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Human Maternal Vocalizations to Infants 

as Biologically Relevant Signals: 

An Evolutionary Perspective 

ANNE FERNALD 

When talking to infants, human mothers use vocal patterns that are unusual by the 
standards of normal conversation. Mothers, as well as fathers and adults who are not 
parents, speak consistently more slowly and with higher pitch when intemcting with 
infants, in smooth, exaggemted intonation contours quite unlike the choppy and 
rapid-fire speech patterns used when addressing adults. To pmise an infant, mothers 
typically use wide~mnge pitch contours with a rise-fall pattern. To elicit an infant's 
attention, they also use wide-range contours, but often ending with rising pitch. When 
soothing an infant, mothers tend to use long, smooth, falling pitch contours, in 
marked contrast to the short, sharp intonation patterns used in warning or disap
proval. This use of exaggemted and stereotyped vocal patterns in mothers' speech to 
infants has been observed in numerous European, Asian, and African cultures and 
appears to be a universal human parental behavior. 

Why do mothers make such sounds to infants? With other widespread human 
maternal behaviors such as nursing hungry infants and rocking distressed infants, the 
question "Why?" yields satisfying answers on both the proximal and ultimate levels 
specified by Tinbergen (1963). Nursing and rocking are understandable in tenns of 
proximal physiological mechanisms functioning to provide nourishment and to reg

ulate infant arousal, as well as in terms of species-typical parental strategies contrib
uting to the survival and fitness of the offspring. Although hypotheses about the evo
lutionary history of particuiar human behaviors can always be disputed, the 
plausibility of ultimate explanations for such maternal actions as nursing and rocking 
is strengthened by compelling evidence for phylogenetic continuity. All mammals 
nurse their young, and almost all nonhuman primates carry their young. providing 
tactile and vestibular input known to have important short- and long-term regulatory 
effects on primate infant behavior. But ape and monkey mothers do not communicate 
vocally with their infants in ways that bear obvious resemblance to the melodic infant
directed speech of human mothers. Is there evidence that infant-directed speech, like 
nursing and rocking, is a human maternal behavior that has evolved to serve specific 
functions? 

In this paper, I argue that the characteristic vocal melodies of human mothers' 
speech to infants arc biologically relevant signals that have been shaped by natural 
selection. In the first section. I discuss the current debate about the status of human 
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language as an evolved mech;mism. as a way ofexamining lTiteria for when it is appro
priate to invoke natural selection as a causal explanation liu the evolution of human 
Ix·havior. In particular. I examine the antiadaptationist argument that language is an 
"rxaptation" and therefore not a product of selection, as well as the argument that 
adaptive features must he designed for optimal efficiency. In the next two sections, the 
characteristics of mothers' speech to infants are descrihed in some detail. along with 
research on the communicative functions of intonation in infant-directed speech. In 
lhe linal sections, I examine infant-directed speech in the context of ethological 
research on vocal communication and maternal hehavior in nonhuman primates, in 
order to identify selection pressures relevant to understanding the adaptive functions 
of human maternal speech. 

THE CURRENT DEBATE ON HUMAN LANGUAGE AND NATURAL 
SELECTION 

The Question of whether language is a product of natural selection is a subject of lively 
current debate among philosophers and psycholinguists armed with arguments and 
counterarguments from evolutionary biology. Given that we have no fossil record to 
document the origins and subsequent evolution of the language faculty, or any other 
complex behavioral capability, this Question is likely never to he resolved.' However, 
the current debate has served to sharpen the focus on a number of issues fundamental 
to an understanding of human hehavior within an evolutionary framework. This 
dehate will he discussed in some detail here, since it is relevant to a central question in 
this paper. What kinds ofevidence are needed to support the claim that a given human 
hehavior reOects the inOuence of Darwinian natural selection'! This lengthy preamble 
is necessary to set the stage for the subsequent discussion of the adaptive functions of 
human maternal speech. 

Although of1icially banned by the Parisian Societe de LinguistiQue in IHRR, spec
ulations on the origins of language hecame no less abundant or diverse as a result of 
Ihis decree. In IIn I, Jlewes published a bibliography containing 2,600 titles of schol
arly works on the topic, to which he had added another 2,500 references two years later 
(I lewes. 197.\). Although controversy about the origins of language indeed goes back 
a long way. the current debate has been prompted by recent reformulations of neo
Darwinian theory within the field of biology. In two widely cited papers, Lewontin 
( 197H) and Gould and I.ewontin ( 1979) object to naive and inappropriate uses of the 
"adaptationist paradigm," which attempt to account for all characteristics of living 
organisms as optimal solutions to adaptive prohlems. Lewontin's (1979) objections. 
in particular. focus on the excesses of sociohiological theorizing in recent years. While 
sounding a valuable and ti mely warning about the dangers of superficial applications 
of evolutionary principles to the study of human hehavior. these critiques of "naive 
adaptationism" have had an unfortunate backlash effect, contributing to widespread 
skepticism about the Iegitimacv of adaptationist reasoning at any level in relation to 
language and other human behavior. 

Central to the antiadaptationist argument are recent discussions by Gould and his 
colleagues about the role of adaptation in the emergence of evolutionary novelty. By 
drawing a comparison with thl' "spandrels" of SI. Marcos, the triangular spaces 
limned by the intersection of arches supporting the dome of the cathedral. Gould and I 

I.ewontin (1979) make the point that apparently functional design elements can result 
entirely from architectural constraints. The art historian who concluded that these 
spandrels were the starting point, rather than a by-product, of the design would have 
made a serious mistake. By analogy, the conclusion that all biological forms have 
evolved as functional adaptations to local conditions also fails to take the nature of 
architectural constraints into account. In a later paper, such structural by-products are 
called "exaptations," defined as "characters, evolved for other usages (or for no func
tion at all), and later 'coopted' for their current role" (Gould & Vrba, 1982, p. 6). As 
an example, Gould and Vrba cite Darwin's reference to unfused sutures in the skulls 
of young mammals, often viewed as an adaptation for facilitating passage of the neo
natal skull through the birth canal. As Darwin points out, however, young birds and 
reptiles, which emerge from shells rather than through birth canals, also have cranial 
sutures, suggesting that this structure "has arisen from the laws ofgrowth, and has been 
taken advantage of in the parturition ofthe higher animals" (Darwin, 1859). Although 
these unfused sutures may be vitally necessary in mammalian parturition, they are 
regarded as exaptations rather than adaptations, since they are not explicitly designed 
by natural selection to serve their present function. 

The claim that language is an exaptation, a side effect of the evolution of other 
cognitive faculties in humans, is a central point ofcontention in the current debate on 
the evolutionary status of language. Chomsky (e.g., 1972) and Piattelli-Palmarini 
(1989) argue that language emerged as a qualitatively new capacity in humans and 
may have arisen from nonadaptationist mechanisms. Such processes, which can act 
as alternatives to direct selection for the establishment of particular characteristics, 
include genetric drift, allometry, and pleiotropic gene action (Gould & Lewontin, 
1979). The fact that the design of language is in many respects arbitrary and "non
optimal" should count as further evidence for its nonadaptive origins, according to 
Piattelli-Palmarini. Objecting to the claim that language is an exaptation rather than 
an adaptation, Pinker and Bloom (1990/this volume) argue that grammar is an exqui
sitely complex, task-specific mechanism, not unlike other complex behavioral capa
bilities such as stereopsis and echolocation, which have clearly been shaped by natural 
selection. Two of the many interesting arguments offered by Pinker and Bloom in 
favor of viewing human language as a product of natural selection are particularly rel
evant to the concerns of this paper: first, that exaptations do not represent lrue alter
natives to natural selection, but are in fact consistent with neo-Darwinian theory; and 
second, that the arbitrari ness oflanguage should not be interpreted as evidence agai nst
 
an adaptationist explanation.
 

haptations Are Not Inconsistent With Natural Selection 

Gould and Vrba (19R2) introduced the term ('xapla/ion in order to clarify confusion 
surrounding the concept of adaptation. Some evolutionary biologists designate a fea
ture as adaptive only ifit was built by natural selection to perform its current function 
(e.g.. Williams, 1966), .while others prefer a broader definition that includes any feature 
currently enhancing fitness, regardless of its origin (e.g., Bock, I9RO). Gould and Vrba 
object to this broad deflJ1ition of adaptiveness, on the grounds that it con Oates current 
utility with historical genesis and neglects features that are now useful but Ihat may 
have evolved originally to serve other functions. The concept of exaptailion was 
intended to fill this gap in rhe terminology ofevolutionary biology and to highlight the 
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nqdected role of nonadaptive aspects of form in constraining evolution. By Gould and 
Vrha's defmition. exaptations include new roles performed hyoid features. as in the 
mammalian cranial sutures noted hy Darwin. as well as features that have become 
specialized to perform roles very different from the ones for which they originally 
evolved. As an example of this latter case, feathers were initially selected for insulation 
and not for night. Legs in terrestrial animals are also exaptations rather than adapta
tions. since they evolved from lohed fins. which were used for swimming rather than 

for walking. 
Gould and Vrha (f 9R2) arc careful to point out that the concept of exaptation is 

not anliselectionist. On the contrary. they argue that their main theme is "cooptability 
for fitness." the process hy which exaptations originate as nonadaptations, or as adap
lations for another function. and then arc refined by subsequent selection to perform 
a new role. While the Iimhs of salamanders. elephants. and humans indeed all arose 
from primordial fins. selective pressures. in the context of architectural constraints, 
have operated over millennia to adapt them further for efficiency in their current roles. 
Similarly. in the case of mammalian cranial sutures, a feature that evolved originally 
to accommodate skull growth in hirds and reptiles became an exaptation for parturi
tion in mammals. However. the design features of these sutures in mammalian skulls 
have presumahly undergone complementary adaptation with features of the mam
malian pelvic cavity. since otherwise parturition would be impossible. Since the evo
lui ion of all complex structures is fundamentally constrained hy the characteristics of 
previously existing structures. as with fins and legs, the concept ofexaptation does not 
represent a radical departure from the orthodox Darwinian account of adaptation. It 
could even he argued that all adaptations are in some sense exaptations. since the cur
rent functions of adaptive features inevitably differ to some extent from those of their 

Pliocene precu rsors. 
Given the essential compatihility of the exaptation concept with traditional think

ing ahout natural selection. it is surprising that it has been billed as central to a "new 
theory of evolution" hy Piattelli-Pal marini (19R9) and others. This allegedly new and 
belter theory assumes "that full-hlown evolutionary novelty can also suddenly arise, 
so to speak. for no reason, because novelty caused by sheer proximity between genes 
is not governed by function and it. therefore. eludes strict adaptation ism" (Piattelli
Palmarini. 19R9. p. Il). Pinker and Bloom argue that this account renects a misunder
standing ofhiological principles. While novelty can indeed arise from nonadaptive fea
tures. it is ulterly improhahle that full-blown functional complexity will arise de novo, 
gi ven that the design ofcomplex biological structures necessarily derives from stepwise 
incremental modification of previously existing structures (e.g., Dawkins. 19R6). The 
precursors to complex biological structures may emerge as exaptations. hut it is only 
through suhsequent natural selection that these structures achieve the complexity to 

perform their highly specialized roles. 
Thus. even if the origin of linguistic competence in hominids lies in faculties ini

tially serving other social and cognitive functions. human language has undouhtedly 
undergone suhsequent adaptation for its specialized functions. Mammals may owe 
their legs to fillS designed for swimming. not for walking. hut the transitional evolu
lionary status of terrestrial tins as an exaptation ohviously did not exempt mammalian 
Iimhs from the further influence of natural selection. This is an important point that 
has hcen lost in the antiadaptationist arguments ahout language and selection. The 
earliest linguistic competence may indeed have heen an exaptation. hut one that was 

eventually "coopted for fitness," in Gould and Vrba's words. As such, we can acknowl
edge both its possible exaptive origins and its refinement by natural selection for its 
current specialized function. Piattelli-Palmarini recognizes that exaptations may 
"later on, happen to acquire some adaptive value," such that "selection for" takes 
place "on top of' a previous feature that emerged through nonadaptive processes 
(1989, p. II). And yet he later emphatically asserts that "adaptive constraints have no 
role to play in a scientific approach to language and thought" (1989, p. 20), as if the 
acknowledgment of exaptive origins entails rejection of any role for natural selection 
in the subsequent evolution oflanguage. 

It is as important to avoid "naive exaptationism" as it is to guard against superficial 
adaptationist stories. To identify a feature as an exaptation does not mean that feature 
"is not the product of natural selection"-only that it did not always serve its present 
function. Indeed, most human behaviors serving biological functions that enhance fit
ness should probably be regarded as exaptations, modified through natural selection 
for subsequent specialization. The manual dexterity enabling specialized human hand 
movements now used in food gathering, eating, caretaking, tool use, and communi
cation derives from the ability ofprosimian ancestors to grasp branches. Human emo
tional expressions evolved from ritualized facial and vocal displays in other ancestral 
species, displays derived from behaviors that originally had no signaling function (Tin
bergen, 1952). The use of stereotypical vocal patterns in human mothers' speech to 
infants is also undoubtedly an exaptation, with evolutionary origins in ancestral non
human primate vocalizations used for very different purposes. The claim that such 
human behaviors are exaptations rather than adaptations is a claim about origins, 
which does not require rejection of an adaptationist explanation for the current fit 
between these behaviors and the biological functions they serve. 

Arbitrariness and Nonoptimality Are Not Incompatible With Natural 
Selection 

A second issue addressed in Pinker and Bloom's (1990) critique of antiadaptationist 
accounts of the evolution of language is whether evidence for arbitrariness in the 
design of natural languages should be interpreted as evidence against the formative 
role of natural selection. Piattelli-Palmarini argues that "adaptive constraints are typ
ically insufficient to discriminate between real cases and an infinity of alternative, 
incompatible mechanisms and traits which, although abstractly compatible with the 
survival ofa given species, are demonstrably absent" (1989, p. 19). Implicit here is the 
view that adaptationist arguments all rest on the Panglossian assumption of the best
of-all-possihle worlds, i.e., that adaptations necessarily represent optimal solutions. As 
Pinker and Bloom point out. however, the idea that nature aspires to perfection was 
never taken seriously by modern evolutionary theorists. One reason is that trade-off's 
ofutility among conflicting adaptive goals are inevitable and ubiquitous. because opti
mization for one function often compromises optimization for other coneurrent func
tions. The gorgeous hut unwieldy tail of the peacock is an obvious example. A second 
reason, discussed at length hy Dawkins (1986), is that since evolution can exploit only 
existing variahility and build only on existing structures. adaptations are fundamen
tally constrained hy what is availahle. Thus Piattelli-Palmarini's argument that the 
ahsence ofoptimal design features constitutes evidence against natural selection in the 
evolution oflal1lw;lI:>e reflects a misconstrual of the adaptationist position 
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I he classic example of design optimi/ation in nature is the vertehrate eye. Many 

evolutionary theorists have echoed Darwin in ohserving how elegantly the eye exem
plilirs adaptive enginrering in the serviee ofa well-specified fundion. Although several 
dillerenttvpes of eye have evolved among invertehrate species, a single hasic type of 
image-form ing eye prevails among vertehrates. The features of this hasic design reflect 
constraints arising directly from the physical properties of light, such as the optics of 
lenses necessary to bend light rays in order to focus an image on the retina. Other 
design features reflect constraints imposed hy particular environments during the 
course of evolution. For example, since the vertehrate eye initially evolved in water, it 
is sensitive only to a narrow band of wavelengths of electromagnetic radiation, the 
"spectrum of visihle light.·· which is transmilled through water without significant 
allcnuation (Fernald. 19RR). Although all vertebrate eyes share this basic feature, they 
also difler impressively in structural details across species, reflecting the selective pres
sures of ecological conditions peculiar to the habitat and way of life of particular spe
cies. Nocturnal hirds such as owls have retinas consisting largely of rods, sensitive to 
very low light levels. while hirds requiring high acuity in hright sunlight, such as eagles 
and hawks. have retinas comprised primarily of cones. Such exquisite adaptations to 
specifIC ecological conditions. all relatively minor variations on the basic design 
scheme. make it clear why Darwin felt the eye to be an organ "of extreme perfection 
and complication." and why the eye is so often cited as a compelling example of the 
shaping and rcflllement of hiological mechanisms through natural selection. 

In the case ofthe vertebrate eye. the fact that many of the selective forces that have 
guided evolution are unchanging physical properties of the world accounts for the 
cross-species convergence on common design features that are clearly functional (see 
Shepard. this volumcl Such "nonarhitrary" features are characteristic ofall vertebrate 
sensory systems. as well as other hiological systems strongly constrained hy the phys
ical nature of the environment. Ilowever, Piallelli-Palmarini's (1989) suggestion that 
nonarhitrary design is the hallmark of all adaptive complexity misses an important 
distinction. While S0111t' adaptations enable animals to cope with relatively invariant 
aspects of the physical world, others have evolved to enahle animals to interact suc
cessfully in the rapidly shining social world. Just as in the case of sensory systems, 
adaptations for social inter<lction occur in response to environmental pressures. The 
rri-tical di4ICrencc IS that in the-{'volution of social be.havior, the "environment" 
inl'ludes not only Ihe immutahlc laws of physics hut also the more malleahle behavior 

01 conspecilics. 
I olhe extellt that the evolution of social behaviors isconstrained hy the perceptual 

predispositions and hehavioral response tendenciesofconspecitlcs, which arc also suh
iectto evolutionarv ch<lnge. the design features of social adaptations arc intrinsically 
more "<lrhitr<trv" than those of the visu<ll system. In runaway sexual selection, for 
exam pie. the aesthetiC prelerences of females act as a strong selective pressure for oth
erwise useless male adornments. such as extravagant tail plumage. Males also capital
lie on prcexistinf!, female sensory hiases. as in frog species in which female preferences 
lor rnalr calls can he predicted from properties olthe female auditory system (Ryan, 
lox. WilGynski. & Rand. Il)l)()). In hoth cases, male characteristics have heen sh<lped 
In an "arhitr<lry" fashion. in the sense that fem<lles could conceivahly have develope.d 
dilkrent visual preferences or <luditory tuning curves. resulting in dilferent selective 
pressures <lnd outcomes. ()I' course. the evolution of such male characteristics is not 
rntlrc!v negotiahle, since thC I<lws of physics must still be respected if otherwise arbi-
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trary visual and vocal signals are to be effectively transmilled and received. The impor
tant point to he made here is that evolved mechanisms that provide an interface 
between an organism and the physical world are fundamentally more constrained 
than are mechanisms that evolve to coordinate interactions among conspecifics, as in 
communication systems. A communication system must be shared by conspecifics in 
order to function effectively, although adaptations for communication could be 
designed in diverse ways while still satisfying this basic requirement. 

To summarize so far, the current debate on theevolution ofhuman language (Piat
telli-Palmarini, 1989; Pinker & Bloom, 1990) has focused allention on the more gen
eral question of when it is appropriate to invoke natural selection as a causal expla
nation for human behavior. Skepticism about the legitimacy of adaptationist 
reasoning has been fueled by the misleading claim that characteristics that qualify as 
exaptations rather than as adaptations are exempt from the process of natural selec
tion. The argument made here is that the origin ofa human behavior as an exaptation 
does not preclude the influence of natural selection in the subsequent refinement of 
that behavior for its current specialized function. A second misguided assumption in 
the antiadaptationist position is that the presence ofarbitrary design features provides 
evidence against evolution hy natural slection. However, because social behaviors in 
general, and communicative behaviors in particular, evolve in response to relatively 
variahle physiological and behavioral characteristics ofconspecifics, they are free to be 
arbitrary in some respects, as long as they are shared by group members. Human 
maternal speech to infants will provide an example ofan exaptation that emerged from 
vocal behaviors originally serving other functions in our primate ancestors and that 
has design features shaped by natural selection in the course of hominid evolution. 

THE PROSODIC CHARACTERISTICS Of MOTHERS' SPEECH TO INfANTS 

This section will focus on the acoustic characteristics of prosody in speech to infants 
in English and other languages. If the vocal modifications of infant-directed speech 
indeed serve important biological functions in early human development, as will be 
argued in subsequent sections, then the prosodic characteristics of caretakers' speech 
should exhibit similar features across diverse cultures. The cross-cultural universality 
of prosodic modifications in infant-directed vocalizations is crucial evidence for the 
claim that this special form of speech is aspecies-specific caretaking behavior. 

Cross-Language Research on the Prosody of Infant-Directed Speech 

Although research on parental speech to children focused initially on the simplified 
linguistic features typical ofearly language input (e.g., Snow & Ferguson, 1977), in the 
last decade there has been increasing interest in prosodic as well as linguistic features 
of child-directed speech. The use of high pitch and exaggerated intonation in speech 
to children had been widely ohserved hy anthropologists and linguists in such diverse 
languages as Latvian (Ruke-Dravina, 1976), Japanese (Chew, 1969), Comanche (Fer
guson, 19M), and Sinh<lla (Meegaskumhura, 1980). However, Garnica's (1977) spec
trographic analysis of English speech to children provided the first systematic acoustic 
evidence for the reported prosodic modifications in mothers' speech. Garnica docu
mented the higher mean fundamental frequency (Fo) and wider Fo range in speech to 
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2-ycar-old children than. in speech to adults, as well as the more frequent usc of rising 
F" contours. In an acoustic analysis of German mothers' speech. Fernald and Simon 
( 1l}l\4) found that even with newborns. mothers use higher mean Fo• wider Fo excur
sions. longer pauses. shorter utterances, and more highly stereotyped F" contours than 
in srcech to adults. as shown in Figure 10.1. Although the usc of exaggerated Fo con
tours and repetitiveness is a prominent feature of mothers' speech to infants through
out the first year of life. Stern. Spieker. Barnett. and MacKain (1983) found these pro
sodic features to he more pronounced in speech to 4-month-old infants than in speech 

10 younger or older infants. 
The prosodic modifications most consistently observed in studies of American 

English (Garnica, 1977; Jacobson. Boersma. Fields, & Olson, 1983; Stern et aI., 1983) 
and German (Fernald & Simon, 1984; Papousek. Papousek, & Haekel. 1987) include 
higher mean pitch, higher pitch maxima and minima, greater pitch variability. shorter 
vocalizations, and longer pauses. In a recent cross-language comparison of parental 
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Figure 10.1 Pilch ( ontollr~ from onf' subipd in lhrf'f' conditions: (a) sp(,f'ch 10 adults 
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II)('nl.lll',y( h,,/ogy, In. wilh I'l'rmissl<JIl of Ihl' Ampri( ,1n Psy( bologi( al Asso( i'llion. 

HUMAN MATERNAL VOCALIZATIONS TO INFANTS 

speech in French. Italian, Japanese, German, and British and American English. Fer
nald et al. (1989) found comparable prosodic modifications in speech to 12-month
old infants across these six language groups. Furthermore, fathers as well as mothen; 
altered their intonation when addressing infants in these languages, as shown in Figure 
10.2. Similar prosodic features have also been reported in two studies of mothen;' 
speech to infants in Mandarin Chinese (Grieser & KUhl, 1988; Papousek, 1987). In the 
first systematic acoustic study ofmaternal speech in a nonindustralized cultural group, 
Eisen and Fernald (in preparation) have found that Xhosa-speaking mothers in South 
Africa also use higher mean Fo and exaggerated Fo contours when interacting with 

infants. 
While acoustic analyses of parental speech in different languages have revealed 

global prosodic modifications that are similar across cultures, there is also evidence for 
cultural variability. In both Japanese (Fernald et aJ., 1989) and Mandarin Chinese 
(papousek. 1987), mothers seem to show less expansion of pitch range compared with 
American and European samples, although the differences are small and the findings 
inconsistent (see Grieser & Kuhl, 1988). Ofthe cultures studied so far, American mid
dle-class parents show the most extreme prosodic modifications, differing significantly 
from other language groups in the magnitude of intonational exaggeration in infant
directed speech (Fernald et al.. 1989). These findings may reflect culture-specific "dis
play rules" governing the public expression ofemotion. While in middle-class Amer
ican culture, emotional expressiveness is not only tolerated but expected, in Asian cul
tures exaggerated facial and vocal displays are considered less acceptable (Ekman, 
1972). In any event, the variations across cultures in the prosody ofspeech to children 
reported to date are relatively minor, and the few reports ofcultures in which no spe-

FRENCH ITALIAN GERMAN JAPANESE BRmSH AMERICAN 
ENGLISH ENGLISH 
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Figure 10.2 Cross-Ianguagf' comparison of fundamf'nlal frf'quency (Fo) characteristics 
of rnolhers' (Mo) and f,lthf'rs' (Fa) spf'ech 10 adult and infants. For each bar, the bollom 
linf' H'pH'Sf'nls Ihf' ml'an F" minimum, Ihe !opline reprf'sents the mf'an F. maximum, 
and rhf' inlf'rsP( ling linf' rl'pres('nts Ihf' mf'an Fo per ullerance. The f'xli'nl of ihe bar 
rorrpsp(lIlds to Ihe F" rang!'. From A. Fpmald, T. Taf'schner, J. Dunn, M. Papo\JSPk, B. 
Boysson-Bardif's, and I. Fukui, 19WJ, lournal of Child Language, 16, with pf'rmission of 
Carnbridgp Univprsily r'r(''oS. 
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rial infant-directed speech register is used (e.g.. Ratner & Pye. 1984) are difficult to 
interpret (see Fernald et al.. 1989). The common pattern of results emerging from 
comparative research on parental speech is one of impressive consistency across cul
tures in the usc of exaggerated intonation in speech to infants. 

Rt'lations Between prosodic Form and Communicative Function in Mothers' 

Speech 

In addition to descriptive studies that focus on the global features of parental prosody. 
a trw studies have begun to investigate the fine structure of infant-directed intonation 
in relation to particular contexts of interaction. The question of interest in this 
research is whether specific prosodic forms in mothers' speech are regularly associated 
with specific communicative intentions. In particular. do mothers use context-specific 
intonation patterns when involved in routine caretaking activities such as soothing or 
comforting. eliciting attention. expressing praise or approval. or prohibiting the 
infant? When soothing a distressed infant. for example. mothers are more likely to use 
low pitch and falling pitch contours than to use high. rising contours (Fernald. Ker
manschachi. & Lees. 1984: Papousek. Papousek. & Bornstein, 1985). When the moth
er's goal is to engage attention and elicit a response. however. rising pitch contours are 
more commonly used (Ferrier. 1985; Ryan. 1978). Bell-shaped pitch contours occur 
most frequently when the mother is attempting to maintain the infant's attention 
(Stern. Spieker. & MacKain. 1982). These results. all based on observations of Amer
ican middle-class mothers. suggest that maternal prosody is modulated in accordance 
with the infant's atTective state and that mothers use intonation ditTerentially to regu

late infant arousal and attention. 
Are these relations between prosodic form and communicative function universal 

across languages? Preliminary observations suggest that certain associations of rela
tively stereotyped intonation patterns with particular communicative intentions share 
striking similari!ics across cultures (Fernald. 1992). For example. Approval vocaliza
lions in English. German, French. and Italian are typically high in mean Fo and wide 
in Fe range. with aprominent rise-fall Fo contour. as shown in Figure 10.3. In contrast. 
Prohibition vocalil.ations in these languages are typically low in mean Fo and narrow 
in F" range. as well as shorter. more intense. and more abrupt in onset. Comfort vocal
ilations, while similar to Prohibitions in low mean Fo and narrow Fo range, are longer. 
kss intense. and softer in onset than Prohibitions. In musical terms. Comfort vocali
lations have a smooth "legato" quality. in marked contrast to the sharp "staccato" 
quality of Prohibitions. It is important to note. however. that these stereotyped pro
sodic patterns are characterised not only by Fo characteristics such as contour shape. 
as shown in Fig~re 10.3, but also by differences in amplitude envelope and spectral 
composition. Thus an adequate characterization of prosodic contour types will 
involve developing a taxonomy based on complex functions of graded changes along 
lhese multiple acoustic dimensions, research that is currently in progress. In the mean
time. these ini.tial obscrvations suggest that acrOss a variety of languages. common 
communicative intentions arc associated with particular prosodic forms in maternal 

speech to preverbal infants. 
What would account for this correspondence between characteristic patterns of 

prosodic features and speciflc motivational states? One explanation could be that these 
context-s(lCcilic maternal vocalizations arc essentially expressions of vocal atTect. I 
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Figure 10,3 Examples of pitch contours from Approval, Prohibition, Attention, and 
Comfort vocalizations in British, American, German, French, and Italian mothers' speech 
to 12-month-old infants. 

which are similar in form across cultures just as facial expressions are universal across 
cultures (Ekman. 1972). In research on universal features of vocal expressions. there 
is general agreement that adult listeners are fairly accurate in recognizing emotions 
from vocal cues, although there is less consensus about which acoustic correlates dif
ferentiate among vocal expressions of different emotions (Scherer. 1986). However. 
several studies indicate that increases in mean Fa and Fo range are typical of vocal 
expressions of enjoyment and happiness. while decreases in mean Fa and Fo range. 
especially when accompanied by harsh voice quality, characterize expressions of irri
tation and anger. Scherer (1985. 1986) has proposed thai these acoustic patterns are 
shaped by physiological and motor responses related to the underlying emotional 
state. Cosmides (1983) has stressed that consistent acoustic configurations in emo
tional expressions also yield important information about the speaker's intentions and 
motivations. A correspondence between particular vocal features and motivational 
states may even be general across different bird and mammal species. The biologist 
Morton (1977) found that high tonal sounds in animal repertoires are associ.ated with 
fear. appeasement. or friendly approach. while low. harsh sounds are associated with 
threat. One interesting result consistent with such hypotheses is Tartter's ( 1980) find
ing that smiling while talking alters the shape of the human vocal tract. resulting in 
higher mean FO" Whatever the underlying mechanisms innuencing sound production. 
mothers' infant-direded approval vocalizations are high in mean Fo and wide in F o 

range. prosodic features typical of happy vocal expressions, while prohibition vocali
zations have prosodic features typical of angry expressions. 

Although universal production constraints on vocal affect expressions undoubt
edly do innuence the sound patterns of maternal speech. the context-specific vocali
zations illustrated in Figure 10.3 are not simply expressions indexing the mother's 
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emotional or motivational state. While infant-directed praise vocalizations are posi
tive in tone. and prohibitions are negative in tone, these vocalizations also have a 
5trong pmKmatic character. When the mother praises the infant, she uses her voice not 
only to express her own positive feelings, but also to reward and encourage the child. 
And whether or not the mother feels anger when producing a prohibition, she uses a 
sound well designed to interrupt and inhibit the child's behavior. Thus the exaggerated 
prosody of mothers' speech is used instrumentally to inRuence the child's behavior, as 
well as expressively. revealing information about the mother's feelings and motiva
tional state. In this respect, the use of prosody in human maternal speech is similar to 
the use of vocal signals by some nonhuman primates, a proposal to be explored in later 

sections. 
The descriptive findings on speech to human infants reviewed so far provide a 

foundation for the argument that the exaggerated prosodic patterns of infant-directed 
speech serve important developmental functions. The cross-linguistic data suggest that 
maternal vocalizations have common acoustic features that are potentially highly 
salient as auditory stimuli for the infant and that mothers tend to use specific prosodic 
patterns in particular contexts of interaction. However, such descriptive findings can 
provide only indirect support for claims about the communicative functions of pros
ody in early development. The next section will consider two additional kinds of rel
evant evidence, integrating research findings on the capabilities and predispositions of 
human infants with results from experimental studies directly testing hypotheses 
ahout the influence of maternal prosody on infant perception and behavior. 

COMMUNICATIVE FUNCTIONS OF INTONATION IN INFANT-DIRECTED
 

SPEECH
 

Why do adults engage in such unusual vocal behavior, speaking in ,R1i.uandi some
times exceeding two octaves in pitch range, in the presence of a young infant? Early 
investigations of the influence of mothers' speech on infant development focused 
exclusively on' syntactic and semantic features of language input in relation to chil
dren's language production (see Snow, 1977). This research was motivated by the 
hypothesis that tHe'primary function of the special infant-directed speech style is to 
teach language to a linguistic novice. However, the fact that mothers quite consistently 
simplify their speech and use exaggerated intonation even when interacting with new
borns. long before language learning is a central developmental issue, suggests that the 
modiflCations in infant-directed speech serve prelinguistic functions as well. 

A model of the multiple developmental functions of intonation in speech to 
infants over the fnst year of life is presented in Figure 10.4. According to this model, 
the characteristic prosodic patterns of mothers' speech serve initially to elicit infant 
allention, to modulate arousal and affect, and to communicate affective meaning. 
Only gradually. toward the end of the first year, does the prosody of mothers' speech 
begin to serve specifically linguistic functions, facilitating speech processing and com
prehension. With its emphasis on the prelinguistic regulatory functions of intonation 
in mother-infa~t interaction. this model proposes biological predispositions rather 
than Iingu'istic or cultural conventions as primary determinants of the use and effec
tiveness of exaggerated intonation in speech to infants. This model of the multiple 
developmental functions or infant-directed intonation will serve to organize support 
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ACOUSTIC HIGHLIGHTING OF WORDS 
Prosodic marking of focused words helps the 
infant to identify linguistic units within the 
stream of speech. Words begin to emerge from 
the melody. 
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COMMUNICATION OF INTENTION & EMOTION' 
Vocal and facial expressions give the infant 
initial access to the feelings and intentions of 
others. Stereotyped prosodic contours occurring 
in specific affective contexts come to function as 
the first regular sound-meaning correspondences 
for the infant. 
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MODULATION OF ATTENTION, AROUSAL & AFFECT 
Melodies of maternal speech become increasingly 
effective in directing infant attention and modulating 
infant arousal and emotion. 

1f
 
INTRINSIC PERCEPTUAL & AFFECTIVE SALIENCE 
From the beginning, the infant is predisposed to 
respond differentially to certain prosodic characteristics 
of infant-directed speech. Certain maternal vocalisalions 
function as unconditioned stimuli in al.erling, soothing, 
pleasing, and alarming the infant. 

Figure 10.4 Developmental functions of prosody in speech to infants. 

for the argument that human maternal speech is an adaptive mechanism. The claim 
that this special vocal behavior has been selected for in evolution rCQuiresevidence on 
the proximal level that human maternal vocalizations have design features that are 
particularly advantageous iii establishing communication with the young infant. This 
section will review the growing number of research findings demonstrating that the 
exaggerated melodies of mothers' speech are highly salient to young infants, inBuenc
ing infant attention, arousal, emotion, and language comprehension. 

.......
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The Pert'eptual and Affective Salience of Intonation in Infant-Oireded 
Speech 

AI hirth. and prohahly even belim' hlrth. infants arc attentive to prosodic cues in 
speech. Very young infants arc ahle to make discrimlllations hased on several prosodic 
parameters. including frequency (Wormith. Pankhurst, & Molfltt, 1(75). intensity 
(Steinschneider, Lipton, & Richmond, 19(6), duration (Miller & Byrne, 1(83), rise
time (Kearsley, 1(73), and temporal pattern (Clarkson & Berg, 1983; Demany, 
McKenzie, & Vurpillol, 1(77). Newborns show a preference for their own mother's 
voice over another woman's voice (DeCasper & Fifer, 1(80), an eRect that is presum
ahly due to prenatal familiarization. The recent fmding that newhorns can discrimi
nate between speech samples spoken in their mother's native language and in an unfa
miliar language, even when the stimuli are low-pass filtered (Mehler et aI., 1(90), 
provides further evidence for the prenatal development of sensitivity to prosodic infor
mation in vocal signals. 

The idea that the melodic intonation of mothers' speech is a prepotent stimulus 
fin the human infant. effective at hirth, was proposed half a century ago hy Lewis 
( 1936/1(51). I.ewis argued that "the voice at the outset is not a neutral stimulus; it 
possesses an allective character for the child-in other words, it evokes a response" 
( 1936/1952, p. 52). This immediately compelling quality of maternal speech, because 
of its salient perceptual features and affective tone, underlies the most hasic of the 
developmental functions of prosody shown in Figure lOA. The claim that maternal 
intonation functions initially at this level assumes not only that prosodic leatures are 
discriminahle hy young infants, hut also that they are qualitatively diRerent in their 
ellects on the infant. Several studies document such differ,'ntial elfects of prosodically 
varied auditory signals on infant hehavior. For example, moderately intense sounds 
elicit cardiac deceleration, an orienting response, while signals higher in intensity elicit 
acceleration, a defensive reaction (Berg. 1(75). Similarly, signals with a gradual rise
time in intensity elicit eye opening and orienting, while a more ahrupt rise-time leads 
to eye closing and withdrawal (Kearsley, 1(73). 

In this sense, the characteristic infant-directed Prohibition vocalizations described 
earlier, high in intensity with an ahrupt rise-time, function initially as IInconditioned 
stimuli. That is, they elicit a defensive response from the infant that is directly attrih
utahle to acoustic rather than to linguistic leatures. Comfort sounds provide another 
examplc of maternal vocalizations that elicit unconditioned responses from young 
inhlnts. Studies of acoustic signals most ellective in soothing distressed infants have 
Illentihnl three types of sounds that reduce crying. First, low-frequency sounds are 
more efkctive than high-frequency sounds (Bench, 19(9). Second, continuous sounds 
are III ore soothing than intermittent signals (Birns, Blank, Bridger, & Escalona, 19(5). 
third. white noise IS particularly eRective in soothing a crying infant (Watterson & 
Rin'illo, 198.\). When Illothers usc their voice to calm a distressed infant, they fre
qucntly incorporate all three of these acoustic features. Comli)rt vocalizations arc typ
ically low in pitch and continuous rather than intermittent. Mothers also intersperse 
these vocali/ations with "shhhh" sounds, which are similar to white noise (f·ernald. 
Kcrmanschachi. & I ees. ItJX4). I hus, in hoth Comfilrt and ProhihitlOn vocaiizations 
addresscd to infants. mothers qUite intuitively exploit infants' innate predisposition to 
respond dilkrentlally to partll'lJlar acoustic qualities ofsoullds. 

Maternal Intonation and Infant Attention 

At the second level of the model shown in Figure lOA, the prosody of mothers' speech 
functions with increasing effectiveness to engage infant attention and to modulate 

arousal and emotion. Over the first six months of life, the infant's visual capabilities 
and motor coordination improve dramatically (e.g., Aslin, 1987). By the age of J to 4 
months, infants can recognize individual faces and orient to voices much morequickly 
and reliably than before. The appearance of the social smile, which is initially elicited 
most effectively by high-pitched voices (Wolff, 1963), is another landmark develop
ment around the age 01'2 months. All of these new skills contribute to infants' growing 
ability to respond selectively and appropriately to the intonation of the mothers' voice 
over the first few months. 

The argument I am making here is not just that infants are responsive in general 
to prosody before they are responsive to linguistic structure in speech, but that the 
exaggerated intonation patterns of mothers' speech are particularly effective in elicit
ing attention and affect in very young infants. Supporting evidence comes from a num
ber of auditory preference studies in which infants could listen either to typical adult
directed (AD) speech or to infant-directed (10) speech (e.g., Friedlander, 1968). In a 
listening preference study with 4-month-old infants, subjects were operantly condi
tioned to make a head turn to one side or the other in order to be rewarded with a short 
recorded segment of ID or AD speech, spoken by one of several unfamiliar women 
(Fernald, 1985). Infants made significantly more head turns to the side on which ID 
speech was available as a reinforcer. What was it about 10 speech that was more 

appealing to infants? Since natural vocalizations were used as stimuli in this study, it 
was impossible to evaluate the role of any particular linguistic or acoustic feature in 
eliciting the infant preference. Although it could have been some prosodic character
istic of 10 speech that was especially attractive to infants, it was also possible that the 
words themselves were more familiar in the 10 speech samples. 

To investigate the hypothesis that it was the prosody rather than the words of 10 
speech that elicited the infant listening preference, it was necessary to eliminate the 
lexical content of the natural speech stimuli and to isolate the three major acoustic 
features of intonation: fundamental frequency, amplitUde, and duration. In three fol
lOW-Up studies, we presented infants with synthesized signals derived from the F , 

amplitude, and temporal characteristics ofthe original natural speech stimUli (Fernaldo 

& Kuhl, 1987). Thus each of these experiments focused on a particular prosodic vari
able in the absence ofphonetic variation. Our goal was to determine whether 4-month
old infants, when given the choice between listening to auditory signals derived from 
the prosodic characteristics of either AD or ID speech, would show a listening prefer
ence ti)r particular prosodic reatures of/D speech. We found a strong infant preference 
for the Fo patterns of 10 speech, hut no preference for either the amplitude or duration 
patterns of ID speech. The results suggest that the Fo characteristics of mothers' speech 
are highly salient and rewarding to infants and may account for the listenirlg prefer
ence for natural ID speech found in the orignal Fernald (1985) study. 

One interpretation or these findings is that inlants are innately predisposed 10 pay 
alleniion io ine acoustic characteristics of ID speech. However, the finding that the 

pitch contours orrD speech arc suflicient to elicit the infant listening preference does 
not preclude an interpretation based on learning. By 4 months ofage, infants have had 



407 PARI NIAI CARl AND (I "'[WI N HUMAN MAH RNAI VOCAl IlATIONS TO INFAN rs'Illl, ra lifetime of experience with ID speech in association with many gratifying forms of it hy saying "lIeyl" and simultaneously opening her eyes wider, raising her eyehrows fUrlher, 
caretakmg and social interaction. It could be that 4-month-old infants attend more to 
the pitch contours of ID speech because these melodies have become positively asso
Claled wilh nurturance. The recent llndings ofCooper and Aslin (1990), however, sug
gest that early postnatal experience could not account entirdy for the infant listening 
preference. Using a visual-fixation-based auditory preference procedure, Cooper and 
Aslin found that both newhorns and I-month-old infants preferred ID over AD 
speech. Although there was a difference in the absolute magnitude of the II) speech 
preference between lhe two ages, there was no significant difference in the relative mag
nitude of the eflrct, suggesting that the listening preference was as strong in newborns 
as it was at I month of age. These findings indicate that the preference for the exag
gerated prosody of ID speech is already present at birth and does not develop gradually 

with postnatal experience. 
Research on this early listening preference has been extended in several interesting 

directions by Werkerand McLeod (1989).lnfantsat4and 8 months ofage were shown 
video recordings of both male and female adults reciting identical scripts in ID and 
AD speech. Werker and Mcleod included measures of both attentional preference 
and affective responsiveness in the two speech conditions. They found that infants at 
hOlh ages attended longer to ID speech than to AD speech when spoken by either a 
male or a female. Furthermore, infants responded with significantly more positive 
afll'ct to male and female ID speech than to AD speech. By demonstrating that the 
infanl listening preference for ID speech extends to male voices, the results of this 
study suggest that the relatively high mean Fo of the female voice is not the critical 
parameter in eliciting infant attention. Instead, it is probably the exaggerated Fo mod
ulation. within either the male or female Fo range, that is the most engaging feature of 

II) speech. 
The power of ID speech to engage infant allention has also been shown using a 

psychophysiological measure, in addition to the behavioral preference measures just 
described. In a study of infant cardiac orienting, we presented 24 4-month-old infants 
with vocalic sounds differing in pitch range. The stimuli consisted of repetitions of the 
monosyllahle /a/, spoken with either the narrow Fo range typical of AD speech or the 
wide F" range typical of! D speech, but identical in amplitude characteristics and dura
lion. We found that infants showed reliably greater heart rate deceleration when lis
lening to the wide-range pitch contours (Fernald & Clarkson, in preparation). These 
results provide convergent psychophysiological evidence for the differential atten
tional responsiveness of young infants to the exaggerated prosodic contours of ID 

speech. 

Maternal Intonation and Infant Emotion 

rhe melodies of mothers' speech not only captivate allention, but also engage the 
inhmt emolionally In rhe Firsl Rclalionshif! fntanl and MOlher, Daniel Stern (1977) 
descrihes an interchange hctween a mother and her J-month-old son, halfway through 

a feeding session: 

111\ eves locked on to hers. and Illgether they held mlltion!ess fill' an instant. The in/ant did 
uot return til sut'king and his Illothn held fnllen her shghtexpresslOn of ani Inpat ion. This 
silent and alnwst 1ll11lillUkss Instant ulIllinued 10 hang untillhe mother suddenly shuttered 

and throwing her head up and toward the infant. Almost simullanleously. Ihe hahy's eyes 
widened. II is head lilted up and. as his smile broadened. the nipple fell oul of his mouth 
Now she said. "Well hello! ... heello ... heeelloooo!", so thaI her pilch rose and the "hellos" 
hccame longer and more stressed on each successive repelilion. Wilh each phrase lhe hahy 
expressed more pleasure, and his body resonated almost like a balloon hcing pumped up. 
tilling a lillie more wilh each hrealh. (p. J) 

Anyone who has interacted intensively with a young infant knows the shared plea
sure of such moments, and the power of the voice to modulate and sustain that plea
sure. Such observations echo those of early investigators of mother-infant interaction 
who reported that young infants respond differentially to positive and negative affect 
in the voice (Buhler & Hetzer, 1928; Lewis, 1936/1951) and smileearlierto voices than 
\0 faces (Wolff, 1963). It is therefore surprising that recent research on infants' percep
tion ofemotional signals has focused almost exclusively on the face. In fact, the ability 
to recognize emotional facial expressions appears to develop rather slowly over the first 
year. Numerous studies of infants' discrimination and categorization offacial displays 
indicate that it is not until 7 months of age that infants reliably recognize happy and 
angry facial expressions (see Nelson, 1987, for a review). Moreover, two recent studies 
of infants' perception of facial-plus-vocal displays (Caron. Caron, & Maclean, 1988; 
Werker & Mcleod, 1989) suggest that in the first half year of life infants are more 
responsive to the voice than to the face. 

In a recent series ofexperiments in our laboratory, we investigated infants' respon
siveness to positive and negative vocalizations in unfamiliar languages as well as in 
English. This research was designed to address four questions: (a) Do young infants 
respond differentiallY to positive and negative affective expressions in the voice, at an 
age when they are not yet showing selective responsiveness to positive and negative 
affect in the face? (b) do infants respond appropriately to vocal expressions differing in 
affective tone? (c) are infants more responsive to affective vocalizations in ID speech 
than in AD speech? (d) are infants responsive to affective vocalizations spoken in lan
guages with which they are completely unfamiliar? 

In an auditory preference procedure, infants were presented with Approval and 
Prohibition vocalizations, typical of those used by mothers when praising or scolding 
an infant. The subjects in these studies were 5-month-old infants from monolingual 
English-speaking families. Each infant heard Approval and Prohibition vocalizations 
spoken in ID speech in German, Italian, or Japanese. English Approvals and Prohi
hitions were presented in both ID speech and AD speech. When listening to English, 
infants responded with differential and appropriate affect to these positive and nega
tive vocal expressions in ID speech only. That is, they showed more positive affect to 
Approvals and more negative affect to Prohibitions in ID speech but not in AD speech. 
When listening to ID speech in German and Italian, infants also responded with dif
ferential and appropriate affect. In Japanese, however, infants listened with neutral 
aflcct to Approvals as well as to Prohihitions. 

Why should American infants respond affectively to infant-directed Approval and 
Prohihition vocalizalions in two unfamiliar European languages as well as in English, 
hut not in Japanese? Although Japanese inothcrs elevate iheir piich when speaking to 
infants. the pitch range used hy Japanese mothers in ID speech is narrower than that 
used hy I'liropcan mothers O:crnald et al.. IlJSlJ). Japanese vocalizations may be more 
diflicull for infants 10 distinguish. In fact. Japanese vocal expressions of emolion are 
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dil1icult for I'uropcan adults to interpret (Shimoda, Argyle, & Riccihitti, I97K), per
haps l()r the same reason. If research on the auditory preferences of Japanese infants 
reveals that infants familiar with Japanese respond with appropriate aflert to Approv
als and Prohihitions in their language, this finding would suggest the early influence of 
cultural diflcrences in mother-infant interaction. Perhaps 5-month-old American 
intants are already accustomed to the wider pitch modulations and dynamic range 
characteristic of aflcctive vocalizations in cultures encouraging emotional expressive
ness, so that German and Italian arc more "familiar" to them in terms of prosodic 
characteristics than is Japanese. Research in progress on the prosodic characteristics 
of Japanese mothers' speech and on the responsiveness of Japanese infants to 
Approval and Prohihition vocalizations in different languages will enable us to explore 
further these intriguing questions. 

Four major findings emerge from these studies on infants' responsiveness to affec
tive vocal expressions. First, at the age of 5 months, when infants are not yet showing 
consistent selective responsiveness to positive and negative facial expressions, infants 
do respond differentially to positive and negative vocal expressions, suggesting that the 
voice is more powerful than the face as a social signal in early infancy. Second, infants 
respond with appropriate affect to positive and negative vocal expressions, smiling 
more to Approvals than to Prohihitions. Third, infants are more responsive to affective 
vocalizations in ID speech than in A0 speech, suggesting that the exaggerated prosodic 
('haractcristics of maternal vocalizations to infants increase their salience as vocal sig
nals. And fmally, young infants are responsive to affective vocalil.ations spoken with 
infant-directed prosody even in languages that they have never heard before, providing 
evidence for the functional equivalence ofsuch ID vocalizations across cultures. These 
lindings indicate that the melodies of mothers' speech are compelling auditory stimuli, 
which arc particularly effective in eliciting emotion in preverbal infants. 

The flOding that American infants differentiate maternal vocalizations in some but 
not all languages suggests that cultural differences in the nature and extent of emo
tional expressiveness may also have an early influence on infants' responsiveness to 
vocal signals. A process of early cultural "calibration" might account for these cross
language differences. According to this explanation. infants in all cultures are initially 
rr.~ponsive to the same vocal cues, in that they find smooth, wide-range pitch contours 
of moderate loudness to he pleasing, while they find low, narrow pitch contours that 
arc short, staccato, and loud to be more aversive. However, cultural differences in dis
play rules governing emotional expression may determine the levels and range ofemo
tional intensily 10 which the infant is routinely exposed and which the infant comes 
to expect in social interaction with adults. 

Maternal Intonation and the Communication of Intention 

Al the third level oflhe model shown in Figure 10.4, infants gain access to the feelings 
and intentions of others through the intonation of infant-direcled speech. That is, 
infanls hegin to learn to interpret the emotional states ofothers and 10 make predic
tions ahout the future actions of others. using information availahle in vocal and facial 
expressions. It is importanl to note that this third level of processing of vocal signals is 
quite different from the selective responsiveness of young infants to affective vocali
zations descrihed in the preceding section. When the 5-month-old infant smiles 10 an 
Approval or startles to a Prohihition, the prosody of the mother's voice influences the 
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infant directly. The infant's differential responses in no way presuppose an ability to 
decode the emotions expressed hy the mother. Rather, the infant listens with pleasure 
to pleasant sounds and with displeasure to unpleasaOl sounds, without necessarily 
understanding anything about the affective states motivating the production of these 
vocalizations. Such maternal vocalizations are potent signals not because they inform 
the infant about the mother's emotional state, but because they directly induce emo
tion in the infant. Of course, since pleasant-sounding praise vocalizations are often 
accompanied by smiles and olher indexes of positive affect, while negative vocaliza
tions co-occur with other signs of negative affect, infants have ample opportunity to 
learn about the cOntexts ofoccurrence ofparticular vocal forms, reinforcing their pos
itive and negative associations. The important distinction to be made here is that ini
tially these characteristic vocal patlerns influence the infant by virtue of their intrinsic 
acoustic features, strengthened through frequent association wilh other forms ofaffec
tive input, although they are not yet appreciated as "cues" to the emotional state of 
the speaker. 

Evidence that infants in the second half-year of life are developing the ability to 
read the emotional signals of others through facial and vocal expressions comes pri
marily from research on "social referencing." Klinnert, Campos, Sorce, Emde, & 
Svejda (1983) review several studies showing that infants around the age of8 months 
seek out and appropriately interpret emotional signals from adults, especially in situ
ations of uncertainty for the infant. For example, when an 8-month-old infant is unde
cided as to whether to cross the visual cliffor to approach an ambiguous toy, the infant 
will look to the mother. If the mother responds with exaggerated facial and vocal signs 
of happiness, the infant will typically proceed; however, if the mother responds with 
exaggerated expressions of fear, the infant will withdraw. Unfortunately, the relative 
potency of facial and vocal cues in this situation has not been adequately investigated. 
Although the mother's facial expressions appear to be sufficient to regulate the infant's 
behavior, it is not yet known whether vocal cues are also sufficient (Klinnert et aI., 
1983). 

Another question that has yet to be addressed is whether infants in the social refer
encing paradigm are responsive only to highly exaggerated emotional displays. Given 
the finding described earlier that younger infants respond affectively to ID speech but 
not to A0 speech, it seems likely that the exaggerated vocal and facial expressions typ
ically used by mothers interacting with infants would provide especially salient infor
malion about the mother's emotional state. A recent study with adult subjects pro
vides indirect support for the hypolhesis that infonnation about emotion and 
communicative intent is conveyed with special clarity through the exaggerated into
nation of ID speech (Fernald, 1989). Subjects listening to content-filtered 10 and AD 
speech samples were asked to identify the communicative intent of the speaker, using 
only prosodic in fonnation. We found that listeners were able to use intonation to iden
tify the speaker's intent with significantly higher accuracy in speech addressed to 
infants. This finding suggests that the prosodic patterns oflD speech are more distinc
tive and more informative than those of AD speech and may provide the preverbal 
infant with reliable cues to the affective state and intentions of the speaker. 

Could infants potentially make use of such prosodic contours to gain access to the 
communicative intent of the speaker? Research on infants' perception of melodies 
provides indirect evidence for the salience of pitch patterns in the preverbal period. By 
6 months, infants can extract the melodic contour in a tonal sequence eVCn when thel 
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sC4uence is transposed into a dillcrent fre4uency range (Trehuh, Thorpe, & Morron
glcllo, 1l)!{7). Infants appear to encode information ahout contour as opposed to ahso
lute fre4uencies. since they perceive transposed melodies as similar or equivalent. This 
holistic mode of auditory processing, in which the relational features of a tonal 
sequence are retained, could enahle infants to encode the prominent melodic patterns 
of infant-directed speech and recognize these characteristic melodies across variations 

in speaker, segmental content, and pitch range. 

Maternal Intonation and Early Language Development 

At the fourth level of the model shown in Figure 10.4, the prosodic patterns of ID 
speech increilsingly serve linguistic functions. While the infant perceives prosodic con
tours holistically in the earlier preverhal period, words gradually begin to emerge from 
the melody toward the end of the first year. As the child develops the ahility to use 
language to extract meaning from the mother's vocalizations, the prosody of maternal 
speech helps to draw the infant's attention to particular linguistic units within the con
tinuous stream of speech. In a study of mothers' use of prosodic emphasis to mark 
focused words in speech to infants and adults, we found that prosodic cues in ID 
speech were not only more emphatic than those in AD speech, but also more consis
tent and more highly correlated (Fernald & Mazzie, 1991). When highlighting focused 
words, mothers used a distinctive prosodic strategy in speech to their infants. Focused 
words occurred most often on exaggerated pitch peaks in the final position in phrases 
in ID speech, while in AD speech the acoustic correlates of lexical stress were much 

more variahle. 
Docs the use of exaggerated prosody actually help the infant to recognize focused 

words in continuous speech? In a recent study of the inlluence of intonation patterns 
on early lexical comprehension, we found that infants in the early stages of language 
acquisition are better ahle to recognize familiar words in ID speech than in AD speech 
(Fernald & McRoberts, 1991). In this study, IS-month-old infants were tested in an 
auditory-visual matching procedure. On each trial, infants were presented with pairs 
of colored slides of familiar ohjects, accompanied by a recorded vocalization drawing 
their attention to one of the two objects (e.g., "Look at the hal/l See the hal/?"). The 
vocal stimuli were presented with the target word stressed in either ID or AD intona
tion. The index ofcomprehension in this procedure was whether infants looked longer 
at the picture matching the target word. We found that when target words were pre
sented in ID speech, infants recognized the target words more reliably than in AD 
speech. Follow-up studies suggest, however, that by \8 months infants have acquired 
the ahility to identify familiar words equally well in AD speech and ID speech, 
although exaggerated intonation may still be important in acquiring new words at this 
age. These findings suggest that, at least in English, the acoustic highlighting of new 
words in mothers' speech may facilitate language comprehension in infantsjust begin
ning to learn language. Whether the dramatic pitch peaks of ID speech actually 
enhance the intelligibility of focused words or serve primarily as an attention-focusing 

device is a 4uestion still to be addressed. 
To su mrnarile so far. the exaggerated melodies of mothers' speech to infants serve 

Illany different functions in early development, prior to the acquisition of language. 
The distinctive prosodic patterns of maternal speech are prepotent signals for the 
infant at hirth and arc etlcctive in the carly months in eIJciting and maintaining atten-
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tion and in modulating arousal. Prior to the time when the mother's speech sounds 
can influence her child's behavior symbolically through their referential power, her 
intonation affects the child directly. When her intention is to arouse and delight the 
infant, she uses smooth, wide-range pitch contours, often with rising intonation; when 
her goal is to soothe, she rocks the infant and speaks with low, falling pitch. And just 
as the vestibular rhythms of rocking have a direct calming effect on the child (e.g., 
Byrne & Horowitz, 1981), the acoustic features of the mother's soothing melodies also 
function directly to decrease arousal and calm the infant. Thus in the first year of the 
infant's life, the communicative force of the mother's vocalizations derive not from 
their arbitrary meanings in a linguistic code, but more from their immediate musical 
power to arouse and alert, to calm, and to delight. Although the exaggerated pitch pat
terns of maternal vocalizations may eventually help the child in the second year to 
identify linguistic units in speech, the human voice becomes meaningful to the infant 
through maternal intonation much earlier in development. Through this distinctive 
form of vocal communication the infant begins to experience emotional communion 
with others, months before communion through symbols is possible. 

CONSTRAINTS ON THE EVOLUTION OF VOCAL COMMUNICATION 
SYSTEMS 

In making the argument that human maternal speech is an adaptive mechanism, it is 
necessary to demonstrate not only that this special form of vocal communication 
serves critical biological functions in early development, but also that this behavior 
meets other criteria for invoking a selectionist account. One question of interest is 
whether this human vocal behavior shares common design features with vocal behav
iors in other species where natural selection has more obviously played a formative 
role in shaping vocal signals to serve particular functions. This section will present 
research findings from the ethological literature on vocal communication in nonhu
man animals, focusing on studies that attempt to elucidate the functional significance 
of particular vocal adaptations. Three questions will be addressed: First, how do con
straints on perceptual and production mechanisms, as well as characteristics of the 
environment, influence the evolution ofvocal repertoires? Second, what selective pres
sures appear to favor the evolution ofgraded versus discrete vocal signals? And finally, 
how do ritualized vocal signals function to enhance signal detectability? The etholog
ical research reviewed in the context of these three questions will suggest which forms 
of evidence are most relevant in evaluating the claim that the special form of infant
directed speech used by human mothers is a caretaking behavior that has also been 
inlluenced by natural selection. 

In discussing the functional significance ofcourtship calls in certain animals, Dar
win (1872) described them as "sweet to the ears of the species," referring to the special 
power of such species-specific signals to please and entice a potential mate. Darwm's 
daring speculation that communicative signals in animals are as susceptible to the 
influence of natural selection as arc morphological features is now widely accepted. 
However, in the ahsence of a fossii record of such ephemerai phenomena as vocai 
sounds,' the evidence for adaptation in signal systems consists primarily of correla
tional findings relating acoustic ami functional characteristics ofspecies-specific vocal
izations to other characteristics and conditions of the species that are likely to have 
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exerted selective pressure on vocal forms. While necessarily indirect, such converging 
ethological evidence has hecome increasingly sophisticated in recent years, leading 
convincingly to the conclusion that the vocal repertoires of closely related species have 
heen shaped dillerentially by evolution. Small variations in vocal forms between spe
cies are correlated with subtle differences in species-specific perceptual sensitivities, 

social organization, and habitat characteristics. 

Perceptual and Production Constraints on the Evolution of Vocal Signals 

The primary function of animal sounds in social species is communication. With very 
few exceptions (e.g., in the production ofecholocation sounds by bats), the specialized 
sound-producing organs found across the animal kingdom have evolved to send sig
nals to other animals (Krebs & Dawkins, 1984). The idea that the acoustic signals typ
ical of a species are "well designed" to be detected and recognized by conspecifics is 
widely accepted in the ethological literature. In some cases, the responsiveness of 
young animals to acoustic signals emerges without social experience. Swamp sparrows 
reared in isolation, for example, respond with greater cardiac orienting to the swamp 
sparrow call than to the call of a related species, on first exposure to these sounds 
(Dooling & Searcy, 1980). In other avian species, prenatal exposure to the mother's 
call (Gottlieb, 1980) and brief postnatal experience with conspecific vocalizations 
(Marler. 1984) are instrumental in the development of selective responsiveness to spe
cies-specific signals. However, even when the emergence ofauditory selectivit y in ani
mals requires some learning and is not. so to speak, "hardwired," genetic mechanisms 
are implicated (sec Gould & Marler, 1987). Such selective responsiveness to particular 
animal sounds of high biological relevance rellects the influence of natural selection, 
according to Marler, Zoloth. and Dooling (1981): 

As a recurrent hnding in ethological studies, developing young animals manifesl respon
siveness \0 partll'ular environmental slimuli. These especially salienl stimuli are associated 
with events that arc fraught with special biological significance for all species members. such 
as predator detection or sexual communication. The selectivity of sueh innale responsive
m'ss IS sometimes so narrow that it is hard to imagine peripheral slructures Ihal could explain 
Ihe speCIficity of responsiveness. especially when mediated by receptor syslems known 10 be 

responsive to broader ranges ofstimuli. To the ex len I that environmental events with special 
signll'cance In the life of an organism are predictable over Iransgenerational time. adaptive 
sllCcles-speCific genetic control over stimulus responsiveness becomes feasible. (p. 167) 

Physiological and perceptual characteristics involved in sound production and recep
tion are one source ofevolutionary pressure shaping the form of vocal communication 
ina species. In some cases. the evolution of species-specifIC vocal signals seems to have 
heen constrained primarily by the perceptual limitations of the conspecific recipient. 
as in the frog mating calls mentioned earlier. By cumparing the auditory tuning curves 
in two closely related species of tree frog, Ryan et al. (1990) found that the auditory 
sensitivity of the female was the dnving force in the evolution of the male mating call 
in one of these species In this species, sound production in the male has heen adapted 
to iit the preexisting perceptual bias of the female. Thus the effectiveness of species
specific vocalintions crucial to success in reproduction depends on the match hetween 
male production capabilities and female perceptual thresholds. It is important to note. 
however, that while the acoustic characteristics of such signals arc highly constrained, 
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given the particular physiological characteristics of the female of the species. they are 
also "arbitrary" in the sense that other mating signals would have evolved if. by 
chance, the tuning curves of the female tree frog had happened to be slightly different 

One very general constraint on the acoustic structure of vocal productions is the 
body size of the animal producing the signal. The frequency of phonation tends to be 
lower in larger animals simply because of the physics of sound production. The vocal 
signals of elephants and mice differ in spectral characteristics in part because resonant 
frequencies are directly related to the size of the animal's vocal cavities and sound pro
ducing organs. Similarly, the vocalizations of large male baboons have more energy 
present at lower frequencies than the vocalizations of smaller males or female 
baboons. Reviewing a large number ofstudies ofavian and mammalian vocalizations. 
Morton ( 1977) observed the association mentioned earlier between acoustic structure 
and motivational state. Harsh, low-frequency sounds commonly signal threat or hos
tility, while higher-frequency, more tonal sounds signal fear, appeasement, or friendly 
approach. Morton explained this structural convergence in terms of a "motivation
structural rule." Because they give the impression of larger body size, harsh. lower
frequency vocalizations have been selected for across species as signals in hostile inter
actions, according to Morton. just as piloerection has evolved as a visual signal that 
increases apparent size. Conversely, the higher-frequency, tonal vocalizations used by 
many animals in fearful or friendly motivational states are effective in eliciting 
approach and support because they resemble the vocalizations of smaller, nonthreat
ening animals. The linguist Ohala (1984) has extended Morton's reasoning to include 
intonation patterns in human speech, observing that falling Fo contours are commonly 
associated with assertive meanings, while rising Fo contours are associated with non
assertive or conciliatory meanings. Such examples ofapparent "sound symbolism" in 
human and nonhuman animal vocal signals reflect selection for acoustic features 
related to characteristics of both production mechanisms and complementary percep
tual response biases. 

Environmental Constraints on the Evolution of Vocal Signals 

While there are numerous examples in the ethological literature in which physiologi
cal, perceptual, and cognitive characteristics ofconspecifics, as well as predators, have 
apparently shaped the evolution of biologically significant vocal signals. the acoustic 
ecology of the natural habitat also plays a formative role. Marler ( 1965) was among 
the first to propose that ecological factors as well as perceptual constraints may have 
exerted selective pressures on the structure ofacoustic communication. For example. 
alarm calls across a number of avian species consist of narrOW-band, high-pitched 
calls, which appear to have two important advantages. Because of their particular 
acoustic structure, such alarm calls propagate widely and are very difficult for a pred
ator to localize (Green & Marler, 1979). 

Research on monkeys inhabiting East African rain forests has explored further the 
interaction of vocal signal characteristics and features of the environment in the evo
lution of communication systems. Obviously, a vocalization signaling a bioiogicaliy 
important event can be effective only if it can be heard by the appropriate recipienl. 
According to Brown ( 1989). several factors determine the audibility of vocal signals in 
the rain forest, including signal characteristics that facilitate transmission. signal deg
radation resulting frlllll attenuation in the rain forest environment, and the intensity 
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amI spectral composition of environmental hackground noise. which can mask the 
signaL In an elegant series of field and laboratory studies. P. M. Waser. Brown. and 
colleagues have shown how the acoustic structure of vocal signals in various primate 
species has heen adapted for optimal sound transmission in the particular habitat in 
which these signals have evolved. In a study offour species of African monkey. Waser 
and Waser ( 1977) found that the frequency spectrum of distance calls is optimal for 
elllcient transmission through the forest canopy. Moreover. these monkeys vary their 
position when calling so as to maximize the audible range of their signals throughout 
the day. in accordance with daily nuctuations in temperature gradients. 

By analyzing the attenuation properties of the rain forest hahitat. Waser and 
Brown ( 1986) discovered a "sound window" ideal for the propagation of frequencies 
near 200 Hz. Relating these features of the habitat acoustics to the characteristics of 
vocalizations used hy two species of monkeys indigenous to this habitat. Waser and 
Brown found that three of the seven species-specific calls studied made use of the opti
mal sound window for long-distance propagation. For the four remaining calls, the 
loss in audible distance resulting from the use of a dominant frequency outside the 
sound window appeared to be compensated for by a 10 dB increase in sound intensity 
at the signal source. Waser and Brown (1986) also analyzed the charaeteristic back
ground noise in the rain forest. generated by birds. insects, and other species, as well 
as hy weather. discovering a quiet zone in the ambient noise between 500-800 Hz. 
Ilcre too they found an orderly relation between the habitat acoustics and the design 
features of indigenous monkey calls. Short-range calls appear to be constrained to 
some extent hy the spectrum of background noise in the rain forest, while long-range 

calls are governed more hy attenuation properties of the habitat. 
In discussing these provocative findings, Brown (1989) emphasizes that the form 

ofspecies-specific vocal signals is often a compromise renecting selection for a number 
of different acoustic attributes. For example. the most effective frequency for signal 
transmission through the moist. leafy atmosphereofthe rain forest may not be optimal 
1(lr ohscuring the location of the animal emitting the call. This selection for multiple 
functional attributes of the vocal signal frequently results in a form that does not renect 
an optimal specilication for any particular isolated attribute. Such complex interae
lions in the process of adaptation over evolutionary time can make it exceedingly dif
Iicult to disentangle and identify with confidence the forces at work in selection. How
ever. hy comhining acoustic and functional analyses of vocal signals with both 
perceptual studies of auditory sensitivity and acoustic analysis of hahitat characteris
tics. the ethological research described here provides valuable convergent evidence on 
the intricate fit between species-specific vocalizations and the biological functions they 

serve. 

Graded and Discrete Vocalizations in Primate Communication 

I he extent of signal variahility within the repertoires of different primate species is a 
kature of vocal comIllunication systems that appears to be correlated not only with 
cnvironmental conditions hut also with type of social organization. The signal systems 
ui' lowcr primate spccies consist almost exclusively of discrete categories of vocaliza
Iluns with nonoverlapping acoustic features. Among higher primates, in contrast. 
graded signals arc more comIllon. Gr..ded signals exhihit considerable acoustic vari
ahillty within a vocalization category and otien overlap in acoustic attributes to some 
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extent with vocalizations in other categories. While their potential amhiguity can pose 
problems for signal interpretation. graded signals are much more powerful than diS· 
crete signals in conveying subtle information about mood and intention. 

Marler (1965. 1976) has suggested that the functional significance of discrete ver
sus graded signal systems is related to the social structure and ecological conditions 
typical of different primate species. In strongly territorial groups, where a substantial 
portion of the vocal repertoire is dedicated to intergroup signaling, discrete repertoires 
are most common. The need to use loud, far-ranging calls in communication between 
groups may have favored the evolution of unambiguous, nonoverlapping signal cate
gories. Discretely organized vocal repertoires are also favored when acoustic signals 
are not accompanied by complementary information from other sensory modalities. 
as is the case in long-distance calling hy territorial males living in dense forests. Non
territorial primates. in contrast, are more likely to develop graded vocalizations. Mar
Ier (1976) speculates that graded signals have been selected for in primate species that 
rely heavily on close-range signals within the group. Signals that function in c1ose
range communication are less vulnerable to attenuation and distortion than are long
range calls and thus may be less constrained in the direction ofdiscreteness and invar
iance. Moreover, the graded vocal signals common in close-range communication 
within the group can be richly supplemented by redundant visual information, includ
ing facial expressions and postural displays. Since animals interacting within the group 
can often see as well as hear each other. the visual signals accompanying vocalizations 
may help in decoding the subtleties and ambiguities of graded signals. 

It isjust these subtleties and potential ambiguities, however, that give graded vocal 
signals their enormous communicative power. Continuously varying calls can convey 
nuances of mood and motivation through slight shifts in pitch, intensity. spectrum, or 
tcmpo impossihle with more stereotyped signals. Graded signals seem particularly 
appropriate to the intricate communicative acts and subtle negotiations that are so 
common in the complex social groups of the higher primates. For example. de Waal 
(1982) describes the gradual escalation in intimidation vocalizations and displays dur
ing a competition for power in a captive chimpanzee colony: 

Several times a day Nikkie would he seen sitting somewhere on his own. his hair on end. 
hooling. His hoot gradually swelled until il ended in a loud screech. Then he would dan 
across the enclosure and thump heavily on Ihe ground or againsl one of the metal doors. 
To hegin with. his intimidation displays did not seem to he directed al anyone in panicular, 
hut later on they took place more and more frequenlly in Yemen's vicinily. Finally he staned 
hooting directly at Yemen. He would sit opposile him and swing large pieces of wood in Ihe 
air.(p.121) 

De Waal (1982) describes several other encounters among these chimpanzees in 
which the hoots of the attacking animal and the screams of the victim incite agitation 
and aggression. as well as supportive behavior, among other members of the troop 
These episodes illustrate the potential of such continuously varying vocalizations not 
only to index gradual shins in the motivational state of the vocalizing animal. but also 
to induce emotional changes in the listener. 

Marler's (19hS, 11)76) speculation Ihat human speech is much more likely to have 
cvolved from a richly graded vocal systcm than from a repertoire of disncte signals is 
interesling in Ihis context. Iluman speech is indeed a continuously varying acoustic 
signal. hut onc on ",hi,," "lIr perceptual mechanisms frequcntly surx~rimposediscrete 
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categories, as in the categorical perception ofcertain consonants. In its prosodic struc
ture. however, human speech has fully retained this gradient dimension. The power 
of prosody in human communication to convey suhtle changes in the speaker's emo
tions and intentions and also to engage and persuade the listener can be seen as a direct 
legacy from the graded vocal systems of the higher nonhuman primates. 

Ritualized Vocalizations: Signal Function and Signal Detectability 

A widely accepted principle of the evolution of communication systems is that social 
signals evolve originally from other behaviors with no signaling function. That is, sig
nals are usually exaptations, or "derived activities" (Tinbergen, 1952), which evolve 
from nonsignal behaviors through the process of ritualization. Ethologists disagree, 
however, on how best to characterize the nature and function of communication 
among nonhuman animals. The idea that a central function of vocalizations is to per
.wade the listener departs from the more prevalent view of communication, which 
emphasizes the sending and receiving of information (e.g., Smith; 1977). In the first of 
two articles challenging this traditional focus on the efficiency of information recep
tion hy the receiver of a signal, Dawkins and Krebs (1978) argue that natural selection 
will favor signals that benefii the sender rather than the receiver. According to this 
more "cynical" view of the evolution ofcommunication, animals use signals primarily 
in order to manipulate the behavior of other animals, rather than to convey useful 
information. This instrumental function of nonhuman animal signals is comparable 
to human advertising slogans, which are designed to persuade rather than to inform, 
according to Dawkins and Krehs. Thus "the evolutionary ritualisation of derived 
activities can be better understood in terms ofselection for effective manipulation than 
in terms of selection for effective information transfer" (Dawkins & Krebs, 1978, p. 
185). 

In a later article on the adaptive functions of social signals, Krebs and Dawkins 
( 1984) expand their previous narrow focus on manipulation in the context ofexploit
ative communication. They argue that ritualized signals are the product of the coevo
lution of what they call the "manipulator" and the "mind-reader" roles. The manip
ulator uses signals to innuence the behavior of others, usually to its own advantage, 
while the mind-reader uses signals to predict the future actions of others. As animals 
become sensitive to suhtle cues allowing them to predict other animals' behavior, this 
increased sensitivity is favored hy natural selection. Yet it is this same sensitivity that 
enahles one animal to manipulate another. A dog haring its teeth can be the "victim" 
of mind reading hy other animals, hut can also manipulate other animals into retreat
ing hy baring its teeth with no intention of attacking. Thus mind reading and manip
ulation coevolve. according to Krehs and Dawkins, and communicative signals are 
shaped hy this process of coevolution. 

A second intriguing argument made hy Krehs and Dawkins (1984) is that funda
mentally different kinds of signals evolve depending on whether communication is 
cooperative or noncooperative. In exploitative situations both between and within 
species, the reactor benefits in general from resisting the persuasion of the manipula
lor. resulting in one form of arms-race coevolution. For example, skilled "salesman
ship" in the use of prominent courtship displays hy the males ofa species may be com
plemented hy heightened "sales-resistance" on the part of females, since females 
cannot afl(ml to respond indiscriminately to sexual overtures. The features most com
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monly associated with signals designed for persuading unwilling victims, according to 
Krehs and Dawkins, are just those features most effective in advertising: hright pack
aging, exaggeration, rhythmic repetition, and high redundancy. In cooperative situa
tions, however, where the reactor benefits from being innuenced by the manipulator, 
a different kind of signal typically evolves. When signals are cooperative, as in affilia
tive interactions within kinship groups, evolution favors "cost-minimizing conspira
torial whispers," rather than conspicuous, repetitive signals (Krebs & Dawkins, 1984, 
p.391 ). 

Regardless of whether communication is cooperative or noncooperative, effective 
signals must incorporate design features that ensure detectability. Krebs and Dawkins 
(1984) cite Wiley's (1983) intepretation of the evolution of ritualized signals in terms 
of signal detection theory. Wiley proposes four features that increase the reliability of 
signal detection in noisy environments: 

I.	 Redundancy, resulting from predictable relationships among the different com
ponents ofa familiar signal, facilitates accurate identification of the signal even 
if only part of it is heard. Repeating parts of a signal, or the entire signal, is a 
simple form of redundancy used to enhance detectability. 

2.	 Conspicuousness by exaggeration of acoustic features enhances the signal-to
noise ratio by increasing the contrast between the signal and the irrelevant back
ground stimulation. 

3.	 Small repertoires of signals reduce the listener's uncertainty and enhance per
formance in signal detection tasks. With fewer and more distinctive categories 
in which potential signals can be classified, the opportunity for identification 
errors is minimized. 

4. Alerting components at the beginning ofa signal increase detectability and rec
ognition by letting the listener know when to expect the message component of 
the signal. 

These four adaptations for efficient communication all benefit a signaler by coun
teracting noise in communication. Noise can result from irrelevant background 
sounds, as well as from signal distortion or attenuation in the external environment, 
as illustrated in the research on habitat acoustics described earlier (Brown, 1989). 
However, noise in its technical sense can also result from characteristicsofthe receiver, 
such as the high threshold or cautiousness typical of "sales-resistant" females (Wiley, 
1983). Krebs and Dawkins conclude that signal evolution will always reflect a com
promise between detectability considerations and the economics ofsignal production. 
Increasing signal salience can incur additional costs, such as extra energy expenditure 
and enhanced risk of predation. Thus the use of such costly ritualized signals evolves 
only when the stakes are sufficiently high, as with signals used to attract a mate or to 
defend resources. In the use of cooperative signals, which are designed to influence 
willing reactors, selection can favor less extravagant signals, as long as they meet the 
criteria for detectability. 

To summaril.e this section, ethological research suggests that many different kinds 
ofselective pressure can influence the design of species-specific vocalizations, includ
ing physiological constraints on signal production and perception, environmental fea
tures affecting sound propagation, communicative functions of vocal signaling both 
within and hetween social groups, and engineering features ensuring si,gnal detecta
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oilily oy oolh willing and unwilling listeners. Recent theoretical formulations of the 
interrelated social and ecological constraints on signal evolution (Dawkins & Kreos, 
I\/7R: Kreos & Dawkins, 19R4) emphasize that animals use vocali7.ations for persua
sion. In the complex social systems uf the higher primates, where communication is 
[(Kused increasingly on intricate interactions within the group, persuasive vocal sig
naling hecomes more prevalent and more powerful through the use of graded vocal i
lations. Through intonation, humans also make use of graded signals, which are 
highly ellcctive in interpersonal communication and which share common features 
with vocalil.ations of nonhuman primates and other species. 

THE ARGUMENT FOR DESIGN IN HUMAN MATERNAL SPEECH 

What kinds of evidence are needed to support the inference that the special form of 
speech used oy human mothers with infants has evolved as a species-specific parenting 
oehavior') It is important, although hardly sufficient, that this infant-directed speech 
I(Hm is widespread across human cultures and is beneficial to parents and infants in 
their early interactions. Two more demanding criteria need to be addressed in invok
ing a selectionist argument. First, it has to be shown that this maternal vocal behavior 
is particularly well engineered for effective communication with preverbal infants, and 
not just for communication in general. And second, it has to be shown how the use of 
infant-directed speech by human mothers could have been selected for as a parenting 
hehavior contriouting to reproductive success. 

Design Features of Infant-Directed Prosody 

The human infant is a noisy system, in various senses of the word, and the exaggerated 
prosody of infant-directed speech is exquisitely designed to boost the signal relative to 
the noise. The principal noise that the mother's voice must overcome is not, and never 
was, the attenuation characteristics of the rain forest or savannah, since mother-infant 
communication in higher primates takes place at very close range. Rather, the noise 
that interferes most with signal reception is intrinsic to the young infant, resulting from 
the perceptual, attentiona!, and cognitive limitations associated with immaturity. For 
example, human inl~lIlts like adults are more sensitive to sounds at SOO Hz than at 200 
III., which means that a SOO-Hz signal will sound louder than a 2oo-Hz signal when 
ooth are presented at the same intensity. However, because young infants have higher 
auditory thresholds than adults (Schneider, Trehub, & Bull, 1979), sounds need to be 
more intense for infants in order to he detected. By elevating the fundamental fre
quency of the voice when addressing an infant, mothers effectively compensate for this 
sensory limitation oy moving into a pitch range in which infants are relatively more 
sensitive. thus increasing the perceived loudness of the signal. 

The exaggerated pitch conti nu itYof mot hers' vocal izat ions may also provide a pro
cessing advantage for the immature auditory system of the human infant, simplifying 
the initially demanding task of tracking the voice of a single speaker. Even for adults, 
the prosodic contours of speech enaole the listener to attend selectively to one voice 
all1<lng many (Nooteooom, Brokx, & deRooij, 1976), although adults can use linguis
tic as well as acoustic structure in alTomplishing this task. Infants, in contrast, have 
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no knowledge of linguistic structure and must at first rely entirely on the prosodic 
coherence of the speech stream in selectively attending to a particular voice. In these 
and many other ways, the characteristic prosodic features of maternal speech provide 
the immature listener with acoustic signals that are high in perceptual salience and 
relatively easy to process (see Fernald, 1984). Just as the calls of birds and mammals 
are finely tuned to the perceptual limitations of conspecifics and ingeniously engi
neered to transcend the noise of the environment, the exaggerated vocalizations of 
human mothers' speech are well designed to accommodate the perceptual predispo
sitions of infants and to overcome the noise in the system due to infants' initial pro
cessing limitations. 

It is intriguing that the features that selection favors in enhancing signal detecta
bility, according to Wiley (1983)-conspicuousness, redundancy, small repertoires, 
and alerting components-are all robustly characteristic of infant-directed vocaliza
tions in human speech and decidedly uncharacteristic of adult-directed speech. The 
conspicuousness or perceptual prominence of ID vocalizations results from the ele
vation of pitch and expansion of pitch range typical of maternal speech across lan
guages, as well as from the use of short vocalizations clearly separated by substantial 
pauses (Fernald et al., 1989), Redundancy in signaling is also strikingly prevalent in 
speech to infants, Stern et al. (1983) report that mothers repeat over 50% of their 
phrases when interacting with 2-month-old infants. Prosodic repetition is common 
too (Fernald & Simon, 1984), often with slight melodic variations, which keep these 
repetitive runs interesting as well as highly predictable for the infant (Stem, 1977). The 
use of small vocal repertoires. the third feature described by Wiley, is reflected in moth
ers' tendency to use relatively stereotyped prosodic contours in specific interactional 
contexts, as shown in Figure 10.3. Moreover, the first words learned by infants gen
erally include "uh-oh," "bye-bye." "peek-a-boo," and other social routines marked by 
distinctive and highly stereotyped prosody. Finally, the use of alerting components, 
another common feature in ritualized nonhuman animal calls, is also typical of 
human mothers' speech. In mother-infant play with objects, American mothers fre
quently call the infant's name or say "Look!" or "What's that?" using elevated pitch 
in order to engage the infant's attention before labeling the object. Popular mother
infant games like peek-a-boo have alerting components built into the vocal routines 
accompanying the action (Fernald & O'Neill, in press). 

These same signal-enhancing features are described by Krebs and Dawkins (1984) 
as "advertising" strategies especially effective in persuading unwilling reactors. Bright 
packaging, rhythmic repetition, exaggeration, and high redundancy also characterize 
the ritualized vocalizations of human mothers to their infants, In this case, however, 
communication is cooperative and the reactor is willing. This apparent exception to 
Kreos and Dawkins's claim that such conspicuous and costy vocalizations will emerge 
primarily in the service of noncooperative communication is actually qUill' consistenl 
with their reasoning: Ritualized vocalizations are selected for when they function in 
biologically significant activities in noisy environments or with "cautious reactors, "In 
mother-infant communication, the reactor is immature rather than cautious, and the 
noise is attributable to perceptual limitations of the infant rather than to features of 
the haoitat. But this developmental noise is formidaole, however temporary, and spe
cially designed vocalizations are needed to ensure signal detection and recognition by 
an inexperienced listener. 



421 
PARLNTAI CARr AND ClIII DRI:N <li() 

In accord with lhe idea that manipulation or persuasion is a central function of 
animal vocalizations. the signal-enhancing features or mothers' speech also seem well 
designed for persuading the infant listener. As she soothes. alerts. or praises. the 
mother is directly influencing the infant's state and level of arousal through her voice. 
This instrumental function of maternal speech. described earlier in relation to the fnst 
two levels of the model shown in Figure lOA. is indeed manipulative. as the mother 
intuitively and skillfully uses the music of her voice to elicit attention. modulate 
arousal. and induce emotion in the preverbal infant. The primitive communicative 
force of maternal speech in this context is close to that of the graded vocalizations used 
hy nonhuman primates. which achieve their impact by affecting the motivational state 
of the listener. The analogies drawn by Krebs and Dawkins ( 1984) between ritualized 
animal signals and both advertising and musical sounds are equally apt in relation to 
human maternal vocalizations. which also function more immediately to modulate 
emotion and motivation than to transmit information. 

A final argument for the special design features of infant-directed speech has to do 
with the neurological immaturity ofthe human infant's auditory system at birth. Until 
the auditory cortex matures, the young infant relies more on subcortical auditory 
structures (Whitaker. 1976), which are better suited for the holistic analysis ofacoustic 
signals than for the high-resolution temporal analysis ultimately required for process
ing speech sounds. For both human and nonhuman primates, subcortical pathways 
are involved in the recognition of graded acoustic signals and in the production and 
receplion of affective messages (Lamendella, 1977). Marler (1976) has observed that 
the retention of continuous auditory processing mechanisms for graded signals in 
music and in the intonation of speech is considered to be a primitive trait in humans. 
Ilowever. lhe development of limbic and hypothalamic pathways for processing con
tinuously varying affective signals was probably a major evolutionary advance for our 
nonhuman primate ancestors, enahling much subtler and more differentiated forms 
of cooperative social communication. It is interesting to note that the earliest vocal 
communication between the human mother and her infant is emotional in nature and 
is mediated hy intonation. a graded acoustic signal. which the infant can perceive using 
phylogenetically older and simpler auditory processing mechanisms than those that 
will eventually develop to process the linguistic units in speech. 

Adaptive Functions of Mothers' Speech to Infants 

Behaviors that are adaptations must have contributed differentially to reproductive 
Iitness in the evolutionary past. Given their crucial biological role in enhancing repro
ductive success. species-typical parenting behaviors are often seen as prototypical 
examples ofhchavioral adaptations. However. parenting behaviors differ dramatically 
across species in the domain and lime frame of their influence on the young. Some 
parental behaviors are adaptations for the immediate survival of the young during 
infancy. an ohvious prerequisite for reproductive success, while others have been 
selected for because of their long-term contrihution to the future fitness of the off
spring. In arguing for the precision and efficiency ofdesign features in human maternal 
speech to infants. I have focused on the adaptive functions of this parenting behavior 
during the infancy period. Ilowever. I would also like to argue. somewhat more spec
ulatively. that the use or prosodically modified vocalizations in early mother-infant 
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communication may have had adaptive advantages extending beyond the inrancy 
period over the course of hominid evolution. 

Primate parenting behaviors are among the most complex in the animal world. For 
most reptiles to reproduce successfully, they must survive the first year of life and malt' 
appropriately. Mammals, in contrast. need to survive and mate, and then to nurture 
and protect their offspring until maturity. Across the primate order. the evolution of 
an increasingly long period of relative helplessness and dependency in the young has 
placed extensive demands on parental skills and com mitment. From the point of view 
of basic behavioral equipment. newborn monkeys, apes, and humans are fundamen
tally similar. They all show reflexive rooting, sucking, and grasping responses, and they 
all cry when distressed and are comforted when held (Mason, 1968). But differences 
among primate species in the strength and persistence of these primitive infantile 
responses are striking. A newborn rhesus monkey placed on its back will right itself 
immediately, unless given something to cling to. A newborn chimpanzee in the same 
situation will wave its arms about irregularly, unable to right itself, until it is several 
weeks old. The human infant will not develop the ability to tum over until around the 
age of 3 months and will not be capable of locomotion until the age of8 months. 

Viewed as a collection of responses preadapted to nursing and maintaining contact with the 
mother. the behavior of the chimp never displays the same reflex-like efficiency as that of 
the monkey. Indeed. if evolution had not brought about complementary changes in the 
behavior of the chimp mother that permitted her to compensate for the behavioral deficien
cies of her infant. its chances of survival would be slim. (Mason, 1968) 

As Mason suggests, the lengthening of the period of immaturity among higher pri
mate species has coevolved with specialized parenting skills designed to compensate 
for the increased helplessness of the young. Of course, the complementary evolution 
of parental behaviors appropriate to the characteristics and needs of the young is evi
dent in every species in which brood care is typical. What is remarkable about parent
ing behaviors in higher primates is their flexibility in accommodating the continually 
changing needs of the young throughout a relatively long period of dependency. An 
experiment by Rumbaugh (1965) demonstrated the extent to which primates will 
modify their behavior in unusual ways in order to accommodate the needs of the 
young. When the arms of an infant squirrel monkey were taped so that it was unable 
to cling, the mother responded with bipedal carrying and cradling of the infant. both 
highly atypical behaviors under normal circumstances. Berkson (1974) and Rosen
blum and Youngstein (1974) report numerous other examples from field studies in 
which monkey mothers resourcefully compensate for infant disabilities in ways that 
are appropriate to the developmental status of the infant. In this respect. primates dif
fer dramatically from reptiles, where parenting behaviors are minimal or nonexistent, 
as well as from most other mammals. where parenting skills are critical only during a 
brief period and consist ofa relatively fixed and limited repertoire of behaviors. 

The evolution of this primate capacity for flexible accommodation 10 the needs 
and limitations of the infant is epitomized in human parental behavior. Human moth
ers nurse and carry their infants. as do other primates, but with an incomparably 
greater diversity of means to the common biological ends, including using bottles to 
feed and prams to carry the infant. Human mothers' use of a special infant-directed 
speech style is also an accommodation to the immaturity of the infant, compensating 



421 PAIUNT Al CARE AND Cl1ll.DREN ·112 

for early perceptual. allentiqnal, and cognitive limitations, and changing gradually as 
the infant develops. This species-specific parental vocal behavior is not characterized 
hya fned repertoire ofdiscrete signals, hut rather by the flexible use ofgraded prosodic 
variations to influence the state and behavior of the infant and to optimize commu
nication with an immature and inexperienced listener. Moreover, mothers of deaf 
infants are quite capable oftranslatirig the lively dynamic rhythms of infant-directed 
speech into the visual modality. What is common in mothers' interactions with both 
deaf and hearing infants is the use of a highly salient display that engages the infant 
hath perceptually and aRectively and that is contingent on the infant's emotional and 
behavioral responses. In its biological utility, its compensatory functions, and its flex
ihility of use, human maternal speech is similar to many other primate parenting 
behaviors that have evolved through natural selection. 

The adaptive functions served by parental behaviors specialized for feeding, sooth
ing, carrying, and communicating with young infants are fairly obvious in that these 
infant-directed behaviors enhance the likelihood of survival early in life. What is not 
as obvious is that such caretaking behaviors can have long-tenn regulatory effects on 
the infant's physiology and behavior extending far beyond the period of infancy. Hof
er's (1981, 1981) extensive research with infant rats has revealed enduring negative 
effects on the infant's thermoregulation, motor behavior, and behavioral reactivity 
resulting from early separation from the mother. These findings suggest that under 
normal circumstances, the regulatory effects of maternal behavior "are exerted over 
long periods of time through repeated episodes ofstimulation delivered by the mother 
to the infant during their ongoing social relationship" (Hofer, 1981, p. 93). Studies 
with both rats and monkeys indicate that the premature removal of these powerful 
regulatory influences can result in a kind of physiological withdrawal (Hofer, 1987). 
Hoferconc1udes that such biological processes hidden within the rhythmic stimulation 
of early human mother-infant interaction may help to explain both the forma
tion of attachments and the intense painfulness of loss in adulthood as well as in 
infancy. 

Hofer's (\91\7) ideas about the long-term regulatory functions of early mother
infant interaction suggest a psychobiological basis for the relation between maternal 
responsiveness and infant socioemotional development that is central to attachment 
theory (Ainsworth, 1973). In Bowlby's (1969) original formulation ofattachment the
ory. he proposed that mother-infant attachment had evolved primarily as an adapta
tion designed to protect the infant from predators. More recent research proposes that 
the quality of attachment in infancy is related to social competence in childhood, as 
well as to the quality of emotional relationships and parenting skills in adulthood 
(Main. Kaplan, & Cassidy, 1985). From this broader perspective, early mother-infant 
allachment has adaptive consequences extending well beyond the period of infancy. 
It is important to remember that the prolonged period of immaturity evolved in pri
mates not only because it takes time to grow a large and complex brain, but also 
because it takes time to acquire the intricate social skills prerequisite for successful 
reproduction in these species. In primates, reproductive success depends not only on 
parenting behaviors that ensure infant survival, but also on parenting behaviors that 
cnahle the infant to hccome a competent memher of the social group and ultimately 
to function eflccti vel v as a parent as well. From quite different perspectives, hoth 1101'
Cf'S( 1l)X7) psychohiological research and research on infant attachment (e.g., Main et 
al.. 19X5) suggest that human maternal behaviors in the period ofevolution could have 
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had both immediate consequences for infant survival and early development and 
long-term consequences related to socioemotional development later in life. 

Are these conjectures reasonable, given that we have no evidence for the contri
bution of particular parenting behaviors to reproductive success in the era of hominid 
evolution? And in particular. how could the use of melodic vocalizations in mothers' 
interactions with infants have enhanced fitness in our hominid ancestors? Assuming, 
with Hofer (1987), that rhythmic tactile and vestibular stimulation has a powerful reg
ulatory influence on all mammalian infants. rhythmic maternal. vocalizations may 
have become a potent form of auditory stimulation for infants in a species in which 
speech was evolving as a primary means ofcommunication. Mothers' use ofexagger
ated, highly salient vocal patterns would have been effective then, as they are now, in 
engaging and maintaining infants' attention and in modulating:arousal and affect. 
And through the melodies of the mother's voice, infants could gain early access to her 
feelings and intentions. This experience of emotional communion throUgh repeated 
episodes of rhythmic vocal stimulation may have led to what Stern (1985) calls "affect 
attunement" between mother and infant, giving the infant crucial early experience in 
mind reading and establishing the basis for effective interpersOnal communication 
with other conspeeifics. Could such early experience have provided a reproductive 
advantage to the offspring of mothers more skillful in establishing communication 
with their infants? If sensitive and responsive maternal care in infancy enhanced the 
ability ofoffspring to read accurately the social signals ofconspecifics and to function 
more effectively in later interpersonal relationships, the offspring.of more competent 
mothers may ultimately have been more successful in attracting desirable mates and 
in parenting their own infants. To the extent that early emotional experience contrib
uted to the development of social competence, and social competence contributed to 
success in reproduction and parenting, maternal behaviors effective in establishing 
emotional communication in infancy could have had long-tenn a~well as short-term 
consequences related to fitness. 

Given our reliance on linguistic symbols to decode meanings in speech, it is per
haps difficult for us to appreciate just how important it is to be able to communicate 
through emotional signals. The prediposition to be moved by as well as to interpret 
the emotions of others and the ability to discern the intentions and motivations of 
others through expressions ofthe voice and face are remarkable evolutionary advances 
in communicative potential among the higher primates. Human mothers intuitively 
and skillfully use melodic vocalizations to soothe, to arouse, to warn and to delight 
their infants, and to share and communicate emotion. While the acquisition of lan
guage will eventually give the child an access to other minds that is immeasurably 
more powerfUl and intricate than that of other primates, human symbolic commu
nication huilds on our primate legacy, a foundation ofaffective communication estab
lished in the preverhal period. 

NOTE 

I. Although f()ssiJ evidence can hdp one make mferences ahout adaptation. il IS not. of 
l'oursl"LTitcrial. rhis is hrcause the I()ssil record can preserve !Joth adaptations and nonadaptive 

aspects of the phenolyp<.'. The ultimate rnterlon lin demonstrating adaptation is good design for 

aUllInplishing a fUllCl1ll1l thaI would have promoted reprOlluction in ancestral environrllcnts. 
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