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ABSTRACT 

Introduction:  Human newborn and animal studies provide support for the intersensory 

redundancy hypothesis, which posits that learning is more effective when information is 

presented simultaneously in two modalities than one alone. Whether the same is true in 

the human fetus is unknown and was examined in this study. 

Methods:  63 low-risk fetuses ( 36 weeks gestation) were randomly assigned to one of 6 

experimental groups: each group included one of 3 stimulus conditions [unimodal 

(music), unimodal (maternal sway) or bimodal (music and maternal sway)], and one of 2 

pieces of music (music A, 4/4 time; music B, 3/4 time) composed for the study. 

Laboratory pre-testing included a 2 min no-music, 2 min music (A or B), 2 min no-music 

observation while fetal heart rate (FHR) and body movements were recorded.  

Subsequently, mothers carried out the assigned intervention at home, twice a day for 5 

days. On day 6, laboratory testing was repeated first with the familiar (A or B) and then 

the novel music.  

Results: The initial testing showed a difference between Music A and Music B, F (1, 61) 

= 8.203, p <.01, where FHR decreased to Music A and increased to Music B.  The same 

FHR response was found when fetuses were exposed to the opposite music for the first 

time in the novelty testing, F (1, 44) = 4.543, p <.05, following intervention. Music A 

elicited a response in both the unimodal music only and sway only groups, F (29, 203) = 

1.871, p < .01, and F (29, 174) = 1.818, p < .01, respectively. In music B only the 

multimodal group showed an effect of intervention, F = (29, 203) = 1.914, p < .005.   

Conclusions: Fetal response to music A and B was qualitatively different. During 

pretesting, FHR decreased to music A and increased to music B. When the stimulus 
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elicited an attention response (FHR decrease) learning was observed in both the unimodal 

or multimodal conditions. This is seen with music A (4/4 time) music where the fetus 

learns the stimulus.  When the stimulus did not elicit a FHR decrease (Music B, 3/4 

time), there was evidence that a multimodal stimulus was more effective providing some 

support for the intersensory redundancy hypothesis.
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CHAPTER ONE 

Introduction

Much research has gone into the study of the early development of the auditory 

system and its function not only in humans but also in animals.  In human studies, 

researchers have employed fetal changes in heart rate, body and breathing movements to 

examine response to airborne sounds such as brief, loud noises, voices, and music. 

Results from these auditory experiments have provided evidence of human fetal hearing, 

auditory information processing and rudimentary learning.  Much of the fetal work was 

designed to capitalize on results from studies of newborns where auditory stimuli have 

been used to examine memory and learning, what later in life will be referred to as 

cognition. Newborn and animal studies have yielded support for the intersensory 

redundancy hypothesis (Bahrick, Walker, & Neisser, 1981; Bahrick & Lickliter, 2000; 

Bahrick, Flom, & Lickliter, 2002; Lickliter, Bahrick, & Honeycutt, 2002). The hypothesis 

states that learning is more efficient/rapid when information is presented simultaneously 

in two modalities (Bahrick & Lickliter, 2000). Whether the same is true in the human 

fetus is unknown and the focus of the present study.
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CHAPTER TWO 

Literature Review 

Development of the Fetal Auditory System 

In order to examine learning in fetuses using auditory stimuli it is essential that 

the fetus has the ability to hear and process sounds. A number of researchers have 

examined the development of the auditory system (in both animals and humans), the 

method of hearing in utero, and the onset and maturation of function.  The neural basis of 

hearing rests within the cochlear hair cells, where transduction channels in the tips of 

stereocilia pass cations in response to mechanical displacement of the organ of corti 

(Moore, 2002).  The cochlea is formed in the fourth gestational week, when the otocyst 

divides into two lobes; one lobe becomes the cochlea and the other the labyrinth 

(Gagnon, 1989).  The cochlea is completely coiled and the cochlear duct is well formed 

in the 9-week-old human fetus, although its sensory epithelial surface is totally 

undifferentiated and the tectorial membrane is not present (Pujol & Lavigne-Rebillard, 

1985; Pujol, Lavigne-Rebillard, & Uziel, 1991).  The tectorial membrane can be detected 

as early as the 10th week of gestation and is likely one of the main factors involved in the 

regulation of growth and arrangement of stereocilia (Pujol et al.; Pujol & Lavigne-

Rebillard).  Stereocilia develop first on inner hair cells (IHC) and then later on outer hair 

cells (OHC) (Hall, 2000). By week 12, IHCs begin to differentiate their sterocilia, but it 

is still difficult to distinguish them from the surrounding supporting cells (Pujol & 

Lavigne-Rebillard).  A single row of IHCs and three rows of OHCs are clearly visible at 

14 weeks along almost the whole length of the cochlea (Pujol et al.). An adult pattern of 



3

stereocilia is observed in the fetal cochlea around 22 weeks gestation (Pujol et al.; Hall, 

2000).

Arrival of afferent nerve fibers occurs very early in gestation, which can be as 

early as the ninth week. At this stage, it is impossible to distinguish within the epithelium 

the cells that will become hair cells (Pujol & Lavigne-Rebillard, 1985).  In a 12-week-old 

fetus, classical afferent synapses with presynaptic bodies surrounded by vesicles can be 

seen first at the IHC and then at the OHC bases (Pujol et al., 1991).  By the 13th and 14th

weeks the afferent nerve endings are abundant at the base of both IHCs and OHCs, 

making a large number of well defined synaptic contacts (Lavigne-Rebillard & Pujol, 

1988).  Between 20 and 22 weeks the organ of corti looks quite mature, with a well 

opened tunnel of corti and adult shaped OHCs separated by the spaces of Nuel (Lavigne-

Rebillard & Pujol, 1988; Bradley & Mistretta, 1975). At 20 weeks gestational age (GA), 

the human cochlea has achieved a developmental status comparable to that found in other 

mammals. At this point the cochlea likely has high thresholds and poor discriminative 

properties, which explain why the first responses to acoustic stimulation can only be 

recorded a few weeks later (Pujol et al., 1991).

Myelination of a central pathway is regarded as a marker for onset of function.  

Moore, Perazzo and Braun (1995) reported that myelination of auditory structures was 

first visible at 26 weeks GA; by 29 weeks GA the cochlear nerve and the brainstem 

pathways were lightly myelinated.  They concluded that the majority of human fetuses 

develop myelin sheaths between the 26th and 28th weeks of gestation and this thickens up 

until the 44th week, and is not adult like until one year of age.  Potential for auditory 

responsiveness begins at about 24 week GA (Gerhardt, & Abrams, 2000a) and is present 
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consistently after 28 weeks GA (Birnholz, & Benacerraf, 1983).  At this time the 

peripheral sensory end organs have reached their normal development. Morphological 

findings indicate that the development of the mature human cochlea is complete by 30 

weeks GA (Pujol et al., 1991; Gagnon, 1989).  Thus the onset of fetal hearing occurs at 

approximately 30 weeks GA.  This finding is supported by heart rate accelerations and

body movement responses following brief duration (2.5 s), relatively loud (110 dB), 

complex airborne sound (Kisilevsky, Pang, & Hains, 2000). 

It was shown by Sohmer, Perez, Sichel, Priner, and Freeman (2001) that the 

principal method of sound reaching the fetal inner ear was bone conduction, and that the 

external and middle ears play little if any role in this process. In a further study, Sohmer 

and Freeman (2001) concluded that the sound pressure in the amniotic fluid induces skull 

vibrations, which are transmitted directly into the contents of the cranial cavity and from 

there, it would seem by fluid channels connecting them, into the cochlear fluids. 

Acoustic Environment of Human Fetuses 

Fetuses receive sound stimuli from both inside and outside of the uterus (Querleu, 

Renard, Boutteville, & Crepin, 1989; Gerhardt & Abrams, 2000b; Busnel & Granier-

Deferre, 1983; Pujol et al., 1991). The internal environment of the uterus consists of low 

level basal noise, including maternal vascular, intestinal and respiratory sounds. The 

external environment outside of the uterus includes, noises, such as voices and music 

which are partially absorbed and altered.  According to Querleu et al. (1989), it is the 

placental noise that is the most prominent component of the internal background sounds. 

A mother’s voice is shown to have the greatest intensity of the external noises, which can 

be explained by the vocal vibrations that are transmitted directly through her body 
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(Querleu et al.).   Basal noise can hardly mask exterior noises and exterior sounds such as 

music can be heard on recordings made inside the uterus following delivery (Querleu et 

al.). Most external sounds at or above 60 dB, which are less than 500 Hz emitted near the 

mother, are well transmitted in utero (Busnel, Granier-Deferre, & Lecanuet, 1992; 

Gerhardt & Abrams, 1996).  Fetal responses to sound also have been shown to vary 

depending on stimulus intensity.  Kisilevsky (1989) reported that the threshold level for a 

reliable response to an air borne complex noise is between 100 and 105 dB, and that body 

movement may be a more sensitive fetal response than fetal heart rate (FHR) 

accelerations. 

Fetal Behavioral States and Spontaneous Behavior 

In the near term fetus, state-of-arousal has been reported to influence fetal 

responses to sensory stimuli (Nijhuis, Prechtl, Martin, & Bots, 1982). Thus, an 

understanding of fetal behavioral states is necessary in order to interpret results from 

studies employing airborne sounds late in pregnancy.  To date, four fetal behavioral states 

have been identified (Nijhuis et al., 1982), which correspond to four of six newborn 

states. These include 1F, 2F, 3F, and 4F.  1F designates quiet sleep, characterized by the 

absence of body and eye movements with little FHR variability (± 2 beats per minute);  

2F is an active sleep characterized by frequent body movement, FHR with greater 

variability, frequent cardiac accelerations related to movement and rapid eye movements 

(REM); 3F is quiet awake, noted by the absence of body movements, a FHR with greater 

variability than 1F, and continual presence of eye movements; and 4F is active awake, 

distinguished by vigorous and continual body movements, an unstable FHR with frequent 

long accelerations and continual eye movements.   
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It is the general consensus that behavioral states are observed 

electrophysiologically by 36-38 weeks gestational age (Nijhuis, 1992).  Equal time is 

spent in active and quiet sleep by fetuses and neonates (Groome, Swiber, Atterbury, 

Bentz, & Holland, 1997); however, rest-activity cycles can be distinguished (Dierker, 

Pillay, Sorokin, & Rosen, 1982; Visser, Poelmann-Weesjes, Cohen, & Bekedam, 1987) 

and variations in fetal activity are described as early as 20 to 22 weeks GA (De Vries, 

Visser, Mulder, & Prechtl, 1987). Behavioral states have two aspects of clinical 

importance. First, REM sleep is a time of increased brain metabolism and perhaps 

growth. Second, many variables used to assess the health of fetuses are state-dependent 

(Patrick, 1989).  It also should be noted that stimuli, which alter states, might change the 

presence and characteristics of behavioral state variables listed earlier (Patrick).  Because 

behavioral states are not identified electrophysioloigcally until late term, in studies 

examining the behaviour of fetuses over gestation, no stimulus control periods are used 

instead of identifying fetal state, to provide a baseline of spontaneous activity during 

testing. In such studies, each fetus serves as his/her own control. 

Maturation of spontaneous behaviors 

Fetal Heart Rate.  Fetal heart rate in healthy fetuses varies from about 120 to 160 

beats per minute (BPM), with values as low as 110 during quiet states and 180 during 

high activity (Kisilevsky & Low, 1998).  In fetuses younger than 29 weeks GA, 

spontaneous decelerations indicating parasympathetic control are usual; by 35 weeks GA, 

greater baseline variability makes decelerations more difficult to recognize (Wheeler & 

Murrills, 1978).  As well, it is typical for a deceleration to follow an acceleration in the 

term fetus (Timor-Tritsch, Dierker, Hertz, Deagan, & Rosen 1978).  Spontaneous FHR 
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accelerations start occurring at about 25 weeks GA and indicate the onset of sympathetic 

nervous system responsiveness.  These accelerations increase in frequency, duration and 

magnitude over gestation (Wheeler & Murrills, 1978).

Body Movements. Onset of spontaneous fetal body movements occur at about 8 

weeks GA. There is an increase in incidence until the end of the first trimester, when a 

plateau is reached, followed by a gradual decrease until term (De Vries, Visser, & 

Prechtl, 1985; Prechtl, 1985). A relationship has been observed between FHR changes 

and body movements:  By term, FHR accelerations occur with more than 90% of fetal 

body movements (Timor-Tritch et al., 1978).   

Breathing movements. Fetal breathing movements have an initial onset at about 

10 weeks GA (de Vries et al., 1985).  Fetal breathing also has been shown to increase 

over gestation (Patrick, Campbell, Carmichael, Natale, & Richadson, 1980) with fetuses 

spending more time breathing in active than quiet states (Van Vliet, Martin, Nijhuis, & 

Prechtl,1985; Pillai & James, 1990).  These changes are thought to be the result of 

maturation of the fetal lung, and development of the respiratory and sleep centers of the 

fetal central nervous system (Kozuma, Nemoto, Okal, & Mizuno, 1991). 

Evidence of in utero learning in human fetuses  

Researchers have capitalized on the information derived from studies 

characterizing the onset and maturation of both auditory elicited and spontaneous FHR 

changes, body and breathing movements. Specifically a number of studies have examined 

learning and shown evidence of in utero learning in human fetuses.  With regard to 

speech, DeCasper, Lecanuet, Busnel, Granier-Deferre, and Maugeais (1994) 

demonstrated that term fetuses could discriminate a tape recording of a familiar versus 
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novel rhyme read by a female stranger when the familiar rhyme had been repeated by 

their mother every day from 33 to 37 weeks gestation. As well, Kisilevsky and colleagues 

(2003) showed that fetuses recognize their mother’s voice, discriminating it from that of a 

female stranger. Fetuses showed an increase in FHR to their own mother’s voice and a 

decrease in FHR to a female stranger’s voice.  Both responses were sustained for a 

minimum of four minutes. These findings suggest that fetuses have the capability to 

remember and recognize--a fundamental step in learning. These results provide support 

for DeCasper’s in-utero-speech-experience hypothesis, demonstrating that fetuses are 

indeed able to remember and recognize human voices that they are exposed to in utero.

As hearing begins at about 30 weeks GA, by term specific neural networks related to 

various in utero auditory stimuli may be formed.  From these findings it seems likely that 

speech processing in the near term fetus is influenced by in utero experiences, which 

could indicate perception, memory, and attention suggesting some involvement of higher 

brain functioning.

With regard to music, Hepper (1991) found that an increase in body movements 

was elicited by a British soap opera theme song in a group of 36-37 week GA fetuses 

whose mothers had watched the program throughout their pregnancy but not in a group of 

younger fetuses, 29-30 weeks GA, or a group whose mothers had not watched the 

program.  This study provides additional evidence of fetal perception, memory and 

learning based on in utero experience. 

Kisilevsky and colleagues (2004) demonstrated onset and maturation of fetal 

response to music.  Over a 5 min piece of music, fetuses at 33 weeks GA showed a 

sustained heart rate increase, and at 35 weeks GA body movement changes began.  
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Fetuses also have been shown to discriminate a narrow range of low-pitched musical 

notes (Lecanuet, Graniere-Deferre, Jacquet, & DeCasper, 2000), demonstrated by cardiac 

deceleration to the first note, and a second deceleration to a note switch that was 

independent of the order in which notes were presented. Fetuses, who were presented the 

same note at the second presentation, showed an initial deceleration and no second 

deceleration at the time when a note switch would have occurred. These decelerations 

probably indicate an orienting response and demonstrate that the fetal auditory system 

can extract enough acoustic information from sounds, even brief sounds, to perceive 

specific frequency patterns. However, we know very little about fetal learning, as few 

systematic studies have been reported. Much of what we surmise about early learning 

comes from studies of newborns who are much more accessible to the researcher both in 

terms of stimulus delivery and response observation.   

Evidence of newborn auditory learning 

Early research demonstrated strong evidence for newborn auditory learning. 

Mehler, Bertoncini, Barriere, and Jassik-Gerschenfeld (1978) showed that newborn 

infants recognize their mother’s voice.  Further, DeCasper and Fifer (1980) examining 

newborns younger than three days old, showed a preference for their mother’s voice 

compared to the voice of a female stranger. Infants could produce either their mother’s 

voice or a strangers voice by changing their sucking pattern (i.e., interburst intervals) 

when sucking on a nonnutritive nipple. The preference for the maternal voice was 

demonstrated by their producing the maternal voice more often than the stranger’s voice. 

At most, these infants had 12 hours of postnatal contact with their mothers before testing. 

Thus, the limited maternal exposure before testing and the very young age at which the 
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test was performed, leads to the question of what role prenatal auditory experience played 

in the newborn preference. 

Additional evidence from newborn studies indicates that fetuses may be able to 

recognize and remember human voices.  DeCasper and Spence (1986) demonstrated that 

newborns preferred a story read by their own mother during the last six weeks of 

pregnancy compared to a novel story.  Moon, Cooper, and Fifer (1993) added to this 

body of knowledge when they showed that two-day-old newborns preferred their native 

language over a foreign language. Given these demonstrations of learning early in 

postnatal life, it seems reasonable to speculate that similar learning of such ubiquitous 

auditory stimuli is occurring before birth. To date, the focus typically has been on what is 

being learned.  However, in both animal and human infant studies, Bahrick and Lickliter 

have begun to examine how learning occurs and have proposed the intersensory 

redundancy hypothesis to account for their data.  

Intersensory Redundancy Hypothesis

Bahrick and Lickliter’s (2000) intersensory redundancy hypothesis posits that 

information presented redundantly and in temporal synchrony across two sense 

modalities selectively recruits attention and facilitates perceptual differentiation more 

effectively than does the same information presented unimodally. They note that 

intersensory redundancy refers to a particular type of multimodal stimulation in which the 

same information is presented simultaneously and in a spatially coordinated manner to 

two or more sensory modalities (Bahrick & Lickliter, 2002).
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Hypothesis Support: Human Newborns and Animal Studies 

Support for this hypothesis has been shown in human newborns.  The attentional 

salience of intersensory redundancy and ability of redundancy to direct the flow of 

attention were shown in a study of selective attention in four month olds (Bahrick, 

Walker, & Neisser, 1981). When a film of two naturalistic events (hands clapping, 

xylophone being played or toy slinky being manipulated) were shown superimposed on 

one another with the soundtrack of only one of the images, adults said the sound specified 

film jumped out from the background.  When infants were shown the superimposed films 

along with a soundtrack, and then shown each film independently, infants showed a 

preference for the film they had seen without a soundtrack. This novelty response 

indicates they had attended to the sound-specified film in the superimposed experience. 

Further support for the intersensory redundancy hypothesis was shown by Bahrick 

and Lickliter (2000). They demonstrated that five-month-old infants could discriminate 

between five element rhythms when the rhythm information was presented bimodally, 

but not when it was presented unimodally, either visually or acoustically.  The presented 

rhythms were complex and depicted a shift in relative timing.  This experiment highlights 

the significance of the distinction between multimodal and unimodal stimulation for 

guiding attention and perceptual learning in infancy.  These results were extended and 

replicated in even younger infants (Bahrick, Flom, & Lickliter, 2002). At three months, 

infants were shown to discriminate a change in tempo of a toy hammer tapping during 

redundant bimodal but not during unimodal stimulation. The results of this study indicate 

that amodal stimulus properties such as tempo are more salient and readily perceived by 

young infants when they are presented bimodally than unimodally (Bahrick et al., 2002).   
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The multisensory connection between vestibular stimulation and auditory rhythm 

processing also has been investigated. Phillips-Silver and Trainor (2005) found that 

infants chose to listen longer to an auditory stimulus with accented beats that matched the 

beats on which they were bounced, indicated by a head turn preference. There was no 

preference noted if the infant only watched the experimenter bounce and the infant itself 

did not bounce. These results support the premise that body movement plays an important 

role in musical rhythm perception 

Support for the intersensory redundancy hypothesis also comes from studies with 

other species. It is important to remember that it is at the level of generalities, not 

specifics, that animal experiments are useful for thinking about human development.  

These studies can often provide interesting and significant ideas for hypotheses and 

research direction about human development.  The results of animal experiments are 

most beneficial when they provide principles that are broadly applicable to more than one 

species, and many studies of animal development, even if they do not succeed, are 

designed in this light (Gottlieb & Lickliter, 2004). 

 Reynolds and Lickliter (2003) discovered that intersensory redundant stimulation 

in the bobwhite quail appears to foster arousal levels that facilitate selective attention and 

perceptual learning during prenatal development. A study (Lickliter, Bahrick, & 

Honeycutt, 2002) employing quail (Colinus Virginianus) embryos found that those chicks 

who had received redundant, synchronous, bimodal stimulation as embryos learned the 

maternal call four times faster than those who received unimodal exposure.  The bimodal 

stimulation used was the maternal call being played with simultaneous pulsating light that 

flashed in synchrony with the same temporal pattern as the notes of the maternal call.
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The chicks were tested 24 hours after hatching. The chicks that were exposed to the 

redundant audiovisual stimulation preferred the maternal call to an unfamiliar variant, but 

those who received non-redundant audiovisual exposure showed no preference.  This 

finding suggests that before birth, quail embryos also are sensitive to redundant bimodal 

stimulation and that it can facilitate learning in the prenatal period.  Birds such as quails 

are well suited to this type of research as they develop in an egg, which allows easy 

access to the developing embryo during the late prenatal period, and the chicks can 

respond to tests immediately after hatching.   

Data from chick embryos and hatchlings suggest that the instersensory 

redundancy hypothesis may be true for human fetuses.  To date, it has not been tested, 

although it is possible to do so.  Human mothers can respond biomodally with temporally 

coordinated movements to externally generated sounds, such as dancing or exercising to 

music.  Their actions produce movements that have tactile and/or vestibular correlates 

that share intensity and temporal patterning with the sounds.  These naturally occurring 

events would give a fetus ample opportunity to become familiar with and detect 

redundant stimulation during the late stages of prenatal development (Bahrick & 

Lickliter, 2002). We have capitalized on these ecologically valid redundant 

environmental stimuli to examine the influence of multimodal stimulation on auditory 

learning in human fetuses.  The operational definition of learning employed for this thesis 

is a change in fetal heart rate or body movements (e.g., direction, magnitude, latency to 

response) during the playing of the music following 5 days of exposure compared to the 

first exposure to the music. Two different pieces of music will be used to allow 

interpretation of the results to music in general rather than to a piece of music 
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specifically.  Due to the complex nature of musical stimuli, the perceptual characteristics 

of the music will be described subjectively by adult listeners.  

Research Questions 

The following research questions will be addressed.  Study 1: 1) Do near term 

fetuses show evidence of learning a piece of music following exposure over 5 days in one 

week evidenced by a change in heart rate or body movements? 2) Do near term fetuses 

exposed to multimodal auditory and vestibular stimulation learn more efficiently or faster 

than fetuses exposed to unimodal auditory or vestibular stimulation?  3) Is there a 

difference in the fetus’s ability to learn depending on the piece of music to which s/he is 

exposed? Study 2: 1) What are the perceptual characteristics (identified by adult listeners) 

between the two pieces of music which might influence learning?  
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CHAPTER 3 

Study 1: Fetal Learning 

Introduction

 Although support for the intersensory redundancy hypothesis has been found in 

human newborns and animal models, it has yet to be tested in human fetuses. Therefore, 

this was the focus of the present study. Given that fetuses can learn a piece of music 

(Hepper, 1991), it was expected that fetuses  36 weeks GA would show evidence of 

learning a piece of music following repeated exposure by demonstrating changes in heart 

rate and body movements. In addition, given support for the intersensory redundancy 

hypothesis in both human infants (Bahrick, Walker, & Neisser, 1981; Bahrick & 

Lickliter, 2000; Bahrick, Flom, & Lickliter, 2002) and animal models (Lickliter, Bahrick, 

& Honeycutt, 2002), it was expected that fetuses exposed to multimodal stimulation 

would learn more efficiently or faster than those exposed to unimodal stimulation. 

Methods

Participants

Sixty three mother-fetal pairs at  36 weeks GA (mean at initial testing = 36.7 

GA; SD ± .8 weeks) were recruited for testing from a community teaching hospital in 

southern Ontario.  GA was determined by the first day of the last menstrual period 

(accuracy rate 75%-85%) for women with reliable periods and/or from early ultrasound 

scanning (S.D. ± 1 week).  Inclusion criteria were: a) singleton pregnancy, b) maternal 

age at least 18 years, and c) uneventful, low-risk pregnancy with delivery of a healthy full 

term infant. In total 17 subjects did not complete the post-testing portion of the study 

(n=11 due to delivery prior to completion of study, and n=6 were lost to follow-up/no 
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shows). Pre-testing data for all subjects were used in analysis (n=63).  Sample size

was based on previous research (Kisilevsky, Muir, & Low, 1989) demonstrating that 

small sample sizes (n = 10) compared to large ones (n = 93) of healthy, term fetuses 

provide reliable behavioral data in studies where sound and no sound trials are

compared.   

 The good health of the fetuses was confirmed at delivery.  All infants had an 

Apgar score >7 at 5 min and a birth weight greater than the 10th percentile for gestational 

age.  Participants reported high compliance on the home intervention with an average of 

9.66 out of 10 assigned exposures.  Exclusion criteria were any maternal co-morbid 

conditions (e.g., maternal diabetes, hypertension, depression, thyroid disease) requiring 

pharmacological treatment. Gender of the fetus was determined at birth. At delivery, the 

32 males and 28 females had an average birth weight of 3672 gm (SD ± 512 gm), a 5-min 

Apgar score of 9.1 (SD ± .63), and a diagnosis of healthy, term newborn on medical 

examination.  The newborn delivery outcome data for each of the six subgroups in the 

study can be found in Table 1.

Maternal age averaged 27.83 years (SD ± 4.5 years); and 53.3 % were 

primiparous. See Table 2 for a summary of the maternal demographic data. Women 

provided informed written consent for themselves and their unborn babies prior to 

participating in the study. The study was carried out according to ethics approval by 

Queens University Health Sciences and Affiliated Teaching Hospitals Research Ethics 

Board.  Testing took place in the Maternal-Fetal-Newborn Studies Laboratory at 

Kingston General Hospital.  See Appendix A for the study invitation and Appendix B for 

the study consent form.   
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Equipment

Fetal heart rate was obtained using a Hewlett-Packard cardiotocograph (Model 

1351A) connected to a computer running custom designed software for data acquisition, 

storage and analysis. An event marker was used to note trial onset, music onset, music  

offset, and end of trial.  Heart rate was sampled four times a second, averaged, and the 

average at each second was stored in a computer text file. Fetal body movements were 

observed and video recorded with a Siemens Sonoline Model SL-450 real-time 

ultrasound scanner with build-in VCR (Panasonic) for offline scoring.

Two musical pieces (A & B) were composed specifically for the study by Kevin 

Cooke, (© Kevin Cooke, 2005); they were identical (rhythm, pitch, musical instruments, 

tone) except for their time signature. One piece was in 4 / 4 time and one was in 3 / 4 

time.  The musical pieces were played on a Toshiba computer and delivered through a 

Sony computer speaker at an average of 80 dB at about 10 cm above the maternal 

abdomen at the site of the fetal head. The average ambient noise level was 46 dB with all 

equipment running. The A scale of a Bruel and Kjar Impulse Precision Sound Level 

Meter model 2235 was used to measure sound intensity of all laboratory stimuli at a 

distance of 10 cm.  Analog Radio Shack display sound level meters (model 33-4050) 

were sent home with participants to measure sound intensity of the music played in their 

home. Averages over 1 min between the Bruel and Kjar and the Radio Shack models 

differed by an average of 0.1 dB.  

To measure compliance a paper diary was provided to each woman for her to 

record the date and time of musical exposure, maternal swaying and the length of time 

the musical piece was played. See Appendix C for diary entry sheet. 
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Procedure

The design of this study is displayed in Figure 1 (see below) and a study schema 

is displayed in Figure 2 (see below). Each mother-fetal pair was assigned to one of the 

two pieces of music (A or B) and one of three home intervention protocols (music only, 

sway only, music + sway).

Figure 1. Study Design 

A: Laboratory Pre-test 

Maternal Group Music Stimulation 
All Fetuses No Sound 

(2 minutes) 
Music A or B 

(Assigned Music) 
No Sound 

(2 minutes) 

B: Exposure to music and/or maternal swaying- (two times a day for 4 minutes for 5 
days)

Group Music Maternal Swaying 
1 A No 
2 B No 
3 A Yes 
4 B Yes 
5 - Yes 
6 - Yes 

C: Laboratory Post-test

Maternal Group Music Stimulation 

All Fetuses 
No Sound 

(2 minutes) 
Familiar Music  

(2 minutes) 
No Sound 

(2 minutes) 

20 Minute Delay Period

Maternal Group Music Stimulation 

All Fetuses 
No Sound 

(2 minutes) 
Novel Music 

(2 minutes) 
No Sound 

(2 minutes) 
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Figure 2. Study Schema 

Recruit
60 Pregnant Women                                            

36+ weeks GA 

Randomized into treatment group 

1  2  3  4  5  6 

Pre testing in Lab 
Data Collection 

5 Day Home Intervention 
Recorded in Daily Diary 

Return to Lab for Post testing 
Data Collection 

Data Analysis 

   Key:
   Group 1 = Music A 
   Group 2 = Music B 
   Group 3 = Music A + Swaying 
   Group 4 = Music B + Swaying 
   Group 5 = Swaying only to Music A 
   Group 6 = Swaying only to Music B 
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Prior to coming to the laboratory women were randomized into one of six 

experimental/control conditions.  Music was counterbalanced across groups. A coin toss 

determined that the first three subjects recruited would receive Music B, thus the 

following three received Music A and so forth until all subjects had been recruited. The 

coin toss was used to assign music to each successive 2 groups. Counterbalancing 

ensured equal numbers among the two different musical pieces (A and B). Within each 

group of three, one participant was assigned to each of the three different interventions 

(music only, swaying only, music and swaying) by using a random numbers table. 

Attrition at post-testing resulted in different numbers among the six sub-groups. 

On the first visit to the laboratory participants signed consent, were given 

instructions on completing the daily intervention and diary (See Appendix D for Group 

dependent Participant Instruction Sheets), and a follow up appointment for day 6 was 

arranged. Demographic information (such as maternal age, weight, height, and education) 

also was collected along with information on their current music and dancing practices. 

See Appendix E for Mothers Demographic/Information Sheet for specific data collected. 

Following group assignment, each fetus was initially tested with the piece of 

music they would be exposed to during the intervention (see Figure 1-Laboratory Pre-

test) to determine their baseline response (fetal heart rate and body movement changes 

during the playing of the music). Observation included 2 minutes of a no-sound baseline, 

2 minutes of music (A or B), followed by 2 minutes of a post-music, no-sound period.  

The music was played from a speaker placed 10 cm above the mother’s abdomen, at a 

sound intensity averaging 80 dB SPL.  Throughout the procedure mothers were in a semi-

recumbent, wedged left position on a hospital bed.  They listened to classical guitar music 
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through headphones as an effective mask.  This control was used to ensure that only the 

fetus was responding to the music. During the 6-minute observation, FHR data was 

recorded continuously and body movements were observed and video recorded from a 

real time ultrasound scan of a cross sectional view of the abdomen which may or may not 

have contained limbs.  Body movements were scored for number and duration from the 

videotapes; a movement included any observed movement of the body or limbs.  Inter-

rater reliability of the two independent observers who each scored 20% of the video tapes 

was high (r = .912, p < .001).  Thus, the scores from one (EL) were used in analyses. 

Subsequently, over the following five days, the fetus was exposed to the assigned 

intervention at home.  Participants were asked to sit quietly for 5 minutes prior to starting 

the home intervention to allow for a quiet baseline prior to the fetal stimulation.  In 

groups 1 and 2, fetuses were exposed to music A (4/4 time) or B (3/4 time), respectively. 

In groups 3 and 4, fetuses were exposed to music A or B, respectively, plus vestibular 

stimulation by the mother swaying concurrently in time. In groups 5 and 6, fetuses were 

exposed to vestibular stimulation only by the mother swaying concurrently in time with 

music A or B, respectively, played through headphones over her ears.  In all groups 

music and/or swaying occurred for 4 minutes twice a day for five consecutive days. For 

participants in groups 1, 2, 3 and 4, sound pressure level meters were provided for home 

use to ensure the music was played at 80 dB. Participants were given a verbal explanation 

as well as instruction sheets on the use of the meters (See Appendix D).   Participants in 

groups 5 and 6 were given a demonstration of how to sway to the music, and asked if 

they would like to do a repeat demonstration. Participants were asked to sway from side 

to side in time to the music while bending at the knees to allow for abdominal 
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involvement. The researcher made a follow up phone call on day 2 of the intervention to 

assess how the participant was managing, to answer any questions and to confirm the 

follow up appointment. The mothers were asked to complete the last exposure within 24 

hours prior to their post testing appointment to ensure recent fetal exposure.   

On day 6 the mother returned to the laboratory where the fetus was retested first 

with the familiar (exposed to) and then with the novel (not exposed to) music using the 

same 6 minute procedure used in the pre-intervention (i.e., 2 minutes of no sound, 2 

minutes of music (A or B), followed by 2 minutes of no sound) for both pieces.  There 

was a 20 minute delay between the two 6 minute procedures to allow for FHR to return to 

baseline in the event of a change.  To ensure the good health of the newborn (and by 

proxy, the fetus at testing), delivery outcome measures were obtained from the hospital 

medical records. They included Apgar at 1 and 5 minutes, sex, GA, body weight, 

umbilical cord artery and vein base excess and pH, and results of physical examination.  

In addition, the results of routine newborn hearing screenings were reviewed.

Data Reduction strategy 

Statistical Package for the Social Sciences (SPSS) Version 14.0 computer 

software was used for all data analyses. Significance was set at p < .05.  The main 

outcome variable was fetal heart rate, with a secondary outcome measure of fetal body 

movement.  A maximum of 90/120 s of heart rate data in each of the three periods was 

used in analyses to ensure equal time in each period. Timing of the periods, controlled 

manually, varied by a few seconds. Difference scores where used in the analysis. These 

were created by subtracting the FHR for each second from each fetuses HR at the onset 

of music.  
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Results

Examined first was the FHR changes to the two pieces of music on the initial 

exposure to determine if the response was similar. Next the novelty test response was 

examined. Finally the effects of the interventions were analyzed.  Body movement data 

was examined in the same manner. 

Cardiac changes during the first exposure to music  

 The data for the changes in FHR over time are shown in Figures 3-5.  Analysis of 

variance (ANOVA) with 1 between factor [Music: A (4/4 time), B (3/4 time)] and 1 

within factor (Time) was used to examine the FHR change in : 1) the 30 s and 90s prior 

to music onset, 2) the first, 30 s of music, 3) the first, 90 s of music, and the 4) the first, 

30 s following music offset. (See Appendix F for ANOVA summary tables). 

Prior to music onset and following music offset.  For the 30 s period prior to

music onset (see graph Appendix G) as well as for the first 30 s following music offset 

(see graph Appendix H), no significant differences in heart rate were found between 

music A and music B over time. In the 90 s prior to onset there was a difference in 

baseline HR, F (1, 3195) = 7.736, p < .01, but no effect of time and no interactions, (see 

Figure 3). 
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Figure 3.  Mean fetal heart rate change over time for Music Groups A and B separately in 

the 90 s prior to music onset, first exposure. 
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Pretest (Initial exposure to music): 90 s prior to music onset

During initial playing of the music. In the first 30 s following the onset of music,

there was a main effect of music, F (1, 61) = 8.203, p < .01, and an interaction effect of 

time by music, F (29, 1769) = 3.219, p < .000. As can be seen in Figure 4, FHR 

decreased to the faster tempo music A and increased to the slower tempo music B.  
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Figure 4.  Mean fetal heart rate change over time for Music Groups A and B separately in 

the first 30 s during the playing of the music, first exposure. 
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Pretest (Initial exposure to music) : 30 s post onset of music

When these analyses were repeated for the first 90 s of music, again there was a  

main effect of music, F(1, 61)= 6.829, p < .05, which was qualified by a time by music 

interaction, F (89, 5429) = 1.651, p < .000.  As seen in Figure 5, there was a persistent 

FHR decrease to the faster tempo (music A) and increase to the slower tempo (music B). 
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Figure 5.  Mean fetal heart rate change over time for Music Groups A and B separately in 

the first 90 s during the playing of the music, first exposure. 

8
9

8
7

8
5

8
3

8
1

7
9

7
7

7
5

7
3

7
1

6
9

6
7

6
5

6
3

6
1

5
9

5
7

5
5

5
3

5
1

4
9

4
7

4
5

4
3

4
1

3
9

3
7

3
5

3
3

3
1

2
9

2
7

2
5

2
3

2
1

1
9

1
7

1
5

1
3

1
1

97531

Time (seconds)

6.00

4.00

2.00

0.00

-2.00

-4.00

-6.00

M
ea

n 
Fe

ta
l H

ea
rt

 R
at

e 
C

ha
ng

es
 (b

pm
)

Music B
Music A

Music code A or B

Pretest (Initial exposure to music) : 90 s post music onset

To determine the duration of the cardiac effect, post-hoc analyses were used to

examine responding from 31-60 s of music and from 61-90 s of music. At 31-60 s there 

was a significant effect of music, F (1, 61) = 7.132, p < .01, and a time by music 

interaction, F (29, 1769) = 1.974, p < .01 (see graph Appendix I).  From 61 to 90 s, no 
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effects of music or time were found (see graph Appendix J), indicating that the response 

lasted the first 60 s of the music period. 

Cardiac changes to a novel music following intervention 

Prior to novel music onset. Following 5 days of exposure to the same music, 

response to a change in music from A to B or B to A (i.e., a novelty response) was 

examined repeating the 1 between, 1 within ANOVA.  For the 30 s (see graph Appendix 

K) and 90 s (see Figure 6) periods prior to music onset no significant differences in heart 

rate, were found between music A and music B.  
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Figure 6.  Mean fetal heart rate change over time for Music Groups A and B separately in 

the 90 s prior to music onset, first exposure to novel music. 
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Post II test (initial exposure to novel music): 90 s prior to music onset

During playing of novel music. In the first 30 s following the onset of the novel 

piece of music, there was a main effect of music, F (1, 44) = 4.543, p < .05, and an 

interaction effect of time by music, F (29, 1276) = 1.702, p < .05.  As can be seen in 

Figure 7, FHR again decreased to music A and increased to music B.  When the analysis 
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was repeated for the first 90 s of the music period no significant differences were found. 

(see Figure 8) 

Figure 7.  Mean fetal heart rate change over time for Music Groups A and B separately in 

the first 30 s of playing the novel piece of music. 
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Figure 8. Mean fetal heart rate change over time for Music Groups A and B separately in 

the first 90 s of playing the novel piece of music. 
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As in the initial analyses of the first exposure to music, to determine the duration 

of the cardiac effect, post-hoc analyses were used to examine responding from 31-60 s of 

music and from 61-90 s of music.  At 31 to 60 s, no effects of music or time were found 

(see graph Appendix L), indicating that the response lasted the first 30 s of the music 

period. From 61 to 90, no effects of music or time were found (see graph Appendix M).   

Following offset of a novel piece of music. When the analysis was repeated with  
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the data for the first 30 s following music offset there was a significant effect of time by 

music-code, F (29, 1247) = 3.681, p < .000 (see Figure 9). There were no significant 

differences found in the 90 s following music offset.   

Figure 9.  Mean fetal heart rate change over time for Music Groups A and B separately in 

the 30 s following music offset, first exposure to novel music. 
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Intervention effects 

 Because there was a differential response to music A vs. B, FHR decreased to 

music A and increased to music B the intervention groups were analyzed separately for 

music A and B.  As well, to determine the nature of the response to each intervention, 

each sub-group, music only, sway only, and music and sway were analyzed separately.  

Music A.  The data for the changes in FHR over time from stimulus onset are 

shown in Figures 10-12.  An ANOVA with 2 within factors (Test- 1 = First exposure, 2 = 

After 5 days of exposure: Time) was used to examine the FHR change over the first 30 s 

following music onset in each intervention group: a) Group 1 (Music A only), b) Group 3 

(Music A and sway), c) Group 5 (Music A sway only) (See Appendix F for ANOVA 

summary tables).  Test by time interactions were seen for both the unimodal music only, 

F (29, 203) = 1.871, p <.01, and unimodal sway only, F (29, 174) = 1.818, p <.01 groups.

As can be seen in Figure 10 for the music only group, there was a response shift to music 

A following intervention, as a FHR increase was observed.
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Figure 10.  Mean fetal heart rate change over time in Group 1, for initial and post 

exposure testing separately in the 30 s following music onset. 
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Figure 11 shows that there was a decreased magnitude of response following 

intervention in the unimodal sway only group.  In the group who received the multimodal 

intervention with music A and sway, there was a time effect, F (29, 203) = 1.545, p <.05. 

Before and after intervention there was a decrease in heart rate; following intervention 
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the response latency was shorter (about 2 s vs. 10 s, indicated on Figure 12). During the 

30 s prior to music onset there were no differences in the 3 groups.

Figure 11.  Mean fetal heart rate change over time in Group 5, for initial and post 

exposure testing separately in the 30 s following music onset. 
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Figure 12.  Mean fetal heart rate change over time in Group 3, for initial and post 

exposure testing separately in the 30 s following music onset. 
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Music B. The data for the changes in FHR over time from stimulus onset are 

shown in Figures 13-15.  The 2 within ANOVA was repeated to examine the FHR 

change over the first 30 s following music onset in:  a) Group 2 (Music B only), b) Group 

4 (Music B and sway), c) Group 6 (Music B sway only) (See Appendix F for ANOVA 

summary tables).
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There were no differences found in the 30 s prior to music onset in the 3 groups. 

Of these intervention groups who received music B (Groups 2, 4, & 6), only the 

multimodal group showed an effect of intervention. Similar to those receiving the 

multimodal music A and sway, there was a main effect of time, F = (29, 203) = 1.914, p 

<.005 in the multimodal music B plus sway group.  Both before and after intervention, 

there was an increase in FHR; following intervention the magnitude of the cardiac 

response was less (peak FHR approximately 3 vs. 7 bpm) (indicated in Figure 13). 
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Figure 13.  Mean fetal heart rate change over time in Group 4, for initial and post 

exposure testing separately in the 30 s following music onset. 
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There were no significant differences found before compared to after intervention 

in the group who received only music B (group 2) or in the group who only swayed to 

music B (group 6) (see Figures 14 and 15 respectively).
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Figure 14. Mean fetal heart rate change over time in Group 2, for initial and post 

exposure testing separately in the 30 s following music onset. 
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Figure 15.  Mean fetal heart rate change over time in Group 6, for initial and post 

exposure testing separately in the 30 s following music onset. 
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Fetal body movements 

 To determine whether there were differences in fetal body movements first an 

ANOVA with 1 between factor (Music- A or B) and 1 within factor (Time - 4, 30-sec 

blocks) was used to examine movements in the pre-music, music, and post-music periods 
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separately. Separate analyses were done for the pretest (initial exposure), and post 2 

testing (novel exposure).  No differences were found in any of the periods tested.  As no 

differences were found, music groups were combined when examining intervention 

effects.

 The ANOVA for the intervention effects involved 1 between factor (Groups- 

Music only, Sway only, Music and Sway) and 1 within factor (Time- 4, 30-sec blocks). 

There were no differences in the pre testing (initial exposure) between the three 

intervention groups during any of the periods (pre music, music, post music).  There also 

were no differences between the three intervention groups in any of the three periods (pre 

music, music, post music) following 5 days of intervention or during the novelty testing. 

In addition no differences were found when comparing the pre exposure testing to the 

testing following intervention or to the novelty testing. See Appendix H for body 

movement ANOVA summary tables and Appendix I for body movement graphs.  

Discussion

The purpose of this study was to examine fetal learning, and to compare the 

effectiveness of unimodal vs. multimodal stimulus presentation when learning a piece of 

music. The music was composed specifically for the study so that there was no possibility 

that any mother or fetus would have heard them before. Two pieces of music were used 

and according to the composer, they were similar except for time signature. One piece 

was in 4 / 4 time and one was in 3 / 4 time.  They ensured novelty while controlling for 

rhythm, melody, pitch, musical instruments, and tone between the two pieces.  There 

were two primary outcome variables, FHR and fetal body movements.  Only the cardiac 
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measure successfully demonstrated differential learning between the two pieces of music 

and the 3 interventions.

The initial playing of the two pieces of music resulted in a differential fetal 

cardiac response. Near term fetuses exhibited an increase in FHR when presented with 

the 3/4 time music and had a decrease in FHR when presented with the 4/4 time music.  

These results also were replicated within this study when fetuses were given the opposite 

novel music.  When fetuses who had been exposed to 4/4 music, heard the 3/4 music for 

the first time following 5 days of exposure to the 4/4 music, they had a FHR increase, and 

when fetuses who had been exposed to the 3/4 music, heard the 4/4 music they had a 

FHR decrease.  These results are in keeping with Kisilevsky et al. (2004), who when 

examining the first 30 s after music onset also found a decrease in FHR to a faster tempo 

compared to an increase in FHR to a slower tempo music (Brahms’ Lullaby at 118 bpm 

compared to 69 bpm). 

The difference discovered in the 90 second pre music period of the initial testing 

(see Figure 3) is most likely spurious, given that no statistically significant effect was 

found in the 30 seconds prior to onset and no other differences were found before the 

onset of music in any other analysis or testing.  In addition, throughout the study, effects 

were consistently found in the music periods, specifically the 30 s following music onset.  

The differential responses to music A and B were unexpected and the musical 

element(s) responsible for the qualitatively different response is unknown. Given the 

complexity of the musical pieces, Study 2 was carried out in an attempt to identify salient 

perceptual differences between the two pieces of music to begin to identify the 

characteristic(s) which might be driving the fetal response.  
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CHAPTER FOUR 

Study 2: Adult Perceptions of Music Characteristics 

Introduction

 The two pieces of music played to the fetuses in Study 1 were composed and 

produced specifically for this study.  The composer reported that the two pieces had a 

tempo of 100 bpm and differed in their time signatures.  One piece was in 4/4 time and 

the other piece was in 3/4 time.  Production was accomplished using a live performance 

which was audio recorded. Given the complexity of music, it is difficult to characterize 

and control for any one attribute. The two pieces of music were perceived to vary in a 

number of characteristics which could not be identified objectively.  The following study 

was used to determine whether adults might subjectively perceive any systematic 

differences between the two pieces of music on which the fetus could be basing their 

discrimination. Because research personnel in the laboratory where study 1 was carried 

out indicated that the two pieces of music varied in tempo, the adult study focused on this 

characteristic.

Tempo can be defined as the number of equally spaced events (beats) per time 

unit (minute). The beat is usually defined by the denominator of the time signature of a 

musical score.  Meter (or metre) is the measurement of a musical line into measures of 

stressed and unstressed "beats", indicated in Western music notation by a symbol called a 

time signature (Palmer, 1997). 

Despite the tempo of the pieces used in this study being reported at 100 bpm, 

performed tempo is not stable, there are periods of slowing down, accelerations, delayed 

notes, tempo changes according to phrasing, and some random variation imposed by the 



45

player (Gabrielsson, 1999).  In defining tempo it is helpful to consider there is the mean 

tempo of a piece, being the average (i.e.: 100 bpm in the pieces used), as well as the main 

or median tempo, which is described as the most common tempo throughout the piece, 

and individual event tempo on a beat per beat basis (Palmer, 1997). Thus, although two 

pieces of music may both be recorded as having the same tempo, the perceived tempo can 

not be expected to follow the bpm value precisely (even though the two are certainly 

related).

The tempo of a piece also may not correctly reflect the speed of a song for other 

reasons.  Different time signatures for example make it possible for a song in 3/4 time to 

sound a different speed than that of one in 4/4 time while having identical tempos 

(Gabrielsson, 1999). Time signature can be defined as specifying how many beats are in 

each bar of music (numerator) and what note value constitutes one beat (denominator) 

(Gabrielsson).  Musical features are relative, not absolute, and each listener may detect 

different features of the music, which influence their perceived speed of the song making 

tempo a subjective component of music.   

Infants have been shown to infer meter (time signature) differences; movement 

cues can aid in this discrimination. When 7-month-old infants are bounced to an 

ambiguous rhythm in unity with the music’s meter, they show a preference for a version 

of the rhythm in which loudness accents match the original bouncing meter (Phillips-

Silver & Trainor, 2005). Seven-month-old infants will also listen longer to a novel 

rhythm that induces a novel meter than to a novel rhythm that induces the familiar meter 

(Hannon & Johnson, 2005).  These meter discriminating results were replicated in 10-

month-olds who could distinguish otherwise identical musical patterns on the basis of 
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meter (Palmer, Jungers, & Jusczyk, 2001). Thus, infants can infer meter from auditory 

patterns alone or from combined auditory and synchronized movement to music (Brown, 

2003).  Considering these findings it is reasonable to speculate that the near term fetus 

may share these meter (time signature) differentiation abilities (and support the maternal 

swaying stimulus in study 1).  The reason for study 2 was to begin to understand what 

might be discriminated by the fetus from a perceptual perspective, and the information 

gained may help to explain differences observed in study 1.  

Methods

Participants

Twenty adult participants of at least 18 years of age provided informed, written 

consent and participated in the study (see Appendix P for consent form).  Participant age 

averaged 27.6 years (SD ± 6.8 years). Of these participants half had no musical training 

(n=10) and the other half had at least 6 years of professional musical training (n=10). 

Those with musical training had an average of 12.0 years (SD ± 4.1).

Equipment

Two musical pieces (arbitrarily labeled A & B) were composed for the study by 

Kevin Cooke, (© Kevin Cooke, 2005); they were identical in rhythm, melody, pitch, 

musical instruments and tone. The pieces were played at 100 bpm.  The composer 

reported the pieces were in soft modern jazz, a genre that lends itself to time signature 

variations. One piece was in 4 / 4 time (Music A) and one was in 3 / 4 time (Music B).  

The music was produced using a live acoustic performance of multiple instruments 

(instruments were not specified by the composer but piano, drums, saxophone, and other 
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percussion instruments are evident) and audio recorded onto a CD. The musical pieces 

were played to participants on a computer and delivered at an average of 80 dB SPL 

measured using the A scale of a Bruel and Kjar Impulse Precision Sound Level Meter 

(model 2235).  

A three question survey devised by the experimenter was used to determine 

perceived differences between the two pieces of music. A copy of the survey appears in 

Appendix Q.

Procedure

 In a quiet setting, each participant listened for 2 minutes to both pieces in 

sequence. A coin toss was used to decide the order of play: half of the participants 

listened to Music A first and the other half listened to Music B first. After listening to the 

musical pieces, participants were instructed to complete the survey.  

Results

The differences between the two pieces of music identified in survey question 1 

were divided into 5 categories. The most frequently perceived differences included 

tempo, time signature, and beat structure (See Table 3 for frequencies). 

Table 3. Differences in Music Results  

 Tempo/Speed Time Signature Beats Large tempo 
difference 

before 
saxophone 

Other

Trained 5 3 2 0 2 

Untrained 4 0 2 2 4 

Totals 9 3 4 2 6 
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All of the participants agreed there was a difference between the two musical 

pieces.  In addition, 75% of the participants stated Music A had a faster tempo, 0% stated 

Music B had a faster tempo and 25% stated they were the same tempo [Chi squared (2) = 

17.49, p< .001].  60% of the musically trained and 90% of the untrained 

participants thought Music A had a faster tempo [Chi squared (1) = 0.267, n.s.].  Please 

see table 4 for breakdown of perceived tempo results.   

Table 4. Tempo/Speed Survey Results 

 Music A faster Music B faster Same Speed Totals 

Trained 6 0 4 10 

Untrained 9 0 1 10 

Totals 15 0 5 20 

Discussion

  The purpose of the study was to consider the perceived differences between the 

two pieces of music in an adult population. The results indicate that there was a perceived 

difference between the two pieces of music.  Only 15% of participants were able to pick 

out the time signature difference; all had >6 years of professional musical training.  The 

most commonly perceived difference was in tempo/speed of the music.  As fetuses have 

no musical training, they are most likely comparable to the non-trained group, of whom 

90% reported Music A had a faster tempo.

Whether or not the differential response by the fetuses in study 1 is attributable to 

differences in tempo readily identified by our adult subjects can not be confirmed at this 

time.  Nevertheless, as this attribute is subjectively perceived by naïve adult listeners with 
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no musical training, it seems reasonable to speculate that tempo may be a significant 

characteristic of music to which near term fetuses attend.  
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CHAPTER FIVE 

General Discussion 

 The purpose of this thesis was to examine unimodal vs multimodal auditory 

stimulus presentation on fetal learning.  Two pieces of music, composed specifically for 

the study, varied only in time signature according to the composer.  However, fetuses 

responded in qualitatively different ways to the two pieces and this was one of the most 

important findings of the study.   

Adults asked to identify, subjectively, characteristics of the music which differed 

between the two pieces, perceived a difference in tempo. Thus, it may be that tempo 

explains in part the differential fetal responses to music A and B. These findings indicate 

that musical tempo is a salient characteristic of music for near term fetuses. Kisilevsky et 

al (2004) suggested that the effect of tempo may be a reflection of the level of arousal.

They suggest that a faster tempo may activate the cochlea and auditory fibers, and thus it 

may be that the differential response to tempo observed here might reflect a difference in 

arousal levels as a result of more stimulation of the reticular formation. A decrease in 

FHR to a faster musical time may indicate an orienting or attention response. It may be 

due to increased stimulation as suggested by Lecanuet et al. (1992) and an increased level 

of arousal. It is possible, therefore, that a perceived faster musical time or tempo creates a 

more distinct and exciting stimulus which captures fetal attention demonstrated by a 

decrease in FHR. Similar to that seen in infants and adults a slower piece of music might 

elicit a FHR increase indicating that the fetus heard the sound but it was not interesting or 

stimulating enough for focused attention.  
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The differential response to musical tempo was unexpected and it may be that 

some effects of unimodal or multimodal intervention are dependent on the salient 

characteristics of the stimulus used to demonstrate learning. For example, if the decrease 

in FHR to the 4/4 music was an attention response, it may have facilitated learning in 

both the unimodal and multimodal conditions.  

The initial response to both pieces of music persisted for at least 60 seconds after 

onset.   Sustained heart rate accelerations in response to music and voice have been 

observed in previous studies (Sontag, Steele & Lewis, 1969; Kisilevsky et al, 2003, 

2004). Sontag et al. showed an increase in FHR to music within 90 s of onset, while 

Kisilevsky et al. showed an increase in FHR to voice over a 2-minute period. A sustained 

response is in contrast to a startle response from a high intensity (110 dB), short duration 

(2 sec), stimulus which has an onset at 5 s, a peak at about 11-12 s, and is over in 20 s. 

Joseph (2000) has argued that the response to short duration, relatively loud airborne 

sound is most likely a startle response accounted for at the brainstem level. The sustained 

response observed in this study and others may suggest higher level auditory processing 

than the short duration startle reflex.  Where in the brain processing may be occurring is a 

matter of speculation at this time.  

To help determine if learning is possible, it is important to consider where in the  

brain learning takes place and what connections and developments are needed in order 

for this to occur. The environment sculpts and establishes neural networks and pathways. 

This sculpting fine tunes perception, selective attention and promotes learning, memory, 

and cognitive development (Joseph, 2000). These pathways also exhibit synaptic 

plasticity that can be influenced by auditory experience and are in this way capable of 
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synaptic learning (Isukahara, 1985; Moore & Aitkin, 1975; Moore & Irvine, 1981).  As 

the fetal brainstem becomes increasingly responsive to environmental sounds which it is 

repeatedly exposed to, it appears capable of generating and supporting what could be 

rudimentary learning-related activity (Jospeh) what later in life would be referred to as 

cognition. The midbrain inferior-auditory colliculus in conjunction with the lower 

brainstem make fine auditory discriminations and react to sound around the 36th week 

(Joseph). It is possible, given the gestational age and the sustained responses seen in this 

experiment, that there is more than a brainstem reflex elicited and areas in the midbrain 

such as the inferior colliculus could be involved in this display of rudimentary learning.   

The three interventions, music only, music plus sway, and sway only were 

designed to test the intersensory redundancy hypothesis. The intersensory redundancy 

hypothesis involves the manipulation of two senses to augment learning. It states that 

learning is more efficient/rapid when information is presented simultaneously in two 

modalities compared to one.  The selection of senses for study in the human fetus is 

obviously limited, and the hypothesis had not been tested on human fetuses before. In this 

study we stimulated both auditory and vestibular senses (with musical stimuli and 

maternal swaying) individually and together for comparison of effects. 

Results show that when the stimulus elicits an attention response (a decrease in 

FHR) it does not matter whether the presentation is unimodal or multimodal. This is seen 

in the 4/4 music (Music A) where the fetus learns the stimulus.  However, when the 

stimulus does not elicit a FHR decrease (i.e., evidence of focused attention), there is some 

evidence that a multimodal stimulus is more effective (e.g., with the 3/4 music there was 

an effect following intervention only in the multimodal group). The results are complex 
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due to the differential response to music A and B and firm conclusions await replication.

The 4/4 time music (Music A) showed unimodal effects in both the listen only and sway 

only groups.  In the listen only group there was an increase in FHR after the 5 day 

intervention.  This FHR increase could indicate recognition after intervention.  In the 

sway only group there was a noted decrease in magnitude of response. The slower tempo 

music (Music B) showed no change in the listen only group. In the sway only group, 

there may have been a decrease in response magnitude (p=.06) similar to that observed to 

music A in the sway only group which we did not have the power to detect because of the 

small sample size. It is possible that a decrease in magnitude of the sway only groups 

indicates attention and recognition. Because this change did not quite reach statistical 

significance, it needs to be re-examined in a future study with a larger sample.

 In the listen and sway (multimodal) group to the 4/4 music (Music A) the fetuses 

both displayed a FHR decrease with a shorter latency (approximately 7 seconds) to 

response after intervention.  The most likely interpretation of a decreased latency is 

learning. In this respect the multimodal group supports the intersensory redundancy 

hypothesis. In the music B multimodal group there was a decrease in magnitude seen 

after intervention similar to the sway only group.  Again, this observation can be taken as 

an indication of fetal learning. 

 Given the results of this study and that it is the first time that we know of that the 

hypothesis has been tested in human fetuses, there are a number of methodological issues 

which need to be examined in future studies, which might lead to more conclusive 

results. We did not find any differences in body movements in this study.  This is in 

contrast to Kisilevsky (2004) and Hepper (1991) who both had effects of body movement 



54

in the near term fetus after 3 minutes of music. We modeled our study after the 

Kisilevsky et al (2003) maternal voice study, using only a 2 minute stimulus period.  

Seeing as music is a more complex stimulus than voice, providing a longer stimulus 

presentation may have resulted in the ability to elicit body movement responses.   

 It is possible that increasing the intensity level of the stimulus may have generated 

a more generalized response over outcome measures and interventions. We played the 

music at approximately 80 dB and previous researchers (e.g. Busnel, Granier-Deferre, & 

Lecanuet, 1992; Gerhardt & Abrams, 1996) have shown that most external sounds at or 

above 60 dB are transmitted well in utero. Therefore 80 dB was a sufficient intensity 

level for the fetuses to hear, and this was demonstrated by their FHR responses evoked by 

the music.  Because we wanted the level to be an acceptable level that participants would 

be agreeable to listening twice a day for 5 days and we did not want to elicit a fetal 

startle, we kept the intensity relatively low. In future, to test the possibility that sound 

intensity plays a role in learning several levels should be employed. Of course, sample 

size would need to be doubled or tripled depending on how many intensity levels are 

tested.

 It is also possible that learning may have been enhanced or changed by having 

mothers listen to the music for longer sessions, more frequent sessions, or for a greater 

number of days. Of course, there are issues of recruitment and retention involved in 

employing methods with greater demands on participant’s time and commitment. A more 

time consuming study will make recruitment and compliance more difficult, including a 

loss of participants due to delivery.  In the current study 17% alone were lost to delivery 

before completion.   In a longer study, examining this late gestation, the loss due to early 
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delivery would be expected to increase. In addition to loss of participants to early 

delivery, a longer and more complex study also would result in a higher number of drop 

outs and possibly poorer compliance. Future avenues for research could involve 

exploring the duration of the music stimulus and amount of exposure needed for fetuses 

to respond and display learning related activity. 

Summary and Conclusions 

The purpose of the study was to test the intersensory redundancy hypothesis by 

examining the effects of unimodal vs multimodal stimuli on human fetal learning.  Two 

pieces of music differing in time signature but similar in rhythm, melody, pitch, musical 

instruments, and tone were composed specifically for the study.  Adults subjectively 

perceived one of the two pieces of music as faster than the other.  The faster piece of 

music elicited a fetal heart rate decrease while the perceived slower piece of music 

elicited a fetal heart rate increase.  Similar responses were observed on the first 

presentation of each piece of music and following 5 days of fetal exposure to the opposite 

piece of music. Following 5 days of in-home intervention, unimodal stimulus 

presentations (music only, sway only) showed learning effects to the faster music only. 

Multimodal stimulation showed learning effects to both the faster and slower piece of 

music.  It was concluded that multimodal stimulus presentation is more efficient for fetal 

learning when the stimulus does not elicit an initial orienting response (i.e., FHR 

deceleration). The characteristics of the music that fetuses attend to is still questionable. 

We know that frequency and intensity influence responding to brief duration, relatively 

loud sounds, and the current study indicates a response to time signature and possibly 

tempo to relatively lower intensity, longer duration stimuli.  
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Overall the results raised more questions than answers provided, but the focus of 

the study remains whether fetal learning is affected differently by unimodal and 

multimodal stimulation, and not to which characteristics they are attending. Although 

results were complex due to the differential response to the two musics, the results 

provide limited support for the intersensory redundancy hypothesis.
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Appendix A 

Study of Fetal Learning 
Invitation

 You are invited to participate in a study of fetal learning.  In this study, mothers 
will be asked to play a specific piece of music at home every day for five days.  While the 
music is playing, mothers will be asked to either rest quietly or to sway in time to the 
music.  On the 6th day, mothers will come to the Maternal-Fetal Lab (around the corner 
from the obstetrical clinics) and their fetus will be tested to determine if s/he learned the 
specific music which the mother played. 

 If you think you might want be interested in this study or in hearing more about it, 
please write your name and phone number below and a member of the research team will 
contact you to explain the study in detail and answer any questions that you might have. 

 Please return this sheet to the secretary at the desk. 

_______________________________
Name 

_______________________________                    ______________________________
Phone Number                                                                     Best time of day to phone 

Larissa Day  RN, BScN 
546-9874

Barbara Kisilevsky RN, PhD 
533-6000 ext. 74766 
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Appendix B 

Study of Fetal Learning 

Queen’s University School of Nursing and
Kingston General Hospital Department of Obstetrics/Gynaecology 

Research Information and Consent form

Explanation of Study  

 You are invited to participate in a study of fetal learning.  The purpose of the 
study is to discover whether fetuses learn better if the same information is provided to 
them through 2 sensory systems--hearing and movement.  The long term goal of this 
work is to gain knowledge and understanding of what features of sound (e.g., music) 
attract the fetuses attention and facilitate his/her learning. 

 First you will come into the lab for about 30 minutes where we will do an 
ultrasound and monitor your baby’s heart rate. The test is 6 minutes long and will 
include; 2 min of silence, 2 min of a particular piece of music, 2 min of silence.  The 
music will be played through a speaker held above your abdomen.  In the second part 
which you will do at home, you will be asked to do one of the following:  1) play a 
particular piece of music for 4 min, twice a day, for 5 days in a row while you are seated 
comfortable in a chair or sofa; 2) play a particular piece of music for 4 min, twice a day, 
for 5 days in a row while you sway from side-to-side in time with the music; or, 3) play a 
particular piece of music through headphones for 4 min, twice a day, for 5 days in a row 
while you sway from side-to-side in time with the music.  On the 6th day, you will come 
into the lab for about 45 min so that we can examine the baby’s learning of the piece of 
music that you played.  There will be two, 6 min tests separated by 20 min.  Each test will 
include; 2 min of silence, 2 min of music, 2 min of silence.  The music will again be 
played through a speaker held above your abdomen.  In the first test, the music that you 
played at home and that was played during the first ultrasound will be used. In the 
second, a different but similar piece of music will be used.  When we play the music to 
your baby, you will wear headphones through which you will listen to another piece of 
music.  The baby’s heart rate and body movements will be recorded throughout the two 
tests using ultrasound equipment.  Also, the unborn baby will be videotaped during the 
study.

 The sound and ultrasound monitors used have no known effect on babies or 
mothers.  The ultrasound is the same as that now used for other tests in pregnancy. 

 There are no known risk or benefits to participating in this study. 

 Participation in this study is voluntary and there is no compensation. 
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Consent

 I agree to participate and I give permission for my unborn baby to participate in 
this study, having understood the explanation and having had all of my questions 
answered to my satisfaction.  I understand that I may withdraw on request at any time for 
any reasons.  I also realize that the study will not directly benefit me or my baby, and 
whether or not I participate will not influence the health care that I receive at Kingston 
General Hospital.  Furthermore, I agree that the information gathered during this study 
may be shared with my medical caregivers, if requested or if the study team considers 
that sharing such information might be of benefit to myself or my baby. 

 In addition to the records obtained by the investigators for this study, I give 
permission for the investigators to use clinical records obtained during other assessments 
of this baby before and after birth including, for example, ultrasound examinations, fetal 
heart rate records, nursery and maternal hospital records. Confidentiality of my 
participation and my baby’s participation will be maintained except that, as noted above, 
information may be shared with my medical caregivers.  The information concerning my 
baby as well as the videotapes may be used for research and educational purposes, 
including publication, with no disclosure of either my or his/her identity. 

Signature___________________________________
Date__________________________

Witness____________________________________ 

 I have carefully explained the nature of this research study to the participant.  I 
certify that, to the best of my knowledge, the person understands clearly the nature of the 
study.

Signature___________________________________

 You will receive a copy of this form to keep.  If, as a study participant, you have 
questions or concerns about the research, you should feel free to discuss them with the 
Investigators, Larissa Day, BScN (613-546-9874) or B. Kisilevsky, PhD (613-533-6000, 
Ext 74766), with the Director of the School of Nursing, C. Baker, PhD (613-533-2669), 
or the Chair of the Research Ethics Board, Dr. A. Clark (613-533-6081). 

NOTE: 

1) Our observations of your unborn baby during this study will not tell us whether or 
not she/he is healthy. 

2) During this study, we will not determine the sex of your unborn baby. 
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Appendix C 

Daily Diary 

Swayer’s Diary 

Day Date Time Length of time 
song was played 

Sway time 

1.) 1
2.) 
1.) 2
2.) 
1.) 3
2.) 
1.) 4
2.) 
1.) 5
2.) 

Please Note: 
If you feel faint, ill or for any other reason were unable to sway for the entire four 
minutes please simply fill in the amount of time you were able to sway for. 

Non-Swayer’s Diary 

Day Date Time Length of time song 
was played 

1.) 1
2.) 
1.) 2
2.) 
1.) 3
2.) 
1.) 4
2.) 
1.) 5
2.) 
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Appendix D 

Fetal Learning Study 
Groups 1 and 2 

Instructions for Playing Music at Home 
Days 1 through 5

1. Before starting to play the music sit quietly for five minutes (no music, no TV, no 
talking). 

2. Get sound meter ready to measure sound level: set at 80 dB, A weighting, and fast 
response.

3. After the quiet period, turn the music on for 4 minutes and sit quietly while 
listening.

4. Record in your diary the length of time song was played. 

5. Repeat twice a day for five days 

6. Please be sure that your last session is within the 24 hours before you come for 
your second test at the lab. 

I will be phoning you within the first two days of starting to see how things are going 
and answer any questions you may have. However if you have any questions at all 
please call me at 546-9874.  If no answer please leave a voice message and I’ll will 
return your call as soon as I can.

Larissa Day 
Maternal Fetal Laboratory 
549-6666 ext 1344 
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Fetal Learning Study 
Groups 3 and 4 

Instructions for Playing Music at Home 
Days 1 through 5

1. Before starting to play the music sit quietly for five minutes (no music, no TV, no 
talking). 

2. Get sound meter ready to measure sound level: set at 80 dB, A weighting, and fast 
response.

3. After the quiet period, turn the music on for 4 minutes and sway in time to the 
music.

4. Record in your diary the length of time song was played and the length of time 
you swayed. 

5. Repeat twice a day for five days 

6. Please be sure to carry out the playing and swaying in the 24 hours before you 
come for your second test at the lab. 

I will be phoning you within the first two days of starting to see how things are going 
and answer any questions you may have. However if you have any questions at all 
please call me at 546-9874.  If no answer please leave a voice message and I’ll will 
return your call as soon as I can.

Larissa Day 
Maternal Fetal Laboratory 
549-6666 ext 1344 
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Fetal Learning Study 
Groups 5 and 6 

Instructions for Playing Music at Home 
Days 1 through 5

1. Before starting to play the music sit quietly for five minutes (no music, no TV, no 
talking). 

2. After the quiet period, turn the music on in your headphones (wear on your own 
ears) for 4 minutes and sway in time to the music. 

3. Record in your diary the length of time the song was played and the length of time 
you swayed. 

4. Repeat twice a day for five days 

5. Please be sure that your last session is within the 24 hours before you come for 
your second test at the lab. 

I will be phoning you within the first two days of starting to see how things are going 
and answer any questions you may have. However if you have any questions at all 
please call me at 546-9874.  If no answer please leave a voice message and I’ll will 
return your call as soon as I can.

Larissa Day 
Maternal Fetal Laboratory 
549-6666 ext 1344 
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Appendix E 
Code # ____________________________    
Study: Effects of Multimodal Stimulus Presentation on Fetal Learning

Date of Pre Testing:_____________________  Time of Pre Testing:_____________________ 

Date of Post Testing:____________________   Time of Post Testing:____________________ 

Demographics of Mother 

Mother’s First Name and last initial______________________ Phone #____________________ 

Mother’s Date of Birth__________________________________   Age__________ 

Current Weight ___________     Pre pregnancy weight ___________     Height _____________ 

Education (last year completed)___________________________ 

Family Physician__________________________      Obstetrician_________________________ 

Gravida__________ Para______________  EDD_______________   GA_________________ 

Ages of children at home_____________________ 

Are you a smoker? Circle:      YES (# of cigarettes per day_____ )     /     NO 

Prescription Medications: 
______________________________________________________________________________
______________________________________________________________________________ 

MUSIC EXPERIENCE:

How would you rate yourself as a dancer on a scale of 1 to 5? (circle your choice) 
1                     2                     3                        4                       5 

      very poor           poor              average               good              excellent 

Have you danced or exercised to music during this pregnancy?  Circle:       YES     /     NO 
 How often per week_____________ 

Do you intentionally expose your baby to music? Circle:       YES      /        NO 
 How often per week_____________ 

How often do you listen to music yourself? Circle:   DAILY   /   WEEKLY   /   MONTHLY   
What type:  __________________ 

Would you consider yourself musically inclined? Circle:       YES      /       NO 

Other pertinent information: 
______________________________________________________________________________
______________________________________________________________________________ 
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Appendix F 

FHR ANOVA Summary Tables 

 Pretest 

Pretest: FHR changes 30 sec post music offset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   718.88  29  24.79  .905  ns 

Time x Music code 452.59  29  15.607  .507  ns 

Error   48428.67 1769  27.376 

Between-Subjects

Music code  2007.85 1  2007.85 2.136  ns 

Error   57352.02 61  940.19  

Pretest: FHR changes 1 s to 90 s post onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   4662.30 89  52.39  1.484  .002 

Time x Music code 5185.97 89  58.269  1.651  .000 

Error   191664.09 5429  35.304 

Between-Subjects

Music code  24355.32 1  24355.32 6.829  .011 

Error   217567.68 61  3566.68  
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Pretest: FHR changes 1 s to 30 s post onset 

Source   SS  DF  MS  F  p

Within Subjects

Time   330.04  29  11.38  .417  ns 

Time x Music code 2549.64 29  87.918  3.219  .000 

Error   48322.09 1769  27.32 

Between Subjects

Music code  8961.55 1  8961.54 8.203  ns 

Error   66638.85 61  1092.44 

Pretest: FHR changes 31 s to 61 s post onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   598.17  29  20.63  .798  ns 

Time x Music code 1479.35 29  51.012  1.974  .002 

Error   45719.84 1769  25.845 

Between-Subjects

Music code  11302.94 1  11302.94 7.132  .010 

Error   96670.85 61  1584.77  
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Pretest: FHR changes 61 s to 90 s post onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   209.23  29  7.215  .392  ns 

Time x Music code 441.66  29  15.229  .827  ns 

Error   32578.97 1769  18.417 

Between-Subjects

Music code  4806.15 1  4806.15 2.457  ns 

Error   119301.16 61  1955.76  

 Post II test 

Post II Test: FHR changes 1 s to 90 s post onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   4775.80 89  53.67  .968  ns 

Time x Music code 3988.41 89  44.81  .808  ns 

Error   217155.80 3916  55.453 

Between-Subjects

Music code  11909.50 1  11909.50 1.300  ns 

Error   403082.54 61  9160.97  
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Post II Test: FHR changes 1 s to 30 s post onset 

Source   SS  DF  MS  F  p

Within Subjects

Time   1189.54 29  41.02  1.577  .027 

Time x Music code 1283.41 29  44.256  1.702  .012 

Error   33179.34 1276  26.00 

Between Subjects

Music code  9360.51 1  9360.511 4.543  .039 

Error   90657.69 44  2060.402 

Post II Test: FHR changes 31 s to 60 s post onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   1032.11 29  35.59  1.069  ns 

Time x Music code 1913.21 29  65.973  1.982  .002 

Error   42471.38 1276  33.285 

Between-Subjects

Music code  7489.30 1  7489.30 2.037  ns 

Error   161808.35 44  3677.462  
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Post II Test: FHR changes 61 s to 90 s post onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   1117.99 29  38.552  .999  ns 

Time x Music code 369.69  29  12.748  .330  ns 

Error   49254.20 1276  38.600 

Between-Subjects

Music code  1363.93 1  1363.93 .278  ns 

Error   215893.51 44  4906.671  

Pretest 

Pretest: FHR changes 30 s prior to onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   688.51  29  23.742  1.154  ns 

Time x Music code 285.13  29  9.832  .478  ns 

Error   36384.96 1769  20.568 

Between-Subjects

Music code  3543.13 1  3543.13 3.665  ns 

Error   58970.26 61  966.726 
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Pretest: FHR changes 90 s prior to onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   4980.616 89  55.962  1.219  ns 

Time x Music code 2566.183 89  28.834  .628  ns 

Error   249333.20 5429  45.926 

Between-Subjects

Music code  24719.48 1  24719.48 7.736  .007 

Error   194915.69 61  3195.34   

Post II Test 

Post II Test: FHR changes 30 s prior to onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   641.085 29  22.106  .784  ns 

Time x Music code 809.38  29  27.910  .989  ns 

Error   35998.50 1276  28.212 

Between-Subjects

Music code  298.615 1  298.615 .211  ns 

Error   62245.41 44  1414.668 
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Post II Test: FHR changes 90 s prior to onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   2912.77 89  32.728  .908  ns 

Time x Music code 1893.28 89  21.273  .590  ns 

Error   141163.19 3916  36.048 

Between-Subjects

Music code  123.31  1  123.31  .021  ns  

Error   258302.36 44  5870.51   

Post II Test: FHR changes 30 s post music offset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   595.04  29  20.518  .782  ns 

Time x Music code 2799.99 29  96.551  3.681  .000 

Error   32706.26 1247  26.228 

Between-Subjects

Music code  1562.69 1  1562.69 .527  ns  

Error   127569.94 43  2966.743   
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Post II Test: FHR changes 90 s post music offset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   1741.194 89  19.564  .449  ns 

Time x Music code 8065.75 89  90.626  2.080  ns 

Error   166777.41 3827  43.579 

Between-Subjects

Music code  108.19  1  108.19  .013  ns  

Error   368906.59 43  8579.223   

Pretest vs Post 1 Test 

Pretest vs Post 1 Test 
Group 1 : FHR changes 30 s post music onset 

Source   SS  DF  MS  F  p

Within-Subjects

Test   429.04  1  429.04  1.143  ns 

Error (test)  2628.55 7  375.507 

Time   560.60  29  19.331  1.696  .019 

Error (time)  2313.91 203  11.399 

Test x Time  753.79  29  1.715  1.871  .017 

Error (test x time) 3077.24 203  15.159  
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Pretest vs Post 1 Test 
Group 2 : FHR changes 30 s post music onset 

Source   SS  DF  MS  F  p

Within-Subjects

Test   5.530  1  5.530  .005  ns 

Error (test)  7642.27 7  1091.753  

Time   967.99  29  33.379  .821  ns 

Error (time)  8254.94 203  40.665 

Test x Time  222.44  29  7.670  3.56  ns 

Error (test x time) 4634.27 203  22.829 

Pretest vs Post 1 Test 
Group 3 : FHR changes 30 s post music onset 

Source   SS  DF  MS  F  p

Within-Subjects

Test   95.825  1  95.825  .050  ns 

Error (test)  13431.84 7  1918.834  

Time   696.24  29  24.008  1.545  .045 

Error (time)  3154.854 203  15.541 

Test x Time  439.40  29  15.152  .777  ns 

Error (test x time) 3958.02 203  19.498  
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Pretest vs Post 1 Test 
Group 4 : FHR changes 30 s post music onset 

Source   SS  DF  MS  F  p

Within-Subjects

Test   85.36  1  85.36  .066  ns 

Error (test)  9045.37 7  1292.196  

Time   1317.25 29  45.422  1.914  .005 

Error (time)  4818.13 203  23.735 

Test x Time  620.71  29  21.404  .832  ns 

Error (test x time) 5223.47 203  25.731   

Pretest vs Post 1 Test 
Group 5 : FHR changes 30 s post music onset 

Source   SS  DF  MS  F  p

Within-Subjects

Test    4.215  1  4.215  .003  ns 

Error (test)  7626.923 6  1271.154  

Time   551.98  29  19.034  1.136  ns 

Error (time)  2915.87 174  16.758 

Test x Time  1437.34 29  48.563  1.818  .010 

Error (test x time) 4743.22 174  27.26  
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Pretest vs Post 1 Test 
Group 6 : FHR changes 30 s post music onset 

Source   SS  DF  MS  F  p

Within-Subjects

Test   623.48  1  623.484 .496  ns 

Error (test)  8793.12 7  1256.161  

Time   778.42  29  26.842  1.485  ns 

Error (time)  3670.12 203  18.079   

Test x Time  276.64  29  9.539  .383  ns 

Error (test x time) 5057.46 203  24.914   
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Appendix G 

Mean fetal heart rate change over time for Music Groups A and B separately in the 30 s 

prior to music onset, first exposure.  
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Appendix H 

Mean fetal heart rate change over time for Music Groups A and B separately in the 30 s 

post music offset, first exposure. 
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Appendix I 

Mean fetal heart rate change over time for Music Groups A and B separately in the 31-60 

s following music onset, first exposure. 
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Appendix J 

Mean fetal heart rate change over time for Music Groups A and B separately in the 61-90 

s following music onset, first exposure. 
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Appendix K 

Mean fetal heart rate change over time for Music Groups A and B separately in the 30 s 

prior to music onset, first exposure to novel music. 
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Appendix L 

Mean fetal heart rate change over time for Music Groups A and B separately in the 31-60 

s post music onset, first exposure to novel music. 
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Appendix M 

Mean fetal heart rate change over time for Music Groups A and B separately in the 61-90 

s post music onset, first exposure to novel music. 
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Appendix N
Body Movement ANOVA Summary Tables 

 Pretest 

Pretest: Groups 1, 3, and 5: Body movements 30 s prior to music onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   332.26  29  11.457  .513  ns 

Time x Group  1534.90 58  26.464  1.186  ns 

Error   20063.76 899  22.318 

Between-Subjects

Group   1.005  2  .502  .001  ns  

Error   18238.21 31  588.329   

Post 1 Testing 

Post 1 Testing: Groups 1, 3, and 5: Body movements 30 s prior to music onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   656.44  29  22.636  .913  ns 

Time x Group  1471.78 58  25.375  1.023  ns 

Error   14380.60 580  24.794 

Between-Subjects

Group   1382.57 2  691.28  .674  ns  

Error   20522.47 20  1026.12  
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Pretest 

Pretest: Groups 2, 4, and 6: Body movements 30 s prior to music onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   514.21  29  17.731  1.038  ns 

Time x Group  1900.68 58  32.770  1.918  ns 

Error   12885.61 754  17.090 

Between-Subjects

Group   7270.05 2  3635.03 2.825  ns  

Error   33460.99 26  1286.962   

Post 1 Test 

Post 1 testing: Groups 2, 4, and 6: Body movements 30 s prior to music onset 

Source   SS  DF  MS  F  p

Within-Subjects

Time   341.15  29  11.764  .566  ns 

Time x Group  1302.27 58  22.453  1.080  ns 

Error   12663.32 609  20.794 

Between-Subjects

Group   1109.06 2  554.531 1.101  ns  

Error   10578.93 21  503.758   
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Pretest 

Pre Test : Body movement results: Music A vs. B 

Pre Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   .831  3  .277  .578  ns 

Time x Musiccode 1.031  3  .344  .718  ns 

Error   83.340  174  .479 

Between-Subjects

Musiccode  .025  1  .025  .023  ns  

Error   61.521  58  1.061   

Pre Test : Body movement results: Music A vs. B 

Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   .607  3  .202  .488  ns 

Time x Musiccode .574  3  .191  .462  ns 

Error   72.064  174  .414 

Between-Subjects

Musiccode  1.685  1  1.685  1.286  ns  

Error   76.027  58  1.311   



93

Pretest 

Pre Test : Body movement results: Music A vs. B 

Post Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   1.976  3  .659  1.786  ns 

Time x Musiccode .643  3  .214  .581  ns 

Error   64.161  174  .369 

Between-Subjects

Musiccode  2.856  1  2.856  3.327  ns  

Error   49.790  58  .858   

Post II Test 

Post II Test : Body movement results: Music A vs. B 

Pre Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   .771  3  .257  .677  ns 

Time x Musiccode 1.064  3  .355  .934  ns 

Error   44.436  117  .380 

Between-Subjects

Musiccode  1.459  1  1.459  1.534  ns  

Error   37.090  39  .951   
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Post II Test 

Post II Test : Body movement results: Music A vs. B 

Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   .265  3  .088  .153  ns 

Time x Musiccode 1.765  3  .588  1.017  ns 

Error   65.935  114  .578 

Between-Subjects

Musiccode  .325  1  .325  .440  ns  

Error   28.075  38  .739   

Post II Test : Body movement results: Music A vs. B 

Post Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   1.574  3  .525  .921  ns 

Time x Musiccode .824  3  .275  .482  ns 

Error   64.907  114  .569 

Between-Subjects

Musiccode  1.737  1  1.737  1.798  ns  

Error   36.707  38  .966   
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Pre Test 

Pre Test : Body movement results: Intervention Effects 

Pre Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   .894  3  .295  .624  ns 

Time x Group  2.696  6  .449  .941  ns 

Error   81.675  171  .418 

Between-Subjects

Group   1.945  2  .972  .930  ns  

Error   59.601  57  1.046   

Pre Test : Body movement results: Intervention Effects 

Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   .668  3  .223  .539  ns 

Time x Group  1.942  6  .324  .783  ns 

Error   70.695  171  .413 

Between-Subjects

Group   .020  2  .010  .008  ns  

Error   77.692  57  1.363   
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Pre Test 

Pre Test : Body movement results: Intervention Effects 

Post Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   2.044  3  .681  1.843  ns 

Time x Group  1.565  6  .261  .705  ns 

Error   63.240  171  .370 

Between-Subjects

Group   .283  2  .143  .155  ns  

Error   52.360  57  .919   

Post I Test 

Post I Test : Body movement results: Intervention Effects 

Pre Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   2.077  3  .692  1.469  ns 

Time x Group  .825  6  .137  .292  ns 

Error   52.307  111  .471 

Between-Subjects

Group   2.896  2  1.448  1.361  ns  

Error   39.348  37  1.063   
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Post I Test 

Post I Test : Body movement results: Intervention Effects 

Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   1.123  3  .374  .792  ns 

Time x Group  4.432  6  .739  1.563  ns 

Error   53.873  114  .473 

Between-Subjects

Group   .853  2  .426  .331  ns  

Error   48.891  38  1.287   

Post I Test : Body movement results: Intervention Effects 

Post Music Period 

Source   SS  DF  MS  F  p

Within-Subjects

Time   1.106  3  .369  .345  ns 

Time x Group  9.465  6  1.578  1.477  ns 

Error   124.981 117  1.068 

Between-Subjects

Group   2.078  2  1.039  .788  ns  

Error   51.452  39  1.319   
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Appendix O 

Fetal Body Movement Graphs 

Body Movement Graph 1. Pretest: Mean number of body movements in the three  

intervention groups during the two minutes prior to music onset. 
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Body Movement Graph 2. Pretest: Mean number of body movements in the three  

intervention groups during the two minutes during the playing of the music (initial  

exposure).
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Body Movement Graph 3. Pretest: Mean number of body movements in the three  

intervention groups during the two minutes post music offset. 
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Body Movement Graph 4. Post I Testing: Mean number of body movements in the three  

intervention groups during the two minutes of playing the familiar music (post  

intervention). 
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Body Movement Graph 5. Post I Testing: Mean number of body movements in the three  

intervention groups during the two minutes post offset of the familiar music. 
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Body Movement Graph 6. Pretest: Mean number of body movements in the two music  

groups during the two minutes of playing the music (initial exposure). 
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Body Movement Graph 7. Post 2 Testing: Mean number of body movements in the two  

music groups during the two minutes prior to exposure to the novel music. 
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Body Movement Graph 8. Post 2 Testing: Mean number of body movements in the two  

music groups during the two minutes of playing the novel music. 
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Body Movement Graph 9. Post 2 Testing: Mean number of body movements in the two  

music groups during the two minutes post the novel music. 
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Appendix P 

Study of Music Comparison 

Queen’s University School of Nursing and
Kingston General Hospital Department of Obstetrics/Gynaecology 

Research Information and Consent form

Explanation of Study

 You are invited to participate in a study of music comparison.  The purpose of this 
study is to discover perceptual differences between two pieces of music being used in a 
fetal learning study.  The long term goal of that work is to gain knowledge and 
understanding of what features of sound (e.g., music) attract the fetuses attention and 
facilitate his/her learning. 

 You will be asked to listen to two pieces of music, each for two minutes.  
Following listening to the musical pieces you will be asked to complete a short survey on 
your perceptions of the music. 

There are no known risk or benefits to participating in this study. 

 Participation in this study is voluntary and there is no compensation. 

Consent

 I agree to participate, having understood the explanation and having had all of my 
questions answered to my satisfaction.  I understand that I may withdraw on request at 
any time for any reasons. 

Confidentiality of my participation will be maintained.  The information gathered 
may be used for research and educational purposes, including publication, with no 
disclosure of my identity. 

Signature___________________________________

Date        ___________________________________

Witness____________________________________ 
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I have carefully explained the nature of this research study to the participant.  I 
certify that, to the best of my knowledge, the person understands clearly the nature of the 
study.

Signature___________________________________

 You will receive a copy of this form to keep.  If, as a study participant, you have 
questions or concerns about the research, you should feel free to discuss them with the 
Investigators, Larissa Day, BScN (613-546-9874) or B. Kisilevsky, PhD (613-533-6000, 
Ext 74766), with the Director of the School of Nursing, C. Baker, PhD (613-533-2669), 
or the Chair of the Research Ethics Board, Dr. A. Clark (613-533-6081). 
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Appendix Q 

Music Comparisons 

Name:____________________ 

Age:_______

Musical Training (circle):    YES          /              NO 

If yes explain:__________________________________________ 

Please listen to each piece of music before answering the following questions  

1. What difference(s) did you notice between the two pieces of music? 
       ______________________________________________________ 
       ______________________________________________________ 
  ______________________________________________________ 

2. Are they the same speed?                YES                   /            NO 

If you answered no to the above question: 

3. Which one is faster?              MUSIC A         /             MUSIC B 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

To be completed by Researcher:

Participant Number_______ 

Participant listened to MUSIC ______ first and MUSIC ______ second.
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