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When talkers anticipate that a listener may have difficulty understanding their speech,

they adopt a speaking style typically described as “clear speech.” This speaking style

includes a variety of acoustic modifications and has perceptual benefits for listeners. In

the present study, we examine whether clear speaking styles also include modulation

of lexical items selected and produced during naturalistic conversations. Our results

demonstrate that talkers do, indeed, modulate their lexical selection, as measured

by a variety of lexical diversity and lexical sophistication indices. Further, the results

demonstrate that clear speech is not a monolithic construct. Talkers modulate their

speech differently depending on the communication situation. We suggest that clear

speech should be conceptualized as a set of speaking styles, in which talkers take the

listener and communication situation into consideration.
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INTRODUCTION

When communicating in natural situations, talkers modulate their speech for their audience (e.g.,
Clark et al., 1983). Modulation can take many forms, including choosing appropriate lexical items
for the audience, modulating syntactic structure, and modifying acoustic properties (Clark and
Carlson, 1981; Clark and Murphy, 1982; Arnold et al., 2012). This type of modulation typically
happens without explicit instruction or feedback and is robust across talker populations and
contexts (Beckford Wassink et al., 2007; Androutsopoulos, 2014; Ferreira, 2019).

The most famous example of this type modulation is child- or infant-directed speech
(IDS), a speaking style used, as the name suggests, when communicating with infants or
children (Snow, 1977; Stern et al., 1982; Fernald and Simon, 1984). While individual talkers
may differ in their exact implementation of IDS, common properties of this speaking style
include higher average pitch, a broader pitch range, and shorter utterance durations. Infant-
directed speech is not universal (e.g., Pye, 1986; Ingram, 1995); however, it is widely used
in many cultures, without explicit instruction (e.g., Grieser and Kuhl, 1988; Fernald et al.,
1989; Kuhl et al., 1997). Infant-directed speech also changes in both syntactic and lexical
complexity as the infant grows older, presumably in response to increases in infants’ receptive
abilities as well as their ability to communicate with adult interlocutors (Genovese et al.,
2020). Even children can produce IDS in situationally appropriate ways (Dunn and Kendrick,
1982; Warren-Leubecker and Bohannon, 1983; Weppelman et al., 2003), suggesting that the
ability to modulate our speech for our audience develops rather quickly and is robust.
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However, even when speaking to adult listeners, talkers modulate
their speech in a variety of ways. For example, a wide range of
speaking styles have often been included under the umbrella of
“clear speech.” Clear speech is typically defined as a listener-
oriented speaking style, characterized primarily by a variety of
acoustic modifications. However, recent work has suggested that
clear speech differs as a function of the intended audience or
communication style (Hazan and Baker, 2011; Hazan et al., 2012)
and that clear speech produced in naturalistic communication
scenarios differs from clear speech elicited in a laboratory inmore
artificial communication scenarios (Moon and Lindblom, 1994;
Scarborough et al., 2007; Hazan and Baker, 2011; Scarborough
and Zellou, 2013).

The bulk of work on clear speech has focused on acoustic
modifications of the speech signal, which are thought to make
the signal easier for the listener to understand. However, other
lines of research have demonstrated that there are multiple other
factors that impact how easy it is for listeners to understand the
speech they are exposed to. For example, semantic predictability
impacts how accurately listeners perceive speech in a variety
of challenging listening situations, including speech in noise
(Signoret et al., 2018), non-native speech (Baese-Berk et al.,
2021), hearing-impaired listeners (Holmes et al., 2018), and
cochlear implant users (Winn, 2016).

Indeed, predictability is crucially important for speech
understanding and communication in general (see Kutas et al.,
2011 for a review). For example, many studies have suggested that
listeners use prediction to determine when a speaker is likely to
complete their turn so that they can begin the next conversational
turn as a speaker (Schegloff et al., 1974). On even shorter
time scales, listeners make eye-movements toward relevant
targets before they are produced if the target is syntactically or
semantically predictable (e.g., Altmann and Kamide, 1999, 2007).
Predictability, in various forms, has also been shown to impact
language processing. Less predictable words are read more slowly
than their more predictable counterparts (Ehrlich and Rayner,
1981; Levy, 2008), and predictability of lexical items is evident
in event related potentials (ERPs) to unpredictable lexical items
(e.g., N400 responses to semantically less predictable nouns,
Kutas and Hillyard, 1980).

In the current paper, we do not directly investigate
predictability per se. Instead, we examine lexical factors that
could affect the predictability of the speech that listeners hear
and could impact the ease of understanding speech. Specifically,
we examine speech produced in naturalistic communication
scenarios across a variety of contexts known to elicit a
clear speech style. We ask whether, in addition to acoustic
modifications previously reported, speakers modulate the lexical
content of their speech—including a variety of measures of
lexical diversity and lexical sophistication. We ask whether
these measures differ both when (1) comparing scenarios that
naturally elicit clear speech to those that do not elicit such
a style and (2) comparing within distinct communication
situations that may each elicit clear speech, but differ in their
specific challenges for the talker and listener (e.g., speech
to a non-native talker vs. to someone hearing the speech
through noise).

Below, we briefly review the previous literature on
modifications found in clear speech, measures of lexical
diversity, and measures of lexical sophistication before turning
our attention to the current study.

RELATED WORK

Communication in Adverse Listening
Situations/Clear Speech
As described above, clear speech is a speaking style adopted by
speakers, usually in situations where they anticipate that their
listener may have trouble understanding their speech. Substantial
previous work has examined the acoustic properties of clear
speech. Typical modifications include slower speaking rates,
higher average intensity, greater fundamental frequency range,
and larger vowel spaces compared to plain or conversational
speech (Picheny et al., 1986; Krause and Braida, 2004; Smith,
2007; Maniwa et al., 2009).

Importantly, these modifications result in a benefit for the
listener. That is, listeners are able to more accurately transcribe
speech (i.e., intelligibility) when the speech is produced in a clear
speaking style (Bradlow and Bent, 2002; Krause and Braida, 2002;
Maniwa et al., 2008; Hazan and Baker, 2011). These benefits
emerge for a variety of listener populations including normal-
hearing listeners (Krause and Braida, 2002; Liu and Zeng, 2006;
Hazan et al., 2018), hearing-impaired listeners (Picheny et al.,
1985; Ferguson and Kewley-Port, 2002), listeners with cochlear
implants (Liu et al., 2004), non-native listeners (Bradlow and
Bent, 2002), and for speech-in-noise in a variety of populations
(Payton et al., 1994; Bradlow and Alexander, 2007; Calandruccio
et al., 2020).

Primarily, the studies cited above elicited speech in
the laboratory using instructions to produce speech for a
hypothetical listener who may have challenges understanding
the speech. Some previous work has elicited clear speech with
naturalistic methods (Moon and Lindblom, 1994; Scarborough
et al., 2007; Hazan and Baker, 2011; Scarborough and Zellou,
2013). In these situations, talkers typically do not receive
instructions to modify their speech or to speak clearly. Instead,
they are placed in communication situations where their speech
will be harder for their listener to understand. There have
been some differences reported between these two elicitation
types with some showing more hyperarticulation in speech
elicited in naturalistic conditions and others showing more
hyperarticulation for speech elicited with a hypothetical listener.
Importantly, compared to plain speech, both types of elicitation
methods result in acoustic modifications and perceptual benefits
(see e.g., Hazan and Baker, 2011; Hazan et al., 2015; Lee and
Baese-Berk, 2020).

While these previous findings have demonstrated that this
listener-oriented speaking style tends to result in both acoustic
modifications by the talker and perceptual benefits for listeners,
much less attention has been paid to other properties of the
language produced by speakers in these situations, especially
in clear speech elicited in naturalistic situations. That is, one
could imagine that when in a naturalistic environment where
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communicative success is imperative, talkers may modify their
speech in multiple ways, including lexical, syntactic, or pragmatic
selection. These modifications could result in even greater ease
for listeners. This type of investigation is critically important
because some previous work has demonstrated that intelligibility
benefits for listeners are not necessarily reflected in acoustic
modifications of clear speech (e.g., Lee and Baese-Berk, 2020).
That is, in some cases listeners understand speech that was
elicited in naturalistic scenarios that often result in “clear speech”
better than speech elicited as “plain speech,” but investigations
for acoustic correlates that may be driving these results have not
shown significant differences between the two speaking styles
(e.g., no significant differences in speaking rate, F0, intensity,
etc.). Therefore, it is possible that other, non-acoustic, properties
of the signal are impacting ease of understanding for listeners.

Further, most previous studies of clear speech have examined
the speaking style as a monolithic construct, and have not
directly investigated cases in which the specific properties of
clear speech might shift as a function of the audience and
the needs of the audience. As a counterexample, Hazan et al.
(2012) demonstrated that acoustic properties of clear speech
differ as a function of communicative barrier (i.e., vocoded
speech vs. speech presented in multi-talker babble). For example,
speaking rate and fundamental frequency differ across the two
conditions—though both are distinct from plain speech. Also,
preliminary work from our lab (Wright and Baese-Berk, 2020)
suggests that lexical and syntactic information may shift as a
function of the needs of the audience. Using only lexical and
syntactic information from the talker’s speech in transcriptions
of conversations from the LUCID corpus, which included three
clear speech eliciting conditions and one plain speech eliciting
condition, we found that natural language processing classifiers
perform significantly above chance when predicting the listening
condition of the audience based solely on the talker’s speech.
This suggests that there are some non-acoustic properties of the
speech that are differentiated among the various clear speech
eliciting conditions. However, the factors differentiating lexical
and syntactic properties that allowed the classifiers to perform
well were not clear.

There is a broad body of work on how interlocutors refer
to objects in the world in conversation (see Arnold, 2008 for a
review). When speaking, we have the choice of many different
ways to refer to the same referent in the world (e.g., the cat, it,
the striped one), and the method of reference we select seems to
depend on many factors. Among these factors are whether the
information being referred to is new or given (i.e., previously
referred to in discourse), what a speaker knows about a listener’s
familiarity with the topic, other information that the speaker
infers about the listener (e.g., proficiency in the language of
discourse), and ease of retrieval for the speaker. Thus, it seems
that the notion of what constitutes “clear speech” can be even
further subdivided.

Therefore, here, we investigate one specific aspect that could
be modified by talkers during elicitation of clear speech in
naturalistic conversations: lexical selection. Below, we briefly
describe the two families of measurements used in our analyses:
lexical diversity and lexical sophistication. Both families of

measures are used widely in assessment of second language
writing, among other fields. We believe that they are appropriate
for the present study because they provide us with a series of
measures capable of directly assessing lexical complexity, which
may impact how listeners perceive speech and/or how speakers
modify their speech for listeners.

Lexical Diversity
Broadly speaking, lexical diversity is the range of different words
used in a text or conversation. A greater range is equivalent
to higher diversity. Lexical diversity is used in a variety of
assessment tools including as ameasure of proficiency in a second
language (Engber, 1995; Cumming et al., 2005), vocabulary
knowledge (Zareva et al., 2005; Yu, 2010), and even as a marker
of onset of neurodegenerative diseases like Alzheimer’s disease
(Garrard et al., 2005; van Velzen and Garrard, 2008) or in mild
cases of aphasia (Cunningham and Haley, 2020). Measures of
lexical diversity are important for many reasons. While more
diverse texts or speech samples may be indicative of greater
proficiency for the speaker or writer, they may also be more
challenging for a reader or listener to understand. That is,
samples with greater diversity, may also include less repetition,
more switches among topics, and use of multiple lexical items to
refer to the same concept. Each of these factors could make it
more challenging for a listener to understand what is being said.
Therefore, we may expect lower lexical diversity values in clear
speech situations than in plain speech situations.

Historically, lexical diversity has been indexed via the type-
token ratio (Johnson, 1944; Templin, 1957), in which the total
number of unique words (i.e., types) is divided by the total
number of words (i.e., tokens). The closer this ratio is to 1,
the greater lexical diversity in the sample. However, indices like
type-token ratio are often sensitive to length of language sample:
longer texts often have disproportionately lower type-token ratios
than shorter texts, and this value may not be indicative of
lexical diversity more broadly. Further, some measures of lexical
diversity (including type-token ratio), make assumptions about
textual homogeneity. That is, some measures of lexical diversity
fail to recognize that talkers may vary diversity levels in different
points of conversation or a text for some specific purpose. For
instance, there are particular circumstances in which language
that is less lexically diverse is employed as a rhetorical strategy,
therefore, indices have been developed that control for the
intentional use and variety of particular structures. This serves
to ensure that the measure does not treat a single structure or
pattern as representative of the text as a whole (see McCarthy and
Jarvis, 2010 for a summary of these issues).

In the present study, we present results from the typical type-
token ratio analyses. However, given the considerations above,
we also report three additional measures, which may provide
a more complete understanding of lexical diversity within our
sample. First, we report the moving average type-token ratio
(MATTR; Covington and McFall, 2010), which uses a 50-word
window to continuously calculate type-token ratio throughout a
sample. Second, we report the hypergeometric distribution (HD-
D; McCarthy and Jarvis, 2007). This represents the probability
of drawing a number of tokens with some specific type from
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a sample of a specific size. Finally, we report a version of the
“measure of textual lexical diversity” (MTLD; McCarthy, 2005;
McCarthy and Jarvis, 2010).While we refer the reader to previous
work for specific descriptions of this index, the measure roughly
corresponds to the average length in words that the sample stays
at a specific type token ratio.

Taken together, we believe these indices will allow us to better
understand the lexical diversity of the samples in the current
study. By comparing how these indices differ across a number
of conditions that induce clear speech, we will be able to better
understand how clear speech may vary across scenarios.

Lexical Sophistication
Lexical sophistication is often simply described as the number of
“unusual” words in a sample. As is the case for lexical diversity,
a number of constructs can be used for characterizing lexical
sophistication, depending on the goals of the researcher (Eguchi
and Kyle, 2020). Lexical sophistication is frequently used as an
indicator of language proficiency in second language assessments
of speaking and writing (Laufer and Nation, 1995; Kyle and
Crossley, 2015; McNamara et al., 2015). However, we believe that
it could be a tool to characterize the relative lexical complexity of
clear speech, as in the current study.

Here, we specifically assess four measures of lexical
sophistication (see Crossley et al., 2012), all of which investigate
the relative frequency of a word or sets of words. First, we report
the lexical frequency for words within our speech samples. This
frequency is calculated using a reference corpus. The reference
corpus should, ideally, match the properties of the speech
sample, given that relative frequency of a word, for example,
may differ across language variety or modality (i.e., spoken vs.
written). We discuss this issue in more detail below. Second, we
report the range, or the number of speech samples in a particular
corpus in which a word occurs. Third, we report two measures of
bigram frequency in a sample: the mean frequency for bigrams
(i.e., pairs of words) and the proportion of bigrams in the sample
that are within the most frequent 25,000 bigrams in the corpus.
Finally, we report the same two measures for trigrams (sets of
three consecutive words).

We interpret measures of lexical sophistication as being
indicative of lexical complexity within our clear speech and plain
speech samples. We predict that, if talkers modify their lexical
complexity for their audience, they will use higher frequency
words and higher frequency collocations (i.e., bigrams and
trigrams) when producing clear speech than plain speech.

Current Study
In the current study we examine talker speech modulations
across naturalistic scenarios in the London UCL Clear Speech
in Interaction Corpus (LUCID; Baker and Hazan, 2011; Hazan
and Baker, 2011). The LUCID corpus includes naturalistic
conversations in a variety of conditions designed to elicit
clear speech, as well as a “no-barrier” condition that elicit
naturalistic conversation between native English speakers. The
clear speech conditions include speech in noise, a simulation of
speech through a cochlear implant (i.e., vocoded speech), and
conversations between individuals who do not share a language

background (i.e., native English speakers and non-native English
speakers). Previous studies have used this dataset to demonstrate
that talkers make acoustic modifications of their speech in clear-
speech situations (Hazan and Baker, 2011) and that speech in
clear-speech situations is more easily understood than speech in
plain-speech situations (Hazan and Baker, 2011; Lee and Baese-
Berk, 2020). To determine how speakers might modulate other
aspects of their speech, we use measures of lexical diversity
and lexical sophistication to directly investigate how talkers
modulate lexical selection across clear-speech eliciting conditions
and plain-speech eliciting conditions.

Specifically, we compare lexical selection in clear-speech
eliciting conditions to a condition not designed to elicit
clear speech. As previous studies have shown robust acoustic
differences between the two broad speaking styles, we ask
whether lexical diversity and lexical sophistication also differ
between these styles.

We also compare clear-speech eliciting conditions with
L1 listeners to speech directed to L2 listeners. We ask
whether speech to L2 listeners without an additional barrier
to communication differs from speech to L1 listeners in
communicatively challenging situations (speech in noise; a
simulation of speech through a cochlear implant). Most work on
clear speech refers to the clear-speech speaking style as “listener-
oriented,” and groups clear-speech eliciting conditions together
under the same umbrella. However, here, we ask whether clear-
speech eliciting conditions are actually the same and whether
talkers are orienting their speech toward some generic listener
who may have difficulty understanding them or whether this
modulation is more dynamic in nature. While clear-speech
eliciting conditions may share some properties, they may also
differ in ways that are important to understand if we are to fully
account for how talkers modulate their speech for their audience.

Finally, we compare clear-speech eliciting conditions
with L1 speakers directly to each other, asking whether
measures of lexical diversity and lexical sophistication
reveal differences in lexical selection in speech to L1
listeners as a function of the challenging listening
situation, which expands on previous work that has
demonstrated that there are acoustic features that differ
as a function of the communication challenge faced
(Hazan et al., 2012).

METHODS

In this study, we analyze data previously collected for the LUCID
corpus. Below, we briefly describe the participants and task
before describing more detail the specific stimuli we analyzed in
the present paper, the measures we extracted, and the analyses
conducted. For more in depth descriptions of the participants
and task, we direct the reader to Baker andHazan (2011). Further,
all sound files and transcripts analyzed in this project are publicly
available via SpeechBox (Bradlow1).

1Bradlow, A. R. SpeechBox. https://speechbox.linguistics.northwestern.edu.
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Participants
Participants in this task were 40 native, monolingual
speakers of southern British English, between 18 and
29 years of age. 20 participants identified as female,
and 20 participants identified as male. Participants
did not self-identify as having a history of speech or
hearing disorder and all participants passed a basic
hearing screening.

Task
Each participant in the LUCID Corpus completed a set of Diapix
tasks (Van Engen et al., 2010). Participants in this task completed
a “spot-the-differences” task. Each participant is presented with a
different hand-drawn picture that is very similar to their partner’s
picture but contains several key differences. These differences can
include missing items (e.g., a sign being present in one picture
but absent in the other) or differences in objects or actions (e.g.,
a girl sitting on a beach ball in one picture but playing with the
beach ball in the other picture). Differences in missing items are
equally distributed between picture pairs. Participants are asked
to collaborate with their partner to find 10 differences between
their pictures without seeing their partner’s picture (see Baker
and Hazan, 2011 for pictures used in the Diapix tasks). This task
requires both partners to contribute to solving the task, resulting
in a different balance of speech across talkers than tasks like
the Map Task (Anderson et al., 1991), which has a set giver-
receiver structure. The range of items in a Diapix picture allows
the experimenter to more closely limit the lexical items that will
be discussed in the picture than a free-ranging conversation, and,
at the same time, the specific structure of the pictures described
in the LUCID corpus (i.e., DiapixUK) requires participants to use
a variety of linguistic structures to accurately complete the task.

The LUCID corpus includes talkers describing one of three
different types of scenes: beach, farm, or shop. Each participant
completed each scene with a different partner or communication
situation. During session 1, all talkers completed the task in quiet
listening conditions. During session 2, the target talkers spoke
to partners who heard vocoded speech (i.e., cochlear implant
simulations). During session 3, talkers spoke with a partner who
either heard the speech in multi-talker babble (i.e., noise) or
a partner who is a native speaker of a non-English language
and is a low-proficiency English speaker. Therefore, speech was
produced in one of four conditions analyzed below. We adopt
the terminology used by Hazan and colleagues in their work to
refer to these conditions: no-barrier (i.e., conversational/plain
speech), vocoded (i.e., cochlear implant simulation), babble (i.e.,
speech-in-noise), and L2 (i.e., speech with a communication
partner who is a non-native speaker). No talkers produced speech
in all conditions; however, all talkers produced speech in three
of the four conditions. Further, the order of the pictures was
counterbalanced across talkers, thus any effects below cannot
be accounted for solely by picture content or picture order. By
examining speech from the same set of talkers, we also hope
to roughly control for individual differences in how talkers
modulate their speech for an audience.

Stimuli
The LUCID corpus contains sound files for each conversation
and each conversation is orthographically transcribed in time-
aligned TextGrids. For this project, we used the Praat TextGrids
(Boersma and Weenink, 2021) associated with each sound file to
extract the speech from the target talker for each conversation.
Here, we define the target talker as the talker who does not
experience the communication barrier (i.e., not hearing speech
in babble or through a vocoder). The transcriptions were cleaned
to prepare them for tokenization (i.e., dividing the transcript
into individual words) and lemmatization (i.e., modifying the
words into uninflected lexical items) using the Tool for the
Automatic Analysis of Lexical Diversity (TAALED) and Tool
for the Automatic Analysis of Lexical Sophistication (TAALES)
interfaces (described below). All filled and unfilled pauses, as
well as other vocal noises (i.e., laughter) were removed from
the transcriptions.

Measurements
Using the transcripts described above, we extracted a series of
lexical diversity and lexical sophistication measures. For the
lexical diversity measures, we used the TAALED (Kyle et al.,
2021). This tool allows for extraction of typical measures of
lexical diversity (e.g., type-token ratio), but also a variety of
more complex measures of diversity (e.g., MTLD). For the
lexical sophistication measures, we used the TAALES (Kyle and
Crossley, 2015; Kyle et al., 2018).

Tool for the Automatic Analysis of Lexical Diversity calculates
lexical diversity within a single spoken or written text, and thus
does not require a reference corpus. Tool for the Automatic
Analysis of Lexical Sophistication, on the other hand, calculates
frequency information and other measures in reference to larger
corpora, and thus requires a reference corpus. Because our
speakers in this study were all native speakers of southern British
English, we used the British National Corpus (BNC Consortium,
2007) as our reference corpus. Specifically, we used the spoken-
language sections of the corpus, since we are examining spoken
language, not written language2.

Analyses
We conducted linear mixed models for each measurement of
interest. For each measurement, the measurement (e.g., type-
token ratio) was the dependent variable. Condition was the
fixed factor. We Helmert coded condition to make the following
comparisons: (1) no-barrier condition vs. barrier conditions (L2,
vocoded, and babble); (2) L2 vs. other barrier conditions (i.e.,
babble and vocoded speech); and (3) babble vs. vocoded speech3.

2The sound files for the LUCID corpus and the transcriptions in Praat TextGrids

are publicly available in SpeechBox (https://speechbox.linguistics.northwestern.

edu/#!/home.) Tool for the Automatic Analysis of Lexical Sophistication and

Tool for the Automatic Analysis of Lexical Diversity are also both publicly

available (https://www.linguisticanalysistools.org.) Further, our data (exported from

TAALES and TAALED) and code and preregistration for our analyses are available

via OSF (https://osf.io/dfhpu/?view_only=49d95d90424941da82217a239ab7450c).
3Note that this analysis (and any analysis with multiple levels for a single factor

in a mixed model) does not allow reporting of a “main effect” of condition, as in

a traditional ANOVA (see, e.g., Schad et al., 2020). Therefore, these comparisons

are not post-hoc comparisons but are the (preregistered) comparisons of interest
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Our reasoning for including these comparisons was as follows:
First, we need to understand whether participants modify
these factors when producing speech in challenging listening
situations in general vs. in an “easy” listening condition. The
first comparison answers this question. Second, the three barrier
conditions all differ from each other, but the L2 condition
differs from the other two conditions in that both of those
conditions have a similar listener (i.e., L1 listener). The second
comparison allows us to ask whether the language background of
the interlocutor corresponds to specific modifications of lexical
selection by the talker. Finally, we ask whether the two conditions
with an L1 listener in a challenging situation differ from one
another through the third comparison.

In all models, we include talker as a random intercept.
Inclusion of other random effects (e.g., scene) resulted
in overfitting of the models and are thus not included
(Barr et al., 2013).

Significance of each factor was calculated using model
comparisons where a model without the factor in question was
compared to a model including that factor. Tables containing full
model results are included in Supplementary Material. Below,
we summarize the model comparison results.

RESULTS

Below, we present analyses for each of the indices we have
calculated. First, we present the results for lexical diversity,
followed by the results for lexical sophistication. In all cases we
investigate all words produced, rather than subsetting to content
words or function words. In general, content words show similar
patterns to the full set of words. Patterns for function words
differ slightly, but we believe that this is largely driven by the fact
that function words in general are a smaller set of words which
skew these measures. Therefore, below we report the analyses for
all words.

Lexical Diversity
Before examining specific indices, it is useful to note how much
speech is produced in each condition. Because it is clear that some
lexical diversity measures are sensitive to length of sample, we
begin by reporting the average number of tokens in each sample
for each condition. This is shown in Table 1 below:

It is clear that talkers produce the most speech when
communicating with an L2 listener and the least speech when
speaking in the “no-barrier” condition. The two other “barrier”
conditions (babble and vocoded speech) are intermediate, but are
closer to the no-barrier condition than to the L2 condition. This
suggests that if we find effects of lexical diversity with indices that
are sensitive to sample length (e.g., type-token ratio) these effects
may be driven by these rather large differences in text length. We

for this study. At the request of an anonymous reviewer, we also conducted

analyses to examine overall effects. The results of these analyses, presented in

Supplemental Materials, mirror those reported below. The models for all but one

metric have t-values >1.85, suggesting a significant difference among conditions.

The exception to this is trigram frequency (in Section Trigram Frequency below),

which also does not show differences among conditions in our preregistered

analysis (reported below in each of the subsections of section Results).

TABLE 1 | Average number of words (i.e., tokens) per conversation per condition.

Condition Average number of tokens

No-barrier 662.78

L2 1,095.92

Babble 756.75

Vocoded 785.21

still report these results below because we believe that a picture
from all metrics is informative.

Type-Token Ratio
All three main effects were significant for the analysis of type-
token ratio. The comparison of the no-barrier condition to the
other three conditions significantly improved model fit (χ2 =

139.8, p < 0.0001). The comparison of the L2 condition to
the other two barrier conditions (babble and vocoded) also
significantly improved model fit (χ2 = 60.916, p < 0.0001).
Finally, the comparison between the babble and vocoded
conditions also significantly improved model fit (χ2 = 6.15,
p= 0.013).

Examining Figure 1 below, it is clear that the type-token ratio
is highest for the no-barrier condition, compared to the other
conditions. Further, the L2 condition demonstrates the lowest
type-token ratio, and the other two conditions are intermediate,
with the vocoded condition showing a higher type-token ratio
than the babble condition. This is in line with our prediction
that talkers might use more repetitive speech in the “barrier”
conditions than the no-barrier condition. However, this is also
in line with previous findings suggesting that type-token ratio
may be sensitive to sample length. Therefore, we now turn our
attention to more sophisticated measures of lexical diversity.

Moving Average Type-Token Ratio
As in the case of type-token ratio, all three main effects were
significant for the analysis of the MATTR (calculated over a 50-
word window). The comparison of the no-barrier condition to
the other three conditions significantly improved model fit (χ2

= 149.1, p < 0.0001). The comparison of the L2 condition to the
other two barrier conditions also significantly improved model
fit (χ2 = 7.85, p = 0.005). Finally, the comparison between the
babble and vocoded conditions also significantly improvedmodel
fit (χ2 = 20.037, p < 0.001).

As demonstrated in Figure 2 below, it is clear these results
fall in line with those results for the basic type-token ratio
described above.

Hypergeometric Distribution
Here, the results differ from the two type-token ratio analyses
described above. Two of the main effects significantly improve
model fit. The comparison of the no-barrier condition to the
other three conditions significantly improved model fit (χ2

= 80.207, p < 0.0001). Further, the comparison between the
babble and vocoded conditions also significantly improved
model fit (χ2 = 8.9887, p = 0.003). However, the comparison
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FIGURE 1 | Type-token ratio across four conditions.

FIGURE 2 | Moving-average type-token ratio calculated over a 50-word window across four conditions.

of the L2 condition to the other two barrier conditions
does not significantly improve model fit (χ2 = 0.1698,
p= 0.6803).

Figure 3 shows the results for this index. Note that HD-D is
designed to control for the assumption of homogeneity in the
sample, more than for the imbalance in text size, suggesting that
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FIGURE 3 | Hypergeometric distribution (from a random sample of 42 tokens); converted to the same scale as type-token ratio across four conditions.

when controlling for homogeneity, speech to L2 listeners may be
similar in terms of lexical diversity to speech in the other two
barrier conditions.

Measure of Textual Lexical Diversity
As in the case of the type-token ratio indices reported above,
all main effects significantly improve model fit. The comparison
of the no-barrier condition to the other three conditions
significantly improved model fit (χ2 = 119.69, p < 0.0001).
The comparison of the L2 condition to the other two barrier
conditions (babble and vocoded) also significantly improved
model fit (χ2 = 4.3075, p = 0.038). Finally, the comparison
between the babble and vocoded conditions also significantly
improved model fit (χ2 = 8.2303, p= 0.004).

Figure 4 depicts the MTLD indices for each condition.

Order Effects
One concern with the results here is that participants perform
the task multiple times, and thus the order of conditions may
impact the results. The order of conditions was fixed across
participants such that all participants first completed the no
barrier condition followed by the vocoded condition. Half the
participants then completed the babble condition and half of the
participants completed the L2 condition. Therefore, condition
order is conflated with condition type for this study. However,
given the results, we believe that order of condition is not a
major concern for our study. That is, one might expect that
over time participants would repeat words more often (i.e.,

have lower lexical diversity measures). If this were the case, we
would expect that the L2 and babble conditions should have
the least lexical diversity. While it is the case that, in general,
these conditions have less lexical diversity than the no barrier
condition, they do not differ systematically from the vocoder
condition. Therefore, we believe it is unlikely that order of
conditions alone explains our results. This interpretation is in line
with evidence from Baker and Hazan (2011), who demonstrated
that these participants did not appear to improve or “learn”
across iterations of completing this task.

A second concern is that the order of pictures within a
condition may impact performance. Each participant completed
three pictures within each condition. However, order of picture
was not a significant predictor of model fit for any of the above
metrics, and was therefore not included in the final model
fit for any metric. This is consistent with evidence suggesting
participants do not complete the task more quickly across
iterations of the pictures (Lee and Baese-Berk, 2020).

Interim Summary
Taken together, these results suggest that there are significant
differences in lexical diversity between conditions that are and
are not designed to elicit clear speech. The no-barrier condition
shows the most lexical diversity, whereas the L2 condition,
generally, shows the least diversity. There are some differences
across metrics in terms of the relative ranking of diversity values
for the babble and vocoded conditions, suggesting that these two
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FIGURE 4 | Measure of textual lexical diversity (using a moving average approach, both forward and backward) across four conditions.

conditions may be more similar to one another than to either the
no-barrier or L2 conditions.

Lexical Sophistication
As in the case of the lexical diversity results presented above, we
describe each index in turn below.

Lexical Frequency
Two of the main effects significantly improved model fit for the
analysis of lexical frequency. The comparison of the no-barrier
condition to the other three conditions significantly improved
model fit (χ2 = 66.666, p < 0.0001). The comparison of the
L2 condition to the other two barrier conditions (babble and
vocoded) also significantly improved model fit (χ2 = 12.225,
p = 0.0005). However, the comparison between the babble and
vocoded conditions did not significantly improve model fit (χ2

= 3.3212, p= 0.068).
Examining Figure 5 below, it is clear that lexical frequency

is the lowest for the no-barrier condition and highest for the
L2 condition. As in the case of the lexical diversity measures
presented above, the other two conditions fall intermediate to
these conditions. While numerically the babble condition shows
higher frequency than the vocoded condition, this difference was
not significant. This result suggests that speakers modify not only
the variability in words they produce, but also specifically which
words they produce.We continue to explore these effects with the
indices below.

Range
The pattern of results for range is different from any of the
previously reported results. Recall that range here refers to the
number of samples in the reference corpus (i.e., BNC) that a
word appears in. Another way of describing this metric is how
“common” the word is. Here, we see that the comparison of
the no-barrier condition to the other three conditions did not
significantly improve model fit (χ2 = 0.6595, p = 0.4168). This
is notable because, thus far, all analyses have suggested significant
differences between the conditions designed to elicit clear speech
(i.e., barrier conditions) and the condition designed not to elicit
clear speech (i.e., no-barrier condition). To further complicate
the puzzle, the other two main effects do significantly contribute
to model fit. The comparison of the L2 condition to the other two
barrier conditions (babble and vocoded) significantly improved
model fit (χ2 = 59.877, p < 0.0001). Further, the comparison
between the babble and vocoded conditions also significantly
improved model fit (χ2 = 7.7695, p= 0.005).

Examining Figure 6 below, it becomes clear that the pattern
of results is different from the patterns demonstrated for the
other indices. While we continue to observe more common
words (i.e., a greater range) for the L2 condition, it is not the
case that the no-barrier condition follows the typical patterns
observed above. Specifically, instead of the no-barrier condition
being the lowest value, the vocoded condition is the lowest. It is
not immediately clear why this would be the case; however, it is
possible that because the vocoded condition is the least familiar
to participants they may demonstrate less consistency across
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FIGURE 5 | Lexical frequency from the LUCID corpus across four conditions.

FIGURE 6 | Range of samples from the BNC in which a word from the LUCID corpus was found across four conditions.

indices, compared to the other conditions. That is, the other three
conditions are cases that talkers are likely to have at least some
familiarity with. Talking to someone in a noisy environment is

a common occurrence at a restaurant or party. Speaking with a
non-native speaker is also a relatively common occurrence for
many talkers in our increasingly globalized society. However,
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speaking to someone who is perceiving your speech through a
vocoder is relatively rare. Even if a person does have experience
communicating with someone with a cochlear implant, it is
unlikely they would have experience hearing that type of speech
as well. Here, all participants are familiarized with how speech
sounds when vocoded, which could impact how they modify
their speech.

Bigram Frequency
For bigram frequency, we see that the comparison of the no-
barrier condition to the other three conditions significantly
improved model fit (χ2 = 26.318, p < 0.0001). However, the
other two comparisons did not significantly improve model fit
(L2 vs. other conditions: χ

2 = 0.5585, p = 0.4549; babble vs.
vocoded: χ2 = 0.2157, p= 0.6423).

These results, too, diverge from some of the previously
reported results. Examining Figure 7 below, we see that while
the no-barrier condition shows the lowest bigram frequency,
the other three conditions do not differ significantly from
one another.

Trigram Frequency
The trigram frequency analysis reveals that none of the main
effects significantly improve model fit (No-barrier vs. barrier
conditions: χ

2 = 2.5851, p = 0.1079; L2 vs. other conditions:
χ
2 = 1.7431, p = 0.1867; babble vs. vocoded: χ

2 = 1.9693,
p= 0.1605).

While numerically the results fit with our previous
observations (see Figure 8), because no results are significant, it
is difficult to interpret these findings. We are especially cautious
not to overinterpret the null results we observe here.

Proportion of Bigrams Within the 25,000 Most

Frequent Bigrams
Rather than looking at frequency of the two- and three-word
collocations in our samples, here we examine the proportion of
these collocations that are among themost frequent bigrams (and
then trigrams) in the corpus.

As was the case for lexical frequency, two of the main
effects significantly improved model fit for the analysis
of lexical frequency. The comparison of the no-barrier
condition to the other three conditions significantly
improved model fit (χ2 = 13.932, p = 0.0002). The
comparison of the L2 condition to the other two barrier
conditions (babble and vocoded) also significantly improved
model fit (χ2 = 57.597, p < 0.0001). However, the
comparison between the babble and vocoded conditions
did not significantly improve model fit (χ2 = 2.9483,
p= 0.086).

Examining Figure 9 below, it is clear that this index follows
the pattern of many of the indices above. The no-barrier
condition reports the lowest proportion of bigrams among the
25,000 most frequent and the L2 condition reports the highest
proportion, with the other conditions lying intermediate between
the two.

Proportion of Trigrams Within the 25,000 Most

Frequent Trigrams
For this index, the only factor that emerged as significantly
contributing to model fit was the comparison of the L2
condition to the other barrier conditions (χ2 = 48.845,
p < 0.0001). The other two comparisons did not significantly
improve model fit (no-barrier vs. barrier conditions: χ

2

= 1.1734, p = 0.2787; babble vs. vocoded: χ
2 = 1.2454,

p= 0.2644).
Examining Figure 10, it is clear that the L2 condition

results in the highest proportion of trigrams among the most
frequent in the corpus; however, the other conditions show less
clear patterns.

Order Effects
As described above, it is possible that condition order,
which is conflated with condition itself, may impact the
lexical sophistication results. However, as in the case
of lexical diversity described in Section Order Effects
above, we believe that predicted order effects would
be the opposite of the condition effects we see in the
present data (i.e., the L2 and babble conditions should
have higher measures of lexical sophistication if the
task is easier as talkers adapt to the task, topics, and
their partner).

Further, examining order of pictures, we primarily see no
significant impact on picture order for the metrics described
above. There is one exception, however. Picture order is a
significant predictor of the proportion of bigrams within the
25,000 most frequent bigrams (χ2 = 63.218, p < 0.0001).
Picture order does not interact with any other factors in
the model (i.e., condition). Examining the data, it appears
that talkers use a higher proportion of bigrams among
the most frequent bigrams in the first picture of each
condition and use a smaller proportion in later pictures.
We caution over-interpretation of this particular finding as
it is not consistent with the null results for the other
metrics. However, it is possible that as listeners adapt to
the task they do use slightly less frequent collocations as
the task progresses. Some acoustic analyses of this data
(Lee and Baese-Berk, 2020) have demonstrated that some
acoustic properties of the signal (e.g., vowel duration) also
decrease across pictures, suggesting that perhaps some aspects
of speech do differ as the speaker adapts to speech within
a condition4.

Interim Summary
Overall, the results of lexical sophistication demonstrate similar
results to the lexical diversity results above. On average, the
no-barrier condition is different from the barrier conditions
across many indices, indicating that conditions designed
to elicit clear speech not only elicit different numbers of
unique words but also different kinds of words. Further,

4Note, however, that many other aspects of the acoustic signal (e.g., F0, speaking

rate) and intelligibility do NOT differ as a function of the order of the picture

in the task (Lee and Baese-Berk, 2020). Therefore, we reiterate our caution in

over-interpretation of this specific result.
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FIGURE 7 | Frequency of bigrams (i.e., pairs of words) from the LUCID corpus across four conditions.

FIGURE 8 | Frequency of trigrams (i.e., sets of three of words) from the LUCID corpus across four conditions.

on many metrics the L2 condition differs from the other
conditions designed to elicit clear speech. However, the
vocoded and babble conditions demonstrate less clear patterns.

Indeed, on some metrics they pattern more closely with the
no-barrier condition than with the L2 condition, suggesting
that different listeners may elicit different types of clear
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FIGURE 9 | Proportion of bigrams from the LUCID found among the 25,000 most common in the BNC.

FIGURE 10 | Proportion of trigrams from the LUCID found among the 25,000 most common in the BNC.

speech. These results are particularly remarkable because
the semantic content of the speech is relatively constrained
by the pictures being described. That is, talkers do not

have unlimited access to use any lexical items they would
like. Instead, they are at least somewhat constrained by
the task.

Frontiers in Psychology | www.frontiersin.org 13 June 2021 | Volume 12 | Article 661415

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Baese-Berk et al. Diversity, Sophistication, and Clear Speech

DISCUSSION

Overall, our findings suggest that talkers do, indeed, modulate
the lexical diversity and lexical sophistication of their speech as
a function of who they are talking to and in what conditions
they are producing their speech. Below, we briefly discuss the
implications of these findings for our understanding of clear
speech, their implications for our understanding of speech
processing and communication more broadly, and propose some
future directions for investigation.

Implications for Understanding of Clear
Speech
Previous studies of clear speech have largely treated the speaking
style as a monolithic construct encompassing all types of
scenarios in which a talker might want to produce clearer speech
for a listener. Indeed, in studies that have elicited clear speech
in the laboratory for a hypothetical listener, the listener is often
given a number of options for who they should be envisioning as
the recipient of their speech. For example, a common instruction
is to “speak as though you are talking to someone who has
difficulty hearing or is a non-native speaker of a language”
(Picheny et al., 1985; Biersack et al., 2005; Maniwa et al., 2009),
which conflates two of the scenarios examined here.

At the same time, clear speech is often described explicitly
as a “listener-oriented” speaking style. This is likely largely
because the acoustic modifications seen in clear speech
correlate with robust improvements in a variety of perceptual
measures including objective number of words understood
(intelligibility) and subjective difficulty understanding the speech
(comprehensibility). However, if this speaking style is truly
listener oriented, wouldn’t one expect that at least some of the
modifications ought to be tailored toward the specific listener
one encounters?

Indeed, here we demonstrate that listeners do appear to not
only modulate the lexical content of the speech they produce in
clear speech conditions, but alsomodulate this content differently
for different types of communication situations. This finding
is consistent with previous research suggesting that speakers
do alter their speech along different dimensions depending
on the identity of the listener. For example, while talkers
alter pitch similarly in speech to pets and infants, they only
hyperarticulate vowels in IDS (Burnham et al., 2002; Xu et al.,
2013). Indeed, other discussions of clear speech research (e.g.,
Smiljanic and Bradlow, 2011) have suggested the importance of
understanding how clear speech might be modulated depending
on the audience.While a large body of research has demonstrated
that different populations benefit differently from aspects of clear
speech (e.g., non-native listeners of differing proficiency levels
benefit differently from clear speech), the specific interaction
of how talkers specifically modulate their speech (and how
listeners may or may not benefit from these modulations)
remains understudied.

A skeptical reader may ask whether these results could be due
to some factors we are not capturing by comparing across these
conditions. However, we believe that the most obvious of these
factors are indeed controlled in the current data. One concern,

for example, might be that some talkers are more or less likely
to modulate their speech for their listener. However, each talker
in the corpus used for this analysis appeared in three of the
four conditions.

A concern that might be more directly related to the issues
of lexical diversity and sophistication investigated here is the
influence of topic on these results. That is, if talkers are in truly
natural conversations, they can choose the lexical content they
produce with relative freedom. Some topics may be more or less
likely to elicit more diverse or sophisticated lexical items. One
feature that makes this corpus ideal for an analysis like ours is
that the semantic content is relatively constrained. For example,
one would be relatively surprised to hear a talker discussing
nuclear physics when describing the beach scene. This feature,
we believe, stacks the cards against us finding the results we did.
That is, because the lexical content is relatively constrained, it
is even more remarkable to see effects of lexical diversity and
sophistication emerge.

We believe that these findings have two important
implications for our understanding of clear speech. The
first is that typical investigations of clear speech focus on acoustic
properties of the speech or on perceptual consequences of clear
speech for listeners. Our findings suggest that clear speech
encompasses a set of speaking styles that differ from plain speech
not only on acoustic dimensions but also on other dimensions,
including lexical selection.

The second is that a more nuanced understanding of clear
speech is necessary to fully understand the phenomenon (or set
of phenomena). That is, while clear speech as an overarching
style does, clearly, have some characteristics that are common, it
does appear that this speech is listener-oriented in a more specific
way. Talkers modify their speech for their listeners (as seen in
the differentiation of L2 speech from the other two clear-speech
eliciting conditions) and, in some situations, depending on the
communication situation with a single listener (i.e., babble vs.
vocoded speech). These results open new avenues for exploration,
which we describe inmore detail in section Future Directions and
Open Questions below.

Audience Design, Speech Production, and
Predictability
In some ways, these results are unsurprising. As discussed in
the introduction of this paper, it has been clear for decades
that talkers modulate their speech for their listener. Indeed,
this modulation, often described as “audience design” (Clark
and Murphy, 1982) can take many forms including modulating
speaking style (Bell, 1997) and modulating referents to given or
new items (Horton andGerrig, 2002). However, a speaker’s ability
to modulate their speech for specific audiences is impacted by
many factors, including memory demands (Horton and Gerrig,
2005). Further, it is not fully clear how audience design may
impact lexical selection beyond modulating items within the
common ground (Horton and Gerrig, 2002, 2005) or entraining
on a shared term to refer to an object (Clark and Wilkes-
Gibbs, 1986; Brennan and Clark, 1996; Metzing and Brennan,
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2003). That is, it is unclear how much speakers modulate lexical
sophistication or lexical diversity as a function of their audience.

Indeed, tracking the frequency of lexical items used is, on
its surface, rather complicated. Tracking the frequency and
appropriately modulating the frequency of collocations of words
appears to be even more complicated. While we do not suggest
that speakers are consciously modulating the frequency of words
or collocations that they use, it is important to note that speakers
do have some metalinguistic awareness of lexical frequency
(Carroll, 1971; Verhagen and Mos, 2016). That is, they are
aware of what words are relatively higher and lower frequency,
suggesting that modulating such factors in their speech may not
be as complicated as it initially sounds.

One fundamental question is why speakers might modulate
their speech in the ways we observe here. We have suggested
throughout the paper that this modulation may result in
speech that is easier to understand. But easier how, exactly?
One way in which the speech may be easier to understand
is that it may be more predictable for the listener. It is
clear that semantic predictability within a sentence impacts
perception. Low predictability sentences (e.g., mom thinks that
it is yellow) are less well-understood than high-predictability
sentences (e.g., the color of a lemon is yellow; Kalikow et al.,
1977). Similarly, semantically anomalous sentences (e.g., the
black top ran the spring) are harder to understand than
semantically meaningful ones (Miller and Isard, 1963). On a
lexical level, high frequency words are perceived more accurately
than low frequency words (Carroll, 1971; Verhagen and Mos,
2016). Caregivers use more repetition and a more restricted
vocabulary when talking to 6-month-old infants than to 3-
month-old infants (Genovese et al., 2020), but a larger and
more diverse vocabulary again as infants age and develop
more adult-like linguistic abilities (Genovese et al., 2020; Tal
et al., 2021). In addition, native talkers, when communicating
with non-native talkers, have been found to avoid idiomatic
expressions and usemore high-frequency words (e.g., Rodriguez-
Cuadrado et al., 2018). This suggests that, in both IDS and
foreigner-directed speech, talkers make efforts to modulate
their lexical choices to avoid confusion, and aid non-native
or young listeners through a preference for common words,
and phrases that are less semantically ambiguous. Therefore, it
could be the case that decreased lexical sophistication results
in speech that is slightly more predictable, and thus easier
to understand. Another potential argument is supported by
claims that talkers may, to an extent, imitate or match certain
characteristics or features of infant-speech or foreigner speech
when modifying their own speech to aid in communication
(Ferguson, 1975). The decrease in lexical diversity and lexical
sophistication could be an effort to match the diversity and
sophistication of their communicative partner when considering
the L2 condition.

Language users modulate their speech in discourse to
disambiguate referents as much as possible, which also aids
comprehension. Arnold (2008) suggests that modulations in
how referents are expressed in discourse are functions of
speakers making larger-scale decisions about the level of an
addressee’s knowledge based on shared social groups or other

information that is available about the addressee, and smaller-
scale adjustments throughout a conversation depending on the
conversation’s focus, topic, and whether the information being
discussed is given or new. In environments where it is particularly
difficult for interlocutors to understand each other, they may
resort to different methods of referring to objects in the world
than they would in environments where conversation is easier to
understand. This would predict increased lexical diversity in the
no-barrier condition compared to the other conditions, which is
what we observed. These findings potentially support previous
literature highlighting the adaptive and instructive nature of
foreigner-directed speech, in that talkers seem to modulate
their speech in a way that will help with comprehension, and
also potentially with acquisition, despite their attitudes toward
the speakers themselves (Uther et al., 2007). Thus, given its
inherently didactic nature, the trend for lexical diversity to
decrease when communicating with non-native talkers may be
relatively salient across multiple L2 backgrounds. This trend
occurs even though talkers incorporate social information,
whether positive or negative, when making judgments about the
addressee’s prior knowledge.

It is quite clear that the decreased lexical diversity measures
also result in more predictable speech. While we have not
examined the productions directly, one interpretation of the
decreased lexical diversity in the conditions designed to elicit
clear speech is that there is an increase in repetition. Previous
research on foreigner-directed speech supports this hypothesis by
showing that native talkers do tend to employ more repetitions
or reduplications in an attempt to help clarify their message
(Ferguson, 1975; Rodriguez-Cuadrado et al., 2018). Thus, it is
possible that this is what we are seeing through the low lexical
diversity scores in the L2 condition. One interesting avenue
for future exploration would be whether listeners signal a need
for repetition, or whether the speakers choose to provide the
repetition without an explicit prompt. It is also possible that
clarifications take different forms across conditions. For example,
repeating vs. rephrasing may be differently distributed across the
conditions. Intuitively, one might expect the L2 condition would
result in the most rephrasing, as listeners might be unfamiliar
with particular lexical items. However, if our results are due
to increased repetition, it appears that we may, in fact, predict
the most repetition in those conditions, if we were to directly
investigate the conversations in more detail.

Taken together, our results suggest that talkers have
extraordinary ability to modify multiple aspects of their speech
for their listener. This modulation may impact predictability
of speech, making it easier to understand. However, the
specific interactions between lexical diversity, sophistication,
and predictability in the signal should be investigated in
future studies.

Future Directions and Open Questions
Of course, this project leaves many open questions and avenues
for future direction. For example, while we investigate lexical
selection in the present study, we do not investigate syntactic
or other high-level properties of the language produced by
talkers in each condition. One might expect that speakers would
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demonstrate the most syntactic complexity in the no-barrier
condition and the least syntactic complexity in speech to non-
native listeners. Similarly, one could investigate “burstiness”
(Altmann et al., 2009), or how locally frequent words are. That
is, one might expect that in the clear speech conditions talkers
may produce more bursty speech, which has more productions
of similar words in a short period of time before shifting to a new
topic with new lexemes presenting as bursty. In the present study,
we only investigate a handful of metrics of the lexical selection by
talkers. A number of other lexical properties (e.g., neighborhood
density) could provide additional information about the lexical
content produced in clear speech and how it might vary across
listeners and communication scenarios.

Further, it is important to note that the results of the study
are somewhat limited because condition and order of condition
are conflated. We do not believe that condition order is the
driving factor for our results. If condition order (rather than
condition per se) were the source of differences, we would expect
to see identical patterns for all metrics in the babble and L2
conditions, which is not what we observe5. Additional evidence
that condition order alone is driving our results can be found
in other work using these same stimuli (e.g., Baker and Hazan,
2011; Lee and Baese-Berk, 2020), which failed to find effects of
reduction over the course of a task. That is, Baker and Hazan
(2011) fail to find evidence of “learning” across conditions or
pictures. Lee and Baese-Berk (2020) find that talkers “re-set” at
the start of a new picture in terms of intelligibility of their speech.
These findings are consistent with work in the area of second
mention reduction which demonstrates that a variety of factors
(e.g., topic changes, listener changes, and even narrative devices)
can “block” such reductions (acoustic or lexical) from occurring
(see, e.g., Fowler et al., 1997). Given these converging results,
we do believe that condition, not order, is driving these results.
However, future work should counterbalance conditions across
orders to ensure that differences we observe are, indeed, driven
by condition.

An additional area of inquiry is whether the findings
demonstrated here hold throughout a conversation. In some
previous work from our lab (Lee and Baese-Berk, 2020), we
investigated these same conversations in terms of their acoustic
properties and the perceptual consequences. We demonstrated
that, in general, speakers produce more intelligible speech when
communicating with non-native talkers than native talkers;
however, they become less clear over the course of a single
conversation. When the topic of conversation switches (i.e.,
talkers switch to a new picture with the same listener), they
“reset” starting over with clearer speech. We interpreted these
findings as evidence that what has been previously described
as clear speech may have both listener- and speaker-oriented
motivations. It is possible that similar patterns of becoming less

5It is important to note, however, that given our preregistered analyses, we do not

report direct comparisons between the babble and L2 conditions. We believe this

is appropriate given that a null result (the predicted result if order effects were

significant) would, itself, be difficult to interpret, as it would not provide conclusive

evidence for the null hypothesis, it would just fail to provide evidence to reject it.

clear occur with lexical items, though it is less clear whether the
“reset” would occur for lexical items shown here.

CONCLUSION

In the present study, we investigate speech from naturalistic
conversations designed to elicit a clear speaking style. Specifically,
we investigate a series of indices of lexical diversity and lexical
sophistication in this speech. We find that talkers modulate their
speech in terms of both the lexical diversity (i.e., variability of
lexical items) and lexical sophistication (i.e., typicality of lexical
items). Specifically, talkers show themost lexical diversity and the
most lexical sophistication in conversational situations that are
designed to elicit plain speech. They demonstrate the least lexical
diversity and least lexical sophistication in speech produced for
a non-native listener. The results suggest that, in addition to the
acoustic modifications previously demonstrated in clear speech
work, talkers modulate their lexical selection as well. Further,
the results demonstrate that clear speech is not a monolithic
construct. Rather, it is a set of speaking styles in which talkers take
the listener and communication situation into consideration.

DATA AVAILABILITY STATEMENT

The datasets generated for this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: https://osf.io/dfhpu/?
view_only=49d95d90424941da82217a239ab7450c.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by University of Oregon, Institutional Review
Board. The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

ACKNOWLEDGMENTS

We would like to thank members of the Speech Perception and
Production Lab at the University of Oregon for their help in
conducting this research. We would like to thank Valerie Hazan
and colleagues at University College London for providing the
speech files and transcriptions from the LUCID corpus that
were used in this project, and Ann Bradlow and colleagues
at Northwestern University for providing these recordings and
transcriptions via SpeechBox.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2021.661415/full#supplementary-material

Frontiers in Psychology | www.frontiersin.org 16 June 2021 | Volume 12 | Article 661415

https://osf.io/dfhpu/?view_only=49d95d90424941da82217a239ab7450c
https://osf.io/dfhpu/?view_only=49d95d90424941da82217a239ab7450c
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.661415/full#supplementary-material
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Baese-Berk et al. Diversity, Sophistication, and Clear Speech

REFERENCES

Altmann, E. G., Pierrehumbert, J. B., and Motter, A. E. (2009). Beyond word

frequency: bursts, lulls, and scaling in the temporal distributions of words. PLoS

ONE 4:e7678. doi: 10.1371/journal.pone.0007678

Altmann, G. T. M., and Kamide, Y. (1999). Incremental interpretation at

verbs: restricting the domain of subsequent reference. Cognition 73, 247–264.

doi: 10.1016/S0010-0277(99)00059-1

Altmann, G. T. M., and Kamide, Y. (2007). The real-time mediation of

visual attention by language and world knowledge: linking anticipatory (and

other) eye movements to linguistic processing. J. Mem. Lang. 57, 502–518.

doi: 10.1016/j.jml.2006.12.004

Anderson, A. H., Bader, M., Bard, E. G., Boyle, E., Doherty, G., Garrod,

S., et al. (1991). The HCRC map task corpus. Lang. Speech 34, 351–366.

doi: 10.1177/002383099103400404

Androutsopoulos, J. (2014). Languaging when contexts collapse: audience

design in social networking. Discourse Context Media 4–5, 62–73.

doi: 10.1016/j.dcm.2014.08.006

Arnold, J. E. (2008). Reference production: production-internal and

addressee-oriented processes. Lang. Cognit. Process. 23, 495–527.

doi: 10.1080/01690960801920099

Arnold, J. E., Kahn, J. M., and Pancani, G. C. (2012). Audience design affects

acoustic reduction via production facilitation. Psychon. Bull. Rev. 19, 505–512.

doi: 10.3758/s13423-012-0233-y

Baese-Berk, M. M., Bent, T., and Walker, K. (2021). Semantic predictability

and adaptation to nonnative speech. JASA Express Lett. 1:015207.

doi: 10.1121/10.0003326

Baker, R., and Hazan, V. (2011). DiapixUK: task materials for the elicitation

of multiple spontaneous speech dialogs. Behav. Res. Methods 43, 761–770.

doi: 10.3758/s13428-011-0075-y

Barr, D. J., Levy, R., Scheepers, C., and Tily, H. (2013). Random effects structure for

confirmatory hypothesis testing: keep it maximal. J. Mem. Lang. 68, 255–278.

doi: 10.1016/j.jml.2012.11.001

Beckford Wassink, A., Wright, R. A., and Franklin, A. D. (2007). Intraspeaker

variability in vowel production: an investigation of motherese, hyperspeech,

and Lombard speech in Jamaican speakers. J. Phonet. 35, 363–379.

doi: 10.1016/j.wocn.2006.07.002

Bell, A. (1997). “Language style as audience design,” in Sociolinguistics,

eds N. Coupland and A. Jaworski (London: Palgrave), 240–250.

doi: 10.1007/978-1-349-25582-5_20

Biersack, S., Kempe, V., and Knapton, L. (2005). Fine-Tuning Speech Registers:

A Comparison of the Prosodic Features of Child-Directed and Foreigner-

Directed Speech. Isca-Speech.Org. Available online at: http://www.isca-speech.

org/archive/archive_papers/interspeech_2005/i05_2401.pdf (accessed January

15, 2021).

BNC Consortium (2007). British National Corpus [Corpus]. Available online

at: www.natcorp.ox.ac.uk (accessed January 15, 2021).

Boersma, P., and Weenink, D. (2021). Praat: Doing Phonetics by Computer.

Available online at: https://www.fon.hum.uva.nl/praat/ (accessed January 15,

2021).

Bradlow, A. R., and Alexander, J. A. (2007). Semantic and phonetic enhancements

for speech-in-noise recognition by native and non-native listeners. J. Acoust.

Soc. Am. 121:2339–2349. doi: 10.1121/1.2642103

Bradlow, A. R., and Bent, T. (2002). The clear speech effect for non-native listeners.

J. Acoust. Soc. Am. 112, 272–284. doi: 10.1121/1.1487837

Brennan, S. E., and Clark, H. H. (1996). Conceptual pacts and lexical

choice in conversation. J. Exp. Psychol. Learn. Mem. Cogn. 22, 1482–1493.

doi: 10.1037/0278-7393.22.6.1482

Burnham, D., Kitamura, C., and Vollmer-Conna, U. (2002). What’s

new, pussycat? On talking to babies and animals. Science 296:1435.

doi: 10.1126/science.1069587

Calandruccio, L., Porter, H. L., Leibold, L. J., and Buss, E. (2020). The

clear-speech benefit for school-age children: speech-in-noise and

speech-in-speech recognition. J. Speech Lang. Hear. Res. 63, 4265–4276.

doi: 10.1044/2020_JSLHR-20-00353

Carroll, J. B. (1971). Measurement properties of subjective magnitude

estimates of word frequency. J. Verb. Learn. Verb. Behav. 10, 722–729.

doi: 10.1016/S0022-5371(71)80081-6

Clark, H. H., and Carlson, T. B. (1981). “Context for comprehension,” in Attention

and Performance IX, eds A. D. Baddeley and https://www.worldcat.org/search?

q=au%3ALong%2C$+$John.&qt=hotauthorJ.Long (Hillsdale, NJ: Lawrence

Erlbaum Associate) 313–330.

Clark, H. H., and Murphy, G. L. (1982). “Audience design in meaning

and reference,” in Advances in Psychology, Vol. 9, eds J.-F. Le Ny and

W. Kintsch (Amsterdam: North-Holland Publishing Company), 287–299.

doi: 10.1016/S0166-4115(09)60059-5

Clark, H. H., Schreuder, R., and Buttrick, S. (1983). Common ground at the

understanding of demonstrative reference. J. Verb. Learn. Verb. Behav. 22,

245–258. doi: 10.1016/S0022-5371(83)90189-5

Clark, H. H., and Wilkes-Gibbs, D. (1986). Referring as a collaborative process.

Cognition 22, 1–39. doi: 10.1016/0010-0277(86)90010-7

Covington, M. A., and McFall, J. D. (2010). Cutting the Gordian knot: the

moving-average type–token ratio (MATTR). J. Quan. Linguist. 17, 94–100.

doi: 10.1080/09296171003643098

Crossley, S. A., Salsbury, T., and McNamara, D. S. (2012). Predicting the

proficiency level of language learners using lexical indices. Lang. Test. 29,

243–263. doi: 10.1177/0265532211419331

Cumming, A., Kantor, R., Baba, K., Eouanzoui, K., Erdosy, U., and Jamse, M.

(2005). Analysis of discourse features and verification of scoring levels for

independent and integrated prototype written tasks for the new TOEFL R©. ETS

Res. Rep. Ser. 2005, 1–77. doi: 10.1002/j.2333-8504.2005.tb01990.x

Cunningham, K. T., and Haley, K. L. (2020). Measuring lexical diversity

for discourse analysis in aphasia: moving-average type–token ratio and

word information measure. J. Speech Lang. Hear. Res. 63, 710–721.

doi: 10.1044/2019_JSLHR-19-00226

Dunn, J., and Kendrick, C. (1982). The speech of two- and three-year-olds to

infant siblings: ‘Baby talk’ and the context of communication. J. Child Lang.

9, 579–595. doi: 10.1017/S030500090000492X

Eguchi, M., and Kyle, K. (2020). Continuing to explore the multidimensional

nature of lexical sophistication: the case of oral proficiency interviews. Mod.

Lang. J. 104, 381–400. doi: 10.1111/modl.12637

Ehrlich, S. F., and Rayner, K. (1981). Contextual effects on word perception and

eye movements during reading. J. Verb. Learn. Verb. Behav. 20, 641–655.

doi: 10.1016/S0022-5371(81)90220-6

Engber, C. A. (1995). The relationship of lexical proficiency to the

quality of ESL compositions. J. Second Lang. Writ. 4, 139–155.

doi: 10.1016/1060-3743(95)90004-7

Ferguson, C. A. (1975). Toward a characterization of English foreigner talk.

Anthropol. Linguist. 17, 1–14.

Ferguson, S. H., and Kewley-Port, D. (2002). Vowel intelligibility in clear and

conversational speech for normal-hearing and hearing-impaired listeners. J.

Acoust. Soc. Am. 112, 259–271. doi: 10.1121/1.1482078

Fernald, A., and Simon, T. (1984). Expanded intonation contours

in mothers’ speech to newborns. Dev. Psychol. 20, 104–113.

doi: 10.1037/0012-1649.20.1.104

Fernald, A., Taeschner, T., Dunn, J., Papousek, M., de Boysson-Bardies, B.,

and Fukui, I. (1989). A cross-language study of prosodic modifications in

mothers’ and fathers’ speech to preverbal infants. J. Child Lang. 16, 477–501.

doi: 10.1017/S0305000900010679

Ferreira, V. S. (2019). A mechanistic framework for explaining audience

design in language production. Annu. Rev. Psychol. 70, 29–51.

doi: 10.1146/annurev-psych-122216-011653

Fowler, C. A., Levy, E. T., and Brown, J. M. (1997). Reductions of

spoken words in certain discourse contexts. J. Mem. Lang. 37, 24–40.

doi: 10.1006/jmla.1996.2504

Garrard, P., Maloney, L. M., Hodges, J. R., and Patterson, K. (2005). The effects of

very early Alzheimer’s disease on the characteristics of writing by a renowned

author. Brain 128, 250–260. doi: 10.1093/brain/awh341

Genovese, G., Spinelli, M., Romero Lauro, L. J., Aureli, T., Castelletti, G., and

Fasolo, M. (2020). Infant-directed speech as a simplified but not simple register:

a longitudinal study of lexical and syntactic features. J. Child Lang. 47, 22–44.

doi: 10.1017/S0305000919000643

Grieser, D. L., and Kuhl, P. K. (1988). Maternal speech to infants

in a tonal language: support for universal prosodic features in

motherese. Dev. Psychol. 24, 14–20. doi: 10.1037/0012-1649.2

4.1.14

Frontiers in Psychology | www.frontiersin.org 17 June 2021 | Volume 12 | Article 661415

https://doi.org/10.1371/journal.pone.0007678
https://doi.org/10.1016/S0010-0277(99)00059-1
https://doi.org/10.1016/j.jml.2006.12.004
https://doi.org/10.1177/002383099103400404
https://doi.org/10.1016/j.dcm.2014.08.006
https://doi.org/10.1080/01690960801920099
https://doi.org/10.3758/s13423-012-0233-y
https://doi.org/10.1121/10.0003326
https://doi.org/10.3758/s13428-011-0075-y
https://doi.org/10.1016/j.jml.2012.11.001
https://doi.org/10.1016/j.wocn.2006.07.002
https://doi.org/10.1007/978-1-349-25582-5_20
http://www.isca-speech.org/archive/archive_papers/interspeech_2005/i05_2401.pdf
http://www.isca-speech.org/archive/archive_papers/interspeech_2005/i05_2401.pdf
http://www.natcorp.ox.ac.uk
https://www.fon.hum.uva.nl/praat/
https://doi.org/10.1121/1.2642103
https://doi.org/10.1121/1.1487837
https://doi.org/10.1037/0278-7393.22.6.1482
https://doi.org/10.1126/science.1069587
https://doi.org/10.1044/2020_JSLHR-20-00353
https://doi.org/10.1016/S0022-5371(71)80081-6
https://www.worldcat.org/search?q=au%3ALong%2C$+$John.&qt=hotauthorJ.Long
https://www.worldcat.org/search?q=au%3ALong%2C$+$John.&qt=hotauthorJ.Long
https://doi.org/10.1016/S0166-4115(09)60059-5
https://doi.org/10.1016/S0022-5371(83)90189-5
https://doi.org/10.1016/0010-0277(86)90010-7
https://doi.org/10.1080/09296171003643098
https://doi.org/10.1177/0265532211419331
https://doi.org/10.1002/j.2333-8504.2005.tb01990.x
https://doi.org/10.1044/2019_JSLHR-19-00226
https://doi.org/10.1017/S030500090000492X
https://doi.org/10.1111/modl.12637
https://doi.org/10.1016/S0022-5371(81)90220-6
https://doi.org/10.1016/1060-3743(95)90004-7
https://doi.org/10.1121/1.1482078
https://doi.org/10.1037/0012-1649.20.1.104
https://doi.org/10.1017/S0305000900010679
https://doi.org/10.1146/annurev-psych-122216-011653
https://doi.org/10.1006/jmla.1996.2504
https://doi.org/10.1093/brain/awh341
https://doi.org/10.1017/S0305000919000643
https://doi.org/10.1037/0012-1649.24.1.14
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Baese-Berk et al. Diversity, Sophistication, and Clear Speech

Hazan, V., and Baker, R. (2011). Acoustic-phonetic characteristics of speech

produced with communicative intent to counter adverse listening conditions.

J. Acoust. Soc. Am. 130, 2139–2152. doi: 10.1121/1.3623753

Hazan, V., Grynpas, J., and Baker, R. (2012). Is clear speech tailored to counter

the effect of specific adverse listening conditions? J. Acoust. Soc. Am. 132,

EL371–EL377. doi: 10.1121/1.4757698

Hazan, V., Tuomainen, O., Kim, J., Davis, C., Sheffield, B., and Brungart, D. (2018).

Clear speech adaptations in spontaneous speech produced by young and older

adults. J. Acoust. Soc. Am. 144, 1331–1346. doi: 10.1121/1.5053218

Hazan, V., Uther, M., and Granlund, S. (2015). “How does foreigner-directed

speech differ from other forms of listener-directed clear speaking styles?,”

Proceedings of the 18th International Congress of Phonetic Sciences (Glasgow).

Holmes, E., Folkeard, P., Johnsrude, I. S., and Scollie, S. (2018). Semantic

context improves speech intelligibility and reduces listening effort

for listeners with hearing impairment. Int. J. Audiol. 57, 483–492.

doi: 10.1080/14992027.2018.1432901

Horton, W. S., and Gerrig, R. J. (2002). Speakers’ experiences and audience design:

knowing when and knowing how to adjust utterances to addressees. J. Mem.

Lang. 47, 589–606. doi: 10.1016/S0749-596X(02)00019-0

Horton, W. S., and Gerrig, R. J. (2005). The impact of memory demands

on audience design during language production. Cognition 96, 127–142.

doi: 10.1016/j.cognition.2004.07.001

Ingram, D. (1995). The cultural basis of prosodic modifications to infants and

children: a response to Fernald’s universalist theory. J. Child Lang. 22, 223–233.

doi: 10.1017/S0305000900009715

Johnson, W. (1944). Studies in language behavior: a program of research. Psychol.

Monogr. 56, 1–15. doi: 10.1037/h0093508

Kalikow, D. N., Stevens, K. N., and Elliott, L. L. (1977). Development of a test

of speech intelligibility in noise using sentence materials with controlled word

predictability. J. Acoust. Soc. Am. 61, 1337–1351. doi: 10.1121/1.381436

Krause, J. C., and Braida, L. D. (2002). Investigating alternative forms of clear

speech: the effects of speaking rate and speaking mode on intelligibility. J.

Acoust. Soc. Am. 112, 2165–2172. doi: 10.1121/1.1509432

Krause, J. C., and Braida, L. D. (2004). Acoustic properties of naturally produced

clear speech at normal speaking rates. J. Acoust. Soc. Am. 115, 362–378.

doi: 10.1121/1.1635842

Kuhl, P. K., Andruski, J. E., Chistovich, I. A., Chistovich, L. A., Kozhevnikova,

E. V., Ryskina, V. L., et al. (1997). Cross-language analysis of

phonetic units in language addressed to infants. Science 277, 684–686.

doi: 10.1126/science.277.5326.684

Kutas, M., DeLong, K. A., and Smith, N. J. (2011). “A look around at what lies

ahead: prediction and predictability in language processing,” in Predictions in

the brain: Using our past to generate a future, ed M. Bar (Oxford: Oxford

University Press), 190–207. doi: 10.1093/acprof:oso/9780195395518.003.0065

Kutas, M., and Hillyard, S. A. (1980). Reading senseless sentences:

brain potentials reflect semantic incongruity. Science 207, 203–205.

doi: 10.1126/science.7350657

Kyle, K., Crossley, S., and Berger, C. (2018). The tool for the automatic analysis

of lexical sophistication (TAALES): version 2.0. Behav. Res. Methods 50,

1030–1046. doi: 10.3758/s13428-017-0924-4

Kyle, K., and Crossley, S. A. (2015). Automatically assessing lexical

sophistication: indices, tools, findings, and application. TESOL Q. 49,

757–786. doi: 10.1002/tesq.194

Kyle, K., Crossley, S. A., and Jarvis, S. (2021). Assessing the validity of lexical

diversity indices using direct judgements. Lang. Assess. Q. 18, 154–170.

doi: 10.1080/15434303.2020.1844205

Laufer, B., and Nation, P. (1995). Vocabulary size and use: lexical richness in L2

written production. Appl. Linguist. 16, 307–322. doi: 10.1093/applin/16.3.307

Lee, D.-Y., and Baese-Berk, M. M. (2020). The maintenance of clear

speech in naturalistic conversations. J. Acoust. Soc. Am. 147, 3702–3711.

doi: 10.1121/10.0001315

Levy, R. (2008). Expectation-based syntactic comprehension. Cognition 106,

1126–1177. doi: 10.1016/j.cognition.2007.05.006

Liu, S., Del Rio, E., Bradlow, A. R., and Zeng, F.-G. (2004). Clear speech

perception in acoustic and electric hearing. J. Acoust. Soc. Am. 116, 2374–2383.

doi: 10.1121/1.1787528

Liu, S., and Zeng, F.-G. (2006). Temporal properties in clear speech perception. J.

Acoust. Soc. Am. 120, 424–432. doi: 10.1121/1.2208427

Maniwa, K., Jongman, A., and Wade, T. (2008). Perception of clear fricatives by

normal-hearing and simulated hearing-impaired listeners. J. Acoust. Soc. Am.

123, 1114–1125. doi: 10.1121/1.2821966

Maniwa, K., Jongman, A., and Wade, T. (2009). Acoustic characteristics of

clearly spoken English fricatives. J. Acoust. Soc. Am. 125, 3962–3973.

doi: 10.1121/1.2990715

McCarthy, P. M. (2005). An Assessment of the Range and Usefulness of Lexical

Diversity Measures and the Potential of the Measure of Textual, Lexical Diversity

(MTLD). Ph.D. Thesis, The University of Memphis.

McCarthy, P. M., and Jarvis, S. (2007). vocd: a theoretical and empirical evaluation.

Lang. Test. 24, 459–488. doi: 10.1177/0265532207080767

McCarthy, P. M., and Jarvis, S. (2010). MTLD, vocd-D, and HD-D: a validation

study of sophisticated approaches to lexical diversity assessment. Behav. Res.

Methods 42, 381–392. doi: 10.3758/BRM.42.2.381

McNamara, D. S., Crossley, S. A., Roscoe, R. D., Allen, L. K., and Dai, J. (2015). A

hierarchical classification approach to automated essay scoring. Asses. Writ. 23,

35–59. doi: 10.1016/j.asw.2014.09.002

Metzing, C., and Brennan, S. E. (2003). When conceptual pacts are broken:

partner-specific effects on the comprehension of referring expressions. J. Mem.

Lang. 49, 201–213. doi: 10.1016/S0749-596X(03)00028-7

Miller, G. A., and Isard, S. (1963). Some perceptual consequences of linguistic rules.

J. Verb. Learn. Verb. Behav. 2, 217–228. doi: 10.1016/S0022-5371(63)80087-0

Moon, S., and Lindblom, B. (1994). Interaction between duration, context, and

speaking style in English stressed vowels. J. Acoust. Soc. Am. 96, 40–55.

doi: 10.1121/1.410492

Payton, K. L., Uchanski, R. M., and Braida, L. D. (1994). Intelligibility of

conversational and clear speech in noise and reverberation for listeners

with normal and impaired hearing. J. Acoust. Soc. Am. 95, 1581–1592.

doi: 10.1121/1.408545

Picheny, M. A., Durlach, N. I., and Braida, L. D. (1985). Speaking clearly for the

hard of hearing I: intelligibility differences between clear and conversational

speech. J. Speech Hear. Res. 28, 96–103. doi: 10.1044/jshr.2801.96

Picheny, M. A., Durlach, N. I., and Braida, L. D. (1986). Speaking clearly

for the hard of hearing II. J. Speech Lang. Hear. Res. 29, 434–446.

doi: 10.1044/jshr.2904.434

Pye, C. (1986). Quiché Mayan speech to children. J. Child Lang. 13, 85–100.

doi: 10.1017/S0305000900000313

Rodriguez-Cuadrado, S., Baus, C., and Costa, A. (2018). Foreigner talk through

word reduction in native/non-native spoken interactions. Bilingual. Lang.

Cogn. 21, 419–426. doi: 10.1017/S1366728917000402

Scarborough, R., Dmitrieva, O., Hall-Lew, L., Zhao, Y., and Brenier, J. (2007). An

acoustic study of real and imagined foreigner-directed speech. J. Acoust. Soc.

Am. 121, 3044–3044. doi: 10.1121/1.4781735

Scarborough, R., and Zellou, G. (2013). Clarity in communication: “Clear” speech

authenticity and lexical neighborhood density effects in speech production and

perception. J. Acoust. Soc. Am. 134, 3793–3807. doi: 10.1121/1.4824120

Schad, D. J., Vasishth, S., Hohenstein, S., and Kliegl, R. (2020). How to capitalize on

a priori contrasts in linear (mixed)models: a tutorial. J. Mem. Lang. 110:104038.

doi: 10.1016/j.jml.2019.104038

Schegloff, E., Jefferson, G., and Sacks, H. (1974). A simplest systematics for

the organization of turn-taking for conversation. Language 50, 696–735.

doi: 10.1353/lan.1974.0010

Signoret, C., Johnsrude, I., Classon, E., and Rudner, M. (2018). Combined effects of

form- and meaning-based predictability on perceived clarity of speech. J. Exp.

Psychol. Hum. Percept. Perform. 44, 277–285. doi: 10.1037/xhp0000442

Smiljanic, R., and Bradlow, A. R. (2011). Bidirectional clear

speech perception benefit for native and high-proficiency non-

native talkers and listeners: intelligibility and accentedness.

J. Acoust. Soc. Am, 130, 4020–4031. doi: 10.1121/1.365

2882

Smith, C. (2007). “Prosodic accommodation by French speakers to a non-native

interlocutor,” in Proceedings of the XVIth International Congress of Phonetic

Sciences (Saarbücken), 313–348.

Snow, C. E. (1977). The development of conversation betweenmothers and babies.

J. Child Lang. 4, 1–22. doi: 10.1017/S0305000900000453

Stern, D. N., Spieker, S., and MacKain, K. (1982). Intonation contours as

signals in maternal speech to prelinguistic infants. Dev. Psychol. 18, 727–735.

doi: 10.1037/0012-1649.18.5.727

Frontiers in Psychology | www.frontiersin.org 18 June 2021 | Volume 12 | Article 661415

https://doi.org/10.1121/1.3623753
https://doi.org/10.1121/1.4757698
https://doi.org/10.1121/1.5053218
https://doi.org/10.1080/14992027.2018.1432901
https://doi.org/10.1016/S0749-596X(02)00019-0
https://doi.org/10.1016/j.cognition.2004.07.001
https://doi.org/10.1017/S0305000900009715
https://doi.org/10.1037/h0093508
https://doi.org/10.1121/1.381436
https://doi.org/10.1121/1.1509432
https://doi.org/10.1121/1.1635842
https://doi.org/10.1126/science.277.5326.684
https://doi.org/10.1093/acprof:oso/9780195395518.003.0065
https://doi.org/10.1126/science.7350657
https://doi.org/10.3758/s13428-017-0924-4
https://doi.org/10.1002/tesq.194
https://doi.org/10.1080/15434303.2020.1844205
https://doi.org/10.1093/applin/16.3.307
https://doi.org/10.1121/10.0001315
https://doi.org/10.1016/j.cognition.2007.05.006
https://doi.org/10.1121/1.1787528
https://doi.org/10.1121/1.2208427
https://doi.org/10.1121/1.2821966
https://doi.org/10.1121/1.2990715
https://doi.org/10.1177/0265532207080767
https://doi.org/10.3758/BRM.42.2.381
https://doi.org/10.1016/j.asw.2014.09.002
https://doi.org/10.1016/S0749-596X(03)00028-7
https://doi.org/10.1016/S0022-5371(63)80087-0
https://doi.org/10.1121/1.410492
https://doi.org/10.1121/1.408545
https://doi.org/10.1044/jshr.2801.96
https://doi.org/10.1044/jshr.2904.434
https://doi.org/10.1017/S0305000900000313
https://doi.org/10.1017/S1366728917000402
https://doi.org/10.1121/1.4781735
https://doi.org/10.1121/1.4824120
https://doi.org/10.1016/j.jml.2019.104038
https://doi.org/10.1353/lan.1974.0010
https://doi.org/10.1037/xhp0000442
https://doi.org/10.1121/1.3652882
https://doi.org/10.1017/S0305000900000453
https://doi.org/10.1037/0012-1649.18.5.727
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Baese-Berk et al. Diversity, Sophistication, and Clear Speech

Tal, S., Grossman, E., and Arnon, I. (2021). Infant-directed speech becomes

less redundant as infants grow: implications for language learning. PsyArXiv.

doi: 10.31234/osf.io/bgtzd

Templin, M. C. (1957). Certain Language Skills in Children; Their Development

and Interrelationships. Minneapolis, MN: University of Minnesota Press.

doi: 10.5749/j.ctttv2st

Uther, M., Knoll, M. A., and Burnham, D. (2007). Do you speak ENGLISH?

Similarities and differences in speech to foreigners and infants. Speech

Commun. 49, 1–7. doi: 10.1016/j.specom.2006.10.003

Van Engen, K. J., Baese-Berk, M. M., Baker, R. E., Choi, A., Kim, M., and Bradlow,

A. R. (2010). The wildcat corpus of native-and foreign-accented english:

communicative efficiency across conversational dyads with varying language

alignment profiles. Lang. Speech 53, 510–540. doi: 10.1177/0023830910372495

van Velzen, M., and Garrard, P. (2008). From hindsight to insight – retrospective

analysis of language written by a renowned Alzheimer’s patient. Interdiscipl. Sci.

Rev. 33, 278–286. doi: 10.1179/174327908X392852

Verhagen, V., and Mos, M. (2016). Stability of familiarity judgments: individual

variation and the invariant bigger picture. Cognit. Linguist. 27, 307–344.

doi: 10.1515/cog-2015-0063

Warren-Leubecker, A., and Bohannon, J. N. (1983). The effects of verbal feedback

and listener type on the speech of preschool children. J. Exp. Child Psychol. 35,

540–548. doi: 10.1016/0022-0965(83)90026-7

Weppelman, T. L., Bostow, A., Schiffer, R., Elbert-Perez, E., and Newman, R. S.

(2003). Children’s use of the prosodic characteristics of infant-directed speech.

Lang. Commun. 23, 63–80. doi: 10.1016/S0271-5309(01)00023-4

Winn, M. B. (2016). Rapid release from listening effort resulting from

semantic context, and effects of spectral degradation and cochlear

implants. Trends Hear. 20:2331216516669723. doi: 10.1177/233121651666

9723

Wright, J. M., and Baese-Berk, M. M. (2020). “The impact of pause types on

adverse listening condition classification with convolutional neural networks

and naive Bayes,” inAnnualMeeting of the Psychonomic Society, VirtualMeeting

(Chicago, IL).

Xu, N., Burnham, D., Kitamura, C., and Vollmer-Conna, U. (2013). Vowel

hyperarticulation in parrot-, dog- and infant-directed speech. Anthrozoos 26,

373–380. doi: 10.2752/175303713X13697429463592

Yu, G. (2010). Lexical diversity in writing and speaking task performances. Appl.

Linguist. 31, 236–259. doi: 10.1093/applin/amp024

Zareva, A., Schwanenflugel, P., and Nikolova, Y. (2005). Relationship

between lexical competence and language proficiency: variable sensitivity.

Stud. Second Lang. Acquisit. 27, 567–595. doi: 10.1017/S02722631050

50254

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Baese-Berk, Drake, Foster, Lee, Staggs and Wright. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Psychology | www.frontiersin.org 19 June 2021 | Volume 12 | Article 661415

https://doi.org/10.31234/osf.io/bgtzd
https://doi.org/10.5749/j.ctttv2st
https://doi.org/10.1016/j.specom.2006.10.003
https://doi.org/10.1177/0023830910372495
https://doi.org/10.1179/174327908X392852
https://doi.org/10.1515/cog-2015-0063
https://doi.org/10.1016/0022-0965(83)90026-7
https://doi.org/10.1016/S0271-5309(01)00023-4
https://doi.org/10.1177/2331216516669723
https://doi.org/10.2752/175303713X13697429463592
https://doi.org/10.1093/applin/amp024
https://doi.org/10.1017/S0272263105050254
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

	Lexical Diversity, Lexical Sophistication, and Predictability for Speech in Multiple Listening Conditions
	Introduction
	Related Work
	Communication in Adverse Listening Situations/Clear Speech
	Lexical Diversity
	Lexical Sophistication
	Current Study

	Methods
	Participants
	Task
	Stimuli
	Measurements
	Analyses

	Results
	Lexical Diversity
	Type-Token Ratio
	Moving Average Type-Token Ratio
	Hypergeometric Distribution
	Measure of Textual Lexical Diversity
	Order Effects
	Interim Summary

	Lexical Sophistication
	Lexical Frequency
	Range
	Bigram Frequency
	Trigram Frequency
	Proportion of Bigrams Within the 25,000 Most Frequent Bigrams
	Proportion of Trigrams Within the 25,000 Most Frequent Trigrams
	Order Effects
	Interim Summary


	Discussion
	Implications for Understanding of Clear Speech
	Audience Design, Speech Production, and Predictability
	Future Directions and Open Questions

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


