668 (6.710)
Baseline
Happy 0.053
Sad 0.816 0.021

Eyes open (F) Baseline Happy Sad

Mean (SE) 0.915 (0.257) 0.358 (0.164) 0.392 (0.149)
Baseline
Happy 0.033
Sad 0.035 0.861

Eyes closed (F) Baseline Happy Sad

Mean (SE) 4.401 (0.520) 2.189 (0.363) 2.668 (0.384)
Baseline
Happy 0.002
Sad 0.007 0.229

Leg stretch (L) Baseline Happy Sad

Mean (SE) 11.775 (3.324) 16.666 (4.737) 27.325 (4.959)
Baseline
Happy 0.416
Sad 0.012 0.089

Toe curling (L) Baseline Happy Sad

Mean (SE) 13.549 (3.070) 25.926 (3.852) 25.643 (4.873)
Silence
Happy 0.024
Sad 0.035 0.954

Finger movement (L) Baseline Happy Sad

Mean (SE) 17.591 (3.761) 29.649 (3.955) 37.004 (4.698)
Baseline
Happy 0.021
Sad 0.006 0.206

Movements Baseline Happy Sad

Mean (SE) 15.952 (2.465) 5.790 (2.311) 5.499 (2.465)
Baseline
Happy 0.001
Sad 0.037 0.921

Sucking (L) Silence Happy Sad

Mean (SE) 2.229 (1.860) 12.590 (4.311) 4.743 (2.724)
Silence
Happy 0.022
Sad 0.449 0.093
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Latency of Finger Movements

The data showed a significant main effect of the conditions, 
F(1.807, 56.024) = 5.754, p = 0.007, ηp2 = 0.157. Pairwise 
comparison showed that the latencies of finger movements 
were significantly higher in both during sad and happy music 
compared to baseline. The latencies of finger movements 
were comparable during sad and happy music. See Table 3 
and Fig. 8.

Latency of Sucking

The data showed a significant main effect of the condi-
tions, F(2,62) = 3.717, p = 0.036, ηp2 = 0.102. Pairwise 
comparison showed that the latency of sucking was longer 
in the happy music compared to the baseline and at a ten-
dency level compared to the sad music. The latencies of 

Fig. 3   Effect of ‘conditions’ on the duration of sleepiness 
*p < .05, + p < .10

Fig. 4   Effect of ‘conditions’ on the frequency of eyes open *p < .05

Fig. 5   Effect of ‘conditions’ on the frequency of eyes closed 
**p < .001

Fig. 6   Effect of ‘conditions’ on the latency of leg stretching 
*p < .05; + p < .10

Fig. 7   Effect of ‘conditions’ on the latency of toe curling *p < .05

Fig. 2   Effect of ‘conditions’ on the frequency of drowsiness 
*p < .05, + p < .10
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sucking were comparable during sad music and baseline. 
See Table 3 and Fig. 9.

No other coded behaviours showed a significant main 
effect of condition.

Experiment 2: Heart Rate Changes During Sad, 
Happy Music and Baseline

Materials and Methods

Participants

The study took place between October 2006 and April 2007. 
The researchers approached the mothers of healthy, single-
ton newborn infants to take part in the study. Mothers who 
had no obstetric complications and whose newborns were 
healthy and required no neonatal intensive care unit obser-
vation were invited to participate. Of those, the newborns 
of mothers who signed an informed consent form were 
included in the study.

Seventy-seven newborn infants were recruited and 
eleven were excluded due to incomplete data or crying. 
Data of 66 newborns (45 boys, 22 girls) were analysed for 
heart rate. The average age of the babies was 2.28 days 
(SD = 1.22, range 0–6 days, the youngest 2 h old) and they 
were born on average at 38.71 gestational weeks (SD = 1.31; 
36–41 weeks) with an average weight of 3439 g (SD = 447 g, 
2600–4390 g). Thirty newborns were born by vaginal deliv-
eries and 36 by caesarean section. All babies had 8 or above 
Apgar scores 5 min after birth. The study has been reviewed 
and approved by the Ethical Committees of the University of 
Dundee and the Albert Szent-Györgyi Medical University, 
Szeged. The data collection happened at the Neonatal Ward 
of the Obstetrics and Gynaecology Clinic at University of 
Szeged, while the analysis of the data was done at the Uni-
versity of Dundee, Scotland.

Procedure

The examination was carried out in a separate room that was 
integral part of the Neonatal Ward. The room had constant 
illumination and a temperature of 28 °C. Newborns were 
examined 30–90 min after feeding. Infants sat in a newborn 
seat placed on an examination table. The ECG of the neo-
nates was recorded using the Biosemi Active-2 System using 
chest electrodes, with 1 ms accuracy. The R-R intervals from 
the collected continuous ECG data have been calculated and 
converted to heart rate data. The biosemi raw ‘bdf’ data files 
were then processed and converted to text files using MAT-
LAB software. The resulting time-line—heart rate data was 
analysed, synchronized with the music. The average heart 
rate during the three conditions had been calculated.

Repeated Analysis of Variances (ANOVAs) were con-
ducted using SPSS 22.0 for Windows statistical software 
(SPSS, Inc., Chicago, IL), and a p < 0.05 was accepted as 
significant throughout.

Results

A repeated ANOVA was used to test the effects of the three 
conditions (Happy music, Sad music, Baseline) on the 
heart rate of the newborns. The data showed a significant 
main effect of the conditions, F(1.826,118.662) = 5.299, 
p = 0.008, ηp2 = 0.075. Pairwise comparison showed that 
heart rate during happy music was significantly lower 
(mean = 125.209 beat/min, SE = 1.703) compared to sad 
music (mean = 127.749 beat/min, SE = 1.761, p = 0.009) 
and also compared to the baseline (mean = 127.428 beat/
min, SE = 1.732, p = 0.003). Heart rate during sad music 
and baseline was not significantly different (p = 0.716). See 
Fig. 10.

Fig. 8   Effect of ‘conditions’ on the latency of finger movements 
*p < .05; **p < .001

Fig. 9   Effect of ‘conditions’ on the latency of sucking 
*p < .05; + p < .10
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Discussion

This study aimed to explore healthy, term neonates’ behav-
ioural and physiological responses to background music 
using frame-by-frame analysis of their movements and heart 
rate measurements. The frame-by-frame analysis showed 
that arousal levels decreased by decreasing drowsiness while 
increasing sleep when the babies were exposed to happy 
music but not when exposed to sad or no music. Eye move-
ments decreased in both music conditions compared to the 
baseline, indicating that music had a calming effect on eye 
movement.

In terms of gross motor movements, relative ‘stillness’ 
was found by increased latency measures. Leg stretching, 
which is usually a sign of distress (Miller & Quinn-Hurst, 
1994), was observed with longer latencies in the sad music 
than in the happy music and baseline conditions. Fine motor 
movement, toe movement, toe curling, and finger movement 
latencies were longer in both the sad and happy music condi-
tions than in the baseline condition. Non-nutritive sucking, 
a self-regulatory behaviour, had longer latency in the happy 
music than in the sad music and control conditions. Heart 
rates decreased in the happy music but not in the sad or the 
baseline condition.

Overall, babies showed limited evidence of emotion-
specific responses across the conditions. Happy music 
decreased their arousal levels, shifting drowsiness to sleep, 
and resulted in longer latencies of other forms of self-reg-
ulatory behaviour, such as sucking. Moreover, heart rate 
deceleration accompanied the decrease in arousal. In the sad 
music condition, relative ‘stillness’ and longer leg stretch-
ing latencies were observed, but no other measures were 
specific to it.

It is important to note that the music pieces were vali-
dated for their emotional content, and the emotions were 
determined by musical elements, such as tempo. Tempo is 
a characteristic difference between ‘sad’ and ‘happy’ music 
and is linked to music-induced arousal across cultures 
(Schubert & McPherson, 2015) and even foetuses, to some 

extent, respond to music tempo (Tristao et al., 2020). The 
current study aimed to explore how neonates responded to 
music that was perceived by adults as ‘happy’ or sad’ and 
not musical elements that are associated with emotions in 
music. It has been shown that it is mainly the pitch, rather 
than the tempo that affects emotional ratings in music, such 
as happy, sad or scary, and if rhythm affected the ratings, it 
always interacted with changes in pitch (Schellenberg et al., 
2000). Further studies should examine the role of structural 
musical elements as they interact with emotional valence in 
case of lullabies and children’s songs.

Overall, our results do not support the view that young 
children’s predominant response to music is movement 
(Metz, 1989). Rather, they confirm Gordon’s (2013) view 
that infants first absorb music through listening and then 
start to respond to it by moving. Indeed, both happy and sad 
music decreased eye movements and increased the laten-
cies of fine motor finger and toe movements compared to 
the baseline, suggesting a subtle decrease in arousal in both 
music conditions, with the happy music having stronger 
effects, manifested in lower arousal levels, increased 
gross motor movement latency, and decreased heart rates. 
Whereas Keith et al. observed reduced crying (2009), and 
Loewy et al. (2013) observed decreased arousal in preterm 
infants when listening to music, most studies have found no 
changes in arousal levels (Anderson & Patel, 2018). Changes 
in arousal levels may have been missed by previous studies 
that did not code all stages of arousal (Brazelton, 1973; Pre-
chtl, 1974). Anderson and Patel’s review (Anderson & Patel, 
2018) showed that only half of the included studies found 
significant effects related to heart rate or blood pressure 
(Arnon et al., 2014; Butt & Kisilevsky, 2000; Keith et al., 
2009; Loewy et al., 2013; Lorch et al., 1994). Some studies 
on foetuses reported increased heart rates (Al-Qahtani, 2005; 
Gebuza et al., 2018a, b; Tristao et al., 2020), while another 
found (Khoshkholgh et al., 2016) no changes. Similarly, 
some studies on premature infants reported decreased heart 
rates (Butt & Kisilevsky, 2000; Keith et al., 2009; Loewy 
et al., 2013), whereas others observed no changes (Arnon 
et al., 2006) or varying changes (Lorch et al., 1994). Our 
results are more in line with Hernandez-Reif et al. (2006), 
who found that lullabies with or without vocals elicited heart 
rate deceleration in newborns, although we observed heart 
rate changes only with the ‘happy’ music and not with the 
‘sad’ lullaby.

Responses to music, however, are likely to have been 
shaped before birth. When 48 third trimester foetuses 
were exposed to classical music, significant changes were 
observed in the number of uterine contractions and foetal 
movements (Gebuza et al., 2018a). It was suggested that 
listening to classical music could even prevent premature 
deliveries. Foetuses who were exposed to a set of musi-
cal pieces from the 32nd gestational week had more foetal 

Fig. 10   Effect of ‘conditions’ on heart rate **p < .001
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movements and heart rate decelerations to the music at the 
38th gestational week (Wilkin, 1995). Moreover, the effect 
continued after the baby was born, and babies preferred the 
music played to them while intrauterine, and they continued 
to display more movement while listening to the pieces than 
the control group did at 6 weeks (Wilkin, 1995).

In future studies on neonatal and infant responses to 
music, prenatal experiences and home music should also 
be evaluated and taken into account. Given the auditory 
and cognitive abilities of the foetus (Marx & Nagy, 2015; 
Nagy et al., 2021), and previous data (Wilkin, 1995) it is 
likely that regular musical input while in the womb, might 
shape the neonate’s responses to music. Music therapy as 
a soothing, or as needed, stimulating intervention could be 
used more often in neonatal wards, including for counteract-
ing the distress of hospitalization (Gebuza et al., 2018a, b). 
Traditionally, lullabies are sung by the caretakers, usually 
the mothers. It is known that infants can identify emotions 
many months earlier when the vocal and facial informa-
tion are congruently matching as opposed to mismatching 
or unimodal input (Walker-Andrews, 1997). Mothers often 
report that long forgotten lullabies, heard from their own 
grandmothers, suddenly come to their memory when singing 
to their own babies. Mothers singing lullabies and person-
ally relevant songs is a musically and emotionally congru-
ent message, and is likely to affect the young infant’s psy-
chophysiological state (Malloch & Trevarthen, 2009) much 
before the babies cognitively categorize and recognize the 
distinct emotional cues from faces and voices.

Conclusion

Our findings suggest that newborns reacted to music, 
mainly showing signs of decreased arousal and possibly 
increased attention. Moreover, they responded differently 
to the ‘happy’ and ‘sad’ music and no-music conditions, 
with the fast ‘happy’ music eliciting the strongest responses. 
Responses to the happy music are reminiscent of the stage 
that Gordon (2013) described as ‘absorbing’ the music, with 
decreased heart rates and reduced arousal levels.

It has been suggested that singing to babies serves an 
emotional communicative function long before language 
emerges (Rock et al., 1999; Trehub et al., 1997) and pro-
motes attachment more than playing without music (Vlis-
mas et al., 2013). Emotional communication via music 
possibly emerges very early ontogenetically as part of a 
generic, possibly inborn, human musicality (Savage et al., 
2020). This study provides evidence that newborns react 
differently to happy and sad music. However, it is likely 
that maternal singing with different emotional content is 
more powerful in evoking emotion-specific behavioural 

and physiological responses. Therefore, future stud-
ies could investigate the emotional and physiological 
responses of neonates to maternal singing.
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