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A quick internet search for tips on how to talk to listeners with perceptual diffi-
culties reveals some common but also contradictory strategies. The instructions 
include “speak clearly with more volume,” “use natural volume, intonation, and 
gestures,” “speak clearly, slowly, distinctly, but naturally, without shouting or 
exaggerating mouth movements,” “limit background noise,” “build in pauses to 
facilitate comprehension and allow the patient to ask questions,” and “face the 
hearing!impaired person directly” (US Department of Health and Human Services, 
n.d.; Lubinski,"2010; UCSF Health, n.d.). While these tips reflect our intuitions of 
how to make ourselves better understood in everyday interactions, a thorough 
review of the “clear speech” literature reveals large gaps in our understanding of 
what acoustic!articulatory features actually contribute to the intelligibility 
improvement, which cognitive!perceptual processes are aided, and which listener 
groups benefit from these modifications.

In the broadest sense, clear speaking styles are goal!oriented modifications in 
which talkers adapt their output in response to communication challenges, such as 
noise!adapted speech (NAS; Lombard speech), infant!directed speech, foreigner!
directed speech, and speech produced in response to vocoded speech (Cristia,"2013; 
Johnson et"al.,"2013; Cooke & Lu,"2010; Junqua,"1993; Lombard,"1911; Summers 
et"al.,"1988; Uther, Knoll, & Burnham, 2007). This chapter will focus on the charac-
teristics and effectiveness of clear speech (CS) aimed at enhancing intelligibility for 
adult interlocutors with perceptual difficulties arising from hearing loss, low pro-
ficiency, or environmental noise. In this narrower sense, CS modifications involve 
different acoustic!phonetic goals from, for instance modifications aimed at 
increasing affective prosody to capture children’s attention. The review considers 
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178 Perception of Linguistic Properties

results from studies using read laboratory speech as well as a growing body of 
work using interactive tasks and different communication barriers for a more com-
prehensive account of CS intelligibility benefit. The current discussion builds on 
previous reviews of CS production and perception (Smiljanic & Bradlow," 2009; 
Uchanski,"2005) by focusing on more recent work and by calling attention to the 
mechanisms that may underlie CS enhanced intelligibility. It also supplements 
two reviews: one comparing the effect of instruction and communication environ-
ment on speech intelligibility (Pichora!Fuller, Goy, & van Lieshout, 2010), the other 
examining algorithmic and human context!induced speech modifications and 
their effect on speech processing (Cooke et"al.,"2013a).

The review starts by looking at the acoustic!articulatory features of conversa-
tional!to!clear!speech modifications and continues by examining evidence of their 
effect on linguistic and cognitive processing. The role of talker and listener charac-
teristics as sources of variation in CS production and perception is considered in 
turn as well. Finally, work on signal processing as a way of assessing the link bet-
ween acoustic!phonetic cue enhancements and improved intelligibility is discussed 
briefly. To better understand the talker–listener attunement and the dynamic nature 
of the felicitous speech communication process, it is important to examine CS pro-
duction and perception in tandem. Considering CS from these varied perspectives 
will deepen our understanding of the interaction between signal!dependent 
sensory and relatively signal!independent cognitive factors that underlie improved 
speech processing. The research discussed here contributes toward a more complete 
account of the compensatory and cognitive mechanisms that allow listeners to 
understand and remember speech under a range of communicative situations, 
including when it is masked by environmental noise or when communicating in a 
nonnative language. At the same time, the findings have implications for improving 
the quality of speech communication and clinical practices for populations in 
which intelligibility is compromised, including hearing!aid users, individuals with 
dysarthria, and second!language learners, for provider–patient communication 
and health!care outcomes, in aviation training, and GPS and customer service 
systems (Krause & Braida," 2009; Zeng & Liu," 2006; Godoy, Koutsogiannaki, & 
Stylianou, 2014; Tjaden, Lam, & Wilding, 2013; Tjaden, Kain, & Lam, 2014; Tjaden, 
Sussman, & Wilding, 2014; Park et"al.,"2016; Huttunen et"al.,"2011; Kornak,"2018).

Characteristics of!clear speech production and!their 
effect on!linguistic and!cognitive processes

To overcome the various communication barriers, talkers spontaneously modify 
their output from hypo! to hyper!articulated speech (H&H theory; Lindblom,"1990; 
Perkell et"al.,"2002), reflecting the needs of their interlocutor and the listening envi-
ronment. When the communicated information is transmitted without distortions 
and is easy to understand, talkers produce conversational, fast, reduced forms of 
speech. When access to the speech signal is impeded or the signal is degraded in 
some way, talkers produce hyper!articulated clear speech forms (Wassink, Wright, 
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& Franklin, 2007; Scarborough & Zellou," 2013). A number of conversational to 
clear speech modifications that could give rise to the CS intelligibility benefit are 
well documented. Relative to conversational speech, CS is typically characterized 
by a decrease in speaking rate (longer segments as well as longer and more fre-
quent pauses), an increase in vocal levels, a wider F0 range and higher F0 mean, 
more salient stop releases, vowel and consonant contrast enhancement, greater 
obstruent rms energy, and increased energy at higher frequencies (Picheny, 
Durlach, & Braida, 1986; Smiljanic & Bradlow,"2005; Hazan & Baker,"2011; Pichora!
Fuller, Goy, & van Lieshout, 2010; Bradlow, Kraus, & Hayes, 2003; Ferguson & 
Kewley!Port,"2002,"2007; Krause & Braida,"2004; Granlund, Hazan, & Baker, 2012; 
Maniwa, Jongman, & Wade, 2009; Van Engen, Chandrasekaran, & Smiljanic, 2012; 
Gilbert, Chandrasekaran, & Smiljanic, 2014; Liu et" al.," 2004). These acoustic!
phonetic adjustments aid the listener in a number of ways, including by augmenting 
the speech signal, by enhancing language!specific phoneme distinctions, and by 
facilitating linguistic processing and cognitive functioning associated with speech 
perception (Cooke et" al.," 2013a; Lansford et" al.," 2011; Bradlow & Bent," 2002; 
Ferguson,"2012; Krause & Braida,"2002; Payton, Uchanski, & Braida, 1994; Picheny, 
Durlach, & Braida, 1985; Schum,"1996). This section examines the evidence linking 
speech modifications with signal!dependent and relatively signal!independent 
processing benefits.1 It is important to keep in mind that many of the modifications 
likely work in tandem to facilitate processing at multiple levels.

Signal enhancement
Some CS modifications augment global salience of the speech signal. This is 
essential as access to the signal may be impeded by environmental noise, com-
peting speech or listener!related perceptual difficulty. Increased intensity, slower 
speaking rate, longer vowels, and increased F0 mean, range, and energy in medium 
and high frequencies all promote the audibility of the signal, facilitating its trans-
mission and making it more robust to noise masking (Junqua," 1993; Godoy, 
Koutsogiannaki, & Stylianou, 2014; Cooke et"al.,"2013a). In order to better under-
stand how different communicative goals determine talker adaptations, Smiljanic 
and Gilbert (2017a) directly compared acoustic characteristics of CS and noise!
adapted speech. To produce CS, talkers were instructed to read sentences as if they 
were talking to someone with low proficiency in English and who has difficulty 
following them conversationally. NAS was produced in response to hearing 
speech!shaped noise through the headphones. Relative to conversational speech 
and speech produced in quiet, both styles involved similar changes involving 
pitch, energy, and duration, contributing to the global augmentation of the speech 
signal. The two adaptations also differed, with frequency and duration of pauses 
increased in CS only. This suggests that, in addition to augmenting the signal as 
NAS does, CS is a more intentional adaptation, providing listeners with more time 
to process the signal and highlighting the prosodic structure (CS and NAS benefits 
beyond signal enhancement are discussed in the next section). The two speaking 
adaptations thus reflect the specific communicative challenges the talkers try to 
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overcome (see also Hazan & Baker,"2011; Cooke & Lu,"2010; Lu & Cooke,"2008; 
Maniwa, Jongman, & Wade, 2009; Smiljanic & Bradlow,"2008a,"2008b; Scarborough 
& Zellou,"2013; Lam, Tjaden, & Wilding, 2012; Hazan et"al.,"2018a).

Enhancement of!linguistic structure
CS acoustic!articulatory modifications also enhance language!specific linguistic 
structure through increased distinctiveness of phonemic vowel and consonant con-
trasts and of prosodic information. Expansion of the vowel space area (VSA) has 
been reliably found in CS with corroborating evidence in the acoustic (Picheny, 
Durlach, & Braida, 1986; Moon & Lindblom," 1994; Ferguson & Kewley!
Port,"2002,"2007; Bradlow, Kraus, & Hayes, 2003; Krause & Braida,"2004; Granlund, 
Hazan, & Baker, 2012) and articulatory domains (Song,"2017; Kim, Sironic, & Davis, 
2011; Kim & Davis,"2014; Tang et"al.,"2015; Tasko & Greilick,"2010). The increased dis-
tinctiveness of the vowel categories in CS has been found even in languages with 
few vowel categories, which are presumably already perceptually less confusable, 
suggesting that this may be a global feature of the hyper!articulated speaking style 
(Smiljanic & Bradlow,"2005; Bradlow,"2002). While VSA expansion has been docu-
mented in other listener!oriented speaking styles (Cristia,"2013; Kuhl et"al.,"1997), it 
is not typically present in NAS where a shift toward higher first formant frequencies 
is found in line with the increased vocal effort (Godoy, Koutsogiannaki, & Stylianou, 
2014; Summers et"al.,"1988; Lu & Cooke,"2008; Davis & Kim,"2012). Smiljanic and 
Gilbert (2017a), however, found similar VSA increase in CS and NAS, suggesting 
that talkers can increase articulatory precision when speaking in response to 
noise, presumably to facilitate language!specific sound category identification. 
This specific feature associated with clarity thus may not be incompatible with 
increased vocal effort induced by environmental noise. This is important because 
hyper! articulated vowel categories, while not necessary (see Krause & Braida,"2004), 
have been linked to enhanced intelligibility (Picheny, Durlach, & Braida 1986; Hazan 
& Markham,"2004; Ferguson & Kewley!Port,"2002).

Similar to the spectral enhancement, vowel duration contrasts are enlarged in 
CS through greater lengthening of the tense compared to the lax vowels (Ferguson 
& Kewley!Port,"2002; Picheny, Durlach, & Braida, 1986; Uchanski et"al.,"1996) and 
of long compared to short vowels (Bradlow," 2002; Smiljanic & Bradlow," 2008a; 
Granlund, Hazan, & Baker, 2012). However, Leung et"al. (2016) found that English 
tense vowels were modified more in the temporal domain, while lax vowels 
showed greater spectral modifications, revealing a trade!off in the use of temporal 
and spectral cues in enhancing vowel contrasts. For consonant distinctions, 
Maniwa, Jongman, and Wade (2009) Pichen that the English fricative phonemic 
contrast was enlarged through duration, spectral peak frequency, and spectral 
moments modifications. Similar enhancement was found for the three!way manner 
contrast in Korean stops (Kang & Guion,"2008). Examining more closely how the 
phonemic contrasts are enhanced in CS, Tuomainen Hazan, and Romeo (2016) 
found that cross!category distance for word!initial /s/ and /!/ was increased, but 
there was no change in within!category dispersion and discriminability. That is, 
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talkers did not produce less variable CS categories, which would indicate more 
precise and consistent articulation.2 Some talkers, however, produced fewer sounds 
with centroids in the ambiguous region for the /s/–/ !/ distinction which reduced 
the number of potentially confusable tokens.3

Not all conversational to clear speech modifications, however, are geared toward 
segmental and structural enhancements. Baker and Bradlow (2009) showed that 
second!mention words, those that had previously occurred in the discourse, were 
overall shorter than first!mention words. The listener!oriented hyper!articulation 
strategies did not override probabilistic effects on word duration as the second 
mention reduction was maintained in CS. Smiljanic and Bradlow (2008b) similarly 
found that temporal/rhythmic organization, measured through the variation of 
consonantal and vocalic interval durations, remained the same in CS and conversa-
tional speech. Finally, Scarborough and Zellou (2013) demonstrated that CS pro-
duced in the presence of a real communicative partner was characterized by greater 
coarticulatory nasality than CS produced in the absence of a communicative partner, 
that is, spoken “as if to someone hard!of!hearing.” This difference was found even 
though talkers in both conditions produced greater hyper!articulation compared to 
the baseline conversational speech. Importantly, lexical decisions were faster for 
words from the real listener!directed speech, suggesting that speech produced with 
hyper!articulation and increased coarticulation was perceptually most beneficial.

The work reviewed so far demonstrates that, in addition to enhancing the 
salience of the signal itself, CS enhances linguistic structure while maintaining 
global temporal properties and coarticulation patterns. The results highlight the 
importance of examining in greater detail the trade!off between the maintenance 
of production norms and cue enhancements in CS intelligibility benefit. Future 
work should also investigate CS enhancements across multiple acoustic domains 
and across languages to fully understand how signal!related and language!specific 
structural factors interact in increasing phonemic distinctions. A more fine!grained 
understanding of what constitutes phonemic contrast enhancements will shed 
light on how the phonetic cue distributions relate to improved intelligibility and 
learning. This understanding will have important implications for implementing 
signal processing algorithms in a more naturalistic manner.

Linguistic processing and!cognitive functioning
While increased intelligibility is a well!documented CS benefit, little is known 
about how conversational to clear speech modifications interact with and facilitate 
different linguistic processes and cognitive functioning (Cooke et" al.," 2013a; 
Lansford et" al.," 2011). This section first details findings about the CS effect on 
semantic processing, auditory stream segregation, lexical access, and lexical com-
petition in adverse listening conditions, and furthermore how the various processes 
interact. It then examines evidence of the CS effect on downstream processing, 
namely auditory memory, and the benefit for different listener populations. The 
section concludes with a consideration of processing models that could account 
for and unify these findings.
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182 Perception of Linguistic Properties

To gain insight into the interplay between various signal!dependent and 
relatively signal!independent processes, Van Engen et" al. (2014) assessed word 
recognition for conversational and clear speech, semantically meaningful and 
anomalous sentences, and auditory!only (AO) and audiovisual (AV) modalities in 
maskers that varied in the degree of energetic and informational masking (two!
talker, four!talker, and eight!talker babble, and speech!shaped noise). Focusing on 
the interactions involving the speaking style, the results showed that CS intelligi-
bility benefit was greater for anomalous than for meaningful sentences. That is, the 
CS acoustic!phonetic enhancements were more useful in a more difficult listening 
situation when sentence context cues were absent. In contrast, CS benefit was 
found to be larger in the AV condition than in the AO condition (see also Gagné 
et"al.,"1994,"1995; Gagné, Rochette, & Charest, 2002), thus running counter to the 
principle of inverse effectiveness which would predict greater benefit from visual 
cues for more challenging conversational speech (Stein & Meredith,"1993; see also 
Helfer," 1997). Here, exaggerated CS articulatory gestures enhanced the signal!
complementary visual cues that aid listeners in recovering auditory information 
lost due to energetic masking. These enhanced cues may also help listeners take 
advantage of temporal information in the visual signal, allowing them to attend to 
the correct auditory stream in the presence of multiple talkers (to cope with infor-
mational masking). Once stream segregation is achieved, listeners can use the CS 
acoustic enhancements to guide recognition of the target speech.

In addition to being masked by noise, portions of speech signals may be inau-
dible or missing due to the interruptions in transmission. Smiljanic et"al. (2013) 
investigated listeners’ ability to integrate information across the missing and 
retained speech portions of different durations. They also examined how signal!
dependent acoustic and signal!independent semantic enhancements aided lis-
teners in filling in the missing information. The interruption rate manipulation 
determines the duration of the retained and removed portions of speech within 
each interruption cycle, so that these intervals vary from an approximate sub! 
phonemic duration (fast interruption rate) to word length or greater (slow inter-
ruption rate). The results showed that both semantic context and enhanced 
acoustic!phonetic CS cues aided listeners in integrating temporally distributed 
audible speech fragments into coherent percepts. Importantly, CS “shifted” contex-
tual benefit to lower gating rates, enabling listeners to use signal!independent 
semantic cues at slower/more difficult interruption rates where the silent intervals 
were on average longer than word durations. These results demonstrate that differ-
ent sources of intelligibility!enhancing information interact with one another and 
with the listening conditions in complex ways that need to be further delineated.

There is also evidence that CS reduces lexical competition and enhances 
lexical access. Scarborough and Zellou (2013) showed that words with many 
 phonological neighbors are produced with greater hyper!articulation in CS 
 compared to words with few phonological neighbors. This asymmetrical CS 
enhancement facilitated lexical decisions for high neighborhood words. Van 
Engen (2017) similarly found that CS was helpful in reducing lexical competition 
for high!neighborhood!density words in noise for older adults. Using a visual 
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word recognition paradigm, van der Feest, Blanco, and Smiljanic (2019) examined 
how signal enhancements of two speaking style adaptations, adult!oriented CS 
and infant!directed speech (IDS), and of semantic context interact to determine the 
time course of word recognition in quiet and in noise. Relative to low! predictability 
conversational sentences, both CS and IDS increased speed of word recognition 
for high!predictability sentences in quiet and in noise for young adult listeners. 
In"the quiet condition, lexical access was eventually facilitated by semantic cues 
even in conversational speech. In noise, however, listeners reliably focused the 
target only when a combination of exaggerated acoustic!phonetic and semantic 
cues was available.

Only a handful of studies to date have examined the effect of speech clarity on 
downstream processing, specifically looking at memory performance. Van Engen, 
Chandrasekaran, and Smiljanic (2012) found that CS led to better performance on 
a sentence recognition memory task compared to conversational speech. That is, 
listeners were better able to recognize sentences as previously heard when they 
were spoken in a clear style. Gilbert, Chandrasekaran, and Smiljanic (2014) 
extended these findings to show that both CS and NAS enhanced sentence recog-
nition memory even when listeners were initially exposed to sentences mixed with 
noise. The observed differences in recognition memory could not be attributed to 
differences in whether the sentences were recognized correctly, because all 
sentences were presented either in quiet (Van Engen, Chandrasekaran, & Smiljanic, 
2012) or with low!level noise (Gilbert, Chandrasekaran, & Smiljanic, 2014), making 
them fully intelligible to listeners. The findings instead suggest that the exagger-
ated acoustic!phonetic cues in CS and NAS enhanced memory traces for sentences 
produced in that style. Keerstock and Smiljanic (2018) further showed that lis-
tener!oriented CS improved sentence recognition memory regardless of whether 
the acoustic signal was present during the test phase (within!modal task, in which 
both exposure and test include the same audio stimuli of the clear and conversa-
tional sentences) or absent (cross!modal task, in which the listeners hear the audio 
stimuli during exposure but only see written sentences in the test phase). The CS 
benefits observed in a recognition memory task were likewise shown in recall, a 
more complex memory task (Keerstock & Smiljanic," 2019). The intelligibility!
enhancing CS cues boosted verbatim recall of individual words and entire 
sentences, and reduced the rate of errors and omitted answers. This suggests that 
speech encoding in the exposure phase is not at the auditory signal level only; 
rather the CS facilitates deeper linguistic processing abstracted from the input 
speech (at phonological, lexical!semantic, morphosyntactic, and syntactic levels), 
allowing recall of larger units of connected meaning.

Speaking clearly also facilitated memory for spoken information in populations 
with auditory!peripheral and central!cognitive deficits. Using ecologically rele-
vant, complex medical prescription stimuli, DiDonato and Surprenant (2015) 
showed that older adults’ immediate and delayed recall was improved when they 
heard the instructions in CS compared to conversational speech. The better 
memory performance for CS instructions was maintained even in the presence of 
competing speech, a communication challenge that is particularly difficult for 
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older adults. Keerstock and Smiljanic (2018," 2019) demonstrated that the CS 
memory benefit extended to nonnative listeners despite the increased cognitive 
demands in L2 speech perception. However, the results also showed that the CS 
benefit on sentence recognition memory was smaller for nonnative listeners than 
native listeners in the absence of the auditory triggers (cross!modal condition). 
This suggests that L2 auditory memory may rely more on signal!dependent 
information and that listeners need the exaggerated acoustic!phonetic cues to be 
present (within!modality condition) to activate memory traces.

The research discussed here, although sparse, shows that CS facilitates speech 
recognition through various mechanisms, including reduced lexical competition, 
faster lexical access, and improved use of the signal!independent information. CS 
also provides advantages in downstream processes such as encoding of speech 
information in memory. All of these findings are in line with processing models 
that invoke increased cognitive load and listening effort4 when speech 
 comprehension is challenging due to signal degradation or listener characteristics 
(McCoy et"al.,"2005; Rabbitt,"1968,"1990, Rönnberg et"al.,"2008,"2013; Pichora!Fuller 
et" al.," 2016; Zekveld, Kramer, & Festen, 2010, 2011; Peelle," 2018; Schneider 
et"al.,"2019; Van Engen & Peelle,"2014; Francis & Love,"2019; Winn, Edwards, & 
Litovsky, 2015). Within these approaches, cognitive resources are limited and per-
ceptual processes interact with cognitive processes for speech comprehension. 
When acoustic information is well specified and is easily accessed, its mapping 
onto phonological and lexical representations and meaning is rather automatic 
and implicit. When the speech signal is degraded or access to it is impeded, 
extracting meaning becomes cognitively more demanding and listening effort is 
increased. The increased processing cost results in fewer resources available for 
information integration, learning, and memory. Because CS provides more robust 
and salient cues through signal enhancement and the enhancement of the linguistic 
structure, it decreases task demands and likely reduces listening effort so that 
more resources remain available for comprehension and memory of spoken 
information. CS can also relieve some of the sensory and cognitive deficits associ-
ated with aging and with L2. Regardless of the exact locus of the increased diffi-
culty, results reviewed here suggest that CS may allow for improved comprehension 
and memory of spoken information in part by reducing task demands and listening 
effort. Figure" 7.1 provides a schematic illustration of cognitive and linguistic 
resource allocation during perception of speech of varying intelligibility.

While cognitive load and listening effort are increasingly recognized as factors 
in speech processing, especially for nonnative speakers, older adults, or when 
listening to speech in noise, it is not yet clear what systems and responses are 
involved and in what way (Francis & Love,"2019; Pichora!Fuller et"al.,"2016). Our 
understanding of links between intelligibility!enhancing listener!oriented 
speaking styles, cognitive load, listening effort, and linguistic processing in 
particular is lacking. One way to increase this understanding is by determining 
which CS features related to the signal enhancement, as opposed to the enhance-
ment of the linguistic structure, underlie the observed improvements in linguistic 
and cognitive processing. How do specific enhanced acoustics!phonetic cues facil-
itate integration of semantic information, lexical access, or encoding of information 
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in long!term memory? Considering the ways in which cognitive resources, 
working memory capacity, and attention, for instance, are engaged during CS per-
ception can help elucidate the behavioral and physiological correlates of listening 
effort. A promising direction toward that goal is to use physiological measures, 
such as pupillometry, electrodermal activity, and brain imaging, in addition to 
behavioral methods, to quantify CS listening effort (see Borghini & Hazan, 2018; 
Zekveld et"al.,"2010; Zekveld, Kramer, & Festen, 2011; Winn, Edwards, & Litovsky, 
2015; Francis & Love,"2019).

Variability in!CS production

As detailed, talkers habitually vary their spoken output from a hypo! to hyper!
articulated manner in response to the needs of a particular communicative 
situation (H&H theory; Lindblom,"1990; Perkell et"al.,"2002). This intricate listener!
oriented talker adaptation is a skilled aspect of speech production reflecting the 
dynamic nature of speech communication. This section examines how different 
tasks, communicative barriers, and talker!related characteristics affect speaking 
style modifications aimed at enhancing speech understanding.

Tasks and!communicative barriers
Lam, Tjaden, and Wilding (2012) compared talkers’ responses to the instructions to 
speak clearly, to speak as if they were talking to a listener with hearing impairment, 
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Figure 7.1 A schematic illustration of cognitive and linguistic resource allocation during 
perception of speech of varying intelligibility. Extracting meaning from a degraded, 
phonetically ambiguous, or masked speech signal increases cognitive load and listening 
effort (left). Increased processing load depletes cognitive and linguistic resources. When 
the speech signal is enhanced through conversational!to!clear!speech modifications 
(right), cognitive load and listening effort are decreased. Decreased processing load leaves 
more resources available for downstream task performance, facilitating encoding, lexical 
access, building semantic predictions, recall, and so on.
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and to overenunciate. They found that each condition was associated with different 
magnitudes of acoustic modification. Compared to habitual baseline speech, for 
instance, the overenunciate condition yielded the largest change in the VSA, 
speaking rate, and segment and pause durations, followed by the instructions to 
talk to someone with a hearing impairment. This last elicitation condition led to the 
greatest increase in vocal intensity, but only for half of the talkers. A number of 
studies furthermore demonstrated that speech characteristics vary in response to 
more naturalistic communicative challenges, such as different types of noise (e.g., 
Cooke & Lu,"2010; Lu & Cooke,"2008,"2009), CS in combination with noise (Smiljanic 
& Gilbert,"2017a; Godoy, Koutsogiannaki, & Stylianou, 2014; Goy, Pichora!Fuller, & 
van Lieshout, 2013; Gilbert, Chandrasekaran, & Smiljanic, 2014; also see Pichora!
Fuller, Goy, & van Lieshout, 2010 for a review of CS and NAS), or by means of 
simulated recognition errors in feedback received from an interactive computer 
program (Maniwa, Jongman, & Wade, 2009; Stent, Huffman, & Brennan, 2008).

Several studies examined closely the talker–listener dynamic adaptation via 
more spontaneous responses to communication challenges. Hazan and Baker 
(2011), for example, used an interactive spot!the!difference picture task with 
varying difficulty in the listening conditions: no communicative barrier baseline, 
with one talker hearing the other via a vocoder or with one talker hearing the 
simultaneous multitalker babble. Under this scenario, comprehension was reduced 
for one talker, so the communication partner had to clarify their speech to complete 
the task even though they did not experience communicative difficulty them-
selves. The results showed that talkers modified their speech in a selective manner. 
They increased mean energy and vowel F1 more in the babble condition than in 
the vocoded condition. They did not increase F0 median and range in the vocoded 
condition relative to the no!barrier condition, where these modifications were 
unlikely to improve intelligibility. They also found that read CS, in which talkers 
read out loud sentences as if they were talking to someone with a hearing diffi-
culty, showed more extreme changes in median F0, F0 range, and speaking rate 
relative to the more spontaneous changes in response to the actual communicative 
interference via vocoded speech or babble noise. Cooke and Lu (2010) similarly 
found differences in NAS produced when solving a sudoku puzzle with compared 
to without a partner.

Ultimately, the differences between the fine!tuned, goal!oriented modifications 
are meaningful only to the extent that they aid the listener in particular listening 
situations. When they were conducted, perception tests revealed that indeed the 
intelligibility benefit increased with the magnitude of acoustic changes (Lam & 
Tjaden,"2013). Furthermore, the benefit was highest for the listening conditions in 
which the signal masker matched the one used during the elicitation (e.g. elicited 
with speech babble and tested mixed with speech babble) (Smiljanic & 
Gilbert,"2017b; Lu & Cooke,"2009; Cooke et"al.,"2013b; Hazan, Grynpas, & Baker, 
2012). Hazan, Grynpas, and Baker (2012) showed that the matched!masker tokens 
were also identified more quickly compared to the mismatched!masker tokens 
(e.g. elicited in response to vocoded speech and tested mixed with speech babble) 
even though all productions were rated as similarly clear. These results strengthen 
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evidence that spoken output is tailored to most efficiently overcome properties of 
specific communicative barriers and maskers. They also show that locus of the CS 
intelligibility benefit is not only evident in the increased recognition accuracy but 
also in the speed of recognition. Importantly, this work expands our understanding 
of how the acoustic!phonetic cues are modified “online,” in response to the 
challenging conditions with a communicative partner.

CS across the!life span
Although there is ample evidence that talkers adapt their speech output to facili-
tate communication, most studies have primarily involved young healthy adults. 
Less work examined the effect of aging and development on talkers’ ability to pro-
duce intelligibility!enhancing speaking style modifications. A few studies com-
pared how older healthy adults and individuals with Parkinson’s disease (PD), 
amyotrophic lateral sclerosis (ALS), or multiple sclerosis (MS) change their output 
when instructed to speak clearly, slowly, or in response to different levels of 
background noise (Huber & Darling,"2011; Darling & Huber,"2011; Turner Tjaden, 
& Weismer, 1995; Tjaden, Lam, & Wilding, 2013; Adams et" al.," 2006, Adams, 
Winnell, & Jog, 2010; Sadagopan & Huber,"2007). The results showed that healthy 
older adults were more successful in implementing some of the typical adjust-
ments (increased vocal intensity, VSA, abdominal effort, and decreased speaking 
rate) than the individuals with PD, ALS, or MS. In a direct comparison of older 
adult and young adult talkers, Schum (1996) and Smiljanic (2013) found that intel-
ligibility was enhanced through conversational to clear speech modifications for 
both groups. The findings were inconsistent, though, in that the first study found 
the similar CS intelligibility benefit for older and young adults, while the second 
study found the smaller CS benefit for older adults.

Looking at both production and perception, Smiljanic and Gilbert (2017a,"2017b) 
compared the intelligibility of conversational, CS, and NAS sentences produced 
by 10 children, 10 young adults, and 10 older adults. Young adult listeners benefited 
from the CS and NAS acoustic!phonetic changes produced by all three talker 
groups, though the intelligibility benefit was marginally smaller for the older 
adults compared to the younger adults, and significantly smaller for the children 
compared to the adult talkers. These differences in intelligibility were mirrored by 
the differences in the CS and NAS acoustic!phonetic modifications implemented 
by the three talker groups. For instance, older adults produced the slowest 
speaking rate, longest pauses, and smallest increase in F0 mean, 1–3 kHz energy, 
sound pressure level (SPL) and VSA when speaking clearly, while children slowed 
down less and increased the VSA least in CS. Despite this variability, young adult 
listeners found high! and low!intelligibility talkers in all three age groups, 
revealing a need for a closer examination of the role that sensory, linguistic, and 
cognitive factors and age!related changes play in talker intelligibility variation.

Hazan et"al. (2018a,"2018b) similarly found that aging and age!related hearing 
loss (presbycusis) affected spontaneous responses to communication challenges 
using the spot!the!difference task described earlier. Older and young adults’ 

c07.indd   187 12/30/2020   8:48:22 PM

REVIS
ED P

ROOFS



188 Perception of Linguistic Properties

productions differed in speaking rate, mid!frequency energy, and F0 characteris-
tics even when the talkers heard each other without a communication barrier, 
revealing age!related physiological changes in speech production. While older 
adults without hearing loss and younger adults made similar modifications when 
responding to the partner with a simulated hearing loss or to babble noise, older 
adults with hearing loss most notably differed from both groups in that they sig-
nificantly increased vocal effort in response to both communicative challenges. 
Older adults with hearing loss also took significantly longer than younger adults 
to complete the spot!the!difference task. The correlation analyses indicated that 
the energy present in the 1–3 kHz frequency range, precisely where older adults 
failed to make significant adjustments, was the best predictor of intelligibility and 
task efficiency. These findings strengthen evidence that age!related hearing loss 
and even mild presbycusis affect the dynamic adaptations needed for effective 
communication.

At the other end of the age spectrum, children as young as three to five years 
old were found to produce perceptibly different speaking styles, though the exact 
modifications varied: children increased F0 range and produced larger VSA and 
longer vowels in Syrett and Kawahara (2013), while no differences in vowel for-
mants were found in Redford and Gildersleeve!Neumann (2009). The differences 
from the adult!like CS modifications were found still in older children (9–14 years 
of age) using read clear speech (Smiljanic & Gilbert,"2017a) and in an interactive 
problem!solving task (Hazan, Tuomainen, & Pettinato, 2016; Pettinato et"al.,"2016). 
Granlund, Hazan, and Mahon (2018) found that 9! to 14!year!olds increased their 
F0 range, the mid!frequency intensity, and the VSA, but did not decrease the 
speaking rate when communicating with peers with hearing loss relative to peers 
with normal hearing. Children also simplified their utterances by decreasing the 
number of words per phrase but did not use more frequent or more varied lexical 
items during the interactions with peers with hearing loss. Though sparse, these 
findings suggest that some mechanisms for listener!oriented hyper!articulated 
speech adaptations emerge early, but that many features of adult!like adaptations 
continue to develop into adolescence. Furthermore, the results suggest that chil-
dren, even by 14 years of age, may not be as adept at aligning their output to the 
specific needs of the listener or communicative challenge. The findings on children 
and older adults reveal that they may encounter difficulties when communicating 
in challenging conditions beyond well!recognized perceptual problems (Gordon!
Salant & Fitzgibbons," 1997; Schneider, Daneman, & Pichora!Fuller, 2002; 
Johnson," 2000). Their own speech may not be understood well in the environ-
ments, such as classrooms and hospitals, in which noise is ubiquitous and which 
require speaking clearly.

CS by nonnative and!clinical populations
Nonnative speakers encounter qualitatively different difficulties from older adults 
with hearing loss in that their access to the speech signal and cognitive resources 
are intact but they are less experienced in processing the linguistic code of the 
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target language. Examining CS vowel intelligibility for Spanish learners of English, 
Rogers, DeMasi, and Krause (2010) found that early learners provided similar CS 
benefit as native English talkers, while late learners produced the smallest CS 
benefit for native English listeners. The late learners even exhibited a decrease in 
CS intelligibility for the vowel /�/ in “bid.” Looking at a variety of CS acoustic!
phonetic enhancements, Granlund, Hazan, and Baker (2012) found that Finnish–
English late bilinguals used similar signal!augmenting CS strategies (increased F0 
mean and energy between 1 and 3 kHz) in both languages which were also similar 
to those made by native monolingual English talkers. At the segmental level 
though, the bilinguals showed mixed patterns"–" they modified the stop voicing 
contrasts in a manner consistent with the language spoken, but the vowels in both 
languages were enhanced similarly, reflecting the lack of familiarity with the lan-
guage!specific hyper!articulation targets. Smiljanic and Bradlow (2011) examined 
sentence intelligibility for high proficiency L2 learners, and found that they were 
successful in increasing intelligibility significantly through CS modifications for 
both native and nonnative listeners. The degree of CS intelligibility benefit for 
some of the nonnative talkers was in fact similar to the benefit provided by the 
native talkers (Smiljanic & Bradlow,"2005). The study also found that, while the 
conversational!to!clear!speech modifications implemented by nonnative talkers 
increased intelligibility for native listeners, these modifications did not contribute 
to lower subjective accentedness ratings for CS compared to conversational 
sentences, revealing a dissociation between the two perceptual dimensions. 
Together, these studies show that CS!related signal enhancement is language 
independent, and is thus readily available to talkers in their L1 and L2. Enhancing 
phonemic contrasts in a target!language!appropriate way, however, requires sub-
stantial experience and practice.

A detailed understanding of communication strategies that are effective at mak-
ing speech more intelligible not only is relevant for nonnative speakers but has 
implications for clinical populations. Instructions to speak clearly, loudly, slowly, 
and in response to noise have all been used as behavioral treatment techniques for 
talkers exhibiting dysarthria associated with PD, ALS, or MS. Dysarthric speech is 
often characterized by variable speaking rate, reduced vowel space, pitch varia-
tion and loudness, and imprecise consonant production which can lead to speech 
intelligibility deficits and diminished life quality (Appleman, Stavitsky, & Cronin!
Golomb, 2011). The goal of the interventions is to reduce or compensate for the 
underlying deficits and to maximize speech intelligibility and naturalness 
(Beukelman et"al.,"2002; Hustad & Weismer,"2007; Sadagopan & Huber,"2007; Park 
et"al.,"2016). When instructed to speak clearly, talkers with dysarthria increased 
VSA, vocal intensity, and mean F0 and decreased speaking rate (Goberman & 
Elmer,"2005; Tjaden, Lam, & Wilding, 2013; Tjaden, Kain, & Lam, 2014; Tjaden, 
Sussman, & Wilding, 2014). In a similar way to healthy adults, talkers with PD also 
produced different degrees of modifications in response to the varied CS instruc-
tions (Lam & Tjaden,"2016) and increased vocal effort in response to masking noise 
(Stathopoulos, Huber, & Sussman, 2011), although the responses differed between 
the control participants and individuals with PD (Darling & Huber,"2011; Adams 
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et" al.," 2006). Even talkers without diagnosed speech deficits can have compro-
mised intelligibility. Yi, Smiljanic, and Chandrasekaran (2019) showed that, com-
pared to talkers with low depressive symptoms, talkers classified as having high 
depressive symptoms (based on a self!report scale: Radloff,"1977) produced smaller 
conversational-to-clear speech modifications for speaking rate, energy in the 1 to 
3"kHz range, F0 mean, and F0 range. These modifications led to smaller CS intelli-
gibility benefit.

The findings on variability in CS production discussed in this section strengthen 
evidence that not all listener!oriented intelligibility!enhancing CS modifications 
are the same, but rather that the precise acoustic!articulatory tweaks are made in 
response to different communicative challenges. Determining to what extent some 
of these fine!grained adjustments are under talker control will have important 
implications for interventions aimed at increasing intelligibility for different talker 
groups. More work is needed to examine how these modifications expand or 
diminish over the course of an interaction and how other features of naturally 
occurring interactions, such as shared knowledge, familiarity with the interloc-
utor, or use of signal!complementary visual information, affect this dynamic pro-
cess. A largely unexplored direction involves looking more holistically at the 
multiple levels of adaptation, beyond acoustic!phonetic modifications, that are 
available to talkers when producing speech in response to various real!world com-
munication challenges.

The reviewed work also shows a range of talker abilities to address communi-
cation challenges. The pressing goal is to better understand the cognitive, 
linguistic, and physiological factors that facilitate speaking style adaptations for 
a variety of talker groups. To that end, more talkers across different age groups 
and with varied language proficiencies should be examined. From a practical 
standpoint, more work is needed to determine which training and treatment 
protocols can lead to enhanced intelligibility for clinical and nonclinical popula-
tions. Evidence is emerging, for example, that intensive treatment focusing on 
global, speech!oriented behavioral techniques (e.g. speak clearly), rather than 
targeting individual speech parameters (e.g. speaking slowly), may be more 
effective and feasible clinical intervention for addressing speech difficulties in 
patients whose speech production is disrupted (Beukelman et"al.,"2002; Tjaden, 
Sussman, & Wilding, 2014; Park et"al.,"2016; Stipancic, Tjaden, & Wilding, 2016). 
However, more controlled studies are needed to establish a rigorous evidence 
base for aiding clinical decision making. It is critical to also establish whether 
improvements in speech production following L2 training or clinical interven-
tions transfer to real!life communication situations and whether these novel 
speech patterns are stable over time. Finally, future work should explore how the 
specific acoustic!phonetic modifications work to enhance intelligibility in 
particular listening situations. This is an essential research direction, as evidence 
based on overcoming communicative challenges in more realistic communica-
tion situations can inform speech modification algorithms for improving intelli-
gibility (Cooke et"al.,"2013a).
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Variability in!CS perception

The studies discussed have focused on talker and task characteristics in deter-
mining speaking style adaptations and their effect on intelligibility. A large body 
of work has also investigated how listener characteristics shape intelligibility 
gains. There is abundant evidence that CS enhances intelligibility for a number of 
listener groups, including adults with sloping high!frequency sensorineural 
hearing loss (e.g. Schum,"1996; Ferguson,"2012), adult cochlear implant users (Liu 
et"al.,"2004; Ferguson & Lee,"2006), children with learning disabilities (Bradlow, 
Kraus, & Hayes, 2003), and normal!hearing listeners identifying the stimuli in 
noise and/or reverberation (e.g., Payton, Uchanski, & Braida, 1994; Ferguson,"2004; 
Smiljanic & Bradlow,"2005). The magnitude of the intelligibility benefit, however, 
varies within and across listener populations. Considering how listener sensory 
and cognitive characteristics affect signal!dependent and relatively signal!
independent processing is another crucial component in our understanding of the 
dynamic talker–listener alignment in successful speech communication. A brief 
discussion of speech signal modifications aimed at improving intelligibility is 
included at the end.

Listeners with!hearing impairment
Listeners with sensorineural hearing impairment experience a relatively constant 
reduction in signal audibility and clarity, leading to difficulties in understanding 
speech. Because of the sensory deficits, many listeners find it challenging to com-
municate in common listening environments, such as noisy restaurants. Due to 
the limited access to the spectro!temporal information, these listeners may not 
benefit from all CS modifications. While some conversational to clear speech 
modifications improve overall intelligibility for listeners with hearing loss by 
promoting signal audibility (Picheny, Durlach, & Braida, 1985; Payton, Uchanski, 
& Braida, 1994), findings on the effect of phonemic enhancements on vowel and 
consonant recognition are mixed. Ferguson and Kewley!Port (2002), for instance, 
found that older adults with hearing loss, unlike normal!hearing listeners, were 
not able to use CS spectral vowel enhancements produced by one talker in the 
study, presumably due to the F2 increases into the high frequency regions. In con-
trast, Ferguson (2012) found a substantial CS intelligibility benefit for vowels pro-
duced by 41 talkers for older adults with sloping sensorineural hearing loss. 
Importantly, even though modifications in vowel duration, F1 and F2, and 
dynamic formant movement significantly contributed to the CS benefit, the 
young and older adult listeners weighed vowel duration and steady!state for-
mant information differently (Ferguson & Quené,"2014). With regard to conso-
nants, Maniwa, Jongman, and Wade (2009) found that CS modifications enhanced 
fricative intelligibility for listeners with simulated sloping hearing loss, but the 
CS benefit for nonsibilant fricatives was reduced compared to normal!hearing 
listeners. Moreover, a shift of energy concentration toward higher frequency 
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regions and greater source strength, which contributed to the CS effect for normal!
hearing listeners, did not help the impaired listeners and even decreased intelli-
gibility for some sounds. These results demonstrate that hearing loss affects the 
way listeners are able to use and integrate hyper!articulated acoustic cues to iden-
tify vowels, consonants, and words in noise.

Cochlear implant (CI) users are also faced with a degraded spectro!temporal 
signal due to the limitations of electric hearing and the electrode–nerve interface (see 
Hunter & Pisoni, Chapter"20, for a more in!depth consideration of signal dependent 
and signal!independent issues in speech intelligibility and language comprehension 
among individuals with hearing loss). Smiljanic and Sladen (2013) showed that CS 
and sentential context improved word recognition in noise for children with CIs and 
children with normal hearing. Children with normal hearing, however, benefited 
more from each source of enhancement (CS acoustic!phonetic cues and semantic 
context) separately and in combination compared to children with CIs who needed 
enhanced signal clarity to draw on signal!independent semantic information.

Language learners
As children’s speech!perception acuity develops into adolescence, their ability to 
use intelligibility!enhancing modifications may not be fully adult!like either. 
Similar to CS, modifications of speech directed toward infants (IDS) include slower 
speaking rate, increased pitch variation, and enlarged VSA, and have been shown 
to aid social!emotional and affective development in young children (e.g. 
Cristia,"2013), as well as to facilitate the creation of perceptual sound categories, 
sound discrimination, segmentation, and word learning in young children (Cristia 
& Seidl,"2014; Kuhl,"2007; Liu, Kuhl, & Tsao, 2003; Schreiner & Mani,"2017; Graf 
Estes & Hurley,"2013; Song, Demuth, & Morgan, 2010). However, IDS may not be an 
appropriate intelligibility!enhancing adjustment as children get older. A few studies 
that examined school!aged children’s perception have found intelligibility benefit 
for adult!directed CS (Bradlow, Kraus, & Hayes, 2003; Riley & McGregor," 2012; 
Leone & Levy,"2015). Riley and McGregor (2012), for example, showed improved 
word recognition in noise for narratives that were produced clearly compared to 
conversationally, providing evidence of CS benefit for children’s real!word com-
prehension. Leone and Levy (2015) found a CS benefit in noise even in the absence 
of lexical influences, namely for vowel identification in nonsense words. They also 
found that CS accuracy was higher for front (/", æ/) than back vowels (/#, $/). 
This selective benefit was not observed in the adult data in the authors’ preliminary 
study or in Ferguson and Kewley!Port’s (2002) study, suggesting different use of 
hyper!articulated CS cues by children. Finally, Bradlow, Kraus, and Hayes (2003) 
showed that CS improved sentence recognition in noise for school!aged children 
with learning disabilities (LDs) even though the benefit was smaller compared to 
children with no LDs. The CS intelligibility furthermore increased as the signal!to!
noise ratio decreased, revealing an important role for this speaking style adjust-
ment in adverse listening conditions for both groups of children.

There have also been efforts to assess whether CS can improve intelligibility for 
another group of language learners, namely nonnative listeners. Their difficulty is 
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evident at all levels of L2 processing, from perceptual discrimination of sound con-
trasts and different weighing of acoustic cues to phonotactics and prosody (Best & 
Tyler," 2007; Cutler, Garcia Lecumberri, & Cooke, 2008; Flege," 1995; Francis, 
Kaganovich, & Driscoll!Huber, 2008; Iverson et"al.,"2003; Kondaurova & Francis,"2008). 
Reflecting these perceptual difficulties, Bradlow and Bent (2002) found a substan-
tially smaller CS benefit for low!proficiency nonnative compared to native listeners. 
The smaller CS benefit may in part be rooted in nonnative listeners’ inability to use 
signal!independent information, that is semantic context, in the absence of signal 
clarity (Bradlow & Alexander," 2007). As nonnative listeners gain expertise in L2 
processing, they increasingly manage to attend to and use CS enhancements imple-
mented by native talkers, including signal!augmenting and language!specific pho-
nemic modifications (Smiljanic & Bradlow," 2011; Alcorn & Smiljanic," 2018). As 
discussed earlier, Keerstock and Smiljanic (2018,"2019) showed that nonnative lis-
teners benefited from CS in memory tasks, both recognition and recall of spoken 
information. The CS benefit for recognition memory was smaller in the cross!modal 
condition for nonnative than native listeners, showing the cost of information 
integration in L2.

The evidence shows that CS enhances intelligibility for language learners, 
though this benefit may not be fully native! and adult!like. The differences in the 
use of the acoustic!phonetic enhancements can arise for a number of reasons 
including an incomplete auditory development in children (Werner," 2007), an 
incomplete language model and L1 interference in nonnative listeners (Best & 
Tyler,"2007; Flege,"1995; Costa, Caramazza, & Sebastian!Galles, 2000), and dispro-
portionate difficulty with speech perception in noise for both groups (Nishi 
et"al.,"2010; van Wijngaarden,"2001; van Wijngaarden, Steeneken, & Houtgast, 2002; 
Bradley & Sato,"2008; Stuart et"al.,"2006). The findings on variability in CS percep-
tion involving language learners and listeners with hearing loss are in line with 
the previously discussed literature on listening effort in that the increased diffi-
culty in processing signal!related auditory information or in mapping onto 
imperfect representations diminishes the resources that may otherwise be 
available, for instance, for building up the meaning over the course of the sentences 
or for memory encoding (McCoy et" al.," 2005; Rabbitt," 1968," 1990, Rönnberg 
et" al.," 2008," 2013; Pichora!Fuller, Schneider, & Daneman, 1995; Pichora!Fuller 
et"al.,"2016; Zekveld, Kramer, & Festen, 2010, 2011; Peelle,"2018; Van Engen,"2017; 
DiDonato & Surprenant,"2015). Examining how perception of CS enhancements 
interacts with signal!independent linguistic and cognitive processing in different 
listener groups is still largely lacking. With better understanding of how CS facili-
tates speech processing, the more specific information on how to use this speech 
style effectively can be incorporated into training, clinical, and educational set-
tings (see Peng & Wang,"2016).

Intelligibility effects of!signal modifications
The insights from the production and perception studies have implications for 
speech signal modifications aimed at improved speech intelligibility, for example 
GPS and customer service systems, hearing aids, and assisted speech devices 
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(Picheny, Durlach, & Braida, 1989; Uchanski et"al.,"1996; Krause & Braida,"2009; 
Zeng & Liu," 2006; Godoy, Koutsogiannaki, & Stylianou, 2014; Cooke 
et" al.," 2013a," 2013b). These modifications include features designed to improve 
signal audibility in noise and to enhance processing of the linguistic information. 
While listeners use the spectral and temporal adaptations that talkers implement 
when speaking in response to a communicative challenge, a direct link between 
any one acoustic!articulatory modification and increased intelligibility remains 
poorly understood (Krause," 2001; Krause & Braida," 2002; Picheny, Durlach, & 
Braida, 1989; Uchanski et"al.,"1996; Liu & Zeng,"2006; Godoy, Koutsogiannaki, & 
Stylianou, 2014; Tjaden, Kain, & Lam, 2014). Lu and Cooke (2009), for instance, 
found that flattening of spectral tilt, but not an increase in F0, enhanced speech 
intelligibility in speech!shaped noise. Godoy, Koutsogiannaki, and Stylianou 
(2014) implemented NAS!inspired fixed spectral gain filter to boost spectral energy 
and loudness in higher frequencies and CS!inspired frequency warping for vowel 
space expansion. They found that augmenting loudness significantly enhanced 
intelligibility,5 even more so than for the naturally produced CS and NAS (see also 
Cooke et" al.," 2013b). In contrast, vowel space expansion through frequency 
warping did not enhance intelligibility even though intelligibility benefit was 
found for the enlarged VSA spontaneously produced in CS. Using hybrid speech 
stimuli in which acoustic features of one conversational sentence were replaced 
with the enhanced features of its clearly produced counterpart, Kain, Amano!
Kusumoto, and Hosom (2008) found that intelligibility was improved for a 
combination of CS short!term spectra, phoneme sequence, and phoneme dura-
tions cues, but not for F0, energy, or pauses.

Research in this area has also examined whether modifications to specific 
acoustic!phonetic cues related to segmental precision versus respiratory!phonatory 
features can enhance intelligibility for talkers with such production deficits (e.g. in 
dysarthria). Using a speech analysis!resynthesis paradigm, Tjaden, Sussman, and 
Wilding (2014) investigated the contribution of segmental and suprasegmental 
features to intelligibility variation in conversational and CS produced by two 
talkers with Parkinson’s disease. Segment durations, short!term spectrum, energy 
characteristics, and F0 were extracted from CS sentences and applied to their con-
versational counterparts. The results for one talker revealed that the intelligibility 
benefit was linked to the adjustments in the short!term spectrum and duration, 
while energy characteristics were linked to the CS benefit for the other talker. 
Segmental modifications through VSA adjustments did not increase intelligibility 
for either talker.

The evidence from this line of inquiry shows that it is possible to create a signal 
with greater intelligibility than the original conversational speech. However, a 
striking disparity in the findings shows that not any one signal modification ade-
quately approximates intelligibility gains found in naturalistic speech. This sug-
gests that likely a combination of different cue modifications that talkers employ 
jointly give rise to the intelligibility benefit. Furthermore, as discussed, the predic-
tive power of acoustic!phonetic features differs for different masker types, clear 
speech elicitation techniques, talkers, and listeners. Future work thus needs to 
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strengthen our understanding of the relationship between acoustic!articulatory 
strategies and intelligibility increase for various talker–listener pairs and commu-
nicative situations. More research is needed to establish objective measures of 
speech intelligibility in automatic speech enhancement systems.

Conclusion

The research reviewed here shows a robust CS intelligibility benefit for a variety of 
talkers, listeners, and communication challenges. Our understanding of how 
talker!, listener!, and signal!related factors affect intelligibility variation and in 
more naturalistic settings has increased significantly since the turn of the twenty!
first century. However, a number of questions regarding the links between the 
signal!dependent and relatively signal!independent processing benefits of CS 
remain open and will likely shape the research agenda for the years to come. The 
review noted the paucity of research on how CS contributes to the segmentation of 
the speech signal, lexical access, semantic prediction, and improved memory 
retention. Similarly, more work is needed to better understand cognitive effort and 
how cognitive resources such as selective attention, working memory, and motiva-
tion are allocated during CS perception. Combining insights from speech intelligi-
bility research with psycholinguistic approaches, physiological measures, and 
work on signal processing could prove a fruitful strategy for a more comprehen-
sive understanding of the mechanisms underlying CS enhanced intelligibility. 
This multifaceted approach could elucidate how CS facilitates speech and linguistic 
processing at multiple levels, resulting in improved communicative effectiveness 
(see Figure"7.1). Such discoveries would guide the development of better, more 
targeted, training paradigms and treatment protocols for individuals for whom 
intelligibility is compromised and for whom communication in adverse situations 
is particularly challenging. Finally, the findings could help improve signal!
processing algorithms for nonlinear hearing aids and a variety of contexts in which 
humans interact with machines.

NOTES

1 Note that this review focuses on conversational to clear speech modifications in the 
acoustic!phonetic domain only. When attempting to overcome a communication barrier, 
talkers will have at their disposal a number of different strategies, such as simplifying 
sentence structure, using shorter and more frequent words, and repeating information. 
More work is needed to determine how these different strategies contribute to ease of 
processing and improved speech intelligibility.

2 McMurray and colleagues (2013) also found substantially more variation in vowel for-
mants in IDS compared to adult!directed speech, which suggests that, as with CS, the 
IDS adaptations may not enhance phonetic discrimination via their distributional 
properties.

c07.indd   195 12/30/2020   8:48:23 PM

REVIS
ED P

ROOFS



196 Perception of Linguistic Properties

3 See also Buz, Tanenhaus, and Jaeger (2016) for voice onset time (VOT) hyper!articulation 
in response to interlocutor feedback.

4 Here, cognitive load and listening effort are used to refer to “the extent to which the 
demands imposed by the task at a given moment consume the resources available to 
maintain successful task execution” (Pichora!Fuller et"al.,"2016, p. 12S) and “the alloca-
tion of cognitive resources to overcome obstacles or challenges to achieving listening!
oriented goals (Francis & Love,"2019, p. 3), respectively. A distinction between listening 
/ cognitive demand and listening effort is also discussed in Peelle (2018).

5 Note that most intelligibility studies equate loudness of conversational and clearly 
spoken stimuli so the resulting intelligibility gain is due to the concomitant acoustic!
phonetic modifications. In everyday communication, however, listeners may benefit 
from the increased CS loudness naturally produced by talkers.
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