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ABSTRACT 

Term fetuses show differential heart rate responses to their mother‘s vs. a female 

stranger‘s voice and newborns show a preference for their mother‘s vs. a female stranger‘s voice, 

indicating recognition/learning of the mother‘s voice before birth.  However, fetal response to 

the father‘s voice is unknown and was examined in this study. Forty mother-fetal pairs and the 

fathers participated.  Parents were audio recorded reading a story.  Each fetus was presented with 

the recordings using the following 3 min periods:  pre-voice no-sound, voice (mother or father, 

counterbalanced over subjects), post-voice no-sound. Following a 20 min delay, the opposite 

voice was delivered. Voices were presented about 10 cm above the maternal abdomen at an 

average of 95 dB A; heart rate and body movements were recorded continuously.  After delivery, 

newborn head-turning to three, 20 s trials of each parent‘s voice (counter balanced over subjects) 

delivered at an average of 80 dB A was observed. Results showed that fetuses responded to the 

mother‘s and father‘s voices, demonstrating a heart rate increase to both voices compared to no 

heart rate change during the pre-voice baseline period. Fetuses showed no heart rate response to 

their mother reading a story but showed a heart rate increase when her audio recording was 

played. After birth, as newborns, they turned their heads more often towards their mother‘s voice 

and away from their father‘s voice. It was concluded that both the mother‘s and father‘s voice 

can capture and sustain the fetuses‘ attention and that newborns prefer their mother‘s vs. their 

father‘s voice.  
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CHAPTER ONE 

Introduction 

Human fetal response to sound has been reported, anecdotally, since Biblical times.  For 

example, it was reported that John the Baptist leaped in his mother‘s womb upon the sound of 

Mary‘s voice: ―For behold, when the sound of your [Mary‘s] greeting reached my ears, the baby 

leaped in my womb for joy.‖ (Luke 1:44, New American Standard Bible, 1995).  However, 

scientific study did not begin until the late 1800‘s (Preyer & Brown, 1890) and early 1900s (e.g., 

Pieper 1925; Sontag & Wallace, 1936).  Pieper (1925) reported that the sudden honking of an 

automobile horn within a few feet of the mother‘s abdomen late in pregnancy caused well 

marked movements of the fetus 25 - 30% of the time.  Subsequently, Sontag and Wallace (1936) 

used a stopwatch and stethoscope to monitor heart rate (HR) in 5- to 9-month-old fetuses, and 

observed that a reliable fetal heart rate (FHR) acceleration was first elicited by a vibratory 

stimulus at 7 months and that FHR acceleration and maternal reports of body movement 

responses occurred simultaneously in 71% of the fetuses tested.  Nevertheless, it was not until 

the 1980s, with advances in scientific equipment, in particular the development of sophisticated 

ultrasound with the application of image processing techniques that scientists began to 

systematically investigate fetal sensory sensitivity (e.g., see reviews by Kisilevsky & Low, 1998; 

Lecanuet & Schaal, 1996).  It should be noted, however, that today the same behavioral 

measures, FHR changes and body movements, are still being employed to examine fetal 

behaviour as they were used over 100 years ago.  

In the past two and a half decades, researchers showed that fetuses consistently respond to 

acoustic stimuli from about 28 (Querleu et al, 1988) to 30 weeks gestational age (GA; 
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Kisilevsky, Pang, & Hains, 2000), indicating the onset of hearing.  Kisilevsky et al. reported that 

fetuses demonstrate a reliable FHR increase and a body movement in response to a 2.5 s, high-

pass-filtered (800 to 20 000 Hz) white noise delivered in air above the maternal abdomen at 110 

dB sound pressure level (SPL).   

Subsequently, Kisilevsky, et al. (2003), showed that there is a differential response to the 

mother‘s and a stranger‘s voice.  Fetuses respond with about a five beats per minute (bpm) HR 

increase to the mother‘s voice and with about a four bpm decrease to a female stranger‘s voice.  

These differential responses suggest that fetuses are capable of remembering and recognizing 

characteristics of their mother‘s voice.  To date, however, fetal response to the father‘s voice 

(―father‖ defined as a male partner living in the same household as the mother during her 

pregnancy) is unknown. The results of one study (Kisilevsky et al., 2009) revealed that when the 

fetus was exposed to the father‘s voice following exposure to the mother‘s voice, s/he responded 

to the father‘s voice in a fashion similar to a female stranger‘s voice.  However, the investigators 

did not examine fetal response to the father‘s voice without prior exposure to the mother‘s voice. 

Nevertheless, these initial data suggest that there is a difference between the fetus‘s perception 

and memory of the mother‘s and the father‘s voice despite the fact that they are living in the 

same household throughout the pregnancy and both voices might be expected to represent 

ubiquitous environmental sounds.    

While few scientists have examined fetal perceptual abilities, response to sound by infants 

has been well studied. Previous work focusing on the newborn has determined that they 

recognize and remember human voices (DeCasper & Fifer, 1980; Querleu et al, 1988).  By 

observing a newborn‘s movement using a head-turning technique and/or nonnutritive sucking 

behaviour, researchers showed that newborns have a preference for the mother‘s voice over a 
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female stranger‘s voice (DeCasper & Fifer, 1980; Querleu et al, 1984).  Ockleford and 

colleagues (1988) reported that when infants were stimulated with 8 s recordings of speech and 

voices reading numbers, the infants showed discriminations between their own parents‘ voices 

compared to strangers‘ (unfamiliar) voices.  They demonstrated that, in general, their HR 

increased in response to their mothers‘ voice rather than to an unfamiliar voice after 24 hours of 

age.  In contrast, the infants who were tested less than 24 hours after delivery responded with a 

significant HR deceleration to the mothers‘ and fathers‘ voices.  Additionally, these infants had 

HR accelerations to the unfamiliar voices.  The researchers concluded that their results support 

the suggestion that sounds which are repeatedly experienced in utero become familiar to the fetus 

and, therefore, the infant responds selectively by orienting to them during the first few hours 

after birth.   

Furthermore, newborns have been shown to prefer a story read by the mother in the last six 

weeks of pregnancy compared to a novel story (DeCasper & Spence, 1986) and a story read in 

their native language compared to a foreign language (Moon, Cooper & Fifer, 1993).  The timing 

of these preferences, exhibited shortly after birth, led researchers to hypothesize that newborns 

are able to recognize and remember human voices to which they were exposed  in utero, known 

as the ―in utero-speech-experience hypothesis‖ (DeCasper & Spence).       

 Support for the in utero-speech experience hypothesis has implications for theories of early 

development of social and cognitive abilities (e.g., language acquisition and attachment).  To 

date, however, no studies could be found characterizing fetal response to the father‘s voice and 

determining whether or not this differs from the response to the mother‘s voice.  Thus, how 

fetuses respond to their father‘s voice in comparison to their mother‘s and the consistency in 
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responding over the fetal and newborn period is the focus of this study. 
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CHAPTER TWO 

Literature Review 

The fetus must be able to hear environmental sounds for there to be a response to them 

and, for this, they need an intact auditory system. For learning and memory of auditory stimuli, it 

is essential that the auditory system be sufficiently functional for the fetus to process sounds. 

Development of the Fetal Auditory System 

 Development of the auditory system begins in the embryonic period, at around the 10
th

 to 

14
th

 day after conception; at this time, the homogeneous mass of blastocyst cells differentiates 

into the primary germ layers: ectoderm, mesoderm and endoderm.  The internal and external ears 

are derived from the ectoderm.  By the fourth week of gestation, the otocyst divides into two 

lobes.  One lobe becomes the cochlea and the other one becomes the labyrinth.  By the 9
th

 week 

of gestation, the cochlea is completely coiled and the cochlear duct is well formed.  However, its 

sensory epithelial surface is totally undifferentiated (London et al., 2005).  By the end of the 10
th

 

week of gestation, the tectorial membrane primordium can be traced and is likely one of the main 

factors responsible for regulation of growth and arrangement of stereocilia (Pujol & Lavigne-

Rebillard, 1985).  Individual hair cells become identifiable at the basal turn at 14 weeks (Bibas et 

al., 2008).  The neural basis of hearing initiates within the cochlear hair cells, where transduction 

channels in the tips of stereocilia pass potassium and other cat-ions in response to mechanical 

displacement of the organ of Corti (Moore, 2002).  Hensen‘s cells can be recognized between the 

14
th

 to 15
th

 week of gestation while individual pillar cells are identifiable at 17 weeks of 

gestation (Bibas et al, 2008).  The tunnel of Corti opens at 20 weeks of gestation.  However, it 

has high thresholds and poor discriminative properties, explaining why fetuses do not start 

responding to acoustic stimulation until a few weeks later (Pujol, Lavigne-Rebillard & Uziel, 



 

 

6 

 

1991).  Bibas et al. indicated that the cochlea finally reaches its adult size at approximately 25 

weeks, but continues to develop and the mature human cochlea is completed by 30 weeks of 

gestation (Lavigne-Rebillard & Uziel, 1991).  Moore and colleagues (1995) have demonstrated 

that the time of onset of myelination coincides with the onset of acousticomotor reflexes and 

brainstem auditory evoked responses. These processes all depend on rapid, synchronized 

conduction of auditory impulses in the cochlear nerve and brainstem. Following myelination at 

26 to 28 gestational weeks and rapid synchronous conduction in brain stem pathways at 29 

weeks gestation, reflex responses and evoked responses indicate the onset of human auditory 

function. Functional  onset of fetal hearing was demonstrated at this time when Kisilevsky et al. 

(2000) showed reliable fetal HR accelerations and body movement responses to brief duration 

(2.5 s) high-pass filtered (800 - 20 000 Hz) white noise delivered at 110 dB SPL.   

Fetal Hearing 

Following descriptions of the development of the fetal auditory system, researchers began 

examining fetal hearing per se. There were essentially three different schools of thought 

regarding the possible pathways.  First, scientists considered the possibility that the fluid on both 

sides of the round window membrane (which has the perilymph inside and amniotic fluid outside 

in the middle ear) and tympanic membrane (where amniotic fluid is present on both sides) make 

these membranes relatively open to the sound field. Therefore, it is possible that sounds in the 

amniotic fluid external to the fetus could penetrate through the tympanic membrane into the fluid 

in the middle ear and then through the round window into the perilymph.  This action causes a 

travelling wave to transmit along the basilar membrane and the excitation of the organ of Corti 

(Rubel, 1985). Another possible explanation could be that sound energy reaches the fetal inner 
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ear by way of the tympanic membrane, middle ear ossicles and oval window.  Lastly, researchers 

have determined that in fetal lamb, hearing occurs by bone conduction (Gerhardt et al., 1996).   

Probably the most definitive studies were conducted by Sohmer and colleagues (Sohmer, 

Perez, Sichel, Priner & Freeman, 2001).  In a series of studies of auditory responses in humans 

and animals under water, they found that fetal hearing most likely occurs by bone conduction 

They tested the possible pathways whereby sounds in the amniotic fluid could be transmitted to 

and excite the fetal inner ear. Their findings suggested that skull bone vibrations, induced by a 

sound field in the amniotic fluid enveloping the fetus, are probably responsible for giving rise to 

a sound field within the fetal cranial cavity that includes the brain and cerebral spinal fluid.  

Sounds reach the fetal inner ear through fluid communication channels connecting the cranial 

cavity and the inner ear.   

Fetal Response to Sound 

        Fetal response to sound has been demonstrated by observing FHR changes and body 

movements, using cardiotocography and real-time ultrasound scanning (Manning, 1990).  

Maturation of the fetal response to airborne sound occurs over gestational age (Kisilevsky et al., 

2000).  The magnitude of the response increases (a mean peak FHR acceleration of 14 bpm on 

the first stimulus presentation) while the threshold intensity that is required to elicit a response 

decreases from 110 dB at 29 weeks to 105-110 dB at 33 weeks GA to 100-105 dB at 36 GA  

(Kisilevsky et al., 1989; Kisilevsky et al., 2000).  Near term, response to sound also is dependent 

on behavioural state (Lecanuet et al., 1987; Schmidt et al., 1985).  

There are four behavioural states (i.e., 1F to 4F) in human fetuses, classified by the 

clustering of FHR, body and breathing movements, and rapid eye movements (REM) (Nijhuis et 

al., 1982).  Essentially, these include one quiet state (1F) and three active states (2F, 3F, 4F). 1F 
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is thought to be analogous to quiet sleep in newborns. In this stage, eye movements are absent, 

HR variability is ≤ 2 bpm, and there is only the occasional startle.   In 2F to 4F there is 

increasing HR variability, REM and movements. 

 

Because term fetuses exhibit differential behaviour in the four behavioural states (Nijhuis 

et al., 1982), it is important to control for state so that response to auditory stimulation and 

behavioural state are not confounded.  This is problematic in fetal studies, because behavioural 

states are not reliably identifiable physiologically until 36-38 weeks gestation and even then state 

is often indeterminate.  In some studies of near term fetuses, state is controlled by testing only in 

1F (quiet sleep) or in an active state, 2F-4F. However, testing in 1F is limited because it only 

occurs for about an average of 20 min every two hours.  Thus, in other studies, no stimulus 

control trials or periods are used. This latter method allows for testing using shorter laboratory 

time (anecdotally, women begin to get restless and wish to stop participation after about 1.5 

hours) and direct comparisons of fetal responses over gestation using the same methodology.  In 

this procedure, no-stimulus trials or periods are inserted and responding on stimulus versus no 

stimulus trials/periods are compared to determine stimulus driven behavior.  

Fetal Voice Perception 

Aside from investigating the onset, maturation and the characteristics of fetal responses to 

sound using brief duration relatively loud sounds and different modes of presentation (i.e., 

vibroacoustic stimulus delivered on the maternal abdomen versus airborne sound delivered 

through a loud speaker above the maternal abdomen), a number of studies also have been 

conducted using longer duration and/or relatively lower intensity speech sounds to examine 

voice processing and learning.  Fetal discrimination of segmented speech sounds has been 

demonstrated at 36 to 40 weeks GA.  Delivering speech stimuli at 83 to 95 dB SPL in 1F state 
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elicits a FHR deceleration to vowel sounds (/i/ vs. /â/; Groome et al., 1999), to the reversal of 

pairs of consonant-vowel sounds (/babi/ to /biba/ or /biba/ to /babi/; Lecanuet et al., 1987), and a 

change in the gender of the speaker from male to female and the reverse (Lecanuet, Granier-

Deferre, Jacquet, Capponi, & Ledru, 1993).   

Kisilevsky and colleagues (2003) investigated the influence of in utero experience on fetal 

ability to recognize familiar voices and differentiate between familiar and unfamiliar voices.  In 

their study, mothers laid on a bed in a semi-recumbent position for a six-minute procedure. 

Fetuses were assigned to one of two voice conditions, each of which consisted of three, two-

minute periods: no voice, voice (mother or female stranger), and no voice. During the voice 

period, the same story was played to the two groups of fetuses.  For the mother‘s-voice group, 

the voice was an audio recording of their own mother reading the story. For a female stranger‘s-

voice group, the researchers played the audio recording that had been played to the previous 

fetus in the maternal group. The voice stimuli were delivered at an average of 95 dB through a 

loudspeaker held approximately 10 cm above the maternal abdomen. FHR was recorded 

continuously, and body movements were video-recorded. The results showed that near-term 

fetuses are able to discriminate between a mother‘s (familiar) voice compared to a stranger‘s 

(unfamiliar) voice, showing differential HR responses to the two voices.  Fetuses showed an 

increase in FHR when exposed to a tape recording of their own mother‘s voice and a decrease in 

FHR to a stranger‘s voice, both reading the same passage.  Because there was only one set of 

audio tapes and for half of the fetuses they were their own mother and for the other half they 

were a stranger, the only difference between the groups was familiarity of the voice.  

 In contrast, a similar study by Hepper et al. (1993) using body movements as the response 

measure found no differences in fetal responses to the mother‘s vs. a female stranger‘s voice. 
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Ten fetuses were visualized on ultrasound scan during two minutes of either the mother‘s or a 

female stranger‘s voice (order counterbalanced over subjects) with two minutes of silence before 

and after the voice stimuli. There were no differences observed in fetal body movements during 

the playing of the mother‘s and the stranger‘s voices.  However, the stimulus was delivered for 

only two minutes and those studies which have reported both HR increases and body movement 

responses have used longer duration stimuli (e.g., Hepper 1991; Kisilevsky, Hains, Jacquet, 

Granier-Deferre, & Lecanuet, 2004). Thus, in the present study, sound stimuli was delivered for 

three minutes to allow for possible multiple response measures with which to examine fetal 

perceptual abilities (DeCasper et al., 1994).  

Given that fetuses are able to recognize their mother‘s versus a female stranger‘s voice, it 

could be that they also recognize the father‘s voice.  The father is living in the same home with 

the mother and his voice would be expected to be frequent and continuous over time, 

representing a ubiquitous environmental sound.  However, whether or not the fetus responds to 

the father‘s voice in a manner similar to the mother‘s voice is unknown at this time. Only one 

published study (Kisilevsky et al., 2009) could be found which examined fetal response to the 

father‘s voice.  Examining the effects of maternal smoking on fetal response to the mother‘s and 

father‘s voices in smoking compared to non-smoking women, Kisilevsky et al. found that, at 

term, fetuses in both the smoking and non-smoking groups responded with a FHR increase 

during the playing of the mother‘s but not the father‘s voice. Fetuses responded to the offset of 

their father‘s voice with a brief increase in FHR.  However, in this study the order of the voice 

presentation was not counterbalanced. The mother‘s voice was always presented first and 

whether order had an effect was unknown.   
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Father’s Role in Parenting and Implications for Newborn Preference 

 The role of a father is a socially constructed phenomenon that arises within the gender, 

economic, and political structures that underlie families (Thorne, 1992).  The father‘s role varies 

across time, contexts, and households.  Historically, the meaning of the role of the father has 

shifted from moral leader to breadwinner as industrialization took fathers out of the home 

(Coltrane, 1996).  However, recently there is a new perspective on the definition of the father‘s 

role – being the nurturing father (Matta & Knudson-Martin, 2006).   

Historically, as a role model and breadwinner for the family, typically, they did not 

participate in the ―stay at home mother‖ activities such as changing babies‘ diapers, doing 

laundry and cooking.  Indeed, caring for others has traditionally been defined as women‘s work, 

and the value and skills associated with it dismissed (Jordan, Hartling & Walker, 2004).  

However, since the feminist movement of the 1970‘s, fathers have been called on to take a more 

active part in child care and many of them are getting more involved with their children at home 

(Coltrane, 2000).   

Another reason for the changing perception of the role of father is that the majority (68%) 

of women with children also work outside of the home (Office for National Statistics, 2010).  In 

2008, the average annual household expenditure were reported as $71,364 per household 

(Statistics Canada, 2009), while married couples with children that have a single income source 

make an average of $58,700 in 2007 (Statistics Canada, 2009); clearly, to live well, both parents 

need to work in order to provide for the family in today‘s society. Even if mothers quit their jobs 

after delivering to be a stay at home mother, the fathers are assumed to be equally responsible for 

child care.  The following quote represents the modern mother‘s view of parenting, ―The fairness 

of it, I can wipe his butt, so can he.‘‘ (Matta & Knudson-Martin, 2006, p. 30).  With the 
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increased involvement of the father in the parenting role and his increased interaction with the 

fetus, it could be hypothesized that the newborn shows a preference to his voice as well as the 

mother‘s voice.  To date, this has not been reported. 

It may be that because the fetus is exposed to both the mother‘s and father‘s voice in 

utero, s/he may be able to recognize both voices.  Lastly, recognizing both in an era of ‗equal‘ 

parenting is important for attachment and language learning.  

Newborn Voice Perception  

 While little is known about fetal voice processing, speech perception in newborns is well 

described.  Using head-turning (Field et. al, 1980) and non-nutritive sucking techniques, 

newborns have been shown to distinguish between voiced and voiceless stop consonants (p/b, 

t/d; Kuhl and Miller, 1975) and between female and male voices.  

The use of a head-turning observation technique to study newborn response to sound was 

described in the late 1970‘s by Muir and Field (1979). Infants were held by an experimenter in a 

supine position between two sound sources placed at 90° from the ears. The experimenter 

supported the head and shoulders in one hand and the lower back and buttocks in the other hand 

so that the infant‘s head was free to move.  Muir and Field first described the head-turning 

observation technique in a study where they conducted two experiments with 21 newborn 

infants.  The experimenter ensured that the subject was in an alert state and that the head was 

centered before each trial.  During testing, the infant‘s head was placed between two rattles, 

which were held by a second experimenter (each approximately 20 cm from each ear and at a 

90° angle from the infant‘s midline).  These bottles were filled with un-popped, popping corn, 

and when shaken, produced a complex noise at an average of 80 dB SPL.   Muir and Field 

concluded that the majority of the 21 newborn infants who maintained an alert state consistently 
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turned their heads toward a continual sound source presented 90° from midline.  They also 

concluded that the most important factors in producing this impressive response seem to be the 

method of holding the infants during testing and the nature of the auditory stimulus.    

Using the aforementioned procedure, Field and colleagues (1980) conducted a 

longitudinal study of the development of auditory orientation during the first few months of life 

in 13 infants.  Eleven subjects were tested at a mean age of 3 days; two other healthy, full-term 

infants were observed only after the neonatal period. Seven infants were tested at 1 month (mean 

age 34 days), 12 at two months (mean age 61 days), and 13 at three months (mean age 92 days). 

The same infants were tested at birth and again at two and three months.  Newborn infants were 

awakened between feedings and were tested in the hospital nursery. Subsequent tests were 

conducted in the infants' homes shortly after feeding.  During the onset of each trial, the infant 

was facing the ceiling of the room and centered between two opaque, plastic medicine bottles 

that were held by a second experimenter approximately 20 cm from each ear and at a 90° angle 

from the infant‘s midline.  Only one bottle was partially filled with popcorn so that it produced 

an average sound pressure of 80 dB SPL when shaken. The two bottles were shaken either until 

an infant turned his or her head 90° and maintained that position for five seconds or until 20 

seconds had elapsed. Subsequently, the direction of an infant's first head turn and the direction 

and magnitude of the maximum head turn on each trial were scored from a videotape recording 

of each subject's head and shoulders.  Results from this study suggested that infants can turn their 

heads reliably toward a lateralized sound during the first few months after birth, but that the 

performance of this turning response declines sometime between the first and third months after 

birth. Subsequently, Muir and colleagues (1989) demonstrated that head-turning to sound was a 

U-shaped developmental function. While newborns turned their head to a sound immediately 



 

 

14 

 

after birth, the response disappeared at about 2 months of age and reappeared again at 3-4 

months of age.   They concluded that the initial response was reflexive while the later response 

was more cognitive in nature. 

 As well as a head-turning technique, researchers conducted studies using a non-nutritive 

sucking technique to examine infants‘ perception of sounds. For example, using this technique, 

DeCasper and Fifer (1980) demonstrated that newborns prefer their mother‘s compared to a 

female stranger‘s voice.  In their study, a newborn could produce either his/her mother‘s voice or 

the voice of another female stranger by changing the length of their interburst interval of sucking 

on a non-nutritive nipple. The infant participants were placed in a supine position in their 

bassinette with earphones secured over their ears and a non-nutritive nipple was placed in their 

mouths. The nipple was connected by way of a pressure transducer to solid-state programming 

and recording equipment. The infants were allowed two-minutes to adjust to the environment 

before the onset of a voice.  Sucking activity was recorded during the following five minutes, but 

voices were not presented. These five minutes were used as a baseline period to determine the 

median interburst interval (IBI) or the time elapsing between the end of one burst of sucking and 

the beginning of the next.  Subsequently, the infant had to increase or decrease his/her interburst 

interval to turn on a voice (mother or stranger). Only one of the voices was presented with the 

first suck of a burst and remained on until the burst ended.  The testing lasted for 20 min. Results 

from this study showed that infants learned how to produce their mother‘s voice and produced it 

more often compared to a female stranger‘s voice. This technique requires more specialized 

equipment, is technically much more difficult to carry out successfully, and is reported less often 

in the literature than the head-turning technique.  
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In addition to the newborn studies examining newborns‘ perception of female voices, 

several studies were conducted to examine how they respond to male voices.  In particular, 

DeCasper and Prescott (1984) examined 18 female newborns (they did not include male 

newborns to control for possible gender differences).  By observing their non-nutritive sucking 

behaviour, DeCasper and Prescott found that female newborns had no preferences for their 

father‘s compared to a male stranger voice.  However, they showed that the newborns were able 

to discriminate between two male voices. 

With the establishment of newborn observation techniques (e.g., head-turning and non-

nutritive sucking technique), researchers showed that newborns prefer a female voice over a 

male voice (Brazelton, 1978).  Further, they show a preference for the mother‘s over a female 

stranger‘s voice (DeCasper & Fifer, 1980; Querleu et al, 1984), a story read by the mother in the 

last six weeks of pregnancy compared to a novel story (DeCasper & Spence, 1986), and a story 

read in their native language compared to a foreign language (Moon, Cooper, & Fifer, 1993).  To 

date, however, even though newborns are able to discriminate two different male voices, it is 

reported that they show no preference for the father‘s voice until four months of age (DeCasper 

& Prescott, 1984).   

Fetal and newborn responses to maternal voice 

When fetal and newborn auditory perceptions have been examined in the same study a 

continuity of response before and after birth has been demonstrated. Hepper, Scott and 

Shahidullah (1993) examined body movement responses of the fetus and newborn to his/her 

mother‘s voice and a female stranger‘s voice.  In addition, they looked at the fetus and 

newborn‘s reaction to voices speaking normally and speaking ―motherese‖.  They found that 36 

week GA fetuses did not discriminate between their mother‘s and a female stranger‘s voice 
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played to them via a loudspeaker on the abdomen but did discriminate between their mother‘s 

voice when played to them by a loudspeaker on the abdomen and the mother‘s voice produced 

by her speaking.  In addition, they showed that 2 to 4-day-old newborns discriminated between 

their mother‘s voice and a female stranger‘s voice as well as between normal speech and 

―motherese‖; in both cases, the newborn preferred the mother‘s voice and ―motherese‖. These 

results provide evidence of the fetus‘s ability to learn prenatally and demonstrate a continuity of 

fetal-newborn responding to the same sorts of auditory stimuli. 

Evidence from previous newborn studies suggests that they are able to learn and show 

preferences for certain external environmental sounds.  However, little is known about whether 

they show preference for the mother‘s compared to the father‘s voice. Thus, the following three 

research questions will be addressed in this thesis. 1) Do term fetuses show differential responses 

to the mother‘s vs. father‘s voice?  2) Do newborns (within the first week of life) show a 

preference for the mother‘s or father‘s voice as evidenced by turning their head toward one of the 

voices more often than the other? And 3) Is there a continuity between fetal and newborn 

responding to their mother‘s and father‘s voices?  
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CHAPTER THREE 

Methods 

Participants  

A total of 45 low-risk pregnant women at ≥ 37 weeks GA (37.8 + 0.89) and their male 

partner were recruited from the out-patient obstetrical clinics at Kingston General Hospital for 

participation on two occasions; see Tables 1 and 2 for summary tables of the maternal 

demographic and obstetrical and paternal demographic data and analyses.  The data from five 

fetuses were excluded [n = 3 newborns had evidence of compromise at birth (2 were growth 

restricted and one had a 5 min Apgar = 5) and 2 experimenter error] leaving 40 subjects in total 

(n = 20 Mother‘s Voice First Group, n = 20 Father‘s Voice First Group). The same offspring was 

observed once as a fetus (n = 40) and once as a newborn (n = 35).  GA was calculated from the 

first day of the last menstrual period (LMP). LMP was used if the date was within one week of 

the ultrasound scan in the first trimester or within 10 days of the ultrasound scan in the 2
nd

 

trimester. If not, then the ultrasound scan date was used.  There were no smokers among all the 

mothers in both groups.   

The inclusion criteria were: maternal age of at least 16 years; experiencing an un-eventful 

singleton pregnancy, at least 37 weeks GA, no co-morbid conditions (e.g., hypertension, thyroid 

disease, diabetes), mother and father able to read and speak English, mother and father lived in 

the same home and regularly spent at least some time together 5 to 7 days per week from 30 

weeks of GA, fetus presenting in a cephalic position, mothers having a pre-pregnancy Body 

Mass Index [BMI = weight in kilograms/height in meters squared (kg/m²)] of 18.5-27 or a 

pregnancy weight of <225 lbs.  Fetuses without normal outcome delivery measures (i.e., Apgar 

score > 7 at 5 min; birth weight > that 10% for GA; normal umbilical cord blood pH 7.15 – 7.45 
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or base excess if obtained) and diagnosis of healthy term newborn on physical examination were 

replaced in the sample (see Table 5 for a summary table of newborn outcomes and analyses).  

Sample size was determined based on experience in this laboratory which has demonstrated that 

20 fetuses per group (e.g., Cowperthwaite, Hains & Kisilevsky, 2007; Lee, Hains, Brown & 

Kisilevsky, 2007; VanderMeulen, Davies & Kisilevsky, 2008) and 7 newborns (e.g., Butt & 

Kisilevsky, 2000; Easterbrook, Kisilevsky, Muir & LaPlante, 1999; Fearon, Hains, Muir & 

Kisilevsky, 2002) are sufficient to demonstrate statistical differences in  responding to auditory 

stimuli when sound and no sound trials are compared.  Gender was not determined at time of 

testing.  Testing was conducted in the Maternal-Fetal-Newborn Studies laboratory located 

between the antenatal clinics and the post-partum unit of the hospital.   The study was carried out 

in accordance with research ethics approval from the Queen‘s University and Affiliating 

Teaching Hospitals Research Ethics Board. 

Equipment 

Continuous FHR was recorded using a Hewlett-Packard cardiotocograph (Model 1351A) 

with an event marker to indicate voice onset and offset during acoustic stimulation on a paper 

strip recording.  The cardiotocograph was connected to a laptop computer running custom 

designed software which captures HR four times per second and calculates beats per minute at 

one second intervals for data storage in a text file.  Body movements were visualized and 

recorded using a Siemens Sonoline ultrasound scanner (Model SI-450) with a built-in video-

recording system (Panasonic AG-6200). Reliability of number and duration of fetal body 

movements between two independent scorers, the experimenter (GL), who was not blinded to group 

and a 2nd research assistant who was blinded to group, was high (number of movement, r = 0.80, 
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p < 0.01; duration of movement, r = 0.90, p < 0.01). Thus, only the scores from the experimenter 

were used in analyses. 

Pre-recorded Auditory Acoustic Testing (PRAAT version 4.4.27) freeware was used to 

record, manipulate, and play the 3 minutes of the mother‘s and father‘s voices reading the 

nursery rhyme Bambi (Salten & Chambers, 1928).  The speech stimuli were augmented by a 

Yamaha Natural Sound Stereo Amplifier (Model AX-497) and delivered to the fetus through a 

loud speaker (Auratone 5C Super-Sound-Cube).  Sound intensity was measured using the A 

scale of a Bruel & Kjaer SPL meter (Model 2235).  Panasonic noise cancellation headphones 

with music played through a Sony portable CD player were used by the mother during fetal 

testing and the experimenter during newborn testing to mask the voices being played to the fetus 

and newborn.  

The newborn stimulus included the previously recorded mother‘s and father‘s voice 

shortened (using PRAAT) to 20 s duration beginning at the start of the story.  This voice 

stimulus was augmented by a Klipsch Luscasfilm THX Amplifier and delivered through Klipsch 

Luscasfilm THX speakers.  Newborn testing was video recorded using a Panasonic Leica 

Dicomar (Model 3CCD Mega 0.1.5) digital recorder.  A foot pedal connected to two light 

emitting diodes was used to signal to the newborn handler the onset and offset of a trial.   

Procedure 

The pregnant women and their male partners were recruited at about 35 weeks of gestation.  

To ensure some consistent level of exposure to the father‘s voice over the groups, he was given 

seven different passages from children‘s stories (each of them approximately three minute long; 

see Appendix F for the passages) and instructed to read one passage once a day for the seven 

days prior to the fetal testing.  He was asked to do the reading while the mother‘s abdomen was 
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exposed.  Also, he was asked to fill out a diary to keep track of when he read the story. (See 

Appendix E for the diary).    

Upon arrival at the Laboratory, the researcher explained the study and answered any 

questions prior to obtaining informed, voluntary written consent (see Appendix A for 

information and consent form).  Each participant was asked for demographic information 

including: maternal age; gestational age; gravida, parity; estimated date of delivery; weight prior 

to pregnancy; current weight; height; education level, employment status and maternal 

medication use.  Each participant‘s male partner also was asked for demographic information 

including: age, employment and smoking status. In addition, there was a questionnaire to explore 

the amount of exposure the fetus had to the father‘s voice during the pregnancy (see Appendix 

C).  The father and mother independently completed the questionnaire.  The fetuses were 

assigned to one of two groups: the Father‘s Voice First Group, n=20, had the father‘s voice 

presented first followed by a presentation of the mother‘s voice and the Mother‘s Voice First 

Group, n=20, had the mother‘s voice presented first followed by a presentation of the father‘s 

voice).  The first voice (mother or father) was assigned randomly and subsequent voice 

presentation was counterbalanced over subjects.  

Next, mothers lay in a semirecumbent position, wedged left on a hospital bed while 

spontaneous FHR was recorded for 3 min.  The wand of the cardiotocograph was positioned on the 

mother‘s abdomen to obtain an optimal tracing.  Then, mothers were asked to read the nursery rhyme 

Bambi while being audio recorded for 3 min and 10 s.  FHR was recorded during the reading and 

subsequently for 20 min with no talking.  During the recording of the FHR after the mother‘s audio 

recording had been made, the father‘s voice was recorded for 3 min and 10 s while he read the 

nursery rhyme Bambi in a separate room.  The recordings were modified to capture 3 minute 
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segments of the mother‘s and father‘s readings beginning at the start of the story.  After completion 

of the FHR observation and voice recordings, fetal response to voice stimuli was observed.  As well 

as the wand of the cardiotocograph, the wand of the ultrasound scanner was placed on the mother‘s 

abdomen to obtain a cross-section or longitudinal view of the fetal trunk for observing and recording 

fetal movements.  The mother‘s and father‘s voice were played via a loudspeaker placed 

approximately 10 centimeters from the maternal abdomen above the fetal head.  The voices were 

delivered at an average of 95 dBA.  For each voice the 9 min protocol consisted of three, 3 min 

periods: no voice; voice (mother or father); and no voice.  After the first voice presentation, there was 

a 20 min interval during which silence was maintained while an estimate of amniotic fluid volume 

was obtained by measuring the largest visible pocket of amniotic fluid in each of the 4 maternal 

abdominal quadrants.  An amniotic fluid index (AFI) was calculated by summing the vertical 

dimension of each pocket.  Subsequently, the second voice stimulus procedure was delivered using 

the same experimental protocol as the first.  Body movements and FHR were monitored continuously 

during the procedures.  During the voice procedure, the mother listened to soft jazz or guitar music 

played on a personal CD player with noise canceling headphones, in order to mask the voice stimulus 

being played to the fetus.  

The second part of the study took place after the infant was delivered.  Following birth, 

delivery outcome measures which are routinely collected were obtained from the infants medical 

record.  Information included: birth weight; GA; APGAR scores at 1 and 5 min; head 

circumference; and cord blood gases; newborn/obstetrical complications while in hospital (see 

Table 5). The head-turning observation procedure described by Muir and Field (1979) served as 

a model for the current study. However, instead of using bottles, the infants‘ mothers‘ or fathers‘ 

voices were played through speakers that were placed approximately 30 cm away from the 
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infants‘ ears.  The degree of head-turning was scored using a protractor situated behind the 

newborn‘s head. The newborns were brought to the laboratory on one occasion for about 20 min 

immediately after a feeding when the newborn was alert.  Parents were invited to watch the 

testing.  With the newborn bundled in a blanket and in a quiet alert state, they were held by a 

researcher (sitting on a chair) so that the body was supine and the head was positioned at the 

midline of a protractor, between two speakers, each approximately 30 cm from the newborn‘s 

head.  The mother‘s and the father‘s voices, order counterbalanced over newborns, were played 

through speakers on the newborn‘s left and right side (ABB, BAA or BAA, AAB), delivered at 

an average of 80 dB SPL.  Each voice was presented 3 successive times for a maximum of 20 

seconds or until a head turn of at least 45 degrees was achieved and maintained for 4 seconds.  

To determine newborn side bias, 3 trials of silence lasting for 20 s each were presented before 

and after the voices were played.  The degree of head turn to the left or right was observed and 

called out by the handler while a second researcher, responsible for delivering the voice stimuli 

and operating the video camera, recorded the data from the handler and made an independent 

judgment of the head turn.  The researcher holding the infant listened to soft jazz or guitar music 

played on a CD player through noise canceling headphones in order to mask the voice being 

played to the newborn.  In the event that the infant did not make at least a 45 degree head turn for 

4 s, the second researcher signaled the end of a 20 s trial by turning on the light emitting diodes 

located on the protractor.  Between voice presentation or silence trials, the newborn was held 

upright.  
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CHAPTER FOUR 

Results 

Study 1 

Maternal and paternal demographic and obstetrical measures. 

Maternal demographic information at testing, including maternal age, gravida, parity, 

maternal height and weight, and body mass index (BMI) for the mother‘s voice first and father‘s 

voice first groups are shown separately in Table 1. Paternal demographic information is 

summarized in Table 2.  Independent t-tests for variables with continuous data showed no 

differences between the groups.  Chi squared analyses of the maternal and paternal frequency 

data also showed no differences between the groups.   

Table 1 

 

Summary of the means (±SD) and frequencies for maternal demographic and obstetrical 

characteristics for the mother’s voice first and father’s voice first groups separately. 

 

Variables Mother’s Voice 

First Group 

(n = 20) M ( ±SD) 

Father’s Voice  

First Group  

(n = 20) M (±SD) 

t df p 

Gestational Age at 

testing (weeks) 

38.0 ( + 0.9) 37. 6 ( + 0.7) 1.595 38 0.12 

Maternal Age (years) 30.1 ( + 1.8) 28.2 ( + 4.7) 1.385 38 0.17 

Gravida 2.1 ( + 1.4) 2.0 ( + 1.4) 0.334 38 0.74 

Parity 0.7 ( + 1.1) 0.5  ( + 0.7) 0.873 38 0.39 

Maternal Height (cm) 168.7 ( + 7.3) 170.3 ( + 7.0) -0.714 38 0.48 

Maternal Pre-

pregnancy Weight 

(kg) 

64.9 (  + 10.5) 68.6 (  + 9.1) -1.178 38 0.26 
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Maternal Pre-

pregnancy Body Mass 

Index 

22.7 ( + 2.7) 23.7 ( + 3.4) -0.982 38 0.33 

Maternal Pregnancy 

Weight (kg) 

81.8 ( + 8.6) 83.6 (  + 10.6) -0.595 38 0.45 

Maternal Body Mass 

Index at time of 

testing 

28.8 ( + 3.3) 28.9 ( + 3.9) -0.057 38 0.96 

Amniotic fluid index 111.25 ( + 23.3) 111.95 ( + 30.2) -0.081 38 0.93 

 

Highest Education 

Achieved 

  Post-Secondary 

     Secondary 

    < Secondary 

Frequency 

 

18 

1 

 

1 

Frequency 

 

17 

3 

 

0 

χ² df p 

1.899 2 

 

0.61 

Employment Status  

    Working 

   On maternity      

             leave 

     Unemployed 

 

2 

16 

 

2 

 

5 

14 

 

1 

1.762 2 0.54 
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Table 2 

 

Summary of the means (±SD) and frequencies for paternal demographic characteristics for the 

mother’s voice first and father’s voice first groups separately. 

 

Variables Mother’s Voice 

First Group 

(n = 20) M (±SD) 

Father’s Voice First 

Group  

(n = 20) M (±SD) 

t df p 

Paternal Age (years) 31.3 ( + 4.2) 29.4 ( + 4.7) 1.054 32 0.30 

Smoking status 

      Smoker 

      Non-smoker 

     Information unavailable 

Frequency 

5 

13 

2 

Frequency 

3 

12 

5 

χ² df p 

0.270 2 0.70 

 

Education Level  

      Post-Secondary 

      Secondary 

      < Secondary 

      Information unavailable 

Frequency 

 

17 

1 

1 

1 

Frequency 

 

10 

3 

2 

5 

 

2.688 

 

2 

 

0.31 

 

 

Employment Status  

      Employed 

      Unemployed 

      Information unavailable 

 

17 

2 

1 

 

15 

0 

5 

 

2.165 

 

2 

 

0.49 

 

 

 

 

Fetal Exposure to Father’s Voice  

 The mothers (n=39) and fathers (n=39) completed a questionnaire that was developed for 

this study to explore the amount of exposure that the fetus had to the father‘s voice.  It was 



 

 

26 

 

completed independently by the parents in the laboratory.  Table 3 displays a summary of the 

means and frequencies of responses to the questions.   Chi square tests and paired t-tests were 

performed to determine differences between the responses between the two groups; there were 

no differences.  See Appendix G for Chi-square and t-Tests summary tables. Note that there was 

a total of 6 (n = 3 in each group) male children under the age of 7 years living in the home. These 

male children had not yet reached puberty and, hence, the frequency of their voices would not 

have lowered to within the father‘s range.  

Table 3 

Summary of the means (±SD) and frequencies of the responses from the questionnaire regarding 

fetal exposure to the paternal voice for the mother’s voice first and father’s voice first groups 

separately. 

 

Variables Mother’s Voice First  Father’s Voice First  

Mother’s 

Response 

(n = 19) M 

( ±SD) 

Father’s 

Response  

(n = 19) M 

( ±SD) 

Mother’s 

Response 

(n = 20) M 

(±SD) 

Father’s 

Response  

(n = 20) M 

(±SD) 

1) For approximately 

how many minutes 

have you spent talking 

to your partner 

yesterday? 

141.71 (+ 

84.51) 

172.63 (+ 

148.65) 

225.75 (+ 

213.46) 

166.50 (+ 

155.19) 

2) Does the father talk to 

the fetus? 

 

         Yes with clothes 

         Yes with bare abdomen 

         Yes with clothes and 

bare abdomen 

Frequency 

(%) 

 

3 (15%) 

2 (10%) 

11 (55%) 

3 (15%) 

Frequency 

(%) 

 

2 (10%) 

1 (5%) 

12 (60%) 

4 (20%) 

Frequency 

(%) 

 

4 (20%) 

5 (25%) 

8 (40%) 

3 (15%) 

Frequency 

(%) 

 

3 (15%) 

5 (25%) 

11 (55%) 

1 (5%) 
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         No 

 

3) Does the father play 

with the fetus (i.e. tap 

on the mother‘s 

abdomen)? 

 

         Yes 

          No 

 

 

 

 

 

 

16 (80%) 

3 (15%) 

 

 

 

 

16 (80%) 

3 (15%) 

 

 

 

 

18 (90%) 

2 (10%) 

 

 

 

 

18 (90%) 

2 (10%) 

4) Do you live with any 

other male members 

in the same house?   

 

         Yes (all age < 7 years) 

          No 

 

 

 

 

3 (15%) 

16 (80%) 

 

 

 

3 (15%) 

16 (80%) 

 

 

 

3 (15%) 

17 (85%) 

 

 

 

3 (15%) 

17 (85%) 

5) If the father was away 

from home during the 

pregnancy, how many 

days has he been away 

since 30 weeks of 

pregnancy? 

4.21 (+ 

7.79) 

4.37 (+ 

7.67) 

4.08 (+ 

4.08) 

2.60 (+ 

4.60) 

 

Spontaneous fetal cardiac changes during rest 

 The mean (±SD) for FHR accelerations and decelerations measured during 20 min of rest 

are shown in Table 4.  Independent t-tests conducted to determine differences in FHR changes 

between the groups showed no significant differences. (See Appendix H for summary table). 

When the spontaneous FHR changes were scored using the guidelines for a Non-Stress Test 

(NST)*, in the mother‘s voice first group there were 2/20 non-reactive tracings and in the 
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father‘s voice first group 1/20 were non-reactive. By the end of testing, they were all reactive, 

indicating the good health of the fetuses in the study.   

Table 4.  

 

Summary of the means (±SD) for spontaneous fetal heart rate changes during non-stress testing 

for the mother’s and father’s voice group separately. 

 

Variables Mother’s Voice 

Group 

(n = 20)  

M (±SD) 

Father’s Voice  

Group  

(n = 20)  

M (±SD) 

# FHR accelerations > 10 bpm above baseline 8.0 ( + 4.7) 9.1 ( + 3.6) 

# FHR accelerations > 15 bpm above baseline 5.2 ( + 4.7) 5.9 ( + 2.4) 

# FHR decelerations > 10 bpm below baseline 1.25 ( + 1.6) 1.4 ( + 1.3) 

# FHR decelerations > 15 bpm below baseline 0.45 ( + 1.0) 0.7 ( + 1.0) 

FHR = fetal heart rate 

 
*The Non-Stress Test (NST) is a standardized obstetrical test of fetal well-being which includes a 20 min continuous 

recording of FHR while the mother is at rest. A reactive NST in a fetus greater than 32 weeks gestation is indicated 

when there are at least two FHR accelerations of a minimum of 15 beats per minute (bpm) above baseline lasting at 

least 15 s in a 20 min recording (Liston et al., 2007). 
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Fetal auditory processing 

 

Fetal heart rate changes over first presentation of each voice.  

To determine whether there were differences in raw FHR over the first 9 min presentation 

of voices, a  1-between (Group – mother‘s voice first, father‘s voice first),  2 within factors 

(Period – Pre-voice, Voice, Post-voice; Time – 180 s) ANOVA was conducted. The analysis 

revealed a Period by Group, F (2, 74) = 4.866, p = 0.015, and a Period by Time, F (354, 13098) = 

2.084, p = 0.014, interaction. Figure 1 shows the average change in FHR for the mother‘s voice 

presented first and the father‘s voice presented first over 540 s for the entire testing period. See 

Appendix I for ANOVA summary table.  To sort out the double interactions, subsequent 

analyses examined each period separately. As well, the data from the second presentation of each 

voice was examined in a parallel manner. Statistical analyses were performed with Predictive 

Analytics Software (PASW) version 18.0. The significance level was set at p < 0.05.  

Greenhouse Geisser adjusted degrees of freedom were used for repeated measures ANOVAs.
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Figure 1. Average raw FHR over 540s of the pre-voice, voice and post-voice period (180s each period) for those fetuses who received 

their mother‘s voice first vs. those who received their father‘s voice first shown separately.  
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Fetal heart rate changes over the pre-voice periods.  

To determine whether there were differences in raw FHR during the baseline periods prior 

to the presentation of the mother‘s voice and the father‘s voice, four separate 1-between (Group – 

mother‘s voice first vs. father‘s voice first; mother‘s voice second vs. father‘s voice second; 

mother‘s voice first vs. mother‘s voice second and father‘s voice first vs. father‘s voice second) and 

1 within factor (Time – 180 s) ANOVAs were conducted.  These analyses revealed no Group, Time 

or Group by Time interaction effects. (See Appendix J for ANOVA summary tables.) Because there 

were no differences in the pre-voice period in all four conditions, the next series of analyses were 

conducted to determine whether there was an order effect depending on which voice was delivered 

first. 

Fetal heart rate changes over the voice periods – Order effects.  

  To determine whether there was an order effect of voice presentation FHR changes were 

examined for each voice separately.  The repeated measures ANOVAs that were conducted 

examined FHR changes in the following two ways: 1) mother‘s voice first vs. mother‘s voice 

presented after father‘s voice and 2) father‘s voice first vs. father‘s voice presented after mother‘s 

voice.  

1. Order effect. Mother’s voice first vs. the mother’s voice second - Raw FHR.   

A 1-between (Group – Mother‘s voice first, Mother‘s voice second) and 1 within factor (Time – 180 

s) ANOVA was conducted to determine whether there was a difference in raw FHR when the 

mother‘s voice was delivered first compared to when it was delivered after the father‘s voice.  The 

analysis revealed main effects of Group, F (1, 37) = 5.646, p < 0.05, and Time, F (178, 6586) = 
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2.124, p < 0.05. There was a linear effect of time (p < 0.05).  (See ANOVA summary table in 

Appendix K.) 

 
Figure 2. Average raw FHR over 180s from the mother‘s voice onset for those fetuses who 

received their mother‘s voice first vs. those who received the mother‘s voice after they heard the 

father‘s voice shown separately.    

 

As can be seen in Figure 2, there is an order effect dependent upon whether the mother‘s 

voice was played first or second. At each second over the entire voice period when the mother‘s 
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voice was played following the father‘s voice, FHR was lower than when the mother‘s voice was 

played first. This could account for the Group differences when raw FHR was used to examine 

voice order effects. Thus, to control for the differences in average FHR between the two groups, 

difference scores were calculated by subtracting each FHR following voice onset from the FHR 

value at onset (which was set as ―zero‖ after the difference scores were computed). It can also be 

seen that over time, FHR increased. 

Mother’s voice first vs. the mother’s voice second – FHR difference scores.  

When order effects of the mother‘s voice delivered first vs. second were examined repeating the 

1 between (Group – 2 levels), 1 within (Time – 178 s) ANOVA using difference scores, again 

there was a main effect of Time, F (177, 6549) = 2.081, p < 0.05, which had a linear component 

(p < 0.05). There was no Group or Group by Time interaction, demonstrating that there were no 

effects of voice order when difference scores were used as illustrated in Figure 3. (See ANOVA 

Summary Tables in Appendix K). To examine order effects of the father‘s voice first vs. second, 

parallel analyses were conducted on the FHR in response to the father‘s voice.  
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Figure 3. Average FHR difference scores over 180s from the mother‘s voice onset for those 

fetuses who received their mother‘s voice first vs. those who received the mother‘s voice after 

they heard the father‘s voice shown separately.   
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2. Order effect. Father’s voice first vs. the father’s voice second – Raw FHR.  

The same 1 between (Group – 2 levels), 1 within (Time – 180 s) ANOVA was repeated 

to examine order effects using the raw FHR data when the father‘s voice was played first vs. 

second. The analysis showed no order effect for the father‘s voice presentations. There were no 

main effects of Group or Time and no Group by Time interaction. There was a linear effect of 

Time (p < 0.05). As can be seen in Figure 4, the average FHR for the father‘s voice played first 

was always lower compared to when it was played second except for 1/179 s.   (See Appendix L 

for ANOVA summary tables).   
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Figure 4. Average raw FHR over 180s from the father‘s voice onset for those fetuses who 

received their father‘s voice first vs. those who received the father‘s voice after they heard the 

mother‘s voice shown separately.    
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Father’s voice first vs. the father’s voice second - FHR difference scores. 

 Difference scores were calculated for the father‘s voice data using the same procedure as 

had been used for calculating them for the mother‘s voice data and the ANOVA was repeated. 

There were no main effects of Group or Time and no Group by Time interaction found, 

indicating that there was no effect of voice order. See Figure 5 for a comparison of FHR 

difference scores when the father‘s voice was played first vs. second. (See ANOVA summary 

tables in Appendix L).   
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 Figure 5. Average FHR difference scores over 180s from the father‘s voice onset for 

those fetuses who received their father‘s voice first vs. those who received the father‘s voice 

after they heard the mother‘s voice shown separately.  

 

Because there were no order effects for voice found when difference scores were used, 

for subsequent comparisons between FHR changes in response to the mother‘s vs. father‘s voice,  

the difference scores for the first and second voice presentation for both the mother‘s and 
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father‘s voice were combined.  This resulted in one group of fetuses, each of whom responded to 

one presentation of the mother‘s voice and one presentation of the father‘s voice.  

Fetal heart rate changes over the voice period – Mother’s vs. father’s voice period.  

To determine whether there were differences  in FHR during the mother‘s vs. father‘s 

voice period, a 2-within (Mother‘s voice, Father‘s voice; Time – 180s) ANOVA was conducted.  

It revealed a main effect of Time F (177, 6726), p = 0.012, which had a linear component, p = 

0.006.  As can be seen in Figure 6, the FHR increased over time and the change in FHR was 

similar to the mother‘s and father‘s voice.  

Because earlier work (Kisilevsky & Low, 1998; Kisilevsky et al., 2003; Kisilevsky et al., 

2009) had examined FHR response to the mother‘s voice over shorter durations of time to 

describe the pattern of FHR change, to compare the results of this study to reports in the 

literature, shorter durations were examined using 2-within (Mother‘s voice, Father‘s voice; Time 

– 30s, 60s and 120s) ANOVAs.  At 1-30s, there was a main effect of Time, F (28, 1064) = 4.038, 

p = 0.006, which was linear, p = 0.007.  At 1-60 s, the analysis revealed only a quadratic effect 

of time, p = 0.039.  The same repeated measures ANOVA at 1-120 s period revealed a main 

effect of Time, F (118, 4484) = 2.285, p = 0.019 with a linear component, p = 0.007. (See 

Appendix M for ANOVA summary tables).  
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Figure 6. Average FHR difference scores over 180s from the voice onset of the mother‘s vs. 

father‘s voice shown separately.   
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Fetal heart rate changes over the post-voice period.  

To determine whether there were changes in FHR difference scores during the post-voice 

period, a series of parallel 2-within (Mother‘s voice, Father‘s voice; Time – 30s, 60s, 120s, 180s) 

ANOVAs were conducted.  There were no significant differences in the 1-30 s, 1-60 s and 1-120 

s analyses. Results over 180 s revealed a main effect of Time, F (178, 6764) = 2.385, p = 0.023, 

which was linear, p = 0.004. Figure 7 shows that the FHR generally decreased over time 

following both the mother‘s and father‘s voice offset. (See Appendix N for ANOVA summary 

table). 
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Figure 7. Average FHR difference scores over 180s from the voice offset of the mother‘s vs. 

father‘s voice shown separately.   
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Mother’s reading compared to mother’s audio recording.   

To determine whether there was a difference between the FHR response to the mothers 

reading a story compared to when the audio recording was played back over the maternal 

abdomen, difference scores were calculated over the 3 min time period during which the mother 

was actually reading the story, and a 2-within (Voice – Mother Reading, Mother‘s Audio 

Recording; Time - 180 s) ANOVA was conducted using difference scores. Results from this 

analysis showed an effect of Voice, F (1, 38) = 4.913, p < 0.05, which was qualified by a Voice 

by Time interaction over 1- 180 s, F (177, 6726) = 2.786, p = 0.006.   As can be seen in Figure 8, 

fetuses showed no HR response to their mother reading a story but showed a HR increase when a 

recording of the mother‘s reading was played. Subsequently, three, 2-within (Mother Reading, 

Mother‘s Audio Recording; Time – 30s, 60s or 120s) ANOVAs were repeated to determine the 

pattern of response over time. At 1-30s, there was a main effect of Time, F (28, 1092) = 3.317, p 

= 0.017, which was qualified by a Voice by Time interaction, F (28, 1092) = 3.091, p = 0.025, 

which had a linear, p < 0.05, and cubic, p <0.05, component. Over 60 s, analysis revealed no 

significant differences. Finally, over 120 s, there was a Voice by Time interaction, F (118, 4602) 

= 1.937, p = 0.053, which was linear, p < .05.  (See Appendix O for ANOVA summary tables).  
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Figure 8. Average FHR difference scores over 1-180 s of mother reading versus mother‘s audio 

recording playback shown separately.  

Simple effects analyses were used to determine whether there was a change in FHR over 

time when the mother was reading a story and when the audio recording was played back over 

the maternal abdomen. Two, 1-within (Time - 120 s) ANOVAs were conducted using difference 

scores.  Results from the mother reading the story analysis showed no change over time. 

However, the same analysis for the audio recording showed a main effect of Time, F (119, 4522) 

= 2.068, p = 0.048.   As can be seen in Figure 8, fetuses showed no HR change over time when 
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their mother was reading a story but show a HR increase over time when a recording of the 

mother‘s reading was played back to them. (See Appendix O for summary tables).  

 

Fetal body movement analyses.  

 

Both the number of fetal body movements and the average duration of each movement 

were analyzed in a manner parallel to the heart rate analyses above.  To determine whether there 

was an order effect of fetal body movements depending on the order of voice presentation, four 

individual 1-between (Voice - mother‘s voice first, mother‘s voice second or father‘s voice first, 

father‘s voice second), 2-within (Period – pre-voice, voice, post-voice; Time – 6, 30 s-intervals) 

were conducted for the duration and number of body movements in each period.  Results from 

these analyses revealed no differences in the duration or number of movements between the 

mother‘s voice first vs. mother‘s voice second or father‘s voice first vs. father‘s voice second 

groups. (See ANOVA summary tables in Appendix P).   

 Given that there were no an order effects in fetal movements between the two groups, the 

data was combined to compare the average total duration over each 180 s period and the total 

number of movements over each 180 s period for the mother‘s vs. father‘s voice.   A 2-within 

(Voice – mother‘s voice, father‘s voice; Period – pre-voice, voice, post-voice) ANOVA revealed 

no differences in either the average total duration or number of body movements between the 

two voices among the three periods.  (See ANOVA summary tables in Appendix P).  As can be 

seen in Figure 9, the average duration of a fetal movement was about 9.5 s.  Figure 10 shows that 

the average number of fetal movements over each 180 s period combined was 1.  
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In order to determine whether there was a difference in the duration and number of 

movements in the pre-voice vs. voice period, 2-within (Period – Pre-voice vs. Voice; Time – 6 - 

30 s intervals) ANOVA were conducted for each duration and number of movements as well as 

for each voice separately.  There were no differences in the pre-voice vs. voice period for either 

the duration or the number of movements for the mother‘s or father‘s voice at 30 s, 60 s, 90 s, 

120 s and 180 s.  (See Appendix Q for ANOVA summary tables).  
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Figure 9. Average duration of body movements during the pre-voice, voice, and post-voice 

period for the mother‘s and father‘s voice procedure shown separately.  
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Figure 10. Average number of body movements during the pre-voice, voice, and post-voice 

periods for the mother‘s voice and father‘s voice procedures shown separately.  
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Study 4 

Newborn outcomes.  

The means (±SD) and independent t-test results for newborn delivery outcome variables 

for infants in the mother‘s voice first and father‘s voice first groups may be found in Table 5. 

There were no differences between the groups on any outcome measure. All measures for each 

infant were within normal range. As is standard practice in this province, all newborns had 

otoacoustic emission testing while in hospital or at the health unit after discharge. All infants 

passed the test indicating that they could hear. 

Table 5.  

Summary of the means (±SD), frequencies and the results of independent t-tests for newborn 

delivery outcome measurements for the mother’s voice first and father’s voice first groups 

separately. 

Variables Mother’s Voice 

First Group 

(n = 20) M (±SD) 

Father’s Voice 

First Group  

(n = 20) M (±SD) 

t Df p 

Gestational Age at birth 

(weeks) 

39.7 ( + 1.2) 39.4 ( + 0.7) 0.797 38 0.430 

Birth weight (grams) 3742.25 ( + 438.6) 3681.7 ( + 369.3) 0.473 38 0.639 
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Head Circumference 

(cm) 

35.1 ( + 1.2) 35.4 ( + 1.2) -0.749 37 0.459 

Length (cm) 50.9 ( + 2.1) 51.5 ( + 1.9) -0.865 37 0.393 

1-min Apgar score 8.9 ( + 0.7) 8.0 ( + 1.9) 1.968 38 0.056 

5-min Apgar score 9.0 ( + 0.2) 8.9 ( + 0.3) 0.588 38 0.560 

Cord artery pH 7.3 ( + 0.1) 7.2 ( + 0.1) 1.151 33 0.258 

Cord vein pH 7.3 ( + 0.1) 7.3 ( + 0.1) 0.651 36 0.519 

Cord artery base excess -5.8 ( + 2.7) -6.3 ( + 3.0) 0.479 33 0.635 

Cord vein base excess -4.4 ( + 2.6) -4.5 ( + 2.0) 0.123 36 0.903 

Infant age at testing 

(hours) 

31.4 (+ 27.2) 46.7 (+ 32.7) -1.609 33 0.117 

Infant hospital stay 

(days) 

2.6 ( + 0.9) 2.5 ( + 0.7) 0.417 38 0.679 
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Head turns during pre-voice, voice and post-voice periods.  

In order to determine whether the newborns had a side bias in head turns, the sum of the 

three no-voice trials presented before the voices and the sun of the three no-voice trials presented 

after the voices were examined using  Chi-squared tests.  There were no differences in the 

numbers of no-turns, right turns, or left turns in the no-voice series of trials before and after the 

voice presentations, X
2
 (2) = 1.0198, p > 0.05.   Figure 11 shows that newborns did not have a 

side bias in head turns in this study.  

To determine whether there was a difference in the newborns‘ head turning to their 

mother‘s voice vs. their father‘s voice, two  Chi-squared tests were conducted on the number of 

no-turns and head turns toward and away from the mother‘s and father‘s voices.  First, head turns 

on the first presentation of each voice were examined. There were no differences in the number 

of no-turns, or head turns toward or away on the first presentation of each voice, X
2
 (2) = 1.000, 

p >.05. When the total  number of no-turns and head turns toward or away from each voice were 

summed over the three trials and examined, the analysis revealed a significant difference in the 

newborns‘ head turning responses to the mother‘s compared to the  father‘s voice ,  X
2
 (2) = 

39.5257, p < 0.01.  Simple effects analyses showed that newborns turned more often to their 

mother‘s voice, X
2
 (1) = 7.5630, p < 0.01.  In addition, they turned away more often to their 

father‘s voice, X
2
 (1) = 10.4516, p < 0.01.  There was no significant difference in the number of 

trials on which there were no turns.  As can be seen in Figure 12, newborns turn more often 

toward their mother‘s voices and away from their father‘s voices. 
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Figure 11. Percentage of newborns head turns to the left, head turns to the right, and no head 

turns to the 3 no-sound presentations before and 3 no-sound presentations after the 6 voice 

presentations.  
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Figure 12. Percentage of newborns head turns toward, away from, and no turns in response to 3 

presentations of the mother‘s voice and three presentations of the father‘s voice.  
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CHAPTER FIVE 

Discussion 

The purpose of this study was to gain a better understanding of auditory processing of the 

mother‘s and father‘s voices in healthy fetuses and newborns. The results suggest that near-term 

fetuses respond in a similar manner to both the mother‘s and father‘s voice. Fetuses show a heart 

rate increase which is sustained over the duration (i.e., 3 min) of an audio recording, indicating 

that they hear the voices and demonstrate sustained attention to them. There were no differences 

in the duration or number of body movements during the voice periods, signifying that FHR may 

be a more sensitive measure of fetal response to voices.  In addition, fetuses showed no heart rate 

response to their mother reading a story but showed a heart rate increase when a recording of the 

mother‘s reading was played back to them, replicating earlier work by Hepper et al. (1993). 

When these same fetuses were tested as newborns, they demonstrated a preference for their 

mother‘s voice compared to their father‘s voice, turning more often toward their mother‘s voice 

and turning away more often to their father‘s voice.  Results from this study suggest that while 

fetuses respond in a similar manner to both their mother‘s and father‘s voices, after birth they 

show a distinct preference for the mother‘s voice.   

The 20 min observation of spontaneous changes in FHR while the mother was at rest 

served two purposes. First, it showed that the heart rate baseline prior to presenting the audio 

recordings of the mother‘s voice first and father‘s voice first were similar. Second, because the 

20 min of continuous FHR recording while the mother was at rest mimicked the standardized 
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Non-Stress Test used in obstetrics, it served to confirm the good health of the fetuses when 

scored using clinical criteria. By the end of testing, all fetuses showed reactive tracings.   

In previous studies, researchers showed that fetuses responded to their mother‘s voice 

with a FHR increase (Kisilevsky et al., 2003; Kisilevsky et al. 2009). This finding was replicated 

in the current study.   In addition, fetuses showed no HR response to their mother reading a story 

but showed a HR increase when a recording of the mother‘s reading was played back to them 

over her abdomen, replicating earlier work by Hepper et al. (1993). A possible explanation for 

this differential response to the mother speaking vs. a recording of her voice could be response 

habituation. Every time the mother speaks the fetus would be expected to hear her voice.  Thus, 

over time, they may stop responding to the voice even though they can hear it. However, when 

her voice was played in a different manner, over the abdomen, fetuses were able to recognize the 

voice and respond to a familiar characteristic (e.g., fundamental frequency, prosody) to the 

novelty of the place or manner of presentation. 

Given that the fathers and mothers resided in the same household through the pregnancy, 

it was hypothesized that the father‘s voice was a familiar stimulus to the fetus.  Although fetuses 

responded similarly to their mother‘s voice as described previously by Kisilevsky and colleages 

(2003), the same could not be said with their response to their father‘s voice. Kisilevsky and 

colleagues (2009) reported that fetuses showed no heart rate change to their father‘s voice when 

it was played following their mother‘s voice. Instead they showed a heart rate increase following 

his voice offset. Their initial data suggested that there was a difference between the fetus‘s 

perception and memory of the mother‘s and the father‘s voice despite the fact that both voices 
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might be expected to represent ubiquitous environmental sounds.  The differences in findings 

between the studies might be attributed to methodology.  In this study, recent exposure to the 

father‘s voice was ensured for seven days prior to laboratory testing by having the fathers read to 

the fetus above the mother‘s unclothed abdomen.  The recent exposure to the father‘s voice in a 

manner similar to what would occur in the laboratory may have influenced the fetal response.  In 

Kisilevsky and colleague‘s (2009) study, fathers who participated in the study were not given a 

package of stories to read to the fetus prior to testing.  Providing a package of stories may have 

ensured some level of ‗minimal exposure‘ which leads to a memory trace of some characteristic 

of his voice.  In the Kisilevsky study, all of the fetuses had exposure to their mother‘s voice 

twice, once when she read the story and then when the audio was played back. Both 

presentations occurred prior to the presentation of the father‘s voice. One final difference 

between these two studies was the sample size. The larger sample size (n = 40) in the current 

study compared to the previous study (n = 20) may have allowed for the demonstration of a 

relatively low heart rate increase (~4 bpm) to the father‘s voice in this study.    

After birth, when response to the mother‘s vs. father‘s voice was examined using a head-

turning procedure with the same fetuses,  it was found that they turned more often toward their 

mother‘s voice and more often away from their father‘s voice.  These head-turning patterns 

indicate that newborns prefer their mother‘s voice over their father‘s voice within a week of 

birth. Whether or not this preference occurred because of more exposure to the mother 

immediately after birth is unknown.  Nonetheless, the observations here are in keeping with 

those of DeCasper and Fifer (1980) who showed that newborns prefer their mother‘s voice over 
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that of a female stranger and  DeCasper and Prescott (1984) who reported that newborns show no 

preference for the father‘s voice until four months of age.  In order to ensure that the newborns 

did not have a bias in head turning, they were presented with three pre-voice and post-voice trials 

(silence). On these trials there were few head turns to the left or right (10-20% of trials).   

In the present study, although fetuses responded similarly to their mother‘s compared to 

their father‘s voice with a FHR increase in utero, they demonstrated a preference for their 

mother‘s voice over their father‘s voice shortly after birth.  It should be noted however, that the 

fetal study demonstrated response to two voices and did not address the question of preference 

for one of the voices. To date, there is no known fetal procedure which can be used to 

demonstrate preference.  Therefore, one may not infer from these results that the fetuses had no 

preference for either the mother‘s or father‘s voice.   

One of the unknowns in this study is how the sample of father‘s who participated in this 

study compares to the population of Canadian father‘s in general. Fetal exposure to the father‘s 

voice was explored by asking, each couple to complete a questionnaire independently at the 

beginning of subject testing.  The mother‘s and father‘s estimates of the amount of exposure that 

the fetus had to the father‘s voice did not differ and it did not differ between the two voice 

groups.  This suggests that each mother and father perceived the amount of the father‘s voice 

exposure to their fetus to be similar.  In addition to the questionnaire, each father was asked to 

fill out a daily diary of his reading of one of the seven stories in the package. The results from 

the fathers‘ diaries revealed that approximately 88% of them reported reading all seven stories, 

8% reported reading six stories and the rest reported reading four stories to the fetus; there were 
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no differences between the two voice groups.  This high compliance rate was expected as the 

fathers who agreed to participate in the study reported being involved with the family.  Indeed, 

the fathers that volunteered to be a part of the study may have been more involved in taking an 

active role in parenthood throughout the pregnancy and the sample may not be representative of 

fathers in general. To control both for the reading of the stories and family involvement, in a 

future study, it would be necessary to include a group who did not systematically read to the 

fetus prior to testing, a group of novel male voices, as well as a group whose father‘s reported a 

lack of involvement in the fetal stage of development. Of course this later group might be 

difficult to recruit. If they are not involved in the pregnancy, they may not want to be involved in 

a fetal study.   

The amount of recent exposure that is required for fetuses to recognize and display a 

heart rate response is unknown.  The issue could be explored in future studies by examining the 

FHR response in a group of fathers who read to the fetus for varying lengths of time (e.g., 0 

days, 1 day, 7 days, 14 days) prior to testing.   

The present results provided support for the in-utero-speech-experience hypothesis.  

Fetuses exposed to their mother‘s voice via a loud speaker demonstrated an average of 5 bpm 

increase in HR over the first 30 s following voice onset.  This increase was sustained until the 

end of the recording period.  Similarly, fetuses showed an increase in HR to their father‘s voice 

when it was played via a loud speaker at an average of 4 bpm over the first 40 s and was 

sustained throughout the recording. This replicated and extended the work by Kisilevsky et al. 

(2003) who showed that fetuses responded with a FHR increase to their mother‘s voice but did 



 

59 

 

not examine the father‘s voice played first. Instead, they tested a female stranger‘s voice and 

found that the fetuses showed a small heart rate decrease to the stranger. Kisilevsky and 

colleagues suggested that the difference they found between the mother and a female stranger‘s 

voice was most likely due to the familiarity of the voice, with the mother‘s voice being familiar 

and the stranger‘s voice being novel.  They also concluded that the fetuses‘ differential responses 

suggested that fetuses were capable of remembering and recognizing characteristics of their 

mother‘s voice. Accordingly, the FHR increase to the father‘s voice observed here also may 

suggest that the fetuses had learned characteristics of the father‘s voice throughout pregnancy or 

during the reading of the stories in the week before testing.  

In this study, the heart rate response to the mother reading a story compared to when the 

story was played back via a loud speaker also was examined.  Fetuses showed no HR response to 

their mother reading a story but showed a HR increase when a recording of her reading was 

played, replicating earlier work by Hepper et al. (1993).  If the fetus learns the characteristics of 

the mother‘s voice over gestation as suggested by others (e.g., DeCasper & Spence, 1986; 

Kisilevsky et al., 2003; Kisilevsky et al., 2009), then the FHR responses observed here may 

represent a novelty response to a different location or a different quality of her voice.  The 

mother‘s voice was presented less directly via a loudspeaker through the abdominal wall and 

amniotic fluid rather than through bone and fluid conduction within the cranial cavity. Firm 

conclusions await future research. 

Fetal body movement responses as well as heart rate responses also were examined.   

There were no differences in either the duration or the number of body movements before, 
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during, or after the playing of either voice, indicating that the fetuses did not show a change in 

body movements to either voice. Clearly, fetal body movements are not a sensitive measure in 

the procedure used here.  The body movement results found in this study replicated those 

reported in previous studies (e.g., Hepper et al., 1993; Hepper 1991; Kisilevsky et al., 2003).   

In summary, term fetuses showed a similar heart rate increase to their mother‘s and 

father‘s audio recorded voices played via a loud speaker over the mother‘s abdomen. After birth, 

however, they showed a preference to their mother‘s voice over their father‘s voice, turning their 

head more often toward her voice and more often away from the father‘s voice. Overall, the 

study results demonstrated that mother‘s and father‘s voices capture and sustain fetal attention.  

Their responses differed during the newborn period but at the present time there is no fetal 

procedure comparable to newborn head-turning which could be used to ask about preference.   
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APPENDIX A 

Queen’s University School of Nursing and 

Kingston General Hospital Department of Obstetrics/Gynaecology 

Research Information and Consent Form 

Study: Fetal and Newborn Auditory Processing of the Mother‘s and Father‘s Voices  

 

Explanation of Study 

You are invited to participate in a study of fetal and newborn learning of the mother‘s and father‘s 

voice.  The purpose of this study is to learn more about the sounds in the environment that the unborn 

baby learns. The ultimate objective of this line of research is to understand more about the normal 

development of babies before and after they are born so that better tests of their health can be developed.  

There are two parts to the study, one before birth and one after birth while the baby is still in 

hospital. Prior to the study, your partner will be given 7 passages from different children‘s stories 

(approximately 3 min each) and he will be asked to read one of these stories daily while your abdomen is 

exposed, for each of the 7 days prior to the testing.  He will also be asked to keep a diary of when he does 

the reading. The first part of the study will take place before the baby is born and takes about 50-60 

minutes.  When you come to the laboratory, we will ask you some demographic (e.g., age), obstetrical 

(e.g., number of pregnancies), and smoking history, and language questions. We also will be asking you 

and your partner to fill out a questionnaire to explore the amount of exposure the unborn baby has to the 

father‘s voice during the pregnancy.  Then, you will read a children‘s story for about 3 minutes which we 

will record on a computer.  While you are reading the story and for a total of 20 min afterwards, we will 

record the baby‘s heart rate while you rest quietly (no talking) lying in bed. While you are resting quietly, 

the father‘s voice will be recorded in another room on the computer reading the same children‘s story also 

for 3 min.  After the 20 min rest period, the 3 minute recording that you or your husband made will be 

played through a loud speaker held above your abdomen. There will be another 20 min rest period during 

which we will measure 4 pockets of amniotic fluid using the ultrasound scanner and then the other voice 

will be played to the fetus in the same way.  During the playing of your voice and your husband‘s voice, 

the unborn baby‘s heart rate will be recorded using a fetal heart rate monitor and we will observe him/her 

on ultrasound scan. The scan will be videotaped.  
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  The sound and ultrasound monitors used have no known effects on babies or mothers.  The 

ultrasound is the same as that now used for other tests in pregnancy. 

The second part of the study takes place after the baby is born.  The baby will be tested within the 

first few days after birth while s/he is still in hospital.  This study will take approximately 20 minutes and 

includes playing three, 20 second segments of the recording of your voice and your husband‘s voice that 

were played to the unborn baby. We will videotape the baby during the playing of the voices to see 

whether s/he turns his/her head toward or away from the voices 

Risks and Benefits 

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

Participation in this study is voluntary and there is no compensation 

 

Consent   

I agree to participate and I give permission for my 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 reason.  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.  I also understand that confidentiality of my participation will be maintained.  

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 

me 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 pregnancy and 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 audiotapes of my voice may be used for research and 

educational purposes, including publication, with no disclosure of either my or his/her identity. 

 

Mother‘s Signature_________________________________ 

Date_____________________________________________ 

Witness___________________________________________ 
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I agree to have my voice audio-recorded and used for 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 reason. The audiotapes of my voice may be used for research and educational 

purposes, including publication, with no disclosure of my identity. 

Father‘s Signature ________________________     Date___________________ 

Witness_________________________________ 

 

I have carefully explained the nature of this research study to the participants. 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 

Investigator, Grace Yan Chi Lee, BNSc (613-453-9398) or her supervisor B. Kisilevsky, PhD (613-533-

6000, Ext 74766), or 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) The ultrasound observations are not being done for clinical purposes and will not be reviewed 

by a physician.  

2) Our observations of your unborn baby during this study will not tell us whether or not she/he 

is healthy. 

3) During this study, we will not determine the sex of your unborn baby.    
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APPENDIX B 

DEMOGRAPHICS OF MOTHER 

 

Date of Testing _____________________ Time of Testing ___________________ 

 

Mother‘s First Name and last initial ________________________________________ 

 

Mother‘s Date of Birth ______________________________     Age __________ 

 

Height: _________    Weight: Pre-pregnancy __________ Current: __________ 

 

Education (last year completed) ___________________ Employment Status ___________ 

 

Phone # ____________________________________ 

 

Family physician ________________________ Obstetrician ____________________ 

 

*G____T____P____A____L____    EDD ____________     GA ____________ 

 

Smoker:  No ______    Yes ______     Amount per day ___________________              

   

Medications__________________________________________________________ 

 

Other pertinent information: ______________________________________________ 

Amniotic Fluid Index (AFI) measurement: 

RUQ: ___________________   LUQ: ___________________ 

 

RLQ: ___________________   LLQ: ___________________ 

 

AFI ___________________ 

 

*G= Gravida, T = Term, P = Preterm, A = Abortion, L = Living 
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APPENDIX B 

DEMOGRAPHICS OF FATHER 

 

Date of Testing _____________________ Time of Testing ___________________ 

 

Father‘s First Name and last initial ________________________________________ 

 

Father‘s Date of Birth ______________________________     Age __________ 

 

Education (last year completed) ___________________________ Employment Status ___________ 

 

Smoker:  No ______    Yes ______     Amount per day ___________________              
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APPENDIX C 

QUESTIONNAIRE – PARENT’S PERCETION OF FATHER’S EXPOSURE TO FETUS 

 

The following questionnaire is designed to explore the amount of exposure that the father has to the fetus 

in the household.  Please answer the questions and submit it to the researcher when completed. 

 

 

1) For approximately how many minutes have you spent talking to your partner yesterday? 

_______________________________________________________________________ 

 

2) Does the father talk to the fetus? Yes ____(With clothes ___ Bare Abdomen ___) No __ 

 

3) Does the father play with the fetus (i.e. tap on the mother‘s abdomen)  Yes ___ No ___ 

 

4) Do you live with any other male members in the same house?  Yes _____  No _____ 

 

5) If the father was away from home during the pregnancy, how many days has he been away since 30 

weeks of pregnancy? 

________________________________________________________________________ 
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APPENDIX D 

DEMOGRAPHICS OF BABY 

 

Baby‘s Name (first, middle initial) _______________________ Gender:   M     F      

 

Birth date ______________________ Gestational age________________________  

 

Length of labour ___________________ Type of Birth: _______________________ 

 

Complications during labour & birth:  

______________________________________________________________________________ 

 

Head circumference _________cm                   Length _________cm   

 

Chest circumference _________cm         Abdominal circum. _________cm   

 

Birth weight _________g                                     Percentile___________% 

 

APGAR score: 1 min __________ 5 min _________     

 

Cord gases: 

 
               Artery                Vein 

 

 

Base Excess: ___________ Base Excess: ___________ 

 pH: ___________ pH: ___________ 

  

 Length of hospital stay _____________  Passed Hearing test :  Yes _____    No _____ 

Comments: 

_____________________________________________________________________________________

__________________________________________________________________ 
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APPENDIX E 

STORY READING DIARY BY THE FATHER 

 

 Date Story Time (min) 

1    

 

2    

 

3    

 

4    

 

5    

 

6    

 

7    
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APPENDIX F 

STORY  

Cinderella 

Once upon a time, there lived near the capital city of a large kingdom a very worthy gentleman 

and his beautiful and amiable young wife. They loved each other tenderly, and they had not been 

wedded long before there was a pretty little girl baby in the nursery. For a time, both parents 

were very happy, but their joy did not last forever. Just as the daughter was growing up into a 

fair and lovely girl, the mother fell ill and died. 

 

After a while, the father married again. Unhappily, the choice he made this time was not a good 

one. The lady he married was very rich, but proud and ill-tempered, and she had two grown-up 

daughters of exactly her own disposition. 

 

The marriage was no sooner over than the new wife began to be very harsh toward her step-

child, whose gentle and loving disposition caused the behavior of her own daughters to appear 

even more detestable than before. She made her do all the hard work of the house; scrub the 

floor, polish the grates, answer the door, wait at table, and wash up the plates and dishes. 

 

But the poor child would not complain, even to her father, who always showed the most anxious 

affection for her. She knew how unhappy he, too, was in this second marriage, and how 

powerless to help her. When her work was done, she would sit for warmth in a corner of the 

chimney, among the cinders; and for this reason, and to show how much they despised her, the 

unkind sisters gave her the name of Cinderella. 

 

One day the two sisters received an invitation to a ball that was to be given at the palace of the 

King, in honor of his son, the Prince, who had just come of age. An invitation to this ball being a 

great honor, the sisters were in high glee, and at once began making preparations to appear there 

in grand style. 

 

This meant a great deal more work for Cinderella. She had to do all the sewing and ironing, to 

starch and plait the ruffles, to run out three or four times a day to make purchases, and, when the 

day of the ball came, to help her proud sisters dress, even to the arranging of their hair; for they 

knew she had excellent taste in all these matters, although they would not deign to admit it 

openly. 
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At last the time came to start, and the sisters rode off to the ball, being mean enough at the last 

moment to taunt Cinderella with not having been invited. The poor girl retired to her dismal 

kitchen, and could not help weeping as she sat there, thinking over her sisters' cruelty. 

 

Suddenly she heard a tap at the door, and when she opened it there walked in an odd-looking 

little woman, who carried a wand in her hand. She was a Fairy who had been a great friend of 

Cinderella's mother while she was alive, and had been chosen as godmother for Cinderella when 

she was born. After telling Cinderella who she was, she asked her why she had been weeping. 
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STORY  

The Three Little Pigs 

 

Once upon a time there were three little pigs and the time came for them to leave home and seek 

their fortunes. 

Before they left, their mother told them "Whatever you do , do it the best that you can because 

that's the way to get along in the world.‖ 

The first little pig built his house out of straw because it was the easiest thing to do. 

The second little pig built his house out of sticks. This was a little bit stronger than a straw 

house. 

The third little pig built his house out of bricks. 

One night the big bad wolf, who dearly loved to eat fat little piggies, came along and saw the 

first little pig in his house of straw. He said "Let me in, Let me in, little pig or I'll huff and I'll 

puff and I'll blow your house in!" 

"Not by the hair of my chinny chin chin", said the little pig. 

But of course the wolf did blow the house in and ate the first little pig. 

"Let me in,Let me in little pig or I'll huff and I'll puff and I'll blow your house in"  

"Not by the hair of my chinny chin chin", said the little pig. But the wolf blew that house in too, 

and ate the second little pig. 

The wolf then came to the house of bricks. 

"Let me in , let me in", cried the wolf, "Or I'll huff and I'll puff till I blow your house in" 

"Not by the hair of my chinny chin chin" said the third little pig. 

Well, the wolf huffed and puffed but he could not blow down that brick house. 

But the wolf was a sly old wolf and he climbed up on the roof to look for a way into the brick 

house. 
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The little pig saw the wolf climb up on the roof and lit a roaring fire in the fireplace and placed 

on it a large kettle of water. 

When the wolf finally found the hole in the chimney he crawled down and KERSPLASH right 

into that kettle of water and that was the end of his troubles with the big bad wolf. 

The next day the little pig invited his mother over. She said "You see it is just as I told you. The 

way to get along in the world is to do things as well as you can." Fortunately for that little pig, he 

learned that lesson. And he just lived happily ever after! 
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STORY  

Little Red Riding Hood 

Once upon a time in a small village there lived a beautiful young girl. Her mother was a large 

and jolly woman who looked after her as if she was a diamond. With a great deal of love she 

made her a long red cape with a little bright red hood. Everywhere that she went in the village 

people would call her Little Red Riding Hood. She felt like a star. She even signed her 

homework 'Little red Riding Hood', even though her real name was Imogene Gumm. 

One crisp autumn day her mother made a rich moist fruit cake, and said to Little Red Riding 

Hood, "One of the neighbours tells me your grandmother is ill. Be so kind as to take her this cake 

and this bowl of rum butter, so she can get better. And don't forget..." What great advice was her 

mother about to give the girl? "Don't forget to wear that precious red cape I made you!" 

Little Red Riding Hood skipped off through the woods to grandma's house, thinking how cute 

she must look. As she was skipping and whistling she bumped into a wolf. He was very hungry, 

and wanted to gobble her up immediately. He decided not to as there were lumberjacks nearby 

and he thought that they might hear her yelling. The Wolf was very smart. He politely asked 

Little Red Riding Hood where she was going. 

Little Red Riding Hood batted her eyes - here was another fan! She told the wolf everything. "I 

am going to my grandmother's house", she said, "to take her a rich moist fruitcake and some rum 

butter." The Wolf looked at Little red Riding Hood and licked his lips. He spoke very gently. 

"This grandmother is very lucky to have such an adorable granddaughter. Where does she live?" 

Little Red Riding Hood was flattered. She pointed down the path and gave very good directions 

as to how to get to her grandmother's house. "It's in a very private neighbourhood, you know. 

Just in the next valley near the windmill, number 1A Fable Lane." She even gave the address! 

The Wolf laughed and told Little Red Riding Hood that they would have a race to her 

grandmother's house. "You take the high road and I'll take the low road", he said. His road was 

shorter, and he was off in a dash, racing as fast as his four legs could carry him. 

Little Red Riding Hood watched him disappear into the forest. She began to skip but before long 

she lost interest in the race and settled down beside a pond. She looked at her reflection in the 

water, thinking how special she was, and even forgot about her poor sick grandmother! She 

brushed her hair and watched the dragonflies hover above the lily pads. 

 

The Wolf arrived at her grandmother's house very quickly. He knocked on the bright blue door 

of 1A Fable Lane. 
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"Who is there?" called out a lovely, tired old voice. 

 "It is Little Red Riding Hood," said the Wolf with a voice as soft as butter. "I have brought you 

a fruit cake and rum butter to help you feel better."  

 

The voice said, "The door is open, my sweet pea."  

 

The door flew open and the Wolf burst in! Before Little Red Riding Hood's grandmother even 

had a chance to scream he had jumped on the bed and gobbled her up. 
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STORY  

The Hare and the Tortoise  

"Why do you move along so slowly?" said a hare to a tortoise. "Let me show you how to get 

over the ground."  

"You think I am slow, do you?" replied the tortoise. "Let us run a race to the cross-roads. I think 

I can beat you."  

"Do you hear that?" said the hare to a fox, who was standing near. "Could anyone even think that 

such a slow-coach could beat me in a race?"  

"It would be a good joke if he did," said the fox. "Do you wish to run a race? I will be the judge, 

if you care to have me."  

"That suits me well," answered the hare.  

"I am willing," said the tortoise.  

So the fox marked off a place for starting, and set up a stake at the goal.  

The hare and the tortoise stood side by side, and at the command, "Go!", from the fox, they 

began the race.  

The hare bounded along and was very soon far ahead of the tortoise. He called back to the fox, "I 

think I shall take a little nap before I finish the race; the tortoise will not reach here for an hour or 

more." So he lay down in some bushes and went to sleep.  

Every minute brought the tortoise a little nearer to the goal. He did not stop for a second.  

At last he passed the hare, but the hare still slept. On and on he plodded; it was a long way, but 

he had no thought of stopping.  

He came nearer and nearer the goal. At last his foot touched the stake.  

The hare wakened, stretched himself, and leaped toward the goal. "What, you here!" he cried 

when he saw the tortoise. "How did you ever reach here?"  

"Just by keeping at it," said the tortoise.  

 



 

84 

 

STORY  

The Hazelnut Child  

There was once upon a time a couple who had no children, and they prayed Heaven every day to 

send them a child, though it was no bigger than a hazel-nut. At last Heaven heard their prayer 

and sent them a child exactly the size of a hazel-nut, and it never grew an inch. The parents were 

very devoted to the little creature, and nursed and tended it carefully. Their tiny son too was as 

clever as he could be, and so sharp and sensible that all the neighbours marvelled over the wise 

things he said and did.  

When the Hazel-nut child was fifteen years old, and was sitting one day in an egg-shell on the 

table beside his mother, she turned to him and said, 'You are now fifteen years old, and nothing 

can be done with you. What do you intend to be?'  

'A messenger,' answered the Hazel-nut child.  

Then his mother burst out laughing and said, 'What an idea! You a messenger! Why, your little 

feet would take an hour to go the distance an ordinary person could do in a minute!'  

But the Hazel-nut child replied, 'Nevertheless I mean to be a messenger! Just send me a message 

and you'll see that I shall be back in next to no time.'  

So his mother said, 'Very well, go to your aunt in the neighbouring village, and fetch me a comb.' 

The Hazel-nut child jumped quickly out of the egg-shell and ran out into the street. Here he 

found a man on horseback who was just setting out for the neighbouring village. He crept up the 

horse's leg, sat down under the saddle, and then began to pinch the horse and to prick it with a 

pin. The horse plunged and reared and then set off at a hard gallop, which it continued in spite of 

its rider's efforts to stop it. When they reached the village, the Hazel-nut child left off pricking 

the horse, and the poor tired creature pursued its way at a snail's pace. The Hazel-nut child took 

advantage of this, and crept down the horse's leg; then he ran to his aunt and asked her for a 

comb. On the way home he met another rider, and did the return journey in exactly the same 

way. When he handed his mother the comb that his aunt had given him, she was much amazed 

and asked him, 'But how did you manage to get back so quickly?'  

'Ah! mother,' he replied, 'you see I was quite right when I said I knew a messenger was the 

profession for me.'  

His father too possessed a horse which he often used to take out into the fields to graze. One day 

he took the Hazel-nut child with him. At midday the father turned to his small son and said, 'Stay 

here and look after the horse. I must go home and give your mother a message, but I shall be 

back soon.'  
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When his father had gone, a robber passed by and saw the horse grazing without any one 

watching it, for of course he could not see the Hazel-nut child hidden in the grass. So he mounted 

the horse and rode away. But the Hazel-nut child, who was the most active little creature, 

climbed up the horse's tail and began to bite it on the back, enraging the creature to such an 

extent that it paid no attention to the direction the robber tried to make it go in, but galloped 

straight home. The father was much astonished when he saw a stranger riding his horse, but the 

Hazel-nut child climbed down quickly and told him all that had happened, and his father had the 

robber arrested at once and put into prison.  
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STORY  

Snow White 

A long time ago, a child was born to a queen and king and she was called Snow White.  When the queen 

died, the king married again.  This new queen was wicked and hated Snow white.  The queen gave orders 

that Snow White was to be treated as a servant. 

Snow White grew very beautiful and one day a Prince riding by, saw her at work and fell in love with her. 

The queen was beautiful too, and every day she asked her Magic Mirror, "Who is the fairest in the land?" 

and the mirror always answered, "You are the fairest one of all". 

But one day the mirror answered Snow White was the fairest in the land, and in a rage the queen gave 

orders to one of her Huntsmen to take Snow White into the woods and kill her. Huntsman had a kind 

heart and couldn't do the deed so told her to run away.  She fled into the woods where Seven little dwarfs 

lived.  Their house was small and strange. 

Snow White entered the little house and finding it very untidy, started to clean up.  Upstairs she found 

seven little beds.  She was very tired and stretching out on one of the beds, was soon asleep. 

When the Dwarfs came home they were surprised to find Snow White and after some argument, decided 

to let her stay.  She promised to cook and look after them. 

The Queen discovered where Snow White was living and disguising herself as a witch, took a poisoned 

apple and set out for the Dwarfs cottage.  She gave Snow White the poisoned apple to eat and as soon as 

she bit the apple, she sank into unconsciousness. 

Thinking she was dead, the Dwarfs built a glass coffin and put her in it. For days she lay in the forest in 

her glass coffin.  One day, the Prince was riding through the forest looking for  

Snow White and found her.  He leaned over and kissed her.  She opened her eyes and sat up with a smile. 

Everyone was happy.  The Prince took Snow White to his palace where they were married and lived 

happily ever after. 

STORY  
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The Gingerbread Man 

Once upon a time a little old woman and a little old man lived in a cottage. One day the little old 

woman made a gingerbread man. She gave him currants for eyes and cherries for buttons. She 

put him in the oven to bake. 

The little old woman and little old man were very hungry and wanted to eat the gingerbread man. 

As soon as he was cooked, the little old woman opened the oven door. The gingerbread man 

jumped out of the tin and ran out of the open window shouting, 'Don't eat me!' 

The little old woman and little old man ran after the gingerbread man. 

'Stop! Stop!' they yelled.The gingerbread man did not look back. He ran on saying, 

'Run, run as fast as you can! You can't catch me, I'm the gingerbread man!‘ 

Down the lane he sped when he came to a pig. ―Stop! Stop! I would like to eat you," shouted the 

pig. The gingerbread man was too fast.  

He ran on saying, "Run, run as fast as you can. You can't catch me, I'm the gingerbread man.‖ 

A little further on he met a cow. ―Stop! Stop! little man,' called the hungry cow, 'I want to eat 

you.‖ Again the gingerbread man was too fast. He sped on down the road saying, "Run, run as 

fast as you can. You can't catch me, I'm the gingerbread man." 

The cow began to chase the gingerbread man along with the pig, and the little old woman. But 

the gingerbread man was too fast for them. 

It was not long before the gingerbread man came to a horse. ―Stop! Stop‖' shouted the horse. ―I 

want to eat you, little man.‖ But the gingerbread man did not stop. He said, ―Run, run as fast as 

you can. You can't catch me, I'm the gingerbread man.‖ 

The horse joined in the chase. The gingerbread man laughed and laughed, until he came to a 

river. 'Oh no!' he cried, 'They will catch me. How can I cross the river?' 

A sly fox came out from behind a tree. ―I can help you cross the river,‖ said the fox. ―Jump on to 

my tail and I will swim across.‖  

 

 ―You won't eat me, will you?‖ said the gingerbread man. 

 ―Of course not,‖ said the fox, ―I just want to help.‖ 
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The gingerbread man climbed on the fox's tail. Soon the gingerbread man began to get wet. 

―Climb onto my back,‖ said the fox. So the gingerbread man did. As he swam the fox said, ―You 

are too heavy. I am tired. Jump onto my nose.‖ So the gingerbread man did as he was told. 

No sooner had they reached the other side, than the fox tossed the gingerbread man up in the air. 

He opened his mouth and 'Snap!' that was the end of the gingerbread man. 
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STORY  

The Sleeping Beauty 

Once upon a time there were a king and queen who said every day, "Ah, if only we had a child," 

but they never had one.  

But it happened that once when the queen was bathing, a frog crept out of the water on to the 

land, and said to her, "Your wish shall be fulfilled, before a year has gone by, you shall have a 

daughter."  

What the frog had said came true, and the queen had a little girl who was so pretty that the king 

could not contain himself for joy, and ordered a great feast. He invited not only his kindred, 

friends and acquaintances, but also the wise women, in order that they might be kind and well-

disposed towards the child. There were thirteen of them in his kingdom, but, as he had only 

twelve golden plates for them to eat out of, one of them had to be left at home.  

The feast was held with all manner of splendor and when it came to an end the wise women 

bestowed their magic gifts upon the baby - one gave virtue, another beauty, a third riches, and so 

on with everything in the world that one can wish for.  

When eleven of them had made their promises, suddenly the thirteenth came in. She wished to 

avenge herself for not having been invited, and without greeting, or even looking at anyone, she 

cried with a loud voice, "The king's daughter shall in her fifteenth year prick herself with a 

spindle, and fall down dead." And, without saying a word more, she turned round and left the 

room.  

They were all shocked, but the twelfth, whose good wish still remained unspoken, came forward, 

and as she could not undo the evil sentence, but only soften it, she said, it shall not be death, but 

a deep sleep of a hundred years, into which the princess shall fall.  

The king, who would fain keep his dear child from the misfortune, gave orders that every spindle 

in the whole kingdom should be burnt. Meanwhile the gifts of the wise women were plenteously 

fulfilled on the young girl, for she was so beautiful, modest, good-natured, and wise, that 

everyone who saw her was bound to love her.  

It happened that on the very day when she was fifteen years old, the king and queen were not at 

home, and the maiden was left in the palace quite alone. So she went round into all sorts of 

places, looked into rooms and bed-chambers just as she liked, and at last came to an old tower. 

She climbed up the narrow winding-staircase, and reached a little door. A rusty key was in the 

lock, and when she turned it the door sprang open, and there in a little room sat an old woman 

with a spindle, busily spinning her flax.  
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"Good day, old mother," said the king's daughter, "what are you doing there?"  

"I am spinning," said the old woman, and nodded her head.  

"What sort of thing is that, that rattles round so merrily," said the girl, and she took the spindle 

and wanted to spin too. But scarcely had she touched the spindle when the magic decree was 

fulfilled, and she pricked her finger with it.  

And, in the very moment when she felt the prick, she fell down upon the bed that stood there, 

and lay in a deep sleep. And this sleep extended over the whole palace, the king and queen who 

had just come home, and had entered the great hall, began to go to sleep, and the whole of the 

court with them. 
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STORY  

The Frog Prince 

One fine evening a young princess put on her bonnet and clogs, and went out to take a walk by 

herself in a wood; and when she came to a cool spring of water with a rose in the middle of it, 

she sat herself down to rest a while. Now she had a golden ball in her hand, which was her 

favourite plaything; and she was always tossing it up into the air, and catching it again as it fell.  

     After a time she threw it up so high that she missed catching it as it fell; and the ball bounded 

away, and rolled along on the ground, until at last it fell down into the spring. The princess 

looked into the spring after her ball, but it was very deep, so deep that she could not see the 

bottom of it. She began to cry, and said, 'Alas! if I could only get my ball again, I would give all 

my fine clothes and jewels, and everything that I have in the world.'  

     Whilst she was speaking, a frog put its head out of the water, and said, 'Princess, why do you 

weep so bitterly?'  

     'Alas!' said she, 'what can you do for me, you nasty frog? My golden ball has fallen into the 

spring.'  

     The frog said, 'I do not want your pearls, and jewels, and fine clothes; but if you will love me, 

and let me live with you and eat from off your golden plate, and sleep on your bed, I will bring 

you your ball again.'  

     'What nonsense,' thought the princess, 'this silly frog is talking! He can never even get out of 

the spring to visit me, though he may be able to get my ball for me, and therefore I will tell him 

he shall have what he asks.'  

     So she said to the frog, 'Well, if you will bring me my ball, I will do all you ask.'  

     Then the frog put his head down, and dived deep under the water; and after a little while he 

came up again, with the ball in his mouth, and threw it on the edge of the spring.  

     As soon as the young princess saw her ball, she ran to pick it up; and she was so overjoyed to 

have it in her hand again, that she never thought of the frog, but ran home with it as fast as she 

could. 

The frog called after her, 'Stay, princess, and take me with you as you said,'  

     But she did not stop to hear a word.  

     The next day, just as the princess had sat down to dinner, she heard a strange noise - tap, tap - plash, 

plash - as if something was coming up the marble staircase, and soon afterwards there was a gentle knock 

at the door, and a little voice cried out and said:  

      

     'Open the door, my princess dear,  

     Open the door to thy true love here!  

     And mind the words that thou and I said  
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     By the fountain cool, in the greenwood shade.'  

      

Then the princess ran to the door and opened it, and there she saw the frog, whom she had quite forgotten. 

At this sight she was sadly frightened, and shutting the door as fast as she could came back to her seat.  

     The king, her father, seeing that something had frightened her, asked her what was the matter.  

     'There is a nasty frog,' she said , 'at the door, that lifted my ball for me out of the spring this morning. I 

told him that he should live with me here, thinking that he could never get out of the spring; but there he 

is at the door, and he wants to come in.'  

     While she was speaking the frog knocked again at the door, and said:  

      

     'Open the door, my princess dear,  

     Open the door to thy true love here!  

     And mind the words that thou and I said  

     By the fountain cool, in the greenwood shade.'  
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STORY  

Thumbelina 

There was once a woman who wanted to have quite a tiny, little child, but she did not know 

where to get one from. So one day she went to an old Witch and said to her: 'I should so much 

like to have a tiny, little child; can you tell me where I can get one?'  

'Oh, we have just got one ready!' said the Witch. 'Here is a barley-corn for you, but it's not the kind the 

farmer sows in his field, or feeds the cocks and hens with, I can tell you. Put it in a flower-pot, and then 

you will see something happen.' 

 

'Oh, thank you!' said the woman, and gave the Witch a shilling, for that was what it cost. Then she went 

home and planted the barley-corn; immediately there grew out of it a large and beautiful flower, which 

looked like a tulip, but the petals were tightly closed as if it were still only a bud. 

 

'What a beautiful flower!' exclaimed the woman, and she kissed the red and yellow petals; but as she 

kissed them the flower burst open. It was a real tulip, such as one can see any day; but in the middle of the 

blossom, on the green velvety petals, sat a little girl, quite tiny, trim, and pretty.  

 

She was scarcely half a thumb in height; so they called her Thumbelina. 

 

An elegant polished walnut-shell served Thumbelina as a cradle, the blue petals of a violet were her 

mattress, and a rose-leaf her coverlid.  

 

There she lay at night, but in the day-time she used to play about on the table; here the woman had put a 

bowl, surrounded by a ring of flowers, with their stalks in water, in the middle of which floated a great 

tulip pedal, and on this Thumbelina sat, and sailed from one side of the bowl to the other, rowing herself 

with two white horse-hairs for oars. 

 

It was such a pretty sight! She could sing, too, with a voice more soft and sweet than had ever been heard 

before.  
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One night, when she was lying in her pretty little bed, an old toad crept in through a broken pane in the 

window. She was very ugly, clumsy, and clammy; she hopped on to the table where Thumbelina lay 

asleep under the red rose-leaf. 

'This would make a beautiful wife for my son,' said the toad, taking up the walnut-shell, with Thumbelina 

inside, and hopping with it through the window into the garden.  

 

There flowed a great wide stream, with slippery and marshy banks; here the toad lived with her son. Ugh! 

How ugly and clammy he was, just like his mother! 'Croak, croak, croak!' was all he could say when he 

saw the pretty little girl in the walnut-shell. 

 

'Don't talk so load, or you'll wake her,' said the old toad. 'She might escape us even now; she is as light as 

a feather. We will put her at once on a broad water-lily leaf in the stream. That will be quite an island for 

her; she is so small and light. She can't run away from us there, whilst we are preparing the guest-chamber 

under the marsh where she shall live.' 

 

  

 



 

95 

 

STORY  

Goldilocks and the Three Bears 

Once upon a time, there was a little girl named Goldilocks.  She went for a walk in the forest.  

Pretty soon, she came upon a house.  She knocked and, when no one answered, she walked right 

in.  

 

At the table in the kitchen, there were three bowls of porridge. Goldilocks was hungry.  She 

tasted the porridge from the first bowl.  

"This porridge is too hot!" she exclaimed. 

So, she tasted the porridge from the second bowl. 

"This porridge is too cold," she said 

So, she tasted the last bowl of porridge. 

"Ahhh, this porridge is just right," she said happily and she ate it all up. 

After she'd eaten the three bears' breakfasts she decided she was feeling a little tired.  So, she 

walked into the living room where she saw three chairs.  Goldilocks sat in the first chair to rest 

her feet.    

"This chair is too big!" she exclaimed. 

So she sat in the second chair. 

"This chair is too big, too!"  she whined. 

So she tried the last and smallest chair. 

"Ahhh, this chair is just right," she sighed.  But just as she settled down into the chair to rest, it 

broke into pieces! 

Goldilocks was very tired by this time, so she went upstairs to the bedroom.  She lay down in the 

first bed, but it was too hard. Then she lay in the second bed, but it was too soft. Then she lay 

down in the third bed and it was just right.  Goldilocks fell asleep. 

 

As she was sleeping, the three bears came home.  
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"Someone's been eating my porridge," growled the Papa bear. 

"Someone's been eating my porridge," said the Mama bear. 

"Someone's been eating my porridge and they ate it all up!" cried the Baby bear. 

"Someone's been sitting in my chair," growled the Papa bear. 

"Someone's been sitting in my chair," said the Mama bear. 

"Someone's been sitting in my chair and they've broken it all to pieces," cried the Baby bear. 

 

They decided to look around some more and when they got upstairs to the bedroom, Papa bear 

growled, "Someone's been sleeping in my bed," 

"Someone's been sleeping in my bed, too" said the Mama bear 

"Someone's been sleeping in my bed and she's still there!" exclaimed Baby bear. 

 

Just then, Goldilocks woke up and saw the three bears.  She screamed, "Help!"  And she jumped 

up and ran out of the room.  Goldilocks ran down the stairs, opened the door, and ran away into 

the forest.  And she never returned to the home of the three bears. 
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STORY  

Jack and the Beanstalk 

Once upon a time there was a very poor woman who lived in a little country village, many miles 

from the nearest city. She was a widow, and had one child, a son named Jack. She felt so bad that 

Jack had no father, and that they were so poor, that she spoiled him. She did all the chores, 

chopped the wood for the fire, and all the cooking.  

 

Jack was not stupid, but as he grew up he did not know how to do anything well at all. For it is 

only by doing things that you can learn.  

It is tough for one person to work and feed a growing boy, and the little family grew poorer and poorer. 

The mother sold the furniture from the living room, and even her wedding ring, to get money for food. 

Soon all they had left was the cow – and she was so old and so ill-fed that she could no longer even give 

milk.  

 

Finally, there was not even enough food for one more day, and of course no milk.  

 

The poor woman one day met Jack with tears in her eyes; she said, "I have not enough money to purchase 

even a bit of bread for another day—nothing now remains to sell but my poor cow! I am sorry to part with 

her; but we must not starve."  

As he was going along, he met a butcher, who inquired why he was driving the cow from home. Jack 

replied, he was going to sell it. The butcher held some curious beans in his hat. The beans were of 

various colours.  

 

The butcher smiled and told Jack, "These are magic beans! Make a wish on them and you'll never 

want for money again!" Silly Jack was excited - he traded the cow for the beans. Jack ran home, 
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calling aloud to his mother before he reached home, thinking to surprise her.  

His mother was shocked and angry. She threw the beans out the window, and sent Jack to bed without 

dinner – because of course there was no dinner to be had and no money to buy any.  

 

Jack woke early in the morning, and looked out the window. He couldn't believe it! The beans had 

taken root, and sprung up surprisingly: the stalks were of an immense thickness, and had so entwined, 

that they formed a ladder nearly like a chain in appearance. 

 

Jack began to climb the beanstalk. After climbing for some hours, reached the top of the bean-

stalk, fatigued and quite exhausted. Looking around, he found himself in a strange country; it 

appeared to be a desert, quite barren, not a tree, shrub, house, or living creature to be seen; here and 

there were scattered fragments of stone.  
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STORY  

Rumpelstiltskin 

Once there was a miller who was poor, but who had a beautiful daughter.  Now it happened that 

he had to go and speak to the king, and in order to make himself appear important he said to him, 

―I have a daughter who can spin straw into gold.‖  The king said to the miller, ―that is an art 

which pleases me well, if your daughter is as clever as you say, bring her to-morrow to my 

palace, and I will put her to the test.‖ 

 

And when the girl was brought to him he took her into a room which was quite full of straw, 

gave her a spinning-wheel and a reel, and said, ―Now set to work, and if by tomorrow morning 

early you have not spun this straw into gold during the night, you must die.‖  Thereupon he 

himself locked up the room, and left her in it alone.  So there sat the poor miller's daughter, and 

for the life of her could not tell what to do, she had no idea how straw could be spun into gold, 

and she grew more and more frightened, until at last she began to weep. 

 

But all at once the door opened, and in came a little man, and said, ―Good evening, mistress 

miller, why are you crying so?‖  

 

―Alas‖, answered the girl, ―I have to spin straw into gold, and I do not know how to do it.‖  

―What will you give me‖, said the manikin, ―if I do it for you.‖   

 

―My necklace‖, said the girl.  The little man took the necklace, seated himself in front of the 

wheel, and whirr, whirr, whirr, three turns, and the reel was full, then he put another on, and 

whirr, whirr, whirr, three times round, and the second was full too.  And so it went on until the 

morning, when all the straw was spun, and all the reels were full of gold. 

 

By daybreak the king was already there, and when he saw the gold he was astonished and 

delighted, but his heart became only more greedy. He had the miller's daughter taken into 

another room full of straw, which was much larger, and commanded her to spin that also in one 

night if she valued her life. The girl did not know how to help herself, and was crying, when the 

door opened again, and the little man appeared, and said, ―What will you give me if I spin that 

straw into gold for you?‖   

 

―The ring on my finger‖, answered the girl.  The little man took the ring, again began to turn the 

wheel, and by morning had spun all the straw into glittering gold. 

 

The king rejoiced beyond measure at the sight, but still he had not enough gold, and he had the 

miller's daughter taken into a still larger room full of straw, and said, ―You must spin this, too, in 

the course of this night, but if you succeed, you shall be my wife.‖ 
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When the girl was alone the manikin came again for the third time, and said, ―What will you give 

me if I spin the straw for you this time also?‖   

 

―I have nothing left that I could give‖, answered the girl.   

 

―Then promise me, if you should become queen, to give me your first child.‖   

 

―Who knows whether that will ever happen‖, thought the miller's daughter, and, not knowing 

how else to help herself in this strait, she promised the manikin what he wanted, and for that he 

once more spun the straw into gold. 
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STORY  

The Boy Who Cried Wolf 

There once was a shepherd boy who was bored as he sat on the hillside watching the village 

sheep. To amuse himself he took a great breath and sang out, "Wolf! Wolf! The Wolf is chasing 

the sheep!"  

The villagers came running up the hill to help the boy drive the wolf away. But when they 

arrived at the top of the hill, they found no wolf. The boy laughed at the sight of their angry 

faces.  

"Don't cry 'wolf', shepherd boy," said the villagers, "when there's no wolf!" They went grumbling 

back down the hill.  

Later, the boy sang out again, "Wolf! Wolf! The wolf is chasing the sheep!" To his naughty 

delight, he watched the villagers run up the hill to help him drive the wolf away.  

When the villagers saw no wolf they sternly said, "Save your frightened song for when there is 

really something wrong! Don't cry 'wolf' when there is NO wolf!"  

But the boy just grinned and watched them go grumbling down the hill once more.  

Later, he saw a REAL wolf prowling about his flock. Alarmed, he leaped to his feet and sang out 

as loudly as he could, "Wolf! Wolf!"  

But the villagers thought he was trying to fool them again, and so they didn't come.  

At sunset, everyone wondered why the shepherd boy hadn't returned to the village with their 

sheep. They went up the hill to find the boy. They found him weeping.  

"There really was a wolf here! The flock has scattered! I cried out, "Wolf!" Why didn't you 

come?"  

An old man tried to comfort the boy as they walked back to the village.  

"We'll help you look for the lost sheep in the morning," he said, putting his arm around the 

youth, "Nobody believes a liar...even when he is telling the truth!"  
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APPENDIX G 

Chi Square Tests Summary Tables and t-Test Summary Table 

Mother‘s and Father‘s Response to the Questionnaire 

 

Chi Square test comparing maternal response to the question ―Does the father talk to the fetus?‖ 

between Mother‘s Voice-first Group and Father‘s Voice-first Group 

Chi-Square Tests 

 
Value df 

Asymp. Sig. 

(2-sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Point 

Probability 

Pearson Chi-Square 1.878 3 .598 .676   

N of Valid Cases 39      

 

 

Chi Square test comparing maternal response to the question ―Does the father play with the fetus 

(i.e. tap on the mother‘s abdomen)?‖ between Mother‘s Voice Group and Father‘s Voice Group 

Chi-Square Tests 

 
Value df 

Asymp. Sig. 

(2-sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Point 

Probability 

Pearson Chi-Square .292 1 .589 .661 .475  

N of Valid Cases 39      

 

 

 

Chi Square test comparing maternal response to the question ―Do you live with any other male 

members in the same house?‖ between Mother‘s Voice Group and Father‘s Voice Group 

Chi-Square Tests 

 
Value df 

Asymp. Sig. 

(2-sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Point 

Probability 

Pearson Chi-Square .005 1 .946 1.000 .644  

N of Valid Cases 39      
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Chi Square test comparing paternal response to the question ―Does the father talk to the fetus?‖ 

between Mother‘s Voice Group and Father‘s Voice Group 

 

Chi-Square Tests 

 
Value df 

Asymp. Sig. 

(2-sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Point 

Probability 

Pearson Chi-Square 4.688 3 .196 .214   

N of Valid Cases 39      

 

 

Chi Square test comparing paternal response to the question ―Does the father play with the fetus 

(i.e. tap on the mother‘s abdomen)?‖ between Mother‘s Voice Group and Father‘s Voice Group 

Chi-Square Tests 

 
Value df 

Asymp. Sig. 

(2-sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Point 

Probability 

Pearson Chi-Square .292a 1 .589 .661 .475  

N of Valid Cases 39      

 

 

Chi Square test comparing paternal response to the question ―Do you live with any other male 

members in the same house?‖ between Mother‘s Voice Group and Father‘s Voice Group 

 

Chi-Square Tests 

 
Value df 

Asymp. Sig. 

(2-sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Point 

Probability 

Pearson Chi-Square .005a 1 .946 1.000 .644  

N of Valid Cases 39      

 

  



 

104 

 

 

Paired t-test results on the comparisons of the mother‘s answers and the father‘s answers on the 

amount of exposure to the father‘s voice questionnaire.  

Questions t df p 

For approximately how many minutes have you spent talking 

to your partner yesterday? 

0.75 38 0.46 

If the father was away from home during the pregnancy, how 

many days has he been away since 30 weeks of pregnancy? 

-0.49 38 0.63 
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APPENDIX H 

Independent t-test on means of spontaneous fetal heart rate changes during 20 min rest for the 

mother‘s and father‘s voice group separately 

Variable t df p 

# FHR accelerations > 10 bpm above baseline -0.829 38 0.413 

# FHR accelerations > 15 bpm above baseline -0.759 38 0.452 

# FHR decelerations > 10 bpm below baseline -0.220 38 0.827 

# FHR decelerations > 15 bpm below baseline -0.620 38 0.539 

FHR = fetal heart rate  
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APPENDIX I 

Analysis of Variance (ANOVA) Summary Tables – 

Fetal Heart Rate Changes Over First Presentation of Voices 

 

1-between (Group – mother‘s voice first, father‘s voice first), 2-within (Period – Pre-

voice, Voice, Post-voice; Time – 180 s) ANOVA to determine whether there were 

differences in raw FHR over the first 9 min presentation of voices. 

  

Tests of Between-Subjects Effects 

Pre-Voice, Voice, Post-Voice period: mother’s voice first vs. father’s voice first 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 4.218E8 1 4.218E8 7584.414 .000 

GroupTestedVoices 65656.380 1 65656.380 1.181 .284 

Error 2057689.235 37 55613.223   

 

 

Tests of Within-Subjects Effects 

Pre-Voice, Voice, Post-Voice period: mother’s voice first vs. father’s voice first 

 
 

Source 

Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Period Sphericity Assumed 37.487 2 18.744 .008 .992 

Greenhouse-

Geisser 

37.487 1.687 22.215 .008 .984 

Period * 

GroupTestedVoices 

Sphericity Assumed 21767.463 2 10883.731 4.866 .010 

Greenhouse-

Geisser 

21767.463 1.687 12899.666 4.866 .015 

Error(Period) Sphericity Assumed 165512.327 74 2236.653   
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Greenhouse-

Geisser 

165512.327 62.435 2650.936 
  

Time Sphericity Assumed 9165.391 177 51.782 .820 .960 

Greenhouse-

Geisser 

9165.391 7.503 1221.494 .820 .579 

Time * 

GroupTestedVoices 

Sphericity Assumed 7810.799 177 44.129 .699 .999 

Greenhouse-

Geisser 

7810.799 7.503 1040.964 .699 .683 

Error(Time) Sphericity Assumed 413731.914 6549 63.175   

Greenhouse-

Geisser 

413731.914 277.627 1490.244 
  

Period * Time Sphericity Assumed 42228.128 354 119.288 2.084 .000 

Greenhouse-

Geisser 

42228.128 12.828 3291.785 2.084 .014 

Period * Time * 

GroupTestedVoices 

Sphericity Assumed 16330.879 354 46.132 .806 .997 

Greenhouse-

Geisser 

16330.879 12.828 1273.032 .806 .652 

Error(Period*Time) Sphericity Assumed 749760.414 13098 57.242   

Greenhouse-

Geisser 

749760.414 474.648 1579.612 
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APPENDIX J 

Summary Tables of Analysis of Variance – 

Order effect: Pre-Voice Period Analyses 

 

1-between (Group –mother‘s voice first vs. father‘s voice first) and 1-within (Time – 180 s) 

ANOVA using the raw FHR for the 1-180s of the pre-voice baseline period.  

 

Tests of Between-Subjects Effects 

Pre-Voice period: mother’s voice first vs. father’s voice first 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 1.406E8 1 1.406E8 6356.155 .000 

GroupTestedVoices 2092.019 1 2092.019 .095 .760 

Error 818451.247 37 22120.304   

 

 

Tests of Within-Subjects Effects 

Pre-Voice period: mother’s voice first vs. father’s voice first 

 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Time Sphericity 

Assumed 

19710.977 177 111.361 1.870 .000 

Greenhouse-

Geisser 

19710.977 6.837 2883.068 1.870 .077 

Time * 

GroupTestedVoices 

Sphericity 

Assumed 

5277.071 177 29.814 .501 1.000 

Greenhouse-

Geisser 

5277.071 6.837 771.862 .501 .830 

Error(Time) Sphericity 

Assumed 

390019.734 6549 59.554 
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Greenhouse-

Geisser 

390019.734 252.962 1541.812 
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1-between (Group – mother‘s voice second vs. father‘s voice second) and 1-within (Time – 180 

s) ANOVA using the raw FHR for the 180s in the pre-voice period before the onset of the 2
nd

 

voice presentation.  

 

Tests of Between-Subjects Effects 

Pre-Voice period: mother’s voice second vs. father’s voice second 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 1.376E8 1 1.376E8 5455.678 .000 

GroupTestedVoices 89720.610 1 89720.610 3.558 .067 

Error 933044.880 37 25217.429   

 

 

Tests of Within-Subjects Effects 

Pre-Voice period: mother’s voice second vs. father’s voice second 

 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Time Sphericity Assumed 9275.201 177 52.402 1.000 .486 

Greenhouse-

Geisser 

9275.201 8.790 1055.143 1.000 .439 

Time * 

GroupTestedVoices 

Sphericity Assumed 12070.072 177 68.192 1.301 .005 

Greenhouse-

Geisser 

12070.072 8.790 1373.087 1.301 .236 

Error(Time) Sphericity Assumed 343164.892 6549 52.400   

Greenhouse-

Geisser 

343164.892 325.247 1055.089 
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1-between (Group – mother‘s voice first vs. mother‘s voice second) and 1-within (Time – 180 s) 

ANOVA using the raw FHR for the 180s in the pre-voice period before the onset of the mother‘s 

voice presentation.  

Tests of Between-Subjects Effects 

Pre-Voice period: mother’s voice first vs. mother’s voice second 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 1.361E8 1 1.361E8 5838.549 .000 

GroupTestedVoices 55930.767 1 55930.767 2.400 .130 

Error 862418.851 37 23308.618   

 

 

Tests of Within-Subjects Effects 

Pre-Voice period: mother’s voice first vs. mother’s voice second 

 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Time Sphericity 

Assumed 

7037.673 177 39.761 .794 .979 

Greenhouse-

Geisser 

7037.673 7.462 943.145 .794 .600 

Time * 

GroupTestedVoices 

Sphericity 

Assumed 

10246.293 177 57.889 1.156 .080 

Greenhouse-

Geisser 

10246.293 7.462 1373.144 1.156 .328 

Error(Time) Sphericity 

Assumed 

328054.805 6549 50.092 
  

Greenhouse-

Geisser 

328054.805 276.091 1188.212 
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1-between (Group – father‘s voice first vs. father‘s voice second) and 1-within (Time – 180 s) 

ANOVA using the raw FHR for the 180s in the pre-voice period before the onset of the father‘s 

voice presentation. 

Tests of Between-Subjects Effects 

Pre-Voice period:  father’s voice first vs. father’s voice second 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 1.421E8 1 1.421E8 5884.210 .000 

GroupTestedVoices 11635.423 1 11635.423 .482 .492 

Error 893553.685 37 24150.100   

 

 

Tests of Within-Subjects Effects 

Pre-Voice period:  father’s voice first vs. father’s voice second 

 

Source Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Time Sphericity 

Assumed 

20283.702 177 114.597 1.907 .000 

Greenhouse-

Geisser 

20283.702 8.161 2485.408 1.907 .057 

Time * 

GroupTestedVoices 

Sphericity 

Assumed 

8723.829 177 49.287 .820 .960 

Greenhouse-

Geisser 

8723.829 8.161 1068.951 .820 .587 

Error(Time) Sphericity 

Assumed 

393497.601 6549 60.085 
  

Greenhouse-

Geisser 

393497.601 301.961 1303.139 
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APPENDIX K 

Analysis of Variance Summary Tables of  

Order Effect: Mother‘s Audio Recording 

 

Raw FHR: 1-between (Group – mother‘s voice first vs. mother‘s voice second) and 1-within 

(Time – 180 s) ANOVA comparing the order effect of raw FHR of 1-180s after onset of 

mother‘s voice recording. 

Tests of Between-Subjects Effects 

Raw FHR: Mother’s Voice period:  mother’s voice first vs. mother’s voice second 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 1.396E8 1 1.396E8 7744.940 .000 

GroupTestedVoices 101793.468 1 101793.468 5.646 .023 

Error 667115.874 37 18030.159   

 

Tests of Within-Subjects Effects 

Raw FHR: Mother’s Voice period:  mother’s voice first vs. mother’s voice second 

 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

time Sphericity Assumed 23972.488 178 134.677 2.124 .000 

Greenhouse-

Geisser 

23972.488 7.796 3074.961 2.124 .035 

time * 

GroupTestedVoices 

Sphericity Assumed 5634.426 178 31.654 .499 1.000 

Greenhouse-

Geisser 

5634.426 7.796 722.730 .499 .852 

Error(time) Sphericity Assumed 417670.535 6586 63.418   

Greenhouse-

Geisser 

417670.535 288.453 1447.967 
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Difference Scores: 1-between factor (Group – Mother‘s voice first vs. Mother‘s voice second) 

and 1-within (Time – 180 s) ANOVA comparing the order effect of FHR difference scores for 

the 1-180s after the onset of mother‘s voice recording. 

 

Tests of Between-Subjects Effects 

Difference scores: Mother’s Voice period:  mother’s voice first vs. mother’s voice second 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 101041.650 1 101041.650 13.782 .001 

GroupTestedVoices 62.494 1 62.494 .009 .927 

Error 271266.114 37 7331.517   

 

Tests of Within-Subjects Effects 

Difference scores: Mother’s Voice period:  mother’s voice first vs. mother’s voice second 

 

Source Type III Sum 

of Squares df Mean Square F Sig. 

time Sphericity Assumed 23408.009 177 132.249 2.081 .000 

Greenhouse-Geisser 23408.009 7.779 3009.089 2.081 .039 

time * 

GroupTestedVoices 

Sphericity Assumed 5634.077 177 31.831 .501 1.000 

Greenhouse-Geisser 5634.077 7.779 724.258 .501 .851 

Error(time) Sphericity Assumed 416155.082 6549 63.545   

Greenhouse-Geisser 416155.082 287.827 1445.852   
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APPENDIX L 

Analysis of Variance Summary Tables –  

Order Effect: Father‘s Audio Recording 

 

Raw FHR: 1-between (Group – father‘s voice first vs. father‘s voice second) and 1-within (Time 

– 180 s) ANOVA comparing the order effect of raw FHR for 1-180s after onset of the father‘s 

voice recording. 

Tests of Between-Subjects Effects 

Raw FHR: Father’s Voice period:  father’s voice first vs. father’s voice second 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 1.407E8 1 1.407E8 5417.585 .000 

GroupTestedVoices 51876.570 1 51876.570 1.998 .166 

Error 960692.920 37 25964.674   

 

Tests of Within-Subjects Effects 

Raw FHR: Father’s Voice period:  father’s voice first vs. father’s voice second 

 

Source Type III Sum 

of Squares df Mean Square F Sig. 

time Sphericity Assumed 11661.326 178 65.513 1.246 .016 

Greenhouse-Geisser 11661.326 9.268 1258.207 1.246 .265 

time * 

GroupTestedVoices 

Sphericity Assumed 6593.418 178 37.042 .704 .999 

Greenhouse-Geisser 6593.418 9.268 711.401 .704 .709 

Error(time) Sphericity Assumed 346417.874 6586 52.599   

Greenhouse-Geisser 346417.874 342.924 1010.189   
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Difference Scores: 1-between (Group – father‘s voice first vs. father‘s voice second) and 1-

within (Time – 180 s) ANOVA comparing the order effect of FHR difference scores for 1-180s 

after onset of the father‘s voice recording. 
 

Tests of Between-Subjects Effects 

Difference scores: Father’s Voice period:  father’s voice first vs. father’s voice second 

 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 36324.378 1 36324.378 3.175 .083 

GroupTestedVoices 7574.214 1 7574.214 .662 .421 

Error 423359.980 37 11442.162   

 

Tests of Within-Subjects Effects 

Difference scores: Father’s Voice period:  father’s voice first vs. father’s voice second  

 

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

time Sphericity Assumed 11135.332 177 62.911 1.171 .062 

Greenhouse-

Geisser 

11135.332 9.446 1178.866 1.171 .311 

time * 

GroupTestedVoices 

Sphericity Assumed 6849.794 177 38.699 .720 .998 

Greenhouse-

Geisser 

6849.794 9.446 725.168 .720 .697 

Error(time) Sphericity Assumed 351856.329 6549 53.727   

Greenhouse-

Geisser 

351856.329 349.495 1006.757 
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APPENDIX M 

Analysis of Variance Summary Tables of–  

Mother‘s vs. Father‘s Voice Analyses 

 

Difference Scores: 2-within (Mother‘s voice, Father‘s voice; Time – 180s) ANOVA comparing 

FHR difference score for 1-180s after the onset of the mother vs. the father‘s voice recording. 

Tests of Within-Subjects Effects 

Voice period: Mother vs. father’s voice 

 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Voiceall Sphericity Assumed 8418.548 1 8418.548 1.020 .319 

Greenhouse-

Geisser 

8418.548 1.000 8418.548 1.020 .319 

Error(Voiceall) Sphericity Assumed 313493.655 38 8249.833   

Greenhouse-

Geisser 

313493.655 38.000 8249.833 
  

Time Sphericity Assumed 24644.684 177 139.236 2.417 .000 

Greenhouse-

Geisser 

24644.684 8.931 2759.489 2.417 .012 

Error(Time) Sphericity Assumed 387391.259 6726 57.596   

Greenhouse-

Geisser 

387391.259 339.374 1141.489 
  

Voiceall * Time Sphericity Assumed 9972.300 177 56.341 .964 .620 

Greenhouse-

Geisser 

9972.300 8.093 1232.153 .964 .465 

Error(Voiceall*Time

) 

Sphericity Assumed 393104.023 6726 58.445   

Greenhouse-

Geisser 

393104.023 307.549 1278.183 
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Difference Scores: 2-within (Voices – Mother‘s Voice, Father‘s voice; Time – 30s) ANOVA 

comparing FHR difference score for 1-30s after the onset of the mother vs. the father‘s voice 

recording. 

Tests of Within-Subjects Effects 

Voice period: Mother vs. father’s voice 

 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Voiceall Sphericity Assumed 1208.268 1 1208.268 .977 .329 

Greenhouse-Geisser 1208.268 1.000 1208.268 .977 .329 

Error(Voiceall) Sphericity Assumed 46975.791 38 1236.205   

Greenhouse-Geisser 46975.791 38.000 1236.205   

Time Sphericity Assumed 3110.058 28 111.074 4.038 .000 

Greenhouse-Geisser 3110.058 3.549 876.211 4.038 .006 

Error(Time) Sphericity Assumed 29267.374 1064 27.507   

Greenhouse-Geisser 29267.374 134.879 216.990   

Voiceall * Time Sphericity Assumed 1668.331 28 59.583 1.839 .005 

Greenhouse-Geisser 1668.331 2.860 583.402 1.839 .147 

Error(Voiceall*Time) Sphericity Assumed 34464.750 1064 32.392   

Greenhouse-Geisser 34464.750 108.667 317.159   
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Difference Scores: A 2-within (Voices – Mother‘s Voice, Father‘s voice; Time – 60s) ANOVA 

comparing FHR difference score for 1-60s after the onset of the mother vs. the father‘s voice 

recording. 

Tests of Within-Subjects Effects 

Voice period: Mother vs. father’s voice 

 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Voiceall Sphericity Assumed 530.829 1 530.829 .170 .682 

Greenhouse-Geisser 530.829 1.000 530.829 .170 .682 

Error(Voiceall) Sphericity Assumed 118616.762 38 3121.494   

Greenhouse-Geisser 118616.762 38.000 3121.494   

Time Sphericity Assumed 4000.174 58 68.969 1.724 .001 

Greenhouse-Geisser 4000.174 5.019 796.968 1.724 .131 

Error(Time) Sphericity Assumed 88160.960 2204 40.000   

Greenhouse-Geisser 88160.960 190.731 462.227   

Voiceall * Time Sphericity Assumed 2939.384 58 50.679 1.351 .041 

Greenhouse-Geisser 2939.384 5.045 582.597 1.351 .244 

Error(Voiceall*Time) Sphericity Assumed 82661.338 2204 37.505   

Greenhouse-Geisser 82661.338 191.722 431.152   
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Difference Scores: 2-within (Voices – Mother‘s Voice, Father‘s voice; Time – 120s) ANOVA 

comparing FHR difference score for 1-120s after the onset of the mother vs. the father‘s voice 

recording.  

Tests of Within-Subjects Effects 

Voice period: Mother vs. father’s voice 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Voiceall Sphericity Assumed 4038.739 1 4038.739 .705 .406 

Greenhouse-

Geisser 

4038.739 1.000 4038.739 .705 .406 

Error(Voiceall) Sphericity Assumed 217565.623 38 5725.411   

Greenhouse-

Geisser 

217565.623 38.000 5725.411 
  

Time Sphericity Assumed 12684.034 118 107.492 2.285 .000 

Greenhouse-

Geisser 

12684.034 8.558 1482.206 2.285 .019 

Error(Time) Sphericity Assumed 210900.786 4484 47.034   

Greenhouse-

Geisser 

210900.786 325.186 648.553 
  

Voiceall * Time Sphericity Assumed 5649.753 118 47.879 .926 .703 

Greenhouse-

Geisser 

5649.753 6.500 869.256 .926 .482 

Error(Voiceall*Time

) 

Sphericity Assumed 231806.541 4484 51.696   

Greenhouse-

Geisser 

231806.541 246.982 938.557 
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APPENDIX N 

Summary Tables of Analysis of Variance –  

Post-Voice Period, Mother‘s vs. Father‘s Voice 

 

Difference Scores: 2-within (Mother‘s voice, Father‘s voice; Time – 180s) ANOVA comparing 

FHR difference score for 1-180s after the offset of the mother vs. the father‘s voice recording. 

 

 

Tests of Within-Subjects Effects 

Post-Voice Period: mother’s vs. father’s voice 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Voiceall Sphericity Assumed 4953.946 1 4953.946 .617 .437 

Greenhouse-Geisser 4953.946 1.000 4953.946 .617 .437 

Error(Voiceall) Sphericity Assumed 304940.282 38 8024.744   

Greenhouse-Geisser 304940.282 38.000 8024.744   

Time Sphericity Assumed 25584.536 178 143.733 2.385 .000 

Greenhouse-Geisser 25584.536 6.855 3732.181 2.385 .023 

Error(Time) Sphericity Assumed 407630.651 6764 60.265   

Greenhouse-Geisser 407630.651 260.494 1564.834   

Voiceall * Time Sphericity Assumed 17715.674 178 99.526 1.640 .000 

Greenhouse-Geisser 17715.674 7.207 2458.081 1.640 .122 

Error(Voiceall*Time) Sphericity Assumed 410368.609 6764 60.670   

Greenhouse-Geisser 410368.609 273.870 1498.404   
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APPENDIX O 

Analysis of Variance Summary Tables –  

Mother‘s Reading Compared to Mother‘s Audio Recording 

 

Difference Scores: 2-within (Voice: mother reading, mother‘s audio recording playback; Time - 

180s) ANOVA comparing FHR difference score for 1-180s after the onset of the mother‘s 

reading vs. the mother‘s voice recording. 

 

Tests of Within-Subjects Effects 

Voice Period: mother reading vs. mother’s voice recording 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Voice Sphericity Assumed 30023.607 1 30023.607 4.913 .033 

Greenhouse-Geisser 30023.607 1.000 30023.607 4.913 .033 

Error(Voice) Sphericity Assumed 232207.808 38 6110.732   

Greenhouse-Geisser 232207.808 38.000 6110.732   

Time Sphericity Assumed 9215.749 177 52.066 .984 .546 

Greenhouse-Geisser 9215.749 7.820 1178.501 .984 .448 

Error(Time) Sphericity Assumed 355908.852 6726 52.915   

Greenhouse-Geisser 355908.852 297.156 1197.718   

Voice * Time Sphericity Assumed 25452.078 177 143.797 2.786 .000 

Greenhouse-Geisser 25452.078 7.980 3189.376 2.786 .006 

Error(Voice*Time) Sphericity Assumed 347125.116 6726 51.609   

Greenhouse-Geisser 347125.116 303.250 1144.682   
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Difference Scores: 2-within (Voice: mother reading, mother‘s audio recording playback; Time - 

120s) ANOVA comparing FHR difference score for 1-120s after the onset of the mother‘s 

reading vs. the mother‘s voice recording. 

 

 

Tests of Within-Subjects Effects 

Voice Period: mother reading vs. mother’s voice recording 

 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Voice Sphericity Assumed 3261.212 1 3261.212 .741 .395 

Greenhouse-Geisser 3261.212 1.000 3261.212 .741 .395 

Error(Voice) Sphericity Assumed 171570.626 39 4399.247   

Greenhouse-Geisser 171570.626 39.000 4399.247   

Time Sphericity Assumed 10403.654 118 88.167 1.780 .000 

Greenhouse-Geisser 10403.654 6.737 1544.177 1.780 .094 

Error(Time) Sphericity Assumed 227913.657 4602 49.525   

Greenhouse-Geisser 227913.657 262.757 867.395   

Voice * Time Sphericity Assumed 9224.530 118 78.174 1.937 .000 

Greenhouse-Geisser 9224.530 8.106 1138.002 1.937 .053 

Error(Voice*Time) Sphericity Assumed 185687.872 4602 40.349   

Greenhouse-Geisser 185687.872 316.130 587.378   
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Difference Scores: 2-within (Voice: mother reading, mother‘s audio recording playback; Time - 

60s) ANOVA comparing FHR difference score for 1-60s after the onset of the mother‘s reading 

vs. the mother‘s voice recording. 

Tests of Within-Subjects Effects 

Voice Period: mother reading vs. mother’s voice recording 

 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Voice Sphericity Assumed 23.594 1 23.594 .012 .914 

Greenhouse-Geisser 23.594 1.000 23.594 .012 .914 

Error(Voice) Sphericity Assumed 78765.325 39 2019.624   

Greenhouse-Geisser 78765.325 39.000 2019.624   

Time Sphericity Assumed 3073.105 58 52.985 1.528 .007 

Greenhouse-Geisser 3073.105 5.721 537.173 1.528 .173 

Error(Time) Sphericity Assumed 78432.501 2262 34.674   

Greenhouse-Geisser 78432.501 223.115 351.535   

Voice * Time Sphericity Assumed 2656.344 58 45.799 1.421 .021 

Greenhouse-Geisser 2656.344 6.291 422.245 1.421 .204 

Error(Voice*Time

) 

Sphericity Assumed 72881.540 2262 32.220   

Greenhouse-Geisser 72881.540 245.349 297.053   
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Difference Scores: 2-within (Voice: mother reading, mother‘s audio recording playback; Time - 

30s) ANOVA comparing FHR difference score for 1-30s after the onset of the mother‘s reading 

vs. the mother‘s voice recording. 

Tests of Within-Subjects Effects 

Voice Period: mother reading vs. mother’s voice recording 

 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Voice Sphericity Assumed 2.242 1 2.242 .003 .960 

Greenhouse-Geisser 2.242 1.000 2.242 .003 .960 

Error(Voice) Sphericity Assumed 34808.703 39 892.531   

Greenhouse-Geisser 34808.703 39.000 892.531   

Time Sphericity Assumed 2538.278 28 90.653 3.317 .000 

Greenhouse-Geisser 2538.278 3.449 735.870 3.317 .017 

Error(Time) Sphericity Assumed 29842.012 1092 27.328   

Greenhouse-Geisser 29842.012 134.525 221.833   

Voice * Time Sphericity Assumed 2163.524 28 77.269 3.091 .000 

Greenhouse-Geisser 2163.524 3.317 652.188 3.091 .025 

Error(Voice*Time

) 

Sphericity Assumed 27294.674 1092 24.995   

Greenhouse-Geisser 27294.674 129.376 210.972   
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Difference scores: 1-within (Time - 120s) ANOVA comparing FHR difference score for 1-120s 

after the onset of the mother‘s reading. 

 

 

Tests of Within-Subjects Effects 

Voice Period: mother’s reading 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Time Sphericity Assumed 4050.241 119 34.036 1.024 .411 

Greenhouse-Geisser 4050.241 6.718 602.860 1.024 .413 

Error(Time) Sphericity Assumed 154234.146 4641 33.233   

Greenhouse-Geisser 154234.146 262.017 588.643   

      

      

 

 

Difference Scores: 1-within (Time - 120s) ANOVA comparing FHR difference score for 1-120s 

after the onset of the mother‘s audio playback 

 

Tests of Within-Subjects Effects 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Time Sphericity Assumed 13212.166 119 111.027 2.068 .000 

Greenhouse-Geisser 13212.166 6.916 1910.475 2.068 .048 

Error(Time) Sphericity Assumed 242753.632 4522 53.683   

Greenhouse-Geisser 242753.632 262.794 923.739   

      

      

 

. 
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APPENDIX P 

Summary Tables of Analysis of Variance – Fetal Body Movement 

1-between (Voice - mother‘s voice first, mother‘s voice second), 2-within (Period – pre-voice, 

voice, post-voice; Time – 6, 30 s-intervals) ANOVA comparing average total duration of fetal 

body movements during the pre-voice, voice and post-voice period comparing the mother‘s 

voice first vs. mother‘s voice second. 

 

Tests of Between-Subjects Effects 

Average total duration of fetal body movements:  

Pre-Voice, Voice and Post-Voice Period: Mother’s voice first vs. mother’s voice second 

 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 1198.610 1 1198.610 23.438 .000 

GroupTestedVoices 9.351 1 9.351 .183 .672 

Error 1738.777 34 51.141   

 

Tests of Within-Subjects Effects 

Average total duration of fetal body movements:  

Pre-Voice, Voice and Post-Voice Period: Mother’s voice first vs. mother’s voice second 

 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Period Sphericity Assumed 57.210 2 28.605 1.334 .270 

Greenhouse-

Geisser 

57.210 1.946 29.406 1.334 .270 

Period * 

GroupTestedVoices 

Sphericity Assumed 104.803 2 52.401 2.444 .094 

Greenhouse-

Geisser 

104.803 1.946 53.868 2.444 .096 

Error(Period) Sphericity Assumed 1457.926 68 21.440   

Greenhouse-

Geisser 

1457.926 66.149 22.040 
  

Time Sphericity Assumed 75.821 5 15.164 1.323 .256 

Greenhouse-

Geisser 

75.821 3.782 20.046 1.323 .266 
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Time * 

GroupTestedVoices 

Sphericity Assumed 33.710 5 6.742 .588 .709 

Greenhouse-

Geisser 

33.710 3.782 8.912 .588 .662 

Error(Time) Sphericity Assumed 1947.949 170 11.459   

Greenhouse-

Geisser 

1947.949 128.599 15.147 
  

Period * Time Sphericity Assumed 53.749 10 5.375 .428 .933 

Greenhouse-

Geisser 

53.749 6.086 8.832 .428 .862 

Period * Time * 

GroupTestedVoices 

Sphericity Assumed 68.749 10 6.875 .548 .856 

Greenhouse-

Geisser 

68.749 6.086 11.296 .548 .774 

Error(Period*Time) Sphericity Assumed 4268.097 340 12.553   

Greenhouse-

Geisser 

4268.097 206.919 20.627 
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1-between (Voice - mother‘s voice first, mother‘s voice second), 2-within (Period – pre-voice, 

voice, post-voice; Time – 6, 30 s-intervals) ANOVA comparing average total number of fetal 

body movements during the pre-voice, voice and post-voice period comparing the mother‘s 

voice first vs. mother‘s voice second. 

 

 

 

Tests of Between-Subjects Effects 

Average total number of fetal body movements:  

Pre-Voice, Voice and Post-Voice Period: Mother’s voice first vs. mother’s voice second 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 30.196 1 30.196 33.150 .000 

GroupTestedVoices .005 1 .005 .005 .942 

Error 30.970 34 .911   

 

Tests of Within-Subjects Effects 

Average total number of fetal body movements:  

Pre-Voice, Voice and Post-Voice Period: Mother’s voice first vs. mother’s voice second 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Period Sphericity 

Assumed 

.793 2 .397 1.365 .262 

Greenhouse-

Geisser 

.793 1.983 .400 1.365 .262 

Period * 

GroupTestedVoices 

Sphericity 

Assumed 

1.559 2 .779 2.683 .076 

Greenhouse-

Geisser 

1.559 1.983 .786 2.683 .076 

Error(Period) Sphericity 

Assumed 

19.753 68 .290 
  

Greenhouse-

Geisser 

19.753 67.431 .293 
  

Time Sphericity 

Assumed 

1.528 5 .306 1.598 .163 
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Greenhouse-

Geisser 

1.528 3.650 .418 1.598 .184 

Time * 

GroupTestedVoices 

Sphericity 

Assumed 

.830 5 .166 .868 .504 

Greenhouse-

Geisser 

.830 3.650 .227 .868 .477 

Error(Time) Sphericity 

Assumed 

32.509 170 .191 
  

Greenhouse-

Geisser 

32.509 124.107 .262 
  

Period * Time Sphericity 

Assumed 

1.711 10 .171 .872 .559 

Greenhouse-

Geisser 

1.711 5.979 .286 .872 .516 

Period * Time * 

GroupTestedVoices 

Sphericity 

Assumed 

1.502 10 .150 .765 .662 

Greenhouse-

Geisser 

1.502 5.979 .251 .765 .598 

Error(Period*Time) Sphericity 

Assumed 

66.705 340 .196 
  

Greenhouse-

Geisser 

66.705 203.303 .328 
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1-between (Voice - father‘s voice first, father‘s voice second), 2-within (Period – pre-voice, 

voice, post-voice; Time – 6, 30 s-intervals) ANOVA comparing average total duration of fetal 

body movements during the pre-voice, voice and post-voice period comparing the father‘s voice 

first vs. father‘s voice second. 

 

Tests of Between-Subjects Effects 

Average total duration of fetal body movements:  

Pre-Voice, Voice and Post-Voice Period: Father’s voice first vs. father’s voice second 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 1366.145 1 1366.145 28.007 .000 

GroupTestedVoices 79.226 1 79.226 1.624 .211 

Error 1707.257 35 48.779   

 

Tests of Within-Subjects Effects 

Average total duration of fetal body movements:  

Pre-Voice, Voice and Post-Voice Period: Father’s voice first vs. father’s voice second 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Period Sphericity 

Assumed 

12.475 2 6.237 .291 .748 

Greenhouse-

Geisser 

12.475 1.423 8.767 .291 .673 

Period * 

GroupTestedVoices 

Sphericity 

Assumed 

73.178 2 36.589 1.710 .188 

Greenhouse-

Geisser 

73.178 1.423 51.424 1.710 .197 

Error(Period) Sphericity 

Assumed 

1498.204 70 21.403 
  

Greenhouse-

Geisser 

1498.204 49.806 30.081 
  

Time Sphericity 

Assumed 

32.159 5 6.432 .583 .713 

Greenhouse-

Geisser 

32.159 3.380 9.515 .583 .647 
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Time * 

GroupTestedVoices 

Sphericity 

Assumed 

36.592 5 7.318 .664 .651 

Greenhouse-

Geisser 

36.592 3.380 10.826 .664 .594 

Error(Time) Sphericity 

Assumed 

1929.628 175 11.026 
  

Greenhouse-

Geisser 

1929.628 118.298 16.312 
  

Period * Time Sphericity 

Assumed 

143.296 10 14.330 1.219 .277 

Greenhouse-

Geisser 

143.296 4.980 28.775 1.219 .302 

Period * Time * 

GroupTestedVoices 

Sphericity 

Assumed 

202.485 10 20.248 1.722 .074 

Greenhouse-

Geisser 

202.485 4.980 40.660 1.722 .132 

Error(Period*Time) Sphericity 

Assumed 

4114.566 350 11.756 
  

Greenhouse-

Geisser 

4114.566 174.297 23.607 
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1-between (Voice - father‘s voice first, father‘s voice second), 2-within (Period – pre-voice, 

voice, post-voice; Time – 6, 30 s-intervals) ANOVA comparing average total number of fetal 

body movements during the pre-voice, voice and post-voice period comparing the father‘s voice 

first vs. father‘s voice second. 

 

Tests of Between-Subjects Effects 

Average total number of fetal body movements:  

Pre-Voice, Voice and Post-Voice Period: Father’s voice first vs. father’s voice second 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 37.626 1 37.626 22.494 .000 

GroupTestedVoices .436 1 .436 .261 .614 

Error 43.491 26 1.673   

 

Tests of Within-Subjects Effects 

Average total number of fetal body movements:  

Pre-Voice, Voice and Post-Voice Period: Father’s voice first vs. father’s voice second 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Period Sphericity 

Assumed 

.500 2 .250 .474 .625 

Greenhouse-

Geisser 

.500 1.473 .340 .474 .568 

Period * 

GroupTestedVoices 

Sphericity 

Assumed 

1.000 2 .500 .947 .395 

Greenhouse-

Geisser 

1.000 1.473 .679 .947 .372 

Error(Period) Sphericity 

Assumed 

27.472 52 .528 
  

Greenhouse-

Geisser 

27.472 38.305 .717 
  

Time Sphericity 

Assumed 

.383 5 .077 .314 .904 

Greenhouse-

Geisser 

.383 3.496 .109 .314 .844 
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Time * 

GroupTestedVoices 

Sphericity 

Assumed 

1.716 5 .343 1.407 .226 

Greenhouse-

Geisser 

1.716 3.496 .491 1.407 .242 

Error(Time) Sphericity 

Assumed 

31.703 130 .244 
  

Greenhouse-

Geisser 

31.703 90.884 .349 
  

Period * Time Sphericity 

Assumed 

4.014 10 .401 1.540 .125 

Greenhouse-

Geisser 

4.014 5.121 .784 1.540 .180 

Period * Time * 

GroupTestedVoices 

Sphericity 

Assumed 

3.228 10 .323 1.238 .267 

Greenhouse-

Geisser 

3.228 5.121 .630 1.238 .294 

Error(Period*Time) Sphericity 

Assumed 

67.776 260 .261 
  

Greenhouse-

Geisser 

67.776 133.145 .509 
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2-within (Voice – mother‘s voice, father‘s voice; Period – pre-voice, voice, post-voice) ANOVA 

comparing average total duration of fetal body movements during the pre-voice, voice and post-

voice period comparing the mother‘s vs. father‘s voice.  

 

Tests of Within-Subjects Effects 

Average total duration of fetal body movements:  

Pre-Voice, Voice and Post-Voice Period: Mother’s voice vs. father’s voice  

Source Type III Sum of 

Squares df Mean Square F Sig. 

Voice Sphericity 

Assumed 

.560 1 .560 .003 .960 

Greenhouse-

Geisser 

.560 1.000 .560 .003 .960 

Error(Voice) Sphericity 

Assumed 

7504.940 35 214.427 
  

Greenhouse-

Geisser 

7504.940 35.000 214.427 
  

Period Sphericity 

Assumed 

408.926 2 204.463 1.856 .164 

Greenhouse-

Geisser 

408.926 1.702 240.264 1.856 .171 

Error(Period) Sphericity 

Assumed 

7713.074 70 110.187 
  

Greenhouse-

Geisser 

7713.074 59.570 129.480 
  

Voice * Period Sphericity 

Assumed 

36.704 2 18.352 .117 .890 

Greenhouse-

Geisser 

36.704 1.655 22.179 .117 .853 

Error(Voice*Period) Sphericity 

Assumed 

10989.296 70 156.990 
  

Greenhouse-

Geisser 

10989.296 57.921 189.730 
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2-within (Voice – mother‘s voice, father‘s voice; Period – pre-voice, voice, post-voice) ANOVA 

comparing average total number of fetal body movements during the pre-voice, voice and post-

voice period comparing the mother‘s vs. father‘s voice. Same comment as above. 

 

Tests of Within-Subjects Effects 

Average total number of fetal body movements:  

Pre-Voice, Voice and Post-Voice Period: Mother’s voice vs. father’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Voice Sphericity Assumed 1.671 1 1.671 .364 .550 

Greenhouse-Geisser 1.671 1.000 1.671 .364 .550 

Error(Voice) Sphericity Assumed 160.829 35 4.595   

Greenhouse-Geisser 160.829 35.000 4.595   

Period Sphericity Assumed 6.843 2 3.421 1.530 .224 

Greenhouse-Geisser 6.843 1.690 4.048 1.530 .226 

Error(Period) Sphericity Assumed 156.491 70 2.236   

Greenhouse-Geisser 156.491 59.165 2.645   

Voice * Period Sphericity Assumed .343 2 .171 .076 .927 

Greenhouse-Geisser .343 1.784 .192 .076 .909 

Error(Voice*Period) Sphericity Assumed 157.657 70 2.252   

Greenhouse-Geisser 157.657 62.423 2.526   
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APPENDIX Q 

Analysis of Variance Summary Tables – Fetal Body Movement – Pre-Voice vs. Voice Period  

Average duration of fetal body movements - 180 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 6, 30 s-intervals) ANOVA comparing average duration of fetal body movements during the 1-

180 s before and after the voice onset of the mother‘s voice. 

 

 

Tests of Within-Subjects Effects 

Average duration of fetal body movement 
Period: Pre-voice, voice: Mother’s voice 

 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed 54.898 1 54.898 2.304 .138 

Greenhouse-Geisser 54.898 1.000 54.898 2.304 .138 

Error(Period) Sphericity Assumed 833.935 35 23.827   

Greenhouse-Geisser 833.935 35.000 23.827   

Time Sphericity Assumed 91.741 5 18.348 1.435 .214 

Greenhouse-Geisser 91.741 3.650 25.138 1.435 .230 

Error(Time) Sphericity Assumed 2237.093 175 12.783   

Greenhouse-Geisser 2237.093 127.734 17.514   

Period * Time Sphericity Assumed 5.657 5 1.131 .093 .993 

Greenhouse-Geisser 5.657 3.420 1.654 .093 .975 

Error(Period*Time) Sphericity Assumed 2133.509 175 12.191   

Greenhouse-Geisser 2133.509 119.703 17.823   
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Average duration of fetal body movements - 120 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 4, 30 s-intervals) ANOVA comparing average duration of fetal body movements during the 1-

120 s before and after the voice onset of the mother‘s voice.  

 

 

Tests of Within-Subjects Effects 

Average duration of fetal body movement 

Period: Pre-voice, voice: Mother’s voice 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Period Sphericity Assumed 13.838 1 13.838 .891 .352 

Greenhouse-

Geisser 

13.838 1.000 13.838 .891 .352 

Error(Period) Sphericity Assumed 559.162 36 15.532   

Greenhouse-

Geisser 

559.162 36.000 15.532 
  

Time Sphericity Assumed 15.649 3 5.216 .424 .736 

Greenhouse-

Geisser 

15.649 2.350 6.658 .424 .688 

Error(Time) Sphericity Assumed 1328.851 108 12.304   

Greenhouse-

Geisser 

1328.851 84.617 15.704 
  

Period * Time Sphericity Assumed 38.297 3 12.766 1.072 .364 

Greenhouse-

Geisser 

38.297 2.522 15.185 1.072 .358 

Error(Period*Time

) 

Sphericity Assumed 1285.703 108 11.905   

Greenhouse-

Geisser 

1285.703 90.791 14.161 
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Average duration of fetal body movements - 90 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 3, 30 s-intervals) ANOVA comparing average duration of fetal body movements during the 1-

90 s before and after the voice onset of the mother‘s voice.  

 

Tests of Within-Subjects Effects 

Average duration of fetal body movement 

Period: Pre-voice, voice: Mother’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .649 1 .649 .056 .815 

Greenhouse-Geisser .649 1.000 .649 .056 .815 

Error(Period) Sphericity Assumed 419.351 36 11.649   

Greenhouse-Geisser 419.351 36.000 11.649   

Time Sphericity Assumed 19.360 2 9.680 .720 .490 

Greenhouse-Geisser 19.360 1.492 12.980 .720 .453 

Error(Time) Sphericity Assumed 967.973 72 13.444   

Greenhouse-Geisser 967.973 53.697 18.026   

Period * Time Sphericity Assumed 10.081 2 5.041 .560 .574 

Greenhouse-Geisser 10.081 1.809 5.571 .560 .557 

Error(Period*Time) Sphericity Assumed 647.919 72 8.999   

Greenhouse-Geisser 647.919 65.139 9.947   

      

      

 

 

  



 

144 

 

Average duration of fetal body movements - 60 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 2, 30 s-intervals) ANOVA comparing average duration of fetal body movements during the 1-

60 s before and after the voice onset of the mother‘s voice.  

 

Tests of Within-Subjects Effects 

Average duration of fetal body movement 

Period: Pre-voice, voice: Mother’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .331 1 .331 .036 .851 

Greenhouse-Geisser .331 1.000 .331 .036 .851 

Error(Period) Sphericity Assumed 332.919 36 9.248   

Greenhouse-Geisser 332.919 36.000 9.248   

Time Sphericity Assumed 7.358 1 7.358 .784 .382 

Greenhouse-Geisser 7.358 1.000 7.358 .784 .382 

Error(Time) Sphericity Assumed 337.892 36 9.386   

Greenhouse-Geisser 337.892 36.000 9.386   

Period * Time Sphericity Assumed 21.953 1 21.953 1.295 .263 

Greenhouse-Geisser 21.953 1.000 21.953 1.295 .263 

Error(Period*Time) Sphericity Assumed 610.297 36 16.953   

Greenhouse-Geisser 610.297 36.000 16.953   
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Average duration of fetal body movements - 30 s: 1-within with 2 levels (Time – 1, 30 s-

intervals; pre-voice, post-voice) ANOVA comparing average duration of fetal body movements 

during the 1-30 s before and after the voice onset of the mother‘s voice.  

 

Tests of Within-Subjects Effects 

Average duration of fetal body movement 

Period: Pre-voice, voice: Mother’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Time Sphericity Assumed 5.405 1 5.405 .882 .354 

Greenhouse-Geisser 5.405 1.000 5.405 .882 .354 

Error(Time) Sphericity Assumed 220.595 36 6.128   

Greenhouse-Geisser 220.595 36.000 6.128   
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Average number of fetal body movements - 180 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 6, 30 s-intervals) ANOVA comparing average number of fetal body movements during the 1-

180 s before and after the voice onset of the mother‘s voice.  

 

Tests of Within-Subjects Effects 

Average number of fetal body movement 

Period: Pre-voice, voice: Mother’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .669 1 .669 2.362 .133 

Greenhouse-Geisser .669 1.000 .669 2.362 .133 

Error(Period) Sphericity Assumed 9.914 35 .283   

Greenhouse-Geisser 9.914 35.000 .283   

Time Sphericity Assumed 1.234 5 .247 1.335 .252 

Greenhouse-Geisser 1.234 4.158 .297 1.335 .259 

Error(Time) Sphericity Assumed 32.350 175 .185   

Greenhouse-Geisser 32.350 145.516 .222   

Period * Time Sphericity Assumed .734 5 .147 .824 .534 

Greenhouse-Geisser .734 3.741 .196 .824 .506 

Error(Period*Time) Sphericity Assumed 31.183 175 .178   

Greenhouse-Geisser 31.183 130.942 .238   
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Average number of fetal body movements - 120 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 4, 30 s-intervals) ANOVA comparing average number of fetal body movements during the 1-

120 s before and after the voice onset of the mother‘s voice.  

 

Tests of Within-Subjects Effects 

Average number of fetal body movement 

Period: Pre-voice, voice: Mother’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .409 1 .409 1.515 .226 

Greenhouse-Geisser .409 1.000 .409 1.515 .226 

Error(Period) Sphericity Assumed 9.716 36 .270   

Greenhouse-Geisser 9.716 36.000 .270   

Time Sphericity Assumed .524 3 .175 .807 .492 

Greenhouse-Geisser .524 2.780 .188 .807 .485 

Error(Time) Sphericity Assumed 23.351 108 .216   

Greenhouse-Geisser 23.351 100.081 .233   

Period * Time Sphericity Assumed .470 3 .157 .894 .447 

Greenhouse-Geisser .470 2.626 .179 .894 .436 

Error(Period*Time) Sphericity Assumed 18.905 108 .175   

Greenhouse-Geisser 18.905 94.552 .200   

      

      

 

 

  



 

148 

 

Average number of fetal body movements - 90 s: 2-within (Period – Pre-voice vs. Voice; Time – 

3, 30 s-intervals) ANOVA comparing average number of fetal body movements during the 1-90 

s before and after the voice onset of the mother‘s voice.  

 

Tests of Within-Subjects Effects 

Average number of fetal body movement 

Period: Pre-voice, voice: Mother’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .113 1 .113 .390 .536 

Greenhouse-Geisser .113 1.000 .113 .390 .536 

Error(Period) Sphericity Assumed 10.387 36 .289   

Greenhouse-Geisser 10.387 36.000 .289   

Time Sphericity Assumed .009 2 .005 .027 .973 

Greenhouse-Geisser .009 1.731 .005 .027 .960 

Error(Time) Sphericity Assumed 11.991 72 .167   

Greenhouse-Geisser 11.991 62.327 .192   

Period * Time Sphericity Assumed .658 2 .329 1.774 .177 

Greenhouse-Geisser .658 1.990 .331 1.774 .177 

Error(Period*Time) Sphericity Assumed 13.342 72 .185   

Greenhouse-Geisser 13.342 71.634 .186   
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Average number of fetal body movements - 60 s. 2-within (Period – Pre-voice vs. Voice; Time – 

2, 30 s-intervals) ANOVA comparing average number of fetal body movements during the 1-60 

s before and after the voice onset of the mother‘s voice.  

 

Tests of Within-Subjects Effects 

Average number of fetal body movement 

Period: Pre-voice, voice: Mother’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .007 1 .007 .028 .868 

Greenhouse-Geisser .007 1.000 .007 .028 .868 

Error(Period) Sphericity Assumed 8.743 36 .243   

Greenhouse-Geisser 8.743 36.000 .243   

Time Sphericity Assumed .547 1 .547 2.402 .130 

Greenhouse-Geisser .547 1.000 .547 2.402 .130 

Error(Time) Sphericity Assumed 8.203 36 .228   

Greenhouse-Geisser 8.203 36.000 .228   

Period * Time Sphericity Assumed .007 1 .007 .051 .822 

Greenhouse-Geisser .007 1.000 .007 .051 .822 

Error(Period*Time) Sphericity Assumed 4.743 36 .132   

Greenhouse-Geisser 4.743 36.000 .132   
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Average number of fetal body movements - 30 s: 1-within with 2 levels (Time – 1, 30 s-

intervals; pre-voice, post-voice) ANOVA comparing average number of fetal body movements 

during the 1-30 s before and after the voice onset of the mother‘s voice.  

Tests of Within-Subjects Effects 

Average number of fetal body movement 

Period: Pre-voice, voice: Mother’s voice 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Time Sphericity Assumed .338 1 .338 1.327 .257 

Greenhouse-Geisser .338 1.000 .338 1.327 .257 

Error(Time) Sphericity Assumed 9.162 36 .255   

Greenhouse-Geisser 9.162 36.000 .255   
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Average duration of fetal body movements - 180 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 6, 30 s-intervals) ANOVA comparing average duration of fetal body movements during the 1-

180 s before and after the voice onset of the father‘s voice.  
 

 

Tests of Within-Subjects Effects 

Average duration of fetal body movement 

Period: Pre-voice, voice: Father’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed 14.056 1 14.056 .463 .501 

Greenhouse-Geisser 14.056 1.000 14.056 .463 .501 

Error(Period) Sphericity Assumed 1094.027 36 30.390   

Greenhouse-Geisser 1094.027 36.000 30.390   

Time Sphericity Assumed 24.255 5 4.851 .436 .823 

Greenhouse-Geisser 24.255 3.276 7.405 .436 .744 

Error(Time) Sphericity Assumed 2000.829 180 11.116   

Greenhouse-Geisser 2000.829 117.919 16.968   

Period * Time Sphericity Assumed 62.741 5 12.548 .988 .427 

Greenhouse-Geisser 62.741 2.897 21.658 .988 .400 

Error(Period*Time) Sphericity Assumed 2286.676 180 12.704   

Greenhouse-Geisser 2286.676 104.288 21.927   
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Average duration of fetal body movements - 120 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 4, 30 s-intervals) ANOVA comparing average duration of fetal body movements during the 1-

120 s before and after the voice onset of the father‘s voice.  

 

Tests of Within-Subjects Effects 

Average duration of fetal body movement 

Period: Pre-voice, voice: Father’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .976 1 .976 .046 .831 

Greenhouse-Geisser .976 1.000 .976 .046 .831 

Error(Period) Sphericity Assumed 756.149 36 21.004   

Greenhouse-Geisser 756.149 36.000 21.004   

Time Sphericity Assumed 25.551 3 8.517 .568 .637 

Greenhouse-Geisser 25.551 2.405 10.625 .568 .600 

Error(Time) Sphericity Assumed 1619.324 108 14.994   

Greenhouse-Geisser 1619.324 86.574 18.705   

Period * Time Sphericity Assumed 18.821 3 6.274 .613 .608 

Greenhouse-Geisser 18.821 2.485 7.573 .613 .578 

Error(Period*Time) Sphericity Assumed 1105.554 108 10.237   

Greenhouse-Geisser 1105.554 89.467 12.357   
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Average duration of fetal body movements - 90 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 3, 30 s-intervals) ANOVA comparing average duration of fetal body movements during the 1-

90 s before and after the voice onset of the father‘s voice.  

 

Tests of Within-Subjects Effects 

Average duration of fetal body movement 

Period: Pre-voice, voice: Father’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed 6.505 1 6.505 .292 .593 

Greenhouse-Geisser 6.505 1.000 6.505 .292 .593 

Error(Period) Sphericity Assumed 803.162 36 22.310   

Greenhouse-Geisser 803.162 36.000 22.310   

Time Sphericity Assumed 3.495 2 1.748 .199 .820 

Greenhouse-Geisser 3.495 1.740 2.009 .199 .789 

Error(Time) Sphericity Assumed 631.171 72 8.766   

Greenhouse-Geisser 631.171 62.625 10.079   

Period * Time Sphericity Assumed 8.252 2 4.126 .343 .711 

Greenhouse-Geisser 8.252 1.979 4.170 .343 .709 

Error(Period*Time) Sphericity Assumed 867.081 72 12.043   

Greenhouse-Geisser 867.081 71.242 12.171   
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Average duration of fetal body movements - 60s : 2-within (Period – Pre-voice vs. Voice; Time 

– 2, 30 s-intervals) ANOVA comparing average duration of fetal body movements during the 1-

60 s before and after the voice onset of the father‘s voice.  

 

Tests of Within-Subjects Effects 

Average duration of fetal body movement 

Period: Pre-voice, voice: Father’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed 4.568 1 4.568 .288 .595 

Greenhouse-Geisser 4.568 1.000 4.568 .288 .595 

Error(Period) Sphericity Assumed 571.932 36 15.887   

Greenhouse-Geisser 571.932 36.000 15.887   

Time Sphericity Assumed .676 1 .676 .063 .803 

Greenhouse-Geisser .676 1.000 .676 .063 .803 

Error(Time) Sphericity Assumed 385.824 36 10.717   

Greenhouse-Geisser 385.824 36.000 10.717   

Period * Time Sphericity Assumed .027 1 .027 .001 .970 

Greenhouse-Geisser .027 1.000 .027 .001 .970 

Error(Period*Time) Sphericity Assumed 686.473 36 19.069   

Greenhouse-Geisser 686.473 36.000 19.069   
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Average duration of fetal body movements - 30 s: 1-within with 2 levels (Time – 1, 30 s-

intervals; pre-voice, post-voice) ANOVA comparing average duration of fetal body movements 

during the 1-30 s before and after the voice onset of the father‘s voice.  

 

 

Tests of Within-Subjects Effects 

Average duration of fetal body movement 

Period: Pre-voice, voice: Father’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Time Sphericity Assumed 4.378 1 4.378 .675 .417 

Greenhouse-Geisser 4.378 1.000 4.378 .675 .417 

Error(Time) Sphericity Assumed 233.622 36 6.489   

Greenhouse-Geisser 233.622 36.000 6.489   
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Average number of fetal body movements - 180 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 6, 30 s-intervals) ANOVA comparing average number of fetal body movements during the 1-

180 s before and after the voice onset of the father‘s voice.  

 

Tests of Within-Subjects Effects 

Average number of fetal body movement 

Period: Pre-voice, voice: Father’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .144 1 .144 .241 .626 

Greenhouse-Geisser .144 1.000 .144 .241 .626 

Error(Period) Sphericity Assumed 21.523 36 .598   

Greenhouse-Geisser 21.523 36.000 .598   

Time Sphericity Assumed .586 5 .117 .509 .769 

Greenhouse-Geisser .586 3.967 .148 .509 .728 

Error(Time) Sphericity Assumed 41.414 180 .230   

Greenhouse-Geisser 41.414 142.810 .290   

Period * Time Sphericity Assumed 2.640 5 .528 2.175 .059 

Greenhouse-Geisser 2.640 3.058 .863 2.175 .094 

Error(Period*Time) Sphericity Assumed 43.694 180 .243   

Greenhouse-Geisser 43.694 110.082 .397   
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Average number of fetal body movements - 120 s: 2-within (Period – Pre-voice vs. Voice; Time 

– 4, 30 s-intervals) ANOVA comparing average number of fetal body movements during the 1-

120 s before and after the voice onset of the father‘s voice.  

 

Tests of Within-Subjects Effects 

Average number of fetal body movement 

Period: Pre-voice, voice: Father’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .014 1 .014 .030 .862 

Greenhouse-Geisser .014 1.000 .014 .030 .862 

Error(Period) Sphericity Assumed 15.986 36 .444   

Greenhouse-Geisser 15.986 36.000 .444   

Time Sphericity Assumed .892 3 .297 1.084 .359 

Greenhouse-Geisser .892 2.525 .353 1.084 .353 

Error(Time) Sphericity Assumed 29.608 108 .274   

Greenhouse-Geisser 29.608 90.889 .326   

Period * Time Sphericity Assumed .554 3 .185 .816 .488 

Greenhouse-Geisser .554 2.428 .228 .816 .466 

Error(Period*Time) Sphericity Assumed 24.446 108 .226   

Greenhouse-Geisser 24.446 87.415 .280   
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Average number of fetal body movements - 90 s: 2-within (Period – Pre-voice vs. Voice; Time – 

3, 30 s-intervals) ANOVA comparing average number of fetal body movements during the 1-90 

s before and after the voice onset of the father‘s voice.  

 

Tests of Within-Subjects Effects 

Average number of fetal body movement 

Period: Pre-voice, voice: Father’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .018 1 .018 .046 .831 

Greenhouse-Geisser .018 1.000 .018 .046 .831 

Error(Period) Sphericity Assumed 13.982 36 .388   

Greenhouse-Geisser 13.982 36.000 .388   

Time Sphericity Assumed .063 2 .032 .180 .836 

Greenhouse-Geisser .063 1.991 .032 .180 .835 

Error(Time) Sphericity Assumed 12.604 72 .175   

Greenhouse-Geisser 12.604 71.685 .176   

Period * Time Sphericity Assumed .279 2 .140 .733 .484 

Greenhouse-Geisser .279 1.993 .140 .733 .484 

Error(Period*Time) Sphericity Assumed 13.721 72 .191   

Greenhouse-Geisser 13.721 71.761 .191   
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Average number of fetal body movements - 60 s: 2-within (Period – Pre-voice vs. Voice; Time – 

2, 30 s-intervals) ANOVA comparing average number of fetal body movements during the 1-60 

s before and after the voice onset of the father‘s voice.  

 

Tests of Within-Subjects Effects 

Average number of fetal body movement 

Period: Pre-voice, voice: Father’s voice 

Source Type III Sum 

of Squares df Mean Square F Sig. 

Period Sphericity Assumed .061 1 .061 .144 .706 

Greenhouse-Geisser .061 1.000 .061 .144 .706 

Error(Period) Sphericity Assumed 15.189 36 .422   

Greenhouse-Geisser 15.189 36.000 .422   

Time Sphericity Assumed .007 1 .007 .046 .831 

Greenhouse-Geisser .007 1.000 .007 .046 .831 

Error(Time) Sphericity Assumed 5.243 36 .146   

Greenhouse-Geisser 5.243 36.000 .146   

Period * Time Sphericity Assumed .007 1 .007 .030 .865 

Greenhouse-Geisser .007 1.000 .007 .030 .865 

Error(Period*Time) Sphericity Assumed 8.243 36 .229   

Greenhouse-Geisser 8.243 36.000 .229   
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Average number of fetal body movements - 30 s: 1-within with 2 levels (Time – 1, 30 s-

intervals; pre-voice, post-voice) ANOVA comparing average number of fetal body movements 

during the 1-30 s before and after the voice onset of the father‘s voice.  

 

Tests of Within-Subjects Effects 

Average number of fetal body movement 

Period: Pre-voice, voice: Father’s voice 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Time Sphericity Assumed .014 1 .014 .075 .786 

Greenhouse-Geisser .014 1.000 .014 .075 .786 

Error(Time) Sphericity Assumed 6.486 36 .180   

Greenhouse-Geisser 6.486 36.000 .180   

      

      

 
 

 


