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Introduction

Prenatal development involves the acquisition of perceptual, cognitive, motor, and emo-
tional abilities that may influence later musical development. “There is evidence that suggests 
that enriched environment in the form of auditory stimulation can play a substantial role in 
modulating plasticity during the prenatal period” (Chaudhury, Nag, Jain and Wadhwa, 2013, 
p. 605). This statement may apply to all prenatally hearing animals, including birds (Kauser 
et al., 2011; Roy, Nag, Upadhyay, Mathur and Jain, 2014), mammals (Kim et al., 2006) and 
humans (James, 2010; Hepper, 1992). Moreover, “prenatal auditory experience may set the 
trajectory for the development of the musical mind” (Ullal-Gupta, der Nederlanden, Tichko, 
Lahav, and Hannon, 2013, abstract). I argue in this chapter that research in this area can shed 
light on the origins of musical behaviors, not only in human prehistory (phylogeny) but also 
within the lifespan of an individual (ontogeny).

Regarding the ontogeny of music, the infant is surprisingly sensitive to patterns of sound 
and movement that adults perceive as musical (Trehub, Chapter 24, this volume). The origin 
and evolutionary function (if any) of this sensitivity is unclear. One possibility is that musi-
cal patterns are similar to perceptual patterns to which the fetus is regularly exposed before 
birth: the fundamental frequency trajectory of the mother’s voice, its relationship to breath-
ing, and the rhythm of her heartbeat and footsteps, and its relationship to movement; and 
the emotional connotations of all such patterns (Parncutt, 1989, 1993).

Music may have emerged phylogenetically for its role in group cohesion, mate selection, 
or skill acquisition; it may be an elaboration of motherese or primate behaviors; or it may 
merely involve non-adaptive pleasure seeking (for a summary see Mithen, 2005). An addi-
tional possibility, related to the motherese hypothesis, involves classical conditioning of the 
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fetus during the third trimester by exposure to correlated sounds, movements and hormonal 
changes within the mother’s body (Parncutt, 2009). Since (changes in) maternal emotional 
states regularly trigger (changes in) the patterns of sound and movement to which the fetus 
is exposed and involve (changes in) blood hormone levels, the fetus may associate patterns of 
sound and movement with emotion.

The importance of the prenatal phase for general psychological development was empha-
sized by Smotherman and Robinson (1990) and Hopkins and Johnson (2005). The fetus 
responds actively to changes in its intrauterine environment in ways that influence its later 
behavioral and biological development. The prenatal phase may be regarded as a develop-
mental niche (cf. Super and Harkness, 1986) with its own unique characteristics but also lying 
on the same developmental continuum as postnatal niches. Although no one would ques-
tion that sensation, emotion, cognition, and motor abilities have prenatal origins (Hall and 
Oppenheim, 1987), most empirical research about these abilities in the late twentieth cen-
tury ignored the prenatal period, while at the same time repeatedly asking nature–nurture 
questions that can only be answered by studying the prenatal epigenesis1 of behavior.

It is problematic to use the term “music” in conjunction with fetal development. Probably 
neither the fetus nor the infant discriminates between music (including singing) and speech; 
motherese2 (Papousek, 1996), the playful vocal-gestural interaction between infants and 
carers, is a mixture of both—a form of musilanguage (Brown, 2000). Because motherese is 
not music but may represent music’s origin, the term protomusic is appropriate (cf. Fitsch, 
2006)—by analogy to protolanguage, the common ancestor of a group of related languages. 
For similar reasons, it is misleading to speak of “womb music”3 or of “playing music to cows” 
(Uetake, Hurnik and Johnson, 1997), since the sound patterns presented in such studies are 
not perceived as music (i.e., not as culturally situated) by the experimental participants. 
Those patterns may nonetheless have musically interesting physiological, behavioral, or cog-
nitive affects.

This chapter focuses on musically relevant psychological aspects of prenatal develop-
ment: the development of perception, cognition, and emotion, the relationships between 
them, and the musical and musicological implications of those relationships. I begin by sur-
veying relevant fetal sensory abilities: hearing, the vestibular sense of balance and accelera-
tion, and the proprioceptive sense of body orientation and movement. All those senses may 
be relevant for musical development, since in all known cultures, music is inseparable from 
bodily movement and gesture, whether real (Blacking, 1995) or implied (Tolbert, 2001). I go 
on to consider what sounds and other stimuli are available to the fetus—what patterns are the 
earliest to be perceptually learned?—and consider psychological and philosophical issues of 
fetal attention, “consciousness,” learning and memory. I close with speculations about the 
possible role of prenatal development in the phylogeny of musical behaviors.

1 The word “epigenesis” (rather than genesis) refers to the role of both nature (genetics) and nurture 
(environment), and the interaction between them, in the prenatal emergence of behavior.

2 I use the term motherese rather than infant-directed speech to emphasize the two-way nature of this 
form of communication (including the active role of the infant) and the central role of women in the 
phylogeny of motherese.

3 E.g., “Babies remember womb music,” http://news.bbc.co.uk/2/hi/health/1432495.stm, viewed on 
August 11, 2007.
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The Ontogeny of Music

Fetal Auditory, Vestibular, and Proprioceptive Abilities

All human sensory systems begin to function before birth (Hepper, 1992). The acousti-
cal stimulation to which the fetus is exposed is more diverse and carries more information 
relative to corresponding discriminatory abilities than visual, tactile, olfactory, or gustatory 
(biochemical) stimulation. In that sense, hearing may be regarded as the dominant sensory 
modality in the prenatal phase, and infancy as a transition from auditory to visual dominance.

The fetus can hear throughout the second half of gestation. Because the fetal inner ear 
is filled with fluid, much of the sound heard by the fetus is transmitted to the inner ear 
through the skull by bone conduction (Gerhardt et al., 1996; Sohmer, Perez, Sichel, Priner 
and Freeman, 2001). The cochlea begins to process sounds at about 20 weeks gestation; 
the cochlea reaches adult size at 25 weeks, but continues to develop until birth (Bibas et al., 
2008). Motor responses to sound begin during the same period (Joseph, 2000). At 20 weeks, 
the fetus is sensitive to a narrow band of spectral frequencies around 300 Hz (Hepper and 
Shahidullah, 1994). As the fetus develops, its auditory abilities—including the perceptible 
range of spectral frequencies, the discrimination of frequencies and rapid sequences of 
events, and the storage and recognition of pitch-time patterns—gradually improve and may 
approach adult levels at birth (Joseph, 2000). Myelination of auditory pathways occurs dur-
ing gestational weeks 26–28. Myelination is critical for the onset of auditory function; its 
density increases for the next year (Moore, Perazzo and Braun, 1995).

It is physically impossible for the fetus to localize sound sources (Parncutt, 2006). First, 
the fetal head does not cast an acoustic shadow at the relatively low frequencies that are 
transmitted by the amniotic fluid. Second, inter-aural time differences are smaller for a fetus 
than for an adult due to the smaller head size and the faster speed of sound in liquid. The 
fetus therefore has no access to information about the direction from which sounds ema-
nate. Prenatal sound is monophonic and omnidirectional.

The vestibular system (or organ of balance) begins to function at about the same time as 
the cochlea. The cochlea and vestibular system lie at opposite ends of the (bony/osseous) lab-
yrinth in the temporal bone or inner ear. The vestibular system consists of three semicircular 
canals that are sensitive to angular accelerations (rotation), and the saccule and utricle which 
each contain otoliths (dense structures) that are sensitive to gravity and linear accelerations 
(horizontal movement in the utricle, vertical in the saccule). The membranous labyrinth 
attains adult size remarkably early, by the middle of the gestation period; the otic capsule 
ossifies between 18 and 24 weeks (Nemzek et al., 2000).

Fetal Motility and Proprioception

An overview of fetal motor development was given by de Vries and Hopkins (2005). Fetal 
motility begins at about 8 weeks’ gestation, when the fetus begins to move through the amni-
otic fluid and to extend and flex its limbs. From then on, the movement repertoire of the 
fetus gradually expands. Some movements may be adaptations to the prenatal environment, 
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while others prepare the fetus for postnatal life. In the third trimester, different sleep-wake 
states are associated with different movement repertoires and different sizes and frequen-
cies of movement. Movements are not confined to the limbs, but also include startles, 
breathing movements, jaw openings, sucking, swallowing, and facial, tongue, and laryngeal 
movements.

As movements develop, so too does motor control. Motor control generally involves an 
interaction between the neural signals that control muscle activity and sensory feedback 
about the limb location and muscle tension. The spinal reflex arc begins to function during 
the first trimester, enabling motor signals to bypass the brain, speeding up motor reflexes.

Development of motor control occurs in parallel with development of proprioception—the 
sense of the relative position and motion of parts of the body. Since musical meaning involves 
the perception of gesture (Tolbert, 2001), which in turn depends on proprioception, the pre-
natal development of proprioception may be relevant for the later emergence of musical 
abilities.

The Fetal Auditory Environment

The fetal auditory environment provides many opportunities for prenatal perceptual learn-
ing (James, 2010). The fetus is exposed to sounds from both inside and outside the mother’s 
body. Internal sounds include her voice, breathing, heartbeat, digestion, body movements, 
and footsteps (Lecanuet, 1996). Of these, the voice may be the most salient (Fifer and Moon, 
1994). Internal sounds tend to be louder than the external sounds (Richards et al., 1992). 
The fetus is also exposed to patterns of movement that are coupled to sound patterns, such 
as when the mother walks, which can explain diverse findings on infant rhythm perception 
(summarized by Phillips-Silver, 2009).

Both internal and external sounds are muffled (low-pass filtered) as they pass through 
the mother’s body and amniotic fluid. Spectral components in the approximate range 
100-1000 Hz are attenuated relatively little and may even be slightly amplified, even if their 
origin is external (Richards et al., 1992). When the fetus is exposed to speech, either inter-
nally from the mother or from an external source, muffling makes vowels more salient 
(audible) than consonants and the fundamental frequency contour more salient than spec-
tral information (timbre, phonemes) (cf. Smith, Gerhardt, Griffiths, Huang and Abrams, 
2003)—consistent with the important role of pitch contour in music perception (Dowling 
and Fujitani, 1971).

Fetal “Consciousness”

The fetus is not conscious in the everyday sense of reflective consciousness, that is, the ability 
to reflect upon perceptual experience. It does, however, have primitive abilities that may be 
considered part of a broad definition of consciousness, including perception, cognition, and 
emotion; wake-sleep cycles (Nijhuis, Prechtl, Martin and Bots, 1982); preferences; and atten-
tion. Newborns are capable of demonstrating preferences by the rate of sucking on a pacifier 
(DeCasper and Fifer, 1980), suggesting that the fetus could also demonstrate preferences if 
a suitable, non-invasive empirical method could be developed. Kisilevsky, Hains, Jacquet, 
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Granier-Deferre, and Lecanuet (2004) investigated the heartrate and movement of fetuses 
in response to a musical stimulus and observed a change at about 33 weeks, suggesting an 
ontogeny of attention.

According to the levels of consciousness approach (Zelazo, 2003), adult reflective con-
sciousness comprises separable components that are acquired at specific ages. The ability to 
label objects (including people) is acquired at the age of about 1 year, to distinguish self from 
others at 2, to reflect about ideas or theories and apply rules at 3, and to reflect about self and 
others at 4. Since neither the newborn nor the fetus has any of these abilities, the fetus is not 
conscious in the everyday sense. Attempts to ascribe consciousness to the fetus may be pro-
jections of adult reflective consciousness, also called animistic projection or anthropomor-
phism (Parncutt, 2006).

Prenatal Learning

Learning may be defined as acquisition of information that affects later behavior. Fetal learn-
ing has been repeatedly demonstrated by the empirical paradigms of habituation and classi-
cal conditioning.

In habituation, an organism is exposed several times to the same stimulus and gradually 
stops reacting to it; either the organism gets used to the stimulus or the stimulus becomes 
uninteresting for the organism. Leader, Baillie, Martin and Vermeulen (1982) observed 
fetal habituation to a repeated vibrotactile stimulus at 22–30 weeks’ gestation. In a different 
habituation paradigm, Shahidullah and Hepper (1994) found that the fetus can discriminate 
between sounds at 35 weeks better than at 27 weeks.

Other empirical studies have demonstrated that the fetus is capable of associating stimuli 
with each other by classical conditioning. In a typical experiment, stimuli are paired with 
each other in a temporal sequence; after several such pairings, the organism begins to expect 
the second stimulus when the first is presented. Any stimulus can be associated with any 
other by classical conditioning, and all animals are capable of classical conditioning; the 
human fetus is no exception (Smotherman and Robinson, 1990).

Classical conditioning may be regarded as the basic mechanism underlying statistical 
learning. All higher organisms are sensitive to statistical properties of their environment: 
given many occurrences of event A in different contexts, they learn the probability that it will 
be accompanied by (or co-occur with) event B, that is, the conditional probability that event 
A predicts event B (Fiser and Aslin, 2002). Saffran, Aslin and Newport (1996) demonstrated 
that 8-month-old infants can learn statistical properties of nonsense speech during only 
2 minutes’ exposure. Since statistical learning is such a fundamental means of picking up 
information about the environment for all organisms (Gibson, 1969), we may safely assume 
that humans begin to learn statistically before birth.

Transnatal Memory

Transnatal memory is postnatal retention of prenatally acquired information. If the 
above arguments concerning fetal (lack of) consciousness are correct, transnatal mem-
ory is always implicit, that is, not under any form of conscious control—unlike an adult’s 
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memory for a telephone number, which normally requires conscious effort. Transnatal 
memory for stimulus patterns presented repeatedly to different fetal sensory modalites can 
last for weeks or months and may therefore be considered to be a form of long-term mem-
ory (Granier-Deferre, Bassereau, Ribeiro, Jacquet and DeCasper, 2011; Hepper, 1991, 1992; 
Hopkins and Johnson, 2005; Mastropieri and Turkewitz, 2001; Partanen, Tervaniemi and 
Huotilainen, 2013).

In experiments to measure the duration of transnatal memory, a given stimulus pattern 
is presented repeatedly before birth (e.g., a specific piece of music), or a pattern to which 
the fetus is naturally exposed (e.g., the mother’s voice) is used as an experimental stimulus. 
When the same pattern is presented for the first time after birth, or in a specific new way, 
the reaction of the infant is observed and compared with its reaction to unfamiliar control 
stimuli.

Transnatal memory is not episodic; it is not memory for single events. The “memories” of 
therapeutic patients in trance, who report prenatal events or even their own birth, cannot be 
confirmed (Hartogh, 2003). Such memories can easily be constructed from knowledge of 
the cultural/social context (Harris, Sardapoor-Bascom and Meyer, 1989). Episodic memory 
in humans normally depends on language; since prenatal episodic memory has no known 
evolutionary function, it is unlikely to exist.

Prenatal Association of Sound/Movement Patterns 
with Emotion

The internal sounds and movements of our bodies depend on our physical and emotional 
state. The fetus perceives the internal sounds and movements of its mother’s body; at the 
same time, it is continuously exposed to hormonal information about the mother’s physi-
cal and emotional states, which it partially shares. If the fetus associated sound/movement 
patterns with physical/emotional states by classical conditioning (Parncutt, 2009), that 
could explain our propensity to associate emotion with patterns of sound and movement 
in music—like the associationist “They’re playing our song” effect in adults (Schulkind, 
Hennis and Rubin, 1999), but statistical rather than episodic. The theory of classical condi-
tioning would predict that after several repetitions of such a stimulus pair, the fetus would 
begin to respond emotionally to the first stimulus (here, behavioral)—before the arrival of 
the second (emotional, biochemical). The time interval between behavioral and biochemi-
cal information in this scenario is presumably of the order of minutes; classical conditioning 
may also occur for longer interstimulus intervals of the order of hours (Garcia, Hankins and 
Rusiniak, 1974).

An important consequence of prenatal statistical learning may be the prenatal develop-
ment of a mother schema that improves a newborn’s survival chances by facilitating inter-
action with the mother (Parncutt, 2009). The mother schema is analogous to the infant 
schema of Lorenz (1943) and has the same function, namely promoting infant survival in 
ancient hunter-gatherer societies. Both schema are highly emotional and motivational 
in character. The infant schema combines static and dynamic aspects of the “cuteness” of 
babies: small body compared to head, round face and skull, large eyes compared to face, 
typical movements and changes in facial expression, playfulness, appearing fragile or 
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helpless, innocent affection (Glocker et al., 2009). The mother schema allows the infant to 
recognize and engage with the mother (or other carers) by combining input from hearing, 
seeing, touch, smell, taste, balance, and proprioception. Some of these elements are learned 
before birth and involve transnatal memory. The mother schema is activated when preterm 
infants are exposed to recordings of their mother’s voice and heartbeat (Doheny, Hurwitz, 
Insoft, Ringer and Lahav, 2012), and when infants prefer natural human speech over simi-
lar sound patterns (Vouloumanos and Werker, 2004), people who speak their mother’s 
language (Moon, Cooper and Fifer, 1993), their mother’s voice over the voice of a stranger 
(Mehler, Bertoncini and Barriere, 1978), motherese over natural speech (Fernald and Kuhl, 
1987; Schachner and Hannon, 2011; Werker, Pegg and McLeod, 1994), happy over sad speech 
or music (Corbeil, Trehub and Peretz, 2013; Singh, Morgan and Best, 2002), and motionese 
(Brand and Shallcross, 2008).

These two theories—prenatal association of sound/movement patterns by classical con-
ditioning and prenatal development of mother schema—can together account for music’s 
strong emotionality and spirituality. The universal association of music with religion or 
spirituality may be a simple throwback to the mother schema, with which omniscient, 
omnipotent, omnipresent, omnibenevolent, or eternal supernatural beings are sublimi-
nally associated (Parncutt, 2009). Other theories of the origin of music, such as social cohe-
sion or sexual partner selection, may be able to account for strong musical emotions, but 
they cannot account directly for its inherent spirituality, or for the striking musical abilities 
of infants.

The Phylogeny of Musical Behavior

Emotion

Strong emotions are generally associated with reflexes, instincts, or drives that promote sur-
vival and reproduction (Tinbergen, 1989), such as hunger, lust, fear, pain, disgust, jealousy, 
surprise, and anger. Music is mysterious, communicating strong emotions although it has no 
clear adaptive value. Musical emotions are even associated with changed states of conscious-
ness and spiritual experiences (Gabrielsson and Lindström Wik, 2003). A plausible theory of 
the origins of music should be consistent with these phenomena.

It is often supposed that music is emotional because it is associated with social behav-
ior and group survival (e.g., Dean and Bailes, 2006). Music mainly occurs in groups (many 
people share the experience) whereas speech mainly occurs between pairs of individuals (it 
communicates confidential information efficiently). Evolutionary theory primarily explains 
the behavior of isolated pairs of individuals (e.g., reciprocal altruism)—not groups consid-
ered as a whole (Boyd and Richerson, 1988; Trivers, 1971). That is one reason why language 
is more likely than music to be an adaptation. Group survival cannot easily explain music’s 
strong emotionality and spirituality.

Musical emotions are associated with learned patterns of sound and movement. A pos-
sible source of those associations is motherese (Dissanayake, 2008), whose vocabulary of 
gestural meanings evidently includes a universal component (Kuhl et al., 1997; Papousek, 
1996). These universal gestural meanings may in turn have a prenatal origin.
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Infant Musical Skills: Innate or Learned?

All humans, including infants and with the exception of amusics, possess basic musical abili-
ties or potential (Howe, Davidson and Sloboda, 1998). A plausible theory of the origins of 
music should be consistent with the quasi-universal musical abilities of infants. Trehub and 
Hannon (2006) proposed that “infants’ music perception skills are a product of general per-
ceptual mechanisms that are neither music- nor species-specific. Along with general-purpose 
mechanisms for the perceptual foundations of music, we suggest unique motivational mech-
anisms that can account for the perpetuation of musical behavior in all human societies” 
(abstract). Prenatal associations between patterns of sound, movement, and emotion could 
underlie such “general perceptual mechanisms” and “unique motivational mechanisms.”

Several sources of evidence suggest that the musical abilities of infants are at least par-
tially “inborn,” “innate,” or “congenital,” all three terms allowing for the possibility of pre-
natal learning. Amusia is inborn in a small proportion of the population. Infants of deaf 
parents prefer infant-directed singing over adult-directed singing, suggesting an innate 
component—or an inborn preference for prosodic exaggeration (Masataka, 1999). The 
development of musical ability is affected by prenatal testosterone levels (Sluming and 
Manning, 2000).

Models of the interplay between genes and environments (Garcia Coll, Bearer and Lerner, 
2004) additionally suggest that behaviors and skills such as musicality are the result of such 
interaction. Several empirical studies cited in this chapter are consistent with the prenatal 
learning of protomusical skills. For example, newborns respond to the emotional content 
of speech, but only in their maternal language, suggesting that their ability to recognize that 
emotion was acquired before birth (Mastropieri and Turkewitz, 2001). The claim that musi-
cal skills are largely learned may be valid throughout the lifespan, including the last prenatal 
trimester. The gestural vocabulary of motherese may be largely learned from prenatal expo-
sure to the internal sounds of the mother’s body. Later, musical expertise depends primarily 
on the total accumulated duration of practice (Howe et al., 1998).

Fetal–Maternal Communication

Bonding (secure attachment) between primary caregiver and infant plays an important 
psychological and physiological role in early development (Schore, 2001). The idea that 
maternal–infant bonding is an evolutionary adaptation is consistent with high rates of 
infant mortality among both non-human primate and human hunter-gatherer populations 
(>50%: Denham, 1974). Maternal–infant bonding increases the chance of infant survival, 
especially under threat of infanticide (Opie et al., 2013; Hausfater, 1984). In primate evolu-
tion, bonding strategies changed with larger neocortex, relying more on multimodal sensory 
cues, associations, and social behavior, and less on olfaction and hormones (Broad, Curley 
and Keverne, 2006). Prenatally acquired knowledge about maternal emotional states may 
adaptively promote postnatal bonding and survival by helping the infant to communicate 
its needs appropriately. Other factors being equal, the chance that an infant will survive to 
reproductive age will increase if infant demands on the mother or other carers do not radi-
cally exceed their capabilities or resources.
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Infant–mother bonding is two-way and reciprocal (Lee, 2006): each party is at some level 
sensitive to the physical and emotional state of the other. Empirical research is beginning to 
document the infant’s active perception of the mother: compare Stern’s (2002) and Kenny’s 
(2013) cognitive, psychoanalytic approaches, Trevarthen’s (1980) concept of intersubjec-
tive communication, and the positive physiological effects of maternal speech, singing, and 
heartbeat sounds on preterm infants (Doheny et al., 2012; Filippa, Devouce, Arioni, Imberty 
and Gratier, 2013; Krueger, Parker, Chiu and Theriaque, 2010). To successfully monitor the 
mother’s physical and emotional state, the infant must have prior knowledge about the rela-
tionship between maternal state and behavior. The fetus has constant access to two sources 
of information about the physical and emotional state of its mother: behavioral (sound and 
movement) and biochemical (blood hormone concentrations).

Regarding behavioral information, all patterns of sound and movement that are audi-
ble within the body in everyday situations, including vocalization, respiration, blood cir-
culation, movement, footsteps, and digestion, depend on physical and emotional state 
(Mastropieri and Turkewitz, 2001). The human fetus has access to three behavioral sources 
of information about maternal state: sound patterns, linear, and rotational acceleration of 
the fetal body, and relative movement of the fetal limbs. These are perceived by the fetal audi-
tory, vestibular, and proprioceptive systems respectively.

Regarding biochemical information, the hormones involved in the maternal–fetal 
interaction arise from three different sources: placenta, maternal organs, and fetal organs 
(Power and Schulkin, 2005). The placenta and fetal membranes produce a large num-
ber of steroids that regulate and balance both maternal and fetal physiology. They include 
progesterone, estrogen, and corticotropin-releasing hormone (CRH), which play a role in 
maintenance and duration of pregnancy (Albrecht, Aberdeen and Pepe, 2000; Hillhouse 
and Grammatopoulos, 2002); testosterone, which affects fetal development (Matt and 
MacDonald, 1984); placental lactogen (somatomammotropin), which influences nutrient 
(carbohydrate, lipid) levels in the maternal blood (Walker, Fitzpatrick, Barrera-Saldana, 
Resendez-Perez and Saunders, 1991); estrogen, related to female secondary sex characteris-
tics (Nelson and Bulun, 2001); and relaxin, which facilitates birth (Klonisch et al., 1999). In 
an evolutionary approach, hormonal manipulation of maternal nutrient supply by the fetus 
represents an early stage of parent–offspring conflict (Wells, 2003).

Hormone production in the mother involves a mixture of regular adult hormonal pro-
cesses and processes specific to pregnancy; each could be perceived or shared by the fetus 
and associated with sound and movement patterns. Regarding regular hormonal pro-
cesses, externally caused stressors (flight–fight reaction) lead to stimulation of the adrenal 
gland, which secretes adrenaline (epinephrine) and noradrenaline (norepinephrine) into 
the blood, which in turn increases blood sugar, muscle tension, and blood pressure. Stress 
also causes the release of CRH and the production of glucocorticoids that affect immune 
responses (Elenkov, Webster, Torpy and Chrousos, 1999). CRH is also associated with anxi-
ety and depression (Steckler and Holsboer, 1999), and cortisol is associated with fear and 
stress (Kalin, Larson, Shelton and Davidson, 1998). Oxytocin is more specific to reproduc-
tion and is associated with orgasm, birth, and breastfeeding (Newton, 1978).

That the fetus is sensitive to hormone concentrations in the maternal blood is consist-
ent with studies that demonstrate the effect of those concentrations during pregnancy on 
postnatal development. For example, postpartum concentrations of testosterone, estradiol, 
androstenedione, and cortisol correlate with children’s later levels of physical aggression 
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(Susman, Schmeelk, Ponirakis and Gariepy, 2001). The placenta is permeable to nutrients, 
oxygen, alcohol, antibodies, and steroid hormones with different temporal delays of seconds, 
minutes, or hours (Bajoria, Peek and Fisk, 1998; Bajoria and Fisk, 1998). Molecules that pass 
the blood–brain barrier include oxygen, carbon dioxide, alcohol, and steroid hormones, of 
which there are five main groups: progestagens, glucocorticoids, mineralocorticoids, andro-
gens, and estrogens (Pardridge and Mietus, 1979). The permeability of the blood–brain bar-
rier to steroid hormones depends on the molecule and involves different temporal delays 
(Zloković, Lipovac, Begley, Davson and Rakić, 1988).

Thus, both evolutionary-biological and developmental-psychological approaches pre-
dict that the fetus perceives changes in patterns of sound and movement within the moth-
er’s body (behavioral information) as well as responding to changes in maternal hormone 
levels, which are delayed by passage through the placental and fetal blood–brain barriers 
(biochemical information). The behavioral change thus predicts the biochemical change, 
allowing classical conditioning to occur—just as in Pavlov’s famous experiment, the foot-
steps of a master bringing food to a dog predicted the appearance of the food.

Prenatal Influences on Postnatal Behavior

Prenatally established associations could influence postnatal behaviors and the develop-
ment of musical culture in the context of motherese, play, and ritual. In all three cases, oper-
ant conditioning (Skinner, 1938) may be the underlying mechanism. Patterns of sound and 
movement that occur by accident in these behaviors may be similar to patterns of sound and 
movement that were prenatally linked to emotion. The triggering of associated emotions or 
altered states may reinforce the actions or behaviors that produced the patterns of sound, 
increasing their frequency of occurrence. Since motherese, play, and ritual are social activi-
ties whose participants were subject to similiar prenatal conditioning processes, the theory 
predicts that such behaviors and associated emotions will generally be socially shared, ena-
bling the development of music as a form of social behavior.

On this basis, we might expect to find associations between sound, movement, and emo-
tion in all prenatally hearing animals. The reason why non-human animals are not musical 
in the human sense is presumably that only humans have developed reflective conscious-
ness, which emerged at least 60,000 years ago and enabled a cultural explosion (Mithen, 
2005). Reflective consciousness may be regarded as a co-requisite for the ability to conceptu-
alize the past and future in relation to the present, which enables deliberate/intentional plan-
ning and action (Noble and Davidson, 1996). According to this view, prenatal associations 
between sound, movement, and emotion became “music” when humans acquired the ability 
to deliberately manipulate and socially share the emotions—that is, to perform.

Conclusion

Research in music psychology has tended to avoid questions of prenatal development due to 
the practical and ethical difficulties associated with empirical investigations and the dubi-
ous quality of much of the available research literature. The dominance of approaches to 
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the origin of music based on partner selection and animal behavior could reflect a physi-
calist empiricist bias in modern science or even latent sexist reactions against explanations 
involving qualitative arguments or human corporality (cf. Campbell and Wasco, 2000). 
But the prenatal period could be a rich source of answers to central questions in music psy-
chology. Developing empirical technologies make it increasingly possible to observe the 
fetus non-invasively, including its fetal facial gestures and expressions (Kurjak, Stanojevic, 
Azumendi and Carrera, 2005).

The relevant empirical literature is expanding rapidly, but it is spread over many differ-
ent disciplines, and central issues remain to be critically addressed by independent research 
groups. The present theory may be internally consistent and logical, but further empirical 
work will be necessary to examine the details of the hypothesized prenatal associations and 
their effect on postnatal behavior.

Since our knowledge of music’s emergence in the context of ritual will always be limited, 
any theory of music’s phylogeny will always be speculative. The ontological question of how 
prenatal learning affects postnatal musical development will become increasingly accessible 
to empirical investigation, as non-invasive observational techniques improve. An improved 
understanding of the interaction between genes and environment in psychological develop-
ment (e.g., Bakshi and Kalin, 2000), combined with new approaches to fetal behavior (such 
as preferences) and prenatal influences on postnatal behavior (including transnatal mem-
ory), will lead to new insights that will confirm, complement, challenge, or overthrow the 
ideas presented in this chapter.

References

Albrecht, E.D., Aberdeen, G.W. and Pepe, G.J. (2000). The role of estrogen in the maintenance 
of primate pregnancy. American Journal of Obstetrics & Gynecology, 182, 432–438.

Bajoria, R. and Fisk, N.M. (1998). Permeability of human placenta and fetal membranes to 
thyrotropin-stimulating hormone in vitro. Pediatric Research, 43, 621–628.

Bajoria, R., Peek, M.J. and Fisk, N.M. (1998). Maternal-to-fetal transfer of thyrotropin-releasing 
hormone in vivo. American Journal of Obstetrics & Gynecology, 178, 264–269.

Bakshi, V.P. and Kalin, N.H. (2000). Corticotropin-releasing hormone and animal models of 
anxiety: gene-environment interactions. Biological Psychiatry, 48, 1175–1198.

Bibas, A.B., Xenellis, J., Michaels, L., Anagnostopoulou, S., Ferekidis, E. and Wright, A. (2008). 
Temporal bone study of development of the organ of Corti: correlation between auditory 
function and anatomical structure. Journal of Laryngology & Otology, 122, 336–342.

Blacking, J. (1995). Music, culture and experience: Selected Papers of John Blacking (R. Byron, 
Ed.). London: University of Chicago Press.

Boyd, R. and Richerson, P.J. (1988). The evolution of reciprocity in sizable groups. Journal of 
Theoretical Biology, 132, 337–356.

Brand, R.J. and Shallcross, W.L. (2008). Infants prefer motionese to adult‐directed action. 
Developmental Science, 11, 853–861.

Broad, K.D., Curley, J.P. and Keverne E.B. (2006). Mother–infant bonding and the evolution of 
mammalian social relationships. Philosophical Transactions of the Royal Society London: B 
Biological Sciences, 361(1476), 2199–2214.

Brown, S. (2000). The “musilanguage” model of music evolution. In N.L. Wallin, B. Merker and 
S. Brown (Eds.), The origins of music (pp. 271–300). Cambridge, MA: MIT Press.



382   the Phylogeny and Ontogeny of Musical Behavior

Campbell, R. and Wasco, S.M. (2000). Feminist approaches to social science: epistemological 
and methodological tenets. American Journal of Community Psychology, 28, 773–791.

Chaudhury, S., Nag, T.C., Jain, S. and Wadhwa, S. (2013). Role of sound stimulation in repro-
gramming brain connectivity. Journal of Biosciences, 38, 605–614.

Corbeil, M., Trehub, S.E. and Peretz, I. (2013). Speech vs. singing:  infants choose happier 
sounds. Frontiers in Psychology, 4, 372.

de Vries, J.I.P. and Hopkins, B. (2005). Fetal movements and postures: what do they mean for 
postnatal development? In B. Hopkins and S.P. Johnson (Eds.), Prenatal development of post-
natal functions (pp. 177–220). Westport, CT: Greenwood.

Dean, R.T. and Bailes, F. (2006). Toward a sociobiology of music. Music Perception, 24, 83–84.
DeCasper, A.J. and Fifer, W.P. (1980). Of human bonding:  newborns prefer their mothers’ 

voices. Science, 208, 1174−1176.
Denham, W.W. (1974). Population structure, infant transport and infanticide among 

Pleistocene and modern hunter-gatherers. Journal of Anthropological Research, 30, 191–198.
Dissanayake, E. (2008). If music is the food of love, what about survival and reproductive suc-

cess? Musicae Scientiae, 12(1 suppl.), 169–195.
Doheny, L., Hurwitz, S., Insoft, R., Ringer, S. and Lahav, A. (2012). Exposure to biologi-

cal maternal sounds improves cardiorespiratory regulation in extremely preterm infants. 
Journal of Maternal-Fetal and Neonatal Medicine, 25, 1591–1594.

Dowling, W.J. and Fujitani, D.S. (1971). Contour, interval, and pitch recognition in memory for 
melodies. Journal of the Acoustical Society of America, 49/2B, 524–531.

Elenkov, I.J., Webster, E.L., Torpy, D.J. and Chrousos, G.P. (1999). Stress, corticotropin-releas-
ing hormone, glucocorticoids and the immune/inflammatory response: acute and chronic 
effects. Annals of the New York Academy of Sciences, 876, 1–13.

Fernald, A. and Kuhl, P. (1987). Acoustic determinants of infant preference for motherese 
speech. Infant Behavior and Development, 10, 279–293.

Fifer, W.P. and Moon, C.M. (1994). The role of the mother’s voice in the organization of brain 
function in the newborn. Acta Paediatrica Supplement, 397, 86–93.

Filippa, M., Devouche, E., Arioni, C., Imberty, M. and Gratier, M. (2013). Live maternal speech 
and singing have beneficial effects on hospitalized preterm infants. Acta Paediatrica, 102(10), 
1017–1020.

Fiser, J. and Aslin, R.N. (2002). Statistical learning of new visual feature combinations by 
infants. Proceedings of the National Academy of Sciences of the United States of America, 
99(24), 15822–15826.

Fitsch, W.T. (2006). The biology and evolution of music: a comparative perspective. Cognition, 
100, 173–215.

Gabrielsson, A. and Lindström Wik, S. (2003). Strong experiences related to music: a descrip-
tive system. Musicae Scientiae, 7, 157–217.

Garcia, J., Hankins, W.G. and Rusiniak, K.W. (1974). Behavioral regulation of the milieu interne 
in man and rat. Science, 185(4154), 824–831.

Garcia Coll, C., Bearer, E.L. and Lerner, R.M. (Eds.) (2004). Nature and nurture: The com-
plex interplay of genetic and environmental influences on human behavior and development. 
Mahwah, N.J.: Erlbaum.

Gerhardt, K.J., Huang, X., Arrington, K.E., Meixner, K., Abrams, R.M. and Antonelli, P.J. (1996). 
Fetal sheep in utero hear through bone conduction. American Journal of Otolaryngology, 
17(6), 374–379.



Conclusion   383

Gibson, E.J. (1969). Principles of perceptual learning and development. East Norwalk, 
CT: Appleton-Century-Crofts.

Glocker, M.L., Langleben, D.D., Ruparel, K., Loughead, J.W., Gur, R.C. and Sachser, N. (2009). 
Baby schema in infant faces induces cuteness perception and motivation for caretaking in 
adults. Ethology, 115, 257–263.

Granier-Deferre, C., Bassereau, S., Ribeiro, A., Jacquet, A.Y. and DeCasper, A.J. (2011). A 
melodic contour repeatedly experienced by human near-term fetuses elicits a profound car-
diac reaction one month after birth. PLoS ONE, 6(2), e17304.

Hall, W.G. and Oppenheim, R.W. (1987). Developmental psychobiology: prenatal, perinatal, 
and early postnatal aspects of behavioral development. Annual Review of Psychology, 38, 
91–128.

Harris, R.J., Sardarpoor-Bascom, F. and Meyer, T. (1989). The role of cultural knowledge in dis-
torting recall for stories. Bulletin of the Psychonomic Society, 27, 9–10.

Hartogh, T. (2003). Prä- und perinatale Erinnerungen und ihr musiktherapeutischer 
Zugang: Eine kritische Analyse. Musik-, Tanz- und Kunsttherapie, 14(4), 167–176.

Hausfater, G. (1984). Infanticide: comparative and evolutionary perspectives. Current 
Anthropology, 25(4), 500–502.

Hepper, P.G. (1991). An examination of fetal learning before and after birth. Irish Journal of 
Psychology, 12, 95–107.

Hepper, P.G. (1992). Fetal psychology: an embryonic science. In J.G. Nijhuis (Ed.), Fetal behav-
iour (pp. 129–156). Oxford: Oxford University Press.

Hepper, P.G. and Shahidullah, B.S. (1994). Development of fetal hearing. Archives of Disease in 
Childhood, 71, F81–F87.

Hillhouse, E.W. and Grammatopoulos, D.K. (2002). Role of stress peptides during human 
pregnancy and labour. Reproduction, 124, 323–329.

Hopkins, B. and Johnson, S.P. (2005). Prenatal development of postnatal functions. Westport, 
CT: Greenwood.

Howe, M.J.A., Davidson, J.W. and Sloboda, J.A. (1998). Innate talents:  reality or myth? 
Behavioral and Brain Sciences, 21, 339–407.

James, D.K. (2010). Fetal learning: a critical review. Infant and Child Development, 19(1), 45–54.
Joseph, R. (2000). Fetal brain behavior and cognitive development. Developmental Review, 

20, 81–98.
Kalin N.H., Larson C., Shelton S.E. and Davidson R.J. (1998). Asymmetric frontal brain activity, 

cortisol, and behavior associated with fearful temperaments in Rhesus monkeys. Behavioral 
Neuroscience, 112, 286–292.

Kauser, H., Roy, S., Pal, A., Sreenivas, V., Mathur, R., Wadhwa, S. and Jain, S. (2011). Prenatal 
complex rhythmic music sound stimulation facilitates postnatal spatial learning but tran-
siently impairs memory in the domestic chick. Developmental Neuroscience, 33, 48–56.

Kenny, D.T. (2013). Bringing up baby: the psychoanalytic infant comes of age. London: Karnac.
Kim, H., Lee, M.H., Chang, H.K., Lee, H.H., Shin, M.C., Shin, M.S., … Kim, C.J. (2006). 

Influence of prenatal noise and music on the spatial memory and neurogenesis in the hip-
pocampus of developing rats. Brain and Development, 28, 109–114.

Kisilevsky, B.S., Hains, S.M.J., Jacquet, A.-Y., Granier-Deferre, C. and Lecanuet, J.P. (2004). 
Maturation of fetal responses to music. Developmental Science 7, 550–559.

Klonisch, T., Hombach-Klonisch, S., Froehlich, C., Kauffold, J., Steger, K., Huppertz, B. and 
Fischer, B. (1999). Nucleic acid sequence of feline preprorelaxin and its localization within 
the feline placenta. Biology of Reproduction, 60, 305–311.



384   the Phylogeny and Ontogeny of Musical Behavior

Krueger, C., Parker, L., Chiu, S.-H. and Theriaque, D. (2010). Maternal voice and short-term 
outcomes in preterm infants. Developmental Psychobiology, 52, 205–212.

Kuhl, P.K., Andruski, J.E., Chistovich, I.A., Chistovich, L.A., Kozhevnikova, E.V., Ryskina, 
V.L., … Lacerda, F. (1997). Cross-language analysis of phonetic units in language addressed 
to infants. Science, 277, 684–686.

Kurjak, A., Stanojevic, M., Azumendi, G. and Carrera, J.M. (2005). The potential of 
four-dimensional (4D) ultrasonography in the assessment of fetal awareness. Journal of 
Perinatal Medicine, 33(1), 46–53.

Leader, L.R., Baillie, P., Martin, B. and Vermeulen, E. (1982). The assessment and significance 
of habituation to a repeated stimulus by the human fetus. Early Human Development, 7, 
211–219.

Lecanuet, J.-P. (1996). Prenatal auditory experience. In I. Deliege and J.A. Sloboda (Eds.), 
Musical beginnings (pp. 3–34). Oxford: Oxford University Press.

Lee, S.Y. (2006). A journey to a close, secure, and synchronous relationship: infant-caregiver 
relationship development in a childcare context. Journal of Early Childhood Research, 4, 
133–151.

Lorenz, K. (1943). Die angeborenen Formen möglicher Erfahrung. Zeitschrift für 
Tierpsychologie, 5, 235–409.

Masataka, N. (1999). Preference for infant-directed singing in 2-day-old hearing infants of deaf 
parents. Developmental Psychology, 35, 1001–1005.

Mastropieri, D. and Turkewitz, G. (2001). Prenatal experience and neonatal responsiveness to 
vocal expressions of emotion. Developmental Psychobiology, 35, 204–214.

Matt, D.W. and MacDonald, G.J. (1984). In vitro progesterone and testosterone production by 
the rat placenta during pregnancy. Endocrinology, 115, 741–747.

Mehler, J., Bertoncini, J. and Barriere, M. (1978). Infant recognition of mother’s voice. 
Perception, 7, 491–497.

Mithen, S. (2005). The singing Neanderthals: The origins of music, language, mind and body. 
London: Weidenfeld & Nicholson.

Moon, C., Cooper, R.P. and Fifer, W.P. (1993). Two-day-olds prefer their native language. Infant 
Behavior and Development, 16, 495–500.

Moore, J.K., Perazzo, L.M. and Braun, A. (1995). Time course of axonal myelination in the 
human brainstem auditory pathway. Hearing Research, 87(1), 21–31.

Nelson, L.R. and Bulun, S.E. (2001). Estrogen production and action. Journal of the American 
Academy of Dermatology, 45(3 Suppl.), S116–S124.

Nemzek, W.R., Brodie, H.A., Hecht, S.T., Chong, B.W., Babcook, C.J. and Seibert, J.A. (2000). 
MR, CT, and plain film imaging of the developing skull base in fetal specimens American 
Journal of Neuroradiology, 21, 1699–1706.

Newton N. (1978). The role of the oxytocin reflexes in three interpersonal reproductive acts: 
coitus, birth and breastfeeding. In L. Carenza, L. Zichella and P. Pancheri (Eds.), Clinical psy-
choneuroendocrinology in reproduction (pp. 411–418). New York: Academic.

Nijhuis, J.G., Prechtl, H.F.R., Martin, C.B. Jr. and Bots, R.S.G.M. (1982). Are there behavioural 
states in the human fetus? Early Human Development, 6, 177–195.

Noble, W. and Davidson, I. (1996). Human evolution, language and mind. 
Cambridge: Cambridge University Press.

Opie, C., Atkinson, Q.D., Dunbar, R.I. and Shultz, S. (2013). Male infanticide leads to social 
monogamy in primates. Proceedings of the National Academy of Sciences of the United States 
of America, 110(33), 13328–13332.



Conclusion   385

Papousek, M. (1996). Intuitive parenting: a hidden source of musical stimulation in infancy. 
In I. Deliège and J. Sloboda (Eds.), Musical beginnings (pp. 88–112). Oxford:  Oxford 
University Press.

Pardridge, W.M. and Mietus, L.J. (1979). Transport of steroid hormones through the rat 
blood-brain barrier. Journal of Clinical Investigation, 64, 145–154.

Parncutt, R. (1989). Harmony: A psychoacoustical approach. Berlin: Springer-Verlag.
Parncutt, R. (1993). Prenatal experience and the origins of music. In T. Blum (Ed.), Prenatal 

perception, learning, and bonding (pp. 253–277). Berlin: Leonardo.
Parncutt, R. (2006). Prenatal development. In G.E. McPherson (Ed.), The child as musician 

(pp. 1–31). Oxford: Oxford University Press.
Parncutt, R. (2009). Prenatal conditioning, the mother schema, and the origins of music and 

religion. Musicae Scientiae (Special issue on Music and Evolution, Ed. O. Vitouch), 119–150.
Partanen, E., Kujala, T., Tervaniemi, M. and Huotilainen, M. (2013). Prenatal music exposure 

induces long-term neural effects. PloS One, 8(10), e78946.
Phillips-Silver, J. (2009). On the meaning of movement in music, development and the brain. 

Contemporary Music Review, 28(3), 293–314.
Power, M.L. and Schulkin, J. (2005). Birth, distress and disease: Placenta–brain interactions. 

Cambridge: Cambridge University Press.
Richards, D.S, Frentzen, B., Gerhardt, K.J., McCann, M.E. and Abrams, R.M. (1992). Sound 

levels in the human uterus. Obstetrics & Gynecology, 80, 186–190.
Roy, S., Nag, C.T., Upadhyay, A.D., Mathur, R. and Jain, S. (2014). Prenatal music stimulation 

facilitates the postnatal functional development of the auditory as well as visual system in 
chicks. Journal of Biosciences, 39, 107–117.

Saffran, J.R., Aslin, R.N. and Newport, E.L. (1996). Statistical learning by 8-month-old infants. 
Science, 274(5294), 1926–1928.

Schachner, A. and Hannon, E.E. (2011). Infant-directed speech drives social preferences in 
5-month-old infants. Developmental Psychology, 47, 19–25.

Schore, A.N. (2001). Effects of a secure attachment relationship on right brain development, 
affect regulation, and infant mental health. Infant Mental Health Journal, 22, 7–66.

Schulkind, M.D., Hennis, L.K. and Rubin, D.C. (1999). Music, emotion, and autobiographical 
memory: they’re playing your song. Memory & Cognition, 27, 948–955.

Shahidullah. S. and Hepper, P.G. (1994). Frequency discrimination by the fetus. Early Human 
Development, 36, 13–26.

Singh, L., Morgan, J.L. and Best, C.T. (2002). Infants’ listening preferences: baby talk or happy 
talk? Infancy, 3, 365–394.

Skinner, B.F. (1938). The behavior of organisms. New York: Appleton-Century-Crofts.
Sluming, V.A. and Manning, J.T. (2000). Second to fourth digit ratio in elite musicians: evidence 

for musical ability as an honest signal of male fitness. Evolution and Human Behavior, 21, 1–9.
Smith, S.L., Gerhardt, K.J., Griffiths, S.K., Huang, X. and Abrams, R.M. (2003). Intelligibility of 

sentences recorded from the uterus of a pregnant ewe and from the fetal inner ear. Audiology 
& Neuro-Otology, 8, 347–353.

Smotherman, W.P. and Robinson, S.R. (1990). The prenatal origins of behavioral organization. 
Psychological Science, 1, 97–106.

Sohmer, H., Perez, R., Sichel, J.-Y., Priner, R. and Freeman, S. (2001). The pathway enabling 
external sounds to reach and excite the fetal inner ear. Audiology and Neurotology, 6, 109–116.



386   the Phylogeny and Ontogeny of Musical Behavior

Steckler, T. and Holsboer, F. (1999). Corticotropin-releasing hormone receptor subtypes and 
emotion—suppression of pituitary ACTH release and peripheral inflammation. Biological 
Psychiatry, 46, 1480–1508.

Stern, D.N. (2002). The first relationship: Infant and mother. Cambridge, MA: Harvard 
University Press.

Super, C.M. and Harkness, S. (1986). The developmental niche:  a conceptualization at the 
interface of child and culture. International Journal of Behavioral Development, 9, 545–569.

Susman, E.J., Schmeelk, K.H., Ponirakis, A. and Gariepy, J.L. (2001). Maternal prenatal, post-
partum, and concurrent stressors and temperament in 3-year-olds: a person and variable 
analysis. Development and Psychopathology, 13, 629–652.

Tinbergen, N. (1989). The study of instinct. Oxford: Oxford University Press.
Tolbert, E. (2001). Music and meaning: an evolutionary story. Psychology of Music, 29, 84–94.
Trehub, S.E. and Hannon, E.E. (2006). Infant music perception:  domain-general or 

domain-specific mechanisms? Cognition, 100, 73–99.
Trevarthen, C. (1980). The foundations of intersubjectivity: development of interpersonal and 

cooperative understanding in infants. In D. Olson (ed.), The social foundations of language 
and thought (pp. 316–342). New York: Norton.

Trivers, R.L. (1971). The evolution of reciprocal altruism. Quarterly Review of Biology, 46, 35–57.
Uetake, K., Hurnik, J.F. and Johnson, L. (1997). Effect of music on voluntary approach of dairy 

cows to an automatic milking system. Applied Animal Behaviour Science, 53, 175–182.
Ullal-Gupta, S., der Nederlanden, C. M. V. B., Tichko, P., Lahav, A. and Hannon, E. E. 

(2013). Linking prenatal experience to the emerging musical mind. Frontiers in Systems 
Neuroscience, 7, 48. doi: 10.3389/fnsys.2013.00048

Vouloumanos, A. and Werker, J.F. (2004). Tuned to the signal: the privileged status of speech 
for young infants. Developmental Science, 7, 270–276.

Walker, W.H., Fitzpatrick, S.L., Barrera-Saldana, H.A., Resendez-Perez, D. and Saunders, G.F. 
(1991). The human placental lactogen genes: structure, function, evolution and transcrip-
tional regulation. Endocrine Reviews, 12, 316–328.

Wells, J.C.K. (2003). Parent-offspring conflict theory, signaling of need, and weight gain in 
early life. Quarterly Review of Biology, 78, 169–202.

Werker, J.F., Pegg, J.E. and McLeod, P.J. (1994). A cross-language investigation of infant prefer-
ence for infant-directed communication. Infant Behavior and Development, 17, 323–333.

Zelazo, P.D. (2003). The development of conscious control in childhood. Trends in Cognitive 
Sciences, 8, 12–17.

Zloković, B.V., Lipovac, M.N., Begley, D.J., Davson, H. and Rakić, L. (1988). Slow penetration of 
thyrotropin-releasing hormone across the blood-brain barrier of an in situ perfused guinea 
pig brain. Journal of Neurochemistry, 51, 252–257.


