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Excellence in communication skills requires anigbib appropriately represent the discourse
structure including focus, as well as good compmstoa of speaker affect. Both focus and
affect are communicated in large part through ptgseo comprehension and production of
the accompanying prosody is essential. Howevet,gtadies on focus prosody have been
both theoretically and methodologically separatedifthe research on affect prosody. (In
this chapter, | use the term ‘focus prosody’ terdéd prosodic phenomena that are either
produced or perceived as the cue to a specificgbapeech that conveys the focal content of
a message. This includes ‘narrow focus’, whicheBreéd in terms of the informational scope
(e.g., answers to Wh-questions), and ‘contrastree$’, which is a subtype of narrow focus
that evokes interpretational alternatives.) Thigpthr argues that the suggested difference in
the developmental trajectory (i.e., focus prosoelyedops slower as compared to affect
prosody) may be an artifact of the perspectivergieece, and points out that the mastery of
prosodic skills in both these domains must be resgdggradual— though they may not
develop hand-in-hand. A holistic approach that @ers the interaction between affect
prosody and focus prosody is proposed as a fuitgetihn of the research on prosodic

development within and across individuals.



I ntroduction

Prosodic prominence provides dynamicity in spe@ts at multiple levels of communication:
it may accompany facial expressions and gesturedigplaying affect during face-to-face
interaction, convey the speaker’s mood, level aitexnent or formality in the presence or
absence of visual cues, reflect the speaker’sidéitoward the topic of a conversation or the
listener, and signal the relative importance ofipalar parts of speech, indicating to the
listener what is worth paying attention to and wikat simple reminder or a confirmation.
Not surprisingly, understanding prosodic developmeichildren has been a challenge for
linguists, psychologists, speech therapists, neignssts and psychiatrists due to its
intertwined relationship to individuals’ social aotjon and pragmatic knowledge. Experts in
various scientific disciplines have studied prostmyescribe its linguistic structure
(Beckman, 1996; Beckman & Pierrehumbert, 1986; 2005; Ladd, 2008), to identify neuro-
anatomical specificity of brain function (Belyk &®&wn, 2013; Grossmann, Striano, &
Friederici, 2005; Ross, 1981; Wildgruber, Ackermagreifelts, & Ethofer, 2006), or to
achieve better machine recognition of speaker’stiem® (Fernandez & Picard, 2011;
Oudeyer, 2003; Schuller et al., 2010; Schulleridbt& Batliner, 2009). Researchers have
also tried to assess the prosodic skills in indigid with communication disorders and
identify the similarities and differences in thpnocessing mechanisms as compared to those
in their typically-developing peers (Edwards, Ratti, Jackson, & Wales, 2001; Hargrove,
2013; Ito & Martens, 2016; Peppé, 2009, this voluReppé & McCann, 2003; Wells, Peppé,
& Goulandris, 2004). While efforts in each of théieéds have certainly advanced our
understanding of prosody in the last few decadhesektreme theoretical and methodological

diversity in their approaches may have preventecttmstruction of a model of prosodic



development that incorporates empirical evidendbagad across this wide range of research
fields.

In the past, | have argued that the acquisitiocooftrast-marking prosody takes time,
and have proposed some accounts as to why (Itd,; 2@1 Bibyk, Wagner, & Speer, 2014;
Ito et al., 2012). This chapter reviews a widemgeanof related research to advance this view
and adds a claim that while comprehension of fgraosody develops gradually through
childhood (and possibly through adulthood), so theoabilities that involve perception and
processing of prosodic prominence — such as aféecignition. | argue that accurate mapping
of prosodic prominence onto message structure talkey years to develop, whether it is for
computing the discourse structure (e.g., focusdordentifying the intention or emotion of
the speaker (e.g., affect). This is because humarcommunication gains complexity and
sophistication through social experience, yetlgsnents are susceptible to cognitive
constraints and informational screening. The ind&stand nuances that can be expressed via
prosody may receive more or less weight accorditbe reliability of the cues produced by
the speaker (Kurumada, 2013) and the listenersiitioeg capacities such as attention or
memory (Fraundorf, Watson, & Benjamin, 2010, 2012)addition, listeners may tune
differently to particular aspects of prosodic caesording to their percept of the discourse
context and communicative demands (Kurumada, ,€2@l4; for speaker’s prosodic
adjustment according to informational predictapjlgee Turnbull, 2016). While processing of
prosodic prominence in any discourse context ire®loth the computation of informational
weight and the computation of speaker’s emotiotels, there has been a clear division
between these subfields of prosody research: wkimérs’ comprehension of focus prosody
is studied, their understanding of speaker affecaiely discussed, whereas when listeners’

emotion recognition is investigated, how they repre the informational structure tends to be



neglected. To date, research on the interacti@o-afalled ‘linguistic’ prosody and affect
prosody is extremely sparse (Pihan, Tabert, Ass&&worod, 2008). However, simultaneous
consideration of those two aspects is criticalnimdeling prosodic development, as correct
identification of speaker’s affect may facilitateetcomprehension of informational foci and
vice versa.

While the ability to perceive affect in speechmssdo start developing from a
preverbal stage (Flom & Bahrick, 2007; Grossmarnnaiso, & Friederici, 2005; Walker-
Andrews & Grolnick, 1983; Walker-Andrews & Lenndi991; see Esteve-Gibert & Prieto,
this volume, for an updated summary), the abilityi$e prosodic cues to comprehend the
informational structure seems to take a much slpgradual developmental trajectory
(Cruttenden, 1985; Cutler & Swinney, 1987; Grassm&im omasello, 2010; Ito, 2014; Ito,
Bibyk, Wagner, & Speer, 2014; Ito et al., 2012; &&ka & Trueswell, 2011; Wells, Peppé, &
Goulandris, 2004). This apparent contrast in theelbgmental time course, however, may
have resulted from differences in the theoretisaLaptions and research directions across
these ‘sub-fields’. The first section of the prasgmpter reviews how scholars have framed
their research questions and described their stadlycations to elicit two distinct traditions:
while scientists who study affect prosody focusomw early children start exhibiting their
sensitivity to vocal cues to speaker emqtthnse who study focus prosody attempt to
demonstratevhen children start representing the referentialtgses of linguistic entities
(e.g., morphemes, words and phrases) in an adddtrhannerThere, | argue that a particular
assumption about cognitive development (i.e., timaerstanding affect prosody must precede
comprehending prosodic cues to informational stm&jtmay have driven research on affect
prosody to focus on infancy and studies on focosquty to explore later developmental

stages.



Following a summary of the theoretical trends,4beond section of the chapter
discusses the methodological constraints that rasg ed to the contrast in the research
outcome - early affect prosody and late focus pigsblere, | emphasize that we must
carefully evaluate the age-appropriateness of tasdshe meta-linguistic skills required by
the tasks before making conclusions about the @mketompletion of prosodic development.
The third section of the chapter will discuss tbgrative factors that underlie the
development of prosodic semantics and processfigjesicy. It will also explore the danger
in assuming prosodic categories that are compaosixid sets of acoustic cues that directly
map onto semantic categories (whether affect ormétional status). In the final section, |
will propose a holistic approach that investigdtes children’s perception of speaker affect
influences their discourse structure representatiothis approach, individual differences in
the executive function as well as social cognitiust be considered together. The chapter

will conclude with a set of questions and reseaogics for future studies.

Theoretical divison: fundamental affect function vs. complex infor mation-structuring

function of prosody?

Studies on affect prosody development often emphd®w essential the processing of affect
is for the general development of social cogniaod communication skills. An example
comes from the first line of the article by Vailtaviolina, Bahrick, and Flom (2013):
“Perception of emotional expressions is fundamentabcial development.” The view that
the sensitivity to emotional expressions and ityeaamprehension are universal seems to

have collected support from cross-linguistic stadia infant-directed speech (Fernald, 1985,



1993, 2004; Fernald et al., 1989; Fernald & Maz¥891; Katz, Cohn, & Moore, 1996), as
well as from modern brain science which providaeg@&wce for spontaneous neuronal
responses to affective prosody in both adults duidren (Ethofer et al., 2012; Ethofer,
Kreifelts, & Wiethoff, 2009; Grandjean et al., 20@rossmann, Striano, & Friederici 2005).
Research on primates’ distinctive responses tet@fevocalization (e.g., Owren & Rendall,
1997; Scherer & Kappas, 1988) has also supportedi¢hw that the ability to learn to
recognize emotion in voice may have an evolutiopéraceable genetic basis. In a review of
studies on affect prosody, Grossmann, Striano Faiederici (2005: 1828) state, “it has been
proposed that enhanced sensory responses to ealddoial and vocal stimuli might be a
fundamental neural mechanism”. This echoes théeeathim by Walker-Andrews (1997:
437): “although processing only rudimentary capesito detect, discriminate, and recognize
others’ emotional expressions, the human infahbirs well prepared to rapidly develop these
competencies during the first year.” Developmelatafjuage researchers are generally driven
by the question of ‘how early children start resgiog to linguistic stimuli’ and are expected
to advance methodologies for detecting the behaliaaits earlier than previously reported.
It is therefore not surprising that many studieafééctive vocal perception test infants
younger than 5 months to examine whether they espond to changes in affect prosody
(Flom & Bahrick, 2007; Villant-Molina, Bahrick, &IBm, 2013; Walker, 1982; Walker-
Andrews, 1997).

In comparison, the field of research on focus pdgsseems to be less bound to this
‘how early’ question. This may be due to the notiloat the understanding of prosody that
signals the information structure of words (suclmagelty or givenness, narrow focus and
contrast) must await the development of abiliteseégment words, allocate attention to

relevant referents, and represent referential stdtlinguistic entities. In other words, we



tend to think that understanding which words betative importance in a given discourse
demands a wider range of cognitive prerequisitas tinderstanding affect. Numerous studies
have shown that the use of language-specific rhigtsinucture for word segmentation
develops in the latter half of the first year (Billers, & Oller, 1984, 1985; Eilers, Bull,
Oller, & Lewis, 1984; Hohle et al., 2009; JusczyR97; Jusczyk, Cutler, & Redanz, 1993;
Nazzi, Jusczyk, & Johnson, 2000; see also FrotaieB this volume, for a more detailed
review). This coincides with the phase where irdaxhibit the ability to extract transitional
probabilities (Marcus, Vijayan, Bandi Rao, & Vish{dl999; Saffran, Aslin, & Newport,
1996) and gain further sensitivity to their natpleonemic categories while losing sensitivity
to foreign categories (Kuhl et al., 2006; Werkef &es, 2002). Interestingly, a shift in the
gaze more to the mouth than to the eyes takes pidbes narrow time window as well
(Tomalski, 2015). Thus, infants who will start puathg one-word utterances in a few months
are busy forming their native phonemic categoteaning the language-specific rhythmic
patterns and phonotactics, and mapping the soungsto visually identifiable oral gestures.
While this seems a lot to deal with for their vgoung brains, they may be able to handle
more. In theory, infants who are learning to deteatd boundaries in running speech may be
simultaneously developing the ability to computesgrinformational weight for parts of
speech that bear prosodic prominence. While yonfagis become capable of tuning to
durational, pitch, and spectral cues for segmentiagls, they may be able to benefit from
exaggerated, emphatic cues to more clearly représemneferential relationships.

Fernald and Mazzie (1991) once hypothesized taatsf prosody, which tends to
mark word newness, must bear a critical role inckX¥earning in infants who cannot rely on
a rich semantic network or contextual knowledgen&lel’s research on infant-directed

speech (IDS) emphasizes the effect of IDS on weadnling via infants’ preferences for



motherese (Cooper & Aslin, 1990; Fernald & KuhI8TR Later studies provided direct and
indirect evidence for this view. For example, This, Hill and Saffran (2005) confirmed that
statistical learning of word-forming syllables &flitated by IDS. Ma, Golinkoff, Houston,
and Hirsh-Pasek (2011) showed that 21-month-olldlicn learned novel words better with
IDS than with adult-directed speech (ADS), a figwhich was replicated in 17-month-olds
by Graf Estes and Hurley (2013). Importantly, Geafes and Hurley (2013) demonstrated
that IDS was effective only when target words erbibprosodic variability across tokens:
mere repetitions of identical IDS tokens did na@ide¢o word learning, and performance was
no better than for children tested with ADS. Shuklite, and Aslin (2011) showed that 6-
month-old infants gazed longer at an object that labeled with a disyllabic string (e.g.,
mu:ra:) when the string was grouped into the sartenational phrase (IP) than when it
straddled an IP boundary. In addition, Sakkalou@attis (2012) revealed that 18-month-old
English-learning toddlers better followed the agtidabeled by foreign words (GreeRc¢hr’

and ‘Natd’) when they were presented with prosody that esgad a speaker’s intention to
guide them (i.e., a tune that is similar to whatrisduced with the English directive utterance
“There.”) than when they were accompanied by prgsbdt expressed an accidental event
(the tune that accompanies “Whoops”). Thus, stusliggest that children younger than two
years are not only sensitive to various prosodesdon this topic see Esteve-Gibert & Prieto,
this volume; Frota & Butler, this volume), but these also able taseprosody to allocate
their attention to novel events and learn objeateés What remains unclear is whether they
can use prosodic prominencerépresent discourse structuexen at a very rudimentary level
(e.g., whether some entities or events are moréwpatying attention to than others for the

current communicative purpose).



As for the development of the ability to map pmiisgorominence to discourse
structure, studies show mixed results regardingwhemerges and how it is mastered. The
age of participants also has varied widely, ancctireclusion as to whether children can or
cannot comprehend focus prosody seems largely depeonn the experimental tasks and
measures. In one of the early production studiesnbly and Hass (1970) tested 4-year-old
children, who had not been explicitly taught the ngcontrastive prosody in school. Because
their participants used contrastive stress moendtir the contrastive element of scenes they
were asked to describe than for other non-contiasiements, Hornby and Hass concluded
that production of contrastive stress was masteyetiyears of age. Hornby (1971) pdt 3¢
, and 5h graders (approximately 6, 8, and 10 yald)sthrough a task where participants must
provide an explicit correction of the experimergestene narration, and found that the use of
contrastive stress reduced as children gained erwahge of syntactic means to express
focus (such as passive and cleft structures). Latstudy by MacWhinney and Bates (1978)
reported that discourse newness, which was elibiyea switched element across otherwise
identical scenes (e.g., the recipient in a scerereva person gives something to another
person), increased the use of sentential stredsiloren between ages 3 and 5 years. Their
results also showed that English-speaking childissd stress a lot more often than Italian
and Hungarian-speaking children, who preferredseather means such as word order to
express newness. The steady increase of stresagétivas found only in English-speaking
children, indicating that the frequency of focueswdy in child language may depend on the
language-specific repertoire of focus expressidnisien develop with age. Recent
production studies summarized by Frota and Buttes {folume) and by Chen (this volume)
suggest that the developmental trajectory of prasmebduction is even more complex than

what these early studies depicted decades agoe Bhadies show that both language-specific



constraints and individual variability impact theeuof particular phonetic cues, while leaving
little room to dispute the early onset of functibpebsodic production in child speech. The
detection of early onset, however, should not berjpmeted as the evidence of immediate
mastery.

As for the comprehension of focus prosody, thdifigs from Solan (1980), Cutler
and Swinney (1987), Cruttenden (1974, 1985), antds\Weeppé, and Goulandris (2004) all
point to difficulties for preschoolers and schogkeahildren in understanding the meaning of
sentential stress. These findings therefore prosamter-evidence to the general observation
of language development that comprehension pregeddsiction. In fact, this paradox of
focus prosody acquisition was explicitly discusbgdCruttenden (1985) and Cutler and
Swinney (1987). Cruttenden (1985) acknowledgestheies by Hornby and Hass (1970) and
Crystal (1979) that argue for an early masteryrotipction of focus prosody, yet claims that
his experimental results, in which 10-year-old d@reh underperformed adults in
comprehension of prosody, “dispel the myth thaldcbh master the adult intonation system
very early in their linguistic life [which Crutteed had already claimed in 1974] p.657)”.
Cruttenden defies Bolinger’s (1978) view of ‘inttioa as an innate gesture-like reflex’ as
rather too strong and argues that certain intonatieanings that require mature grammatical
and contextual knowledge (e.qg., ‘indignation’ megarior a fall-rise with a word ‘might’)
should appear later in production. Cruttenden ptsots out that children’s
underperformance in some comprehension tasks @gsgnction betweehotdogandhot
dog) does not necessarily reflect their lack of knalgle (of stress assignment), but may
instead show their uncertainty in how to weigh @asi cues available at the moment. Cutler
and Swinney (1987) also argue that children youtiggn age 5 to 6 have yet to develop the

skill to map discourse structure onto linguistimsture, and that truly intentional use of focus



prosody must await the development of semanticopaagmatic knowledge: “Only once this
[referring to the development of discourse repregt@mn] has occurred can the prosodic
production system approximate the adult systemhich the underlying physiological basis
has become ‘socialized’ (p.163).” Considering Bgéris view mentioned above, Cutler and
Swinney suggest that the early production of sdiatestress or focus prosody is

‘qualitatively different’ from later productionsdhare based on the computation of discourse-
level factors.

In sum, earlier studies that discussed the disecr@pbetween children’s production
and comprehension of focus prosody emphasizedhbantegration of semantic and
pragmatic knowledge with the prosodic structure matybe acquired early, because
sufficient development of those components is reangdefore they can be linked
effectively. Since we cannot address when chiléeguire adult-like skills to express and
interpret prosodic meaning without a fair gras@adlts’ prosody and its function,
researchers’ attention may have been drawn morartbafiner-grained description of adult
prosody and simultaneously drifted away from theetligoment of focus prosody during early
childhood. In contrast, researchers of affect pidgdend to assume that perception of
prosodic cues to emotion must develop (and be mealtearly, and thus they have not
explored how children gain prosodic means to exppaesl understand emotion in later stages
of development. However, both tracing the symptaertzhavior of information structuring
in early developmental stages and investigatingptbeessing of affect in later developmental
stages are essential for achieving a more accdestiption of prosodic development within

and across individuals. The methodological chaksraye, of course, non-trivial.



Methodological division: passive tasksto test affect detection vs. interactive tasksto test

focus comprehension

Due to the focus on early infancy, the majorityraflitional investigations of affect prosody
in infancy has used preferential looking paradigflem & Bahrick, 2007; Vaillant-Molina,
Bahrick, & Flom, 2013; Walker-Andrews, 1998; Walidendrews & Grolnick, 1983; Walker-
Andrews & Lennon, 1991). There, the experimentida$ are inferred from the gaze
duration and its proportion, which is assumed flecethe degree of infants’ interest in the
stimuli. Since the values of these dependent measbemselves do not reveal the processing
mechanisms that lead to the differences acrosstommg] statistical inference must be
necessarily indirect: for example, if tested ingspent 54% of stimuli presentation time
attending to the target in condition A and 46%iwfet in condition B and their difference is
statistically significant, researchers may concjutspite the overall quasi-chance-level
performances, that infants preferred condition &dadition B or that they at least
discriminated the tested affect categories. Desimsfant studies are typically constrained
by the small number of trials, and the interpretabf small effect sizes requires caution due
to close-to-chance-level baselines. Research witbchoolers that investigates the mapping
between prosodic tunes and affect types also tenlds constrained by a small number of
stimuli (see Armstrong & Hubscher, this volume, &areview of studies testing children aged
3 years and older). In many studies, the experial¢atk often forces one-to-one mapping
between prosodic tunes and labels or facial exjgmes$e.g., Berman, Chambers, & Graham,
2010, 2016). While this seems a feasible stratiegged-choice tasks entail a problem of
methodological adequacy because the prosody-toingeamapping is ‘context-dependent

and defeasable’ in nature (Hirschberg, 2002), hegerformance may rely on the



participants’ understanding of the experimentertemtion (see below for a discussion on a
similar problem with focus prosody research). # thsk measures the skill for building
mutually exclusive links between stimulus sets ggponse options within an experiment,
the findings may or may not directly reflect chédis spontaneous interpretations of the
prosodic cues in question.

The indirectness of inference also applies touaalmguistic approach. For example,
a study with the event-related brain potential (EREhnique by Grossmann, Striano, and
Friederici (2005) reports larger positive wave hibr the temporal electrodes for happy and
angry prosody as compared to neutral prosody, agdtive wave shifts for angry, as
compared to happy and neutral prosody for the &lecentral sites in 7-month-old infants.
These differences in the size of brainwave compisngmow that the infants responded to the
prosodic changes and indicate that they may atteadspecific category of valence
differently. However, the differences in the sizadgection of brainwaves do not show
whether the infants recognized the emotion, i.agtiver the happy and angry prosody were
interpretedby the infants as the expression of happinessagdr. Thus, implications of the
studies with preverbal infants are often limitedre indication of the sensitivity to prosodic
manipulation.

In contrast, methods for testing focus prosodgaesh in older children may be easier
to evaluate against study hypotheses, becauseswdgittucing affect recognition from indirect
physiological measures such as gaze duration af$BRe semantics of prosody can be
more directly observed with interactive tasks. 8¢E080), Cruttenden (1985), Cutler and
Swinney (1987), and Wells, Peppé, and Gouland@i®42all employed tasks that required
behavioral responses from children that can bectadesither accurate or inaccurate. Except

for Cutler and Swinney who used a word-monitoriagkt these studies used visual stimuli or



real world objects that had to be selected or etatliaccording to speech input. Solan (1980)
used toy animals in a game where the experimenteaahild participant took turns in acting
out the pre-recorded narratives (elthe camel hit the lion, and then HE hit the eleghan
While 5-, 6-, and 7-year-old children all performzairectly when they heard the stress on the
pronoun (e.g., by grabbing the lion), 5-year-oldgg@rmed incorrectly when the unstressed
pronoun was expected to lead to a parallel intémpioa (while 6- and 7-year-olds grabbed
the previous agent camel upon heatieg5-year-olds grabbed the lion). Since the contrast
stress did not change the behavior in 5-year-&dtan (1980: 696) speculates that they are in
a phase in which they “assume that reciprocity govevents in the world”. While this
proposal remains to be empirically attested, | sasthat this outcome may also have to do
with a difference in task comprehension betweerythangest and older children. It is
possible that the youngest children simply thougat the animals were supposed to take
turns in this particular game, and thus focusetheraction to be repeated and paid little
attention to prosody. Once they believed that tiemy learned the rule of the game, the
perseverance tendency in younger children (Trueés®ekerina, Hill, & Logrip, 1999) may
have made them respond in a consistent manndndaemaining trials. The older children, in
contrast, may have better guessed what the expaemexpected them to do in the task:
differentiate actions according to different speigut.

While measures of interactive tasks may more tlyspeak to the research questions
than indirect physiological measures, earlier gsidin focus prosody (e.g., Cruttenden, 1985;
Wells, Peppé, & Goulandris, 2004) were not freenethodological problems. Since | have
discussed them elsewhere (Ito, 2014; Ito, Bibykn@éa, & Speer, 2014; Ito et al., 2012), |
refrain from repeating the details here. In a neitskshildren have shown difficulty selecting

the picture that matches the intended interpretaifdhe spoken stimuli, yet their poor



performance may have resulted from (1) a failureaimprehend out-of-the-blue prosodic
prominence that was presented in isolated senteandq2) a problem linking the speaker’s
intention to one of the multiple contrastive redas among the visual prompts, which were
susceptible to ranking according to visual saligficeexample, a boy holding four oranges
makes a more salient contrast with a girl holdiogy foananas than with a girl holding two
oranges, thus the former picture set is more likeljre children’s attention when they hear
John’s got FOUR oranggsimportantly, although successful performancethése
interactive tasks may suggest children’s correntrestive interpretation of the prominence,
their incorrect responses do not necessarily ineliadack of contrastive interpretation. It is
possible that children noticed the emphasis imtreative, but decided to weigh visual
salience more. Ironically, these interactive tdskgauging the semantics of prosody in older
children are not adequate for detecting their seftgito prosody, which may be identified
quickly by passive preferential looking paradigms.

While performance in offline interactive tasksewsftdepends on child participants’
interpretation of the task, using eye-tracking teghes such as the visual-world paradigm
can overcome the problem of individual differencemeta-linguistic skills and improve
methodological adequacy for investigating childsar@sponses to the presence or absence of
prosodic prominence (Arnold, 2008; Ito, Bibyk, Wagn& Speer, 2014; Ito, et al., 2012;
Sekerina & Trueswell, 2011). The primary advantafgine visual-world paradigm is its
capacity to trace participants’ spontaneous reastio speech input before they follow the
commands or make selections for a visual searake6ivell & Tanenhaus, 2005, for a
summary). Visual-world studies commonly report ttiaitd participants (aged between 4 and
11 years) respond to prosodic manipulations wighgort period of time after the critical

speech input. For example, Arnold (2008) deteatatibns to the anaphoric (or already



mentioned) visual target within 2000 ms from theetrof the unaccented target word in 4-
and 5-year-old children. Sekerina and Trueswell{3@ound facilitation of target detection
for nouns that immediately followed accented caldjectives in 6-year-old Russian-speaking
children. Ito and colleagues found both facilitatand misleading effects of prominence on
pre-nominal color adjectives within 400-600 ms laftee offset of the adjectives, in Japanese-
speaking (Ito et al., 2012) as well as English-kpeg(Ito, Bibyk, Wagnerm, & Speer, 2014)
6-year-old children: a prominent adjective in awsatpe that repeated the noun (pink-2at
GREEN cat) led to faster detection of the targé@hahset (cat), whereas the prominence in
the sequence that switched both the adjectivetamddun (purple lior> ORANGE
monkey) led to initial fixations on the previoushentioned animal set (lion), which resulted
in a slower detection of the target set (monkaykye-tracking data, the timing of fixations
can reveal participants’ sensitivity to prosodis ¢g@posed to segmental) cues, while the
direction of fixations can determine whether prasguiominence is appropriately interpreted
as the cue to contrast. In Ito, Bibyk, Wager, apde® (2014), the robust immediate effect of
prominent accent was confirmed in all age groups@ 7-year-olds, 8- and 9-year-olds, 10-
and 11-year olds, and adults), but importantly,foketion timings of child participants
approached those of adufisadually with age, and even the oldest child group (10-Hhd
year-olds) were not as swift as adults. In addjttbe oldest group’s recoveries from the
misguided fixations were clearly delayed as compp&wehose of adults. For example, while
adults’ initial incorrect fixations to the lion ¢a&h (purple lion=> ORANGE monkey) peaked
at the midpoint of the noun ‘monkey’ and decredsenh there on, the incorrect fixations
kept increasing throughout the noun in 10- and 44~plds.

In sum, eye-tracking techniques with better terapasolution have advanced our

understanding of prosodic processing in childrba:data demonstrate immediate responses



to prosodic cues, spontaneous detection of paatisiual targets that reflects the
interpretation of the cues, and a clear effectgaf @n processing efficacy. The developmental
trajectory that these findings depict, howevenasvery different from the claims of three
decades ago: comprehension of focus prosody masgerearly, but takes time to develop
(Cruttenden, 1985; Cutler & Swinney, 1987). To date of interactive eye-tracking
paradigms such as Arnold (2008), Sekerina and Wele§2012), Ito et al. (2012), and Ito,
Bibyk, Wagner, and Speer (2014) to investigate geurchildren (e.g., 2- and 3- year olds) is
rather sparse, because experimental materialgn@ted by such factors as the child
participants’ vocabulary size, ability to compretiemstructions, and attention span. Future
studies must explore whether using a smaller numbeithin-subject conditions with
between-subject designs can overcome the problédetaloss and low statistical power that
typically challenge the studies with toddlers.

Even though the use of online methods has endipledjrained examination of
spontaneous responses to prosodic cues in chilsineh,studies have yet to overcome a
methodological pitfall that is common across expental paradigms: the use of acted or read
speech. In most of the aforementioned studies fectgirosody and focus prosody,
participants were presented with a set of carefudliydpicked speech stimuli produced by an
actor or trained phonetician. This has been théauetogical norm, in order to overcome the
problem of using live face-to-face interactionst tth@ not control for prosodic consistency
within and across experimental sessions (e.g.t&rdén, 1985). Using pre-recorded speech
stimuli facilitates objective assessment of prosatills and reduces inter-experimenter and
environmental variability (e.g., computerized versof Profiling Elements of Prosodic
Systems-Child (PEPS-C), originally developed bygéepnd McCann (2003) and advanced

by Peppé and colleagues, see http://www.peps-c)cbtoyever, as long as we use non-



spontaneous stimuli, we cannot escape from thetiqunesf whether the experimental findings
are generalizable to the daily oral communicatiaat thildren experience. One strategy we
may adopt is the use of measurable materials frmmtaneous speech corpora. Some studies
have used speech from pre-existing corpora anddeise prominence ratings of naive adult
listeners (Cole, Mo, & Hasegawa-Johnson, 2010; QuiinRoyer, Ito, & Speer, 2017), as

well as their eye-movement responses to tree-deooriastructions (Ito, Turnbull, & Speer,
2017), in order to confirm listeners’ sensitivitiesnatural speech. With the growing number
of open resources such as CHILDES (http://childgsqmu.edu/), and advanced recording
devices such as the LENA system (https://www.lemg@) pexperimentation with more
naturalistic (yet controlled) stimuli is certaindgcoming feasible.

In sum, affect prosody and focus prosody have sagafied with different
experimental paradigms, largely due to differerindgbe age of targeted populations.
Measures of responses to affect prosody in preavetbldren are necessarily indirect (e.g.,
gazes and brainwaves), whereas responses to fozsdy can be more directly observed
with interactive tasks with older children. Whilppdications of a visual-world paradigm have
demonstrated children’s immediate interpretationaftrastive focus prosody and its gradual
development, experimental paradigms can be fugtieanced with more naturalistic

discourse speech materials.

Slow development of prosodic skillsand slow development of developmental theory:

why doesit take so long?

To explain the factors underlying the gradual depeiental trajectory of contrastive prosody

comprehension, Ito et al. (2012) and Ito, Bibyk,der, and Speer(2014) have proposed



data-driven accounts that extend the views of €nglien (1985) and of Cutler and Swinney
(1987). First, these studies found that 6-year;didth Japanese- and English-speaking, have
a perseveration tendency that makes them takettirsleift attention from the previous
referential set to the new referential set. Thius,dfficacy of prosodic processing seems
tightly related to the development of attentiomedition that controls the speed of discourse
representation (e.g., new/less accessible vs.aueéaible), which in turn affects the
effectiveness of prosody-to-discourse mapping. 8ecite fact that children take longer to
recover from prosodic garden-pathing indicates tifi@y are not as efficient as adults in
detecting conflicts in the signal, revising prosdzised expectations, and letting segmental
information guide the referential resolution. Tragjuires inhibition of salient percepts of
contrastive prosody and a switch of attention gnsental cues, which demands general
cognitive flexibility. Executive function that inatles attention allocation, inhibition, and
cognitive flexibility is known to develop slowly tbughout childhood and adolescence
(Prencipe et al., 2011; Zelazo & Miiller, 2002). $hilis reasonable to assume that it takes
years to achieve the level of ability that maturecessors have to integrate prosodic cues
with referential information and to revise analysd®n necessary.

Assuming that executive function has an intertaingationship with various aspects
of oral communication skills, it does not make setwsbelieve that the ability to process
affect prosody is mastered in early childhood. dasarized in Armstrong and Hubscher
(this volume), studies show that young childrey mbre on salient lexical information,
facial expressions and gestural cues than on piosads for interpreting affect, and even
older children often exhibit difficulty understandia speaker’'s emotion expressed by
prosody. These findings may reflect an overall &ug® of cognitive resources (such as

memory and attention span) for multi-dimension&rmation processing in children, and



their tendency to ignore less direct and more bgiaues. A cognitive capacity constraint on
audio-visual processing is also suggested by uregeemovement patterns in infants with
Autism Spectrum Disorder, who look less at the faben speech signals accompany the
visual stimuli than when they are presented si¥ef8hic, Macari, & Chawarska, 2014). As
for the link between memory function and genemglaage skills, a study by Vulchanova,
Foyn, Nilsen, and Sigmundsson (2014) reports stoomgelations between verbal working
memory capacity (measured with a forward digit Heeak) and grammar, vocabulary, and
L2 spoken sentence comprehension measures in I®lklorwegian children. Individual
differences in verbal working memory are also kndwaffect adult sentence processing of
complex syntactic structures such as object-exddalative clauses (Fedorenko, Gibson, &
Rohde, 2006; King & Just, 1991). While prosody aays/information about lexical identity,
phrase structure, discourse context and socialrdigsait is likely that processing of signals
related to information weight or not-so-evident egsions of affect is compromised in
processors with limited capacity. Children mustie@ attend to referential contexts and
social factors (such as who is talking to whom)leshiolding on to the linguistic contents of
utterances during conversation. The ability to Klyicnap prosodic cues to context-dependent
informational structures and complex affect stagusest develop, to some degree, with the
growth of cognitive resources.

Another fundamental factor that tends to be ovepsfied in research on affect
prosody is the granularity of affect categories.i/many studies of infant affect detection
test the distinction between canonical categotieb as happy/positive vs. sad/negative
(Grossmann, Striano, & Friederici, 2005; Villant-Nh@, Bahrick, & Flom, 2013; Walker-
Andrews & Grolnick, 1983), real-world communicatiofien requires much finer distinctions

of emotions along the valence and arousal dimesg@u., tired vs. bored, miserable vs.



depressed, delighted vs. pleased, content vs. esdm Russell, 1980). Research has shown
that 5-year-olds can reliably recognize happy auifaces yet have difficulty identifying
expressions for fear, disgust and anger (Duramdl ,e2007). Complex affect categories
beyond these five basic emotions are thereforeigiestito develop even later.

As for the auditory processing of affect, Flom &ahrick (2007) have shown that 5-
and 7-month-old infants discriminate happy, sad, amgry prosodies, and Villant-Molina,
Bahrick, and Flom (2013) found that 5-month-olds carrectly map prosody to positive and
negative facial expressions. It is yet to be disced, however, when children acquire other
affect categories such as fear and disgust andynezthem with particular prosodic cues. A
study by Demenescu, Kato, and Mathiak (2015) shaWwatadults recognize happiness and
anger better than sadness, disgust and fear i @gpeessions, and negative emotional
recognition generally deteriorates with aging. THEIRI data suggest that the reduction of
sensory function (in the superior temporal gyrugymnderlie this decline. While the
development of sensory function is considered aptimary neurological component of
automatic affect detection, another recent studydwyer, Thibodeau, and Delong (2014)
showed that the interpretation of sarcasm in adhdéssily relies on context as well as
prosody. Thus, processing of affect prosody reguieh quasi-automatic perception of
acoustic cues (such as energy, voice quality ame)) tand a fair grasp of discourse context,
which may also rely on executive function abilitsegch as working memory and attention.

Finally, for the construction of a more empirigadidequate theory of prosodic
development, it is important to remember that déife affect categories are expressed by
different acoustic cues, which are not uniformliyesd across different types and levels of
emotions (Banse & Scherer, 1996; Juslin & Laukk®)12 Laukka, Juslin, & Brestin, 2005;

SauterEisner, Calder, & ScqtR010). For example, while Banse and Schere (1986)



that panic, hot anger, happiness, sadness arectegheexpressed with increased mean FO,
mean energy, low frequency energy, and duratioslinJand Laukka (2001) reveal that
emotional intensity affects the use of the sameistoo cues differently for different emotion
types: strong emotional intensity boosts the Forffor both fear and happiness, but it boosts
the FO expansion and FO maxima only for fear buifarohappiness, which already reaches
the speaker’s ceiling FO level with weak emotian&nsity. Sautertzisner, Calder, and Scott
(2010) provide a diagram of which acoustic cuesaainly used for which types of emotion
(e.g., pitch for surprise, anger, achievement,refidf but not for amusement, sadness,
contentment, pleasure and disgust, which are es@addsy spectrum and amplitude instead.
Fear is expressed solely by spectrum accordinigisadtagram). However, these cues do not
always discern between different affect types: &akisner, Calder, and Sc@tt(2010)
experimental data demonstrate that both humamésseand discriminant analysis of acoustic
measures tend to confuse anger with disgust, amemcioent with pleasure or relief.
Furthermore, while humans may misidentify fear msisement (13%), discriminant analysis
of acoustics mistakes fear for achievement (31%)aarger (25%).

These studies point to the fact that prosodicattarization of affect types is difficult,
and acoustic cues can be unreliable and misleaditiges. Based on the currently available
empirical data, we may not want to assume any fbugatlle of acoustic features for any
given affect category, as an expression of a pdatiemotional status can be achieved via
various combinations of multi-modal cues. We mafaitt achieve a better scientific
description of human cognition by identifying thenditions under which particular prosodic
features are processed as dominant cues to thevedsamotional status rather than by
seeking evidence for prosodic categories that tiyretap onto affect categories. Affect is a

primary source for changes in speech rate, oviettalhsity, voice quality, and other



articulartory gestures as well as body languagefaridl expressions of the speaker: these
behavioral signals in turn lead to the percept giiecific emotional status in the listener, who
may not necessarily share the ranges of valencaraudal with the speaker. Thus, affect,
either as the speaker’'s emotional status or ttenks’'s percept, can never be defined by a
finite set of absolute prosodic cues. This basgeolmtion is often overlooked in the studies

of affect prosody acquisition. To advance the thedmprosodic development, we must walk
away from assumptions about direct mappings betwéent categories and prosodic
categories (for the acoustic difference betweersf®ech and spontaneous speech that lead to
similar contrastive interpretation, see Ito, Turhband Speer (2017).

In this section, | reviewed studies that sugg#starecognition is not easy once it
requires more than a simple discrimination betweagppiness and sadness. | argue that
maturity of executive functions underlies the skdewelopment of both focus prosody and
affect prosody, which are orchestrated flexiblyhagties expressed through other modalities
according to each communicative purpose and cantapbrtantly, we should bear in mind
that seeking for a set of acoustic cues that iabdyilabels a type of speech act — whether it is
for marking information structure or recognizindeat — is not a very rewarding approach, as

compared to efforts to identify the mechanism @ tuning or balancing.

Interaction and integration of affect prosody and focus prosody

At the beginning of this chapter, | suggested adfion of future studies that considers

developmental trajectories of affect prosody arali$oprosody simultaneously. This was in

fact inspired by a comment from an individual withlliams syndrome (WS), who



participated in our eye-tracking study (Ito, Mage& McKenna, 2014, March): “This person
sounds very loud. | felt she was scolding me”. $tumuli were identical to those of Ito,
Bibyk, Wagner, and Speer (2014), for which a yotergale phonetician produced questions
such as Where is the pink monkey? Now, where is the GRE&MNey? imagining talking

to a young child. To everybody up to that poing sbunded like a happy preschool teacher
rather than a grumpy lady, and none of the typraddiveloping child participants had
expressed discomfort with her voice. While the abosmment from an adult participant with
WS was thus unexpected, it certainly provided ffiwdhought. Individuals with WS are
known to be hypersensitive to social cues (Dyk&083), and thus this participant may have
paid particular attention to cues to speaker aftdotvever, this may also happen in everyday
conversations among typically developing individudd rudimentary sensitivity to affect
prosody develops during infancy, young children mayl be capable of automatically
detecting basic affect status (e.g., positive egative) while attending to prosodic signals
related to discourse structure.

To date, studies that simultaneously examine rti@e one function of prosody have
been sparse. Pihan, Tabert, Assuras, and Boro@)28Red participants to listen to a pair of
sentences and indicate which one sounds more bkestion. Three statements were
produced by two speakers (one male, one femalegppy, neutral and fearful prosody, and
their pitch contours were artificially modified $uthat each sentence ends with a rising,
falling or level tone. Pihan et al. (2008) founditkhe rising tones generally increased the
‘question’ responses. However, the happy prosodi\ias characterized by the largest FO
changes throughout the utterances interfered wélspeaker intention judgments, resulting
in the lowest ‘question’ responses within the gsiane set. (The predicted right-lateralization

for happy and fear prosody was not detected ireB@ signals.) The findings of Pihan et al.



(2008) suggest that unconsciously detected speaketion can affect the perception of
illocutionary force. Thus, while laboratory expeenters typically make participants attend to
particular dimensions of speech signals, listeneayg assess the emotional state of a speaker
automatically and make responses accordingly. iffpdication needs to be considered
carefully for the study of focus prosody in toddland infants. On one hand, the function of
accentuation in highlighting specific discourseiteed may be blurred by happy or overly
excited prosody with exaggerated pitch excursi@wsthe other hand, accents embedded in a
cold angry tone with a compressed pitch range neapbre efficiently processed if they

stand out acoustically, although some listeners imigypret the emphasis as part of the
expression of anger.

The interaction between affect and focus prosody aiso modulate the effect of
memory encoding in children. Fraundorf, Watson, Badjamin (2010, 2012) have shown
that contrastive accent leads to better recalbofatives in both younger and aging adults.
Lee and Snedeker (2016) have partially replicatesleffect of contrastive accent in 5-year-
old children. Another recent study by Lee and Fdauh(2016) confirmed some sensitivity to
contrastive accent only in high-proficiency, but molow-proficiency, L1-Korean learners of
English. This finding adds to a general observatibdifficulty in using prosodic cues for
interpreting the speaker’s intention in languagenrers (see Armstrong & Hubscher, this
volume, for a summary of research on children’s p@hension of prosody for belief state).
A recent study by Igualada, Esteve-Gibert, andt®(ie press) reports the effect of ‘beat
gestures’ (gestures that highlight a part of speenfthe recall of verbal information in 3- to
5-year-old children, suggesting that informatioretieval can be facilitated by associated
visual cues. Since this finding demonstrates pi@sleins’ ability to bind cues for retrieving

spoken information, we may hypothesize that prasptdminence can also function as a



retrieval cue in young children. However, the cetiquestion is whether prosodic cues alone
can flag the discourse status of a referentialesgon and facilitate the retrieval of it. Based
on the results of Ito, Bibyk, Wagner, and Speed®0I doubt that prosodic prominence is as
effective as visually-associated cues for memainyeneal in young children, because
segmental and prosodic cues must compete forrthieel cognitive resources available for
auditory processing. In addition, if the listenappens to attend to the emotional state of the
speaker while processing the segmental informdtipeyntactic and lexical semantic
structures of the spoken message, the resourcasddory input (or the ‘phonological loop’
component in Baddeley and Hitch’s (1974) model ofking memory) may be overloaded
with an underdeveloped processor. This ‘limitecbuese hypothesis’ needs to be tested with
careful experimental designs, because particulatiemal percepts may encourage or
discourage memory encoding as well as informaticgaiesentation in listeners. Caution is
required when preparing experimental stimuli, beeaaccents may not stand out in an overly
expanded pitch range that may express a high édh\abusal (as in IDS), while a specific
combination of acoustic cues for expressing a @aer degree of valence may sharpen or
dilute the effect of prosodic emphasis.

While these hypotheses about the interactionfetaprosody and focus prosody with
limited cognitive resources remain to be explotkd,research outcome for such questions
would be very beneficial not only to the field ehalopmental intonational phonology, but
also to the research fields of educational psyadltanguage pedagogy and communication
disorders. One common goal across these appliednasfields is to find a way to improve
individuals’ communication skills. There is litteom to debate whether excellence in
communication skills comprises of good understagadispeaker emotion and a fair

comprehension of discourse context and structunee$rosody provides robust cues to both



these components, developmental research in thésstnould take a more holistic approach in
which the bi-directional interaction between affpodsody and focus prosody is examined
across multiple developmental stages. This apprshchld investigate whether and how
children’s percept of speaker affect impacts thanterstanding of message structure, and
how this interaction changes as they acquire fra@gd affect categories and discourse
representations. It is also important to examing bfficacy of sensory processing, sensitivity
to social cues, cognitive flexibility, and memongpact the way emotion recognition
influences message comprehension. Although it possible to assess all these inter-related
abilities of an individual in one study, strategikperimental designs and inter-disciplinary
collaborations that draw on multiple expertisesehsivong potential to overcome

methodological challenges and advance our undelisiguof communication development.
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