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This study examined English emotional prosody and identified differences in vocal
expression of love and sorrow among first language (L1) speakers, learners of English as a
foreign language (EFL), and text-to-speech systems (TTS). American professional narrators
(AE) and Japanese college students (JP) were instructed to read aloud and record a love letter
and a condolence letter. The same letters were also read by synthetic speakers on a web-based
TTS. The measurements targeted “booster expressions”—lexical grammatical items of
various types which increase the effectiveness of emotional utterances (Quirk & Greenbaum,
1973). The results showed that onset consonant duration, pitch range, intensity, and speech
rate had significant differences among groups. These findings suggest that all these features
contribute significantly to how AE express love and sorrow, which is still not available
through the current default system of TTS. The findings have an impact on the broader topic
of speaking English as a foreign language inside and outside classroom environments.
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INTRODUCTION

Previous studies show that prosody plays an important role in successful communication (Chun &
Levis, 2020; Levis 1999; Levis & Levis, 2018; Thompson & Balkwill, 2006), and it is important to
facilitate L2 learners to be aware of the differences of intonation structure between L1 and L2
(Mennen, 2015). In L2 English classrooms of junior and senior high schools in Japan, it is difficult
for learners to be aware of the intonational differences on their own, partly because emotional vocal
expressions are not systematically taught, and partly because the materials used are emotion-neutral
so that the speakers’ emotion behind the message does not stand out (Uechi & Tanizawa, 2004).

It is well known that pitch realization varies across emotions (Bidnziger & Scherer, 2005; Pell, 2001;
among others), but it is based on global measures of sentences as a whole. Given the principle of
focus prosody (Gussenhoven, 2008; Ishihara, 2011; Katz & Selkirk, 2011; Lee & Xu, 2012;
Pierrehumbert & Beckman, 1988; Selkirk, 2002), it would be reasonable to assume that there is a
specific timing where acoustic prominence is added. There may be generalized prosodic patterns in
expressing types of emotions. For example, positive assessment may be a “high then loud then quiet”
pattern—raised pitch, increased loudness, lengthened vowels, sharp drop in loudness and silence or
other low intensity (Ward, 2019, p. 98). An interesting observation here is that native speakers of
English may utilize pitch, loudness and intensity in different specific points within a sentence, in
order to convey their attitudes and emotions. However, it would not be realistic to instruct English
L2 students to mimic a variety of acoustic features in different specific timepoints. There are also
certain words that tend to add acoustic enhancement: For example, some positive/negative emphasis
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words accompany lengthening of onset consonants and/or vowels of the emphasized words by the
intensification of its meaning (Nieburhr, 2010). In Japanese, the meaning of degree adjectives and
adverbs is often intensified by lengthening a consonant and a vowel (Hamano, 1998) and this kind
of lengthening is widespread across Japanese dialects, which can be formulated in terms of mora
augmentation (Davis & Ueda, 2002). It is also known that slow speech rate contributes to the
perception of sadness, and a fast rate may contribute to the perception of happiness, perhaps cross-
linguistically (Carl et al., 2022).

In spoken English, a variety of adverbs may be used to enhance speakers’ expressions of emotion.
“Booster” expressions are various types of lexical grammatical items which increase the
effectiveness of emotional utterances (Quirk & Greenbaum, 1973), so they can be good candidates
to show their acoustic prominence in emotional utterances. Holmes (1990) points out that boosters
appear to carry unique intonation patterns (e.g., rise-fall), but few studies describe the details of the
phonetic characteristics of boosters (Kaneko, 2010a, 2010b). Thus, it would be a good first step to
explore the realization of acoustic features of boosters in different types of emotions.

The purpose of this study is to identify acoustic features that effectively convey different types of
emotions in speaking English, so that Japanese learners of English can actively employ them in
speaking English to succeed in communication.

Research Questions

Based on previous studies, booster expressions can be enhanced by a diversity of suprasegmental
properties such as lengthening of segments, raising of pitch and intensity, and speech rate. Our
research questions are given below:

1) Which booster words are prominent in professional L1 English narrators in read speech?
2) To what extent are acoustic features (i.e., consonant duration, pitch, intensity, and speech
rate) different between professional narrators of L1 English and Japanese learners of L2
English in readings of a love letter and a condolence letter?

METHODS
Participants

The participants in the experiment were six American professional narrators (AE: three females and
three males), and six Japanese university students (JP: three females and three males). All of the
American professional narrators were recruited at the English Language Education Council, Inc.
(ELEC) in Tokyo. The Japanese learners were all university students in Japan, whose TOEIC test
average score was 574 (Highest score: 795, Lowest score: 280). Moreover, six synthetic speakers
(three females and three males) on a web-based text-to-speech system (TTS) were used as controls.
NaturalSoft (2020) was adopted for TTS voices, and we extracted US English voices in order to
compare these voices to American professional narrators.



Reading Materials

The linguistic materials used in this experiment were adopted from Kaneko (2010a, 2010b). They
were a 185-word love letter and a 186-word condolence letter written by a native speaker of North
American English. The love letter was written on the assumption that the writer has a
girlfriend/boyfriend with whom s/he has been going out for three years, while the condolence letter
was written on the assumption that the writer was conveying feelings and sympathy to the family of
a nurturing high school teacher who had suddenly passed away. The letters were adjusted to be
gender non-specific by the authors so that the setting of the letters was appropriate for all participants.
The linguistic materials are presented in Tables 1 and 2, where sentences for analysis are underlined.

Table 1

Reading Material for the Production Experiment (Love Letter)

Dear My Love,

Today is our third anniversary, and I want to take this time to tell you how much I
love you. The truth is the last three years with you have been the happiest of my life.
Just the sight of your smile in the morning, and your tender kiss carry me through the
day. Let me take you back to the time we first met; I remember the moment when I
saw you approach along the path and sit beside me. During all the hours I had spent
sitting in the same place, I had never seen such a beautiful smile. I remember the look
in your eyes told me how special this moment had become when I plucked up the
courage to ask you your name. Since then my feelings for you have grown with every
second that passes by.

Today, on the anniversary of that first special moment, I want you to know how
deeply I have fallen in love with you. I hope that I can convey how precious you are
to me and how I relish every moment we are together.

Yours always,
00 (a participant’s name)




Table 2

Reading Material for the Production Experiment (Condolence Letter)

Dear Mrs. Smith,

You may not know me, but [ wanted to express my sincere condolences to you and your
family for your recent loss. Your husband, Mr. Smith, was truly my mentor. He was my
high school teacher until I left for university last year. During the time when I knew Mr.
Smith, he always pushed me to do my best in my studies, and he inspired me with many
words of wisdom through the years. I can sincerely tell you that I would not be the person
that [ am without Mr. Smith.

I realize that this is a very difficult time for you and your family, but I want you to know
that Mr. Smith made a big difference in the lives of his students, and the mark he left on
this world will not soon be forgotten.

I truly wish that I could have attended the funeral service and honored Mr. Smith’s life
in this way, but unfortunately my busy class schedule at university has not allowed me to
attend. Please know that my thoughts are with you and your family during this difficult
time.

Respectfully yours,

00 (a participant’s name)

Tasks

AE and JP participants were instructed to read the letters orally to make audio letters. They were
asked to produce their utterance at a comfortable speaking rate and to put the emotion they considered
appropriate into the words. Before the recording, the participants were provided enough time for
practice and were verbally confirmed that they had no unknown words or expressions. They repeated
the text five times. When they made a mistake, they were asked to repeat the sentence where they
made a mistake from the beginning. Their utterances were recorded individually. JP participants
received no specific teaching or instruction about how they should read the letters, neither from
native speakers of English nor from teachers of English.

The same letters were also read by TTS, on the assumption that the speech created should be neutral
in emotion. The speech speed was set as 0 or the default speed.

Targets for Analysis

In the love letter, “much,” “never,” and “such” are booster expressions, while “truly”” and “sincerely”
are regarded as booster expressions in the condolence letter. Authors observed pitch contours of all
sentences including boosters in Praat (Boersma & Weenink, 2021) and selected the sentences that
show major differences between AE and JP. From the two types of letters, sentences below were
targeted for analysis.

a. I want to take this time to tell you how much I love you. (Love letter)
b. I had never seen such a beautiful smile. (Love letter)
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c. Your husband, Mr. Smith, was truly my mentor. (Letter of condolence)

d. I can sincerely tell you that [ would not be the person that I am without Mr. Smith. (Letter of
condolence)

(Bold faced words: boosters; underlined words: neighboring content words)

Measurement

For each participant, one repetition of the text was selected from the total of five repetitions uttered.
Second or third trial of the recordings was selected randomly. The measurement of the target words
was done for the F0, intensity, duration, and speech rate in the speech samples using Praat. The
details will be shown in the following section.

The measurement of pitch was done in semitones to normalize for gender. Pitch range here means
the semitone difference between boosters and neighboring non-boosters (i.e., neighboring function
words were not considered). The difference should show the degree of prominence of the boosters,
so that the greater the difference, the greater the prominence. For example, the pitch range for “much”
is the subtracted value of “tell” from “much,” and the one of “love” from “much.” Here we took the
average of these two values. If there are no content neighboring words on both sides (e.g., “never,”
“sincerely”’), only one side of the content word was included for the calculation. The rationale of
looking at the pitch range comes from focus prosody. Speakers orally highlight parts of speech to
listeners, which is new in discourse and contrastive in semantics (Gussenhoven, 2008; Katz &
Selkirk, 2011). Despite some differences in realization across types and languages (Mizuguchi &
Tateishi, 2020), the major consensus is that pitch is raised on focus words and is compressed on pre-
focal/post-focal words (Ishihara, 2011; Lee & Xu, 2012; Pierrehumbert and Beckman, 1988; Selkirk,
2002). However, it is also found that L2 learners’ pitch range of focus words is smaller compared to
native speakers of English (Fujimori et al., in press), thus it is expected that professional speakers
may have a greater pitch range for the boosters compared to learners.

The measurement of intensity (dB) was made for neighboring content words as well. If there were
neighboring content words on both sides, both were measured. Since the average intensity varies
across speakers, the calculation was done for the ratio per speaker; booster intensity (dB) was divided
by the neighboring non-boosters (dB). (Non-boosters mean content words that are not boosters.)
Compared to FO, the effect of intensity on prosody is not understood well. Visceglia et al. (2012)
reports that L1 English speakers raised the intensity on focus words more robustly compared to L2
English of Mandarin speakers, suggesting that their L1 use of acoustic correlates of focus may be
transferred to L2 English. As for Japanese focus prosody, Lee and Xu (2012) found that the
distribution of the intensity is similar to F0, in that the focus words should carry higher intensity and
the pre-focus and post-focus words lower it. Thus, it is worth seeing how intensity in L2 English of
Japanese behave in focus locations.

Based on our auditory impression, the length of onset consonant was determined as a target of
measurement as well. This is inspired by Keating et al. (2004), who clarified a phenomenon of
domain-initial strengthening by showing EPG data where initial consonants of prosodic domain often
get lengthened in several languages. One of their interesting findings is the degree of lengthening
correlates to the height of the prosodic domain where the word is situated: As the domain is higher,
the initial consonant is stretched longer. This reasoning can be extended to initial consonants of
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booster words, since a booster may create a new focus domain by inserting a prosodic boundary at
the left edge (Pierrehumbert & Beckman, 1988), which would match with an upper phrase such as
intonational phrase. Thus it may not be surprising if the lengthening of the onset consonant of a
booster takes place, at least for native speakers of English. As for L1 Japanese speech, no robust
result has been reported about lengthening of an initial consonant. Therefore, some difference may
emerge between groups.

Speech rate was also measured, because it is generally known that L2 speech is slower than L1 speech
(Derwing et al., 2009), and sad speech is slower and happy speech is faster (see Carl et al., 2022, for
within-language differences), but it is not known how this pattern emerges in oral reading of letters
and how professional narrators and learners perform. We measured the duration of the whole
paragraph of the love letter (185 words) and the condolence letter (186 words). Then we divided the
number of syllables by seconds (sec).

RESULTS
Words of Acoustically Enhanced Boosters

RQ1 was about which booster words would be made prominent by professional L1 English narrators.
This is done by the comparison between AE, TTS, and TTS voices that convey “neutral” emotion
(Robinson, et al., 2019). Statistical analysis was done by one-way ANOVAs (JASP, 2022). The
results indicate that not all boosters were acoustically enhanced, and not all acoustic features were
employed by professional narrators. This is summarized in Table 3.

Table 3

Enhanced Prosodic Features of Boosters in the Love Letter and the Condolence Letter: AE vs. TTS

Consonant

Type of letter Boosters length Pitch range Intensity
Love Letter much A>T n.s. n.s.
never n.s. n.s. A>T
such n.s. n.s. n.s.
Letter of Condolence truly A>T n.s. n.s.
sincerely n.s. n.s. n.s.

Note. A = American English speakers; T = Text-to-Speech Voice. A > T denotes A is statistically larger than T (p <.05).

In love letter readings, “much” was enhanced in consonant duration, and “never” was enhanced only
in intensity, and “such” showed no difference. In the letter of condolence, “truly” was enhanced in
consonant length only. “Sincerely” has no significant difference between AE and TTS.

American Professional Narrators vs. Japanese Learners of English

RQ1 asked about the extent to which acoustic features were different between professional narrators
of L1 English and Japanese learners of L2 English in the letter reading. The results showed that there
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were significant differences in the length of onset consonant of boosters, pitch range, intensity, and
speech rate.

Onset Consonant Length

The onset consonant length was statistically different in the words “much” in the love letter and
“truly” in the condolence letter between groups (Figure 1).

Figure 1

Onset consonant duration. Duration of the onset consonant divided by duration of the following
vowel. Group comparison.: American (AE), Japanese (JP) and TTS (Text-to-Speech).
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The results show the consonant [m] in the word “much” was significantly longer in Americans,
compared to TTS and Japanese (F(2, 15) = [9.559], p < .01). Tukey’s HSD test for multiple
comparisons found that the mean value of m/V was significantly different between AE and JP (p =
0.006, 95% CI =[0.019, 0.109]), and different between AE and TTS (p = 0.004, 95% CI =[0.022,
0.112]), but there was no difference between TTS and JP (p = 0.081).

For consonant duration, Americans’ [t] sound in “truly” was significantly longer than that produced
by both Japanese and TTS voices (F(2, 15) = [37.629], p < .001). Tukey’s HSD test for multiple
comparisons found that the mean value of t/V was significantly different between AE and JP (p <
0.01, 95% CI = [0.613, 1.191]), and different between AE and TTS (p < 0.001, 95% CI =[0.457,
1.034]), but there was no difference between TTS and JP (p =0.362).

Pitch range

The pitch range was statistically different in the words “never” in the love letter and “truly” in the
condolence letter between groups (Figure 2).



Figure 2

Pitch range
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Note. Semitone (st) difference of “never” and “seen.” The average of (st of “truly” — st of “Smith”) and (st of “truly” — st of “mentor”).
Group comparison: American (AE), Japanese (JP) and TTS (Text-to-Speech)

In the love letter readings, the pitch range of “never” was significantly different between groups (£(2,
15) =[4.620], p < .05). Tukey’s HSD test for multiple comparisons found that the mean value of
“never” was significantly different between AE and JP (p <0.05, 95% CI =[0.556, 8.656], but there
was no statistically significant difference between AE and TTS (p = 0.124), or between JP and TTS
(p =0.675).

In the condolence letter readings, the pitch range of “truly” was significantly different between
groups (F(2, 15) =[5.689], p <.05). Tukey’s HSD test for multiple comparisons found that the mean
value of “truly” was significantly different between AE and JP (p <0.05, 95% CI =[0.927, 7.140].
but there was no statistically significant difference between AE and TTS (p = 0.223), or between JP
and TTS (p = 0.263).

Intensity

The intensity was statistically different in the words “never” and “much” in the love letter (Figure 3)
while no word intensity difference was found in the condolence letter between groups.



Figure 3

Intensity. The intensity ratio of booster against non-boosters
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Note. The average of (dB of “never”/ dB of “seen”); There were no non-boosters on the left of “never.” The average of (dB of “much”/
dB of “tell”) and (dB of “much” / dB of “love”). Group comparison: American (AE), Japanese (JP) and TTS (Text-to-Speech).

In the love letter readings, intensity of the word “never” was significantly different at least between
2 groups (F(2, 15) = [5.689], p < .05). Tukey’s HSD test for multiple comparisons found that the
mean value of “never” was significantly different between AE and TTS (p < 0.05, 95% CI =[0.001,
0.079], and different between JP and TTS (p < 0.05, 95% CI = [0.008, 0.015], but there was no
statistically significant difference between AE and JP (p = 0.897).

Intensity of the word “much” was significantly different at least between 2 groups (F(2, 15) =
[4.285], p <.05). Tukey’s HSD test for multiple comparisons found that the mean value of “much”
was significantly different between AE and JP (p <0.05, 95% CI =[0.002, 0.074], and there was no
statistically significant difference between AE and TTS (p = 0.909), or between JP and TTS (p =
0.087).

Speech Rate

The results show TTS was significantly faster than the American readers, who were also significantly
faster than the Japanese readers (Figure 4).



Figure 4

Speech rate. Group comparison: American (AE), Japanese (JP) and TTS (Text-to-Speech).
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The speech rate of the love letter was significantly different in at least 2 groups (F(2, 15) =[22.035],
p <.001) Tukey’s HSD test for multiple comparisons found that the mean value of articulation rate
was significantly different between AE and TTS (p <0.01, 95% CI =[-1.380, -0.370]), and different
between JP and TTS (p <.001, 95% CI = [-1.764, -0.754], but there was no statistically significant
difference between AE and JP (p = 0.152).

The speech rate of the condolence letter was significantly different between groups (F(2, 15) =
[24.461], p < .001). Tukey’s HSD test for multiple comparisons found that the mean value of
articulation rate was significantly different between AE and JP (p <0.05, 95% CI = 0.115, 0.864]),
and different between AE and TTS (p < 0.01, 95% CI = -0.893, -0.144]), and different between JP
and TTS (p <0.001, 95% CI = -1.382, -0.634]).

DISCUSSION AND CONCLUSION

In regard to RQ1, only a subset of boosters (i.e., “much,” “never,” “truly”) indicated significant
differences between AE and TTS (Table 3). In professional speakers’ readings, duration of the onset
consonant of boosters of “much” and “truly” is lengthened, and intensity of “never” was enhanced
compared to TTS. The result of consonant lengthening of [m] and [t] may be compatible with the
articulatory strengthening at domain-initial positions (Cho, 2002; Keating et al., 2004). In Cho’s
kinematic studies, lengthening of consonants and vowels are observed at the edges of prosodic
domain, which can be partly derived from syntactic constituents. Although it was not discussed how
this phenomenon can be affected by a speaker’s attitudes, the prosodic domain may be restructured
by this lengthening, where a booster could behave like a focus-initial position (see Truckenbrodt,
1995, for formalized patterns of prosodic restructuring under focus). It should be safe to say that
lengthening of a consonant closure could be employed as one of the enhancement strategies.
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It was also found that the American narrators read slower to express their emotions of love or sadness
compared to TTS. It is generally said that sad speech is slower in rate than happy speech (see Carl et
al., 2022, for within-language differences), and this is true for narrators’ readings. In principle, it
should be possible for professional narrators to read the love letter with a happy emotion in a faster
pace than neutral TTS, but actually it turned out to be slower, suggesting that they adopted a slow
style. In spontaneous speech, the average speech rate of native speakers is found to be 4.7 syllables
per second (Derwing & Munro, 2001), while the read speech varies depending on the styles: For
example, one study (Arnfield et al., 1995), based on the reading of North Wind and the Sun, shows
arange of 3.3. and 5.9 syllables per second. The result of the love letter reading of professionals here
is still within this range, but the speech rate of the condolence letter was slower than the range.

In regard to RQ?2, statistically significant differences between Japanese learners of English and
professional narrators include 1) consonant lengthening in “much” and “truly,” ii) pitch range of
“never” and “truly,” iii) intensity ratio of “much,” and iv) speech rate of the condolence letter
(underlined in Table 4). Among them, the poorest performance JP did was consonant lengthening.
The consonant duration ratio of JP was shorter than both TTS and professional narrators. This can
be ascribed to the phonological differences of English and Japanese: Stop consonants such as [t] in
Japanese are weakly aspirated therefore VOT is shorter than English (Riney et al., 2007). Similarly,
consonant [m] in Japanese also involves only a weak constriction of labial closure, which could make
the consonant duration shorter than its English counterpart. Interestingly, however, professional
narrators lengthened them significantly longer than TTS. We conjecture consonant lengthening is a
strategy of acoustic enhancement that the professionals employ in order to show emotions effectively
in vocal performance. Therefore, it is not just about the segmental difference between the two
languages but may be seen as a way to make the speech expressive. The next thing Japanese speakers
need to work on was pitch range modulation. This was expected, as previous research often reported
L2 English intonation is less dynamic. This is partly because of the strong resistance to change pitch
accent location that is lexically determined in Japanese, which makes global pitch contour less
variable compared to English. What JP handled well is enhancement of intensity of “never.” In
contrast, JP did not enhance “much.” Both are quantity boosters rather than quality boosters, but
“never” indicates extreme negativity, while “much” shows a positive meaning. Because the material
used in this experiment was limited, the reason why JP enhanced intensity only in “never,” not in
“much,” is unclear.

Table 4

Prosodic Features in the Love Letter and the Condolence Letter: Comparing AE, TTS, and JP

Consonant

Type of letter Boosters length Pitch range Intensity Speech rate
Love Letter much A>J, T n.s. A>J
never n.s. A>J A J>T T>A,J
such n.s. n.s. n.s.
Letter of Condolence 'truly A>T, J A>J n.s. T>A>J
sincerely n.s. n.s. n.s. -

Note. A = American English speakers; T = Text-to-Speech Voice; J = Japanese speakers. “A > J, T” denotes A is statistically larger
than J and T (p <.05). “J, T” denotes no statistically significant difference between J and T, though J is larger in number than T.
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As a pedagogical implication of emotional speech, consonant lengthening teaching may be worth
considering in class, by showing kinematics of lips and tongue of speakers of English, and by
showing acoustic signals in Praat, and by giving them a chance to compare them with their own
speech and discuss the difference between them in class. Another thing that is not taught in general
English classes is about the modulation of speed of reading emotional letters. Speech rate or
articulation rate may become faster by repetitive oral reading practice, but it should also be taught
that speed may convey different impression to listeners. Professional speakers not only change the
speed globally depending on the kind of emotion, but also vary the speed locally. One of the strategies
to make the speech expressive was to make the constriction of the closure of initial consonant of
boosters stronger and longer. The remaining issues are what kinds of consonants are likely to undergo
lengthening, and whether it is different depending on grammatical position. These can be
investigated through an independent study which requires a proper experimental design with
carefully controlled tokens.

In this study, we have explored how professional narrators read the emotional messages and what
acoustic differences could be detected between professionals and Japanese speakers. These materials
would be of good use for students’ prosody education, which should give them a chance to perceive
and produce emotional speech, and promote their awareness of differences between Japanese and
English intonation, which may in some way to contribute to successful cross-cultural
communication.
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