ol

%{} HOKKAIDO UNIVERSITY
N

x‘

<\

Title Are you laughing, smiling or crying?
Author(s) Erickson, Donna; Menezes, Caroline; Sakakibara, Ken-ichi
Citation Proceedings : APSIPA ASC 2009 : Asia-Pacific Signal and Information Processing Association, 2009 Annual Summit
and Conference, 529-537
Issue Date 2009-10-04
Doc URL http://hdl.handle.net/2115/39760
Type proceedings
APSIPA ASC 2009: Asia-Pacific Signal and Information Processing Association, 2009 Annual Summit and
Note Conference. 4-7 October 2009. Sapporo, Japan. Oral session: Synthesis of Various Affective Speech Based on

Knowledge of Human (6 October 2009).

File Information

TP-SS3-4.pdf

®

Instructions for use

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp

Are you laughing, smiling or crying?

Donna Erickson’, Caroline Menezes' and Ken-ichi Sakakibara'’
“Showa Music University, Kawasaki 251-8558 Kanagawa Japan
E-mail: EricksonDonna2000@gmail.com Tel: +81-90-8725-7412
"University of Toledo, Toledo, Ohio, U.S.A
E-mail: cmeneze@utnet.utoledo.edu
""Health Sciences University of Hokkaido, Sapporo, Japan
E-mail: kis@hoku-iryo-u.ac.jp

Abstract— Acoustic, articulatory, and perceptual analyses of
spontaneous laughing, smiling, and crying speech were done in
comparison with neutral speech. Listeners were asked to rate the
emotional intensity and identify the emotion as happy, sad, or
neutral (or other/unknown) of auditorily presented (a) phrases
and (b) single words. The results show acoustic, articulatory and
perceptual similarities for laughing, smiling and crying speech;
smiling speech was sometimes judged as sad. Utterances rated as
emotionally intense (whether laughing, smiling, or crying speech)
are characterized by high FO0, high F2 and low H2 (dB)
(especially for happy), and tended to be produced with
raised/retracted upper lip, and lowered tongue dorsum. Possible
reasons for the phonetic similarities in such divergent types of
emotional expressions, e.g., laughing, smiling and crying, are
discussed. Also, discussed are possible reasons why phonetic
characteristics of speech intended by the speaker to be emotional
are different from those perceived by listeners.

I. INTRODUCTION

Laughing, smiling and crying occur frequently in human
expression of emotion. These emotions can occur
simultaneously with speech. In speech laughs, vowels and
consonants of speech co-occur with the amplitude contour,
breathiness, and rhythm of laughter. Kohler [1] referred to
speech laugh as “free laughter superimposed on speech”,
characterized by several instances of rhythmical energy
outputs during speaking the word. According to Nwoka et al.
and Trouvain [2, 3], 50% of laughter production consists of
speech laughs.

Increased FO is reported for laugh and speech laugh
compared to speech ([3,4]. Menezes and Igarashii [5] in
addition show a gradual increase in the amplitudes of higher
harmonics (decreasing values of HI1-A3) as well as a
progression of lowering of formant frequencies, going from
speech to speech laugh to laugh. Increased H1-H2 and H1-A3
may be associated with an increase in breathy voice quality
(e.g., [6]) as one goes from speech to speech laugh to laugh.

In addition to speech laugh, there are ‘speech smiles’, used
to vocally express happiness, accompanied by high pitch and
facial expression of happiness, e.g., smiling [7, 8]. Speech
smiles contrast with speech laughs in that the breath control of
speech is used [1]. They are generally recognized auditorily as
smiled speech because of lip spreading with smiling, which
may lead to increases in F2 and F3 [9, 10, 11]. For speech
smile, it is said that the mouth is open with lip corners pulled
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upward and backward [12], the tongue may be fronted [1] and
the vocal tract may be shortened due to increased mouth
opening, along with a coupling of laryngeal tension with
facial tension [2, p. 882] and possible raised larynx [13]. For
speech laugh, the tongue may be relaxed, but not the jaws and
lips [14]. The jaw may be lower with tongue dorsum retracted
to account for lower formant frequencies [4]. Darwin [15]
observed for laughter a low jaw, open mouth with corners
retracted and slightly raised, and upper lip also raised, which
Darwin, together with Duchenne, postulated is caused by both
the zygomatic muscles of the face and the obicularis muscles
of the eye. Interestingly, Darwin observed that the facial
description for laugh is very similar to that of cry, and along
these lines, DeBenedictus [16] reported that laughing sounds
can be frequently confused with cries. Titze et al. [17], based
on modeling studies together with EMG studies, suggest that
lung pressure/lung volume define the number of bursts/calls
in a giggle bout but that the laryngeal muscles exert the
primary control of voice fundamental frequency.

Esling [18] reported an example of laughter which used a
low larynx but high pitch and the supraglottic space (often
referred to in some literature as hypopharyngeal area) is not
constricted but open. A similar finding was reported by Estill
[19] in her training manual for the singing voice: a low larynx
along with a wide, non-constricted aryepiglottic region,
produces a voice quality characteristic of both cry and laugh
(p.111), regardless of whether the FO is high or low. Acoustic
consequences of lowered larynx together with expanded
hypopharyngeal area are decreased F2, F3, F4 and a trough of
energy around 5 khz (e.g., 20, 21, 22). Erickson et al. [23]
reported lowered F2, F3, and F4 for sad (crying) speech (on
the vowel /i/).

In this paper we examine the acoustic, articulatory and
perceptual characteristics of spontaneous laughing, smiling
and crying speech as compared with spontaneous “neutral”
speech. Earlier reports on a subset of this data have been
reported in [24, 25].

II.  METHODS

Acoustic and articulatory recordings were done using the
2D EMA system (NTT Research Laboratories, Atsugi, Japan)
for an American Midwest dialect female speaker (first author)
in an informal spontaneous telephone dialogue with a



conversation partner (second author) through an
earphone/microphone set-up, where the conversation partner
sat in a separate room from the subject. The conversation
partner asked the subject various unrehearsed questions based
on a list of topics related to the subject’s personal life to
evoke emotions. Laughing, smiling and crying speech were
well-evoked, especially the latter, since the subject was at the
time of the experiment grieving the loss of her mother. The
dialogue continued in a natural manner, while EMA
recordings were made within a window frame of 20 sec, with
a break in recording of about 3 seconds between frames.
Acoustic recording, however, was continuous. Video
recording was also done but not used for systematic analysis.
From this large data base, a small subset was selected for
perceptual analysis: 39 phrases containing the same or similar
words, spoken while the speaker was laughing, smiling,
crying or talking in a non-emotional manner. From these, a
subset of 24 words —eight sets of triplet words (happy, sad,
neutral) --were selected for further perceptual, articulatory
and acoustic analysis.

Articulatory analysis was done by examining the
movement of the EMA receiver coils attached to the (1) lower
incisor (mandible) (2) upper lip, (3) lower lip, and (4) receiver
coils (T1, T2, T3, T4) attached along the longitudinal sulcus
of the speaker’s tongue. The positions of the transmitter coils
determine the coordinate system [26] with the origin
positioned slightly in front of and below the chin. All EMA
values are positive, with increasingly positive y-values
indicating increasingly raised lip, jaw or tongue position, and
increasingly positive x-values, increasingly retracted lip, jaw
or tongue position.

Articulatory measurements were made for the x-y coil
positions for the upper and lower lip (UL, LL), for the
mandible (J), and the tongue (T1, T2, T3), using a MATLAB-
based analysis program. Articulatory and acoustic
measurements were made at the time of maximum jaw
opening for each of the words analyzed. A sample of the point
of maximum jaw opening where the acoustic and articulatory
measurements were made is shown in Figure 1, which
compares happy (smiling), sad and neutral speech.

Acoustic measurements of duration and average FO were
made for each word analzyed. In addition, FO, F1, F2, F3, F4
and voice quality measurements (H1-H2, H1-A3) were made
at the point of maximum jaw opening. As mentioned in
section 1, H1 is the amplitude (dB) of the first harmonic (F0),
H2, of the second harmonic, and A3, of the strongest
harmonic associated with the third formant. Increased values
of H1-H2 and H1-A3 are said to be indicative of voice quality
associated with breathiness. Intensity was not measured,
because the microphone placement was not constant during
the course of the experiment. The corpus contains an
unbalanced mixture of vowel types: 4 high front, 3 mid front,
6 low front, and 11 rounded mid back vowels. Detailed
acoustic and articulatory analyses reported in this paper focus
on the /o/ vowel utterances. Only 10 items were used for
acoustic analysis because “going” (sad) was spoken as a
“sob” and only 9 were used for articulatory analysis because
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the articulatory recording of “don’’t” (sad) was incomplete
(the utterance was spoken at the end of the 20 s window for
collecting EMA data).

Figure 1. Sample of happy (smiling) speech (top) with sad
speech (middle) with neutral speech (bottom) for the word
“ask”. The vertical line indicates the point of maximum jaw
opening at which the articulatory and acoustic measurements
were made. The top window in each panel represents the jaw-
y movement, with a range of 1.1 to 1.3 mm, the middle
window, the acoustic signal, and the bottom window, the
spectrogram. The x-axis shows time in ms. Tongue dorsum is
not displayed.

The downloadable free acoustic software WaveSurfer and
Praat were used for the acoustic analysis. For the laugh
speech, more than one instance of acoustic/ energy chunks
was found. In order to compare the measurements of the
laugh speech with that of the other categories of speech (i.c.,
smile, sad, and neutral), FO, formant and voice quality
measurements were made for only the first acoustic chunk of
the laugh speech.

Two perception tests were administered: a phrase test (total
of 39 short phrases, 3 randomizations) and a single word test
(total of 36 words, mostly monosyllabic, 3 randomizations, 27
of which were taken from the phrase tests). Perceptual,
acoustic and articulatory analyses were done for 24 of these
words—8 sets of triplets. Four of the triplet-sets involved
smile speech (SS), and four involved laugh speech (LS).
Table 1 shows a list of phrases and words used in the
perception tests.

The tests were administered auditorily through HDA200
Sennheiser headphones in a quiet room, using a Windows-
based computer software from Runtime Revolution. The
listeners were asked to respond to two questions for each
stimulus: (1) rate each word according to the perceived degree
of emotion on a 5 point scale, with “5” most emotional and
“0” not emotional at all; (2) identify the perceived emotion—



(1) happy, (2) sad, (3) no emotion/neutral, (4) other (5)
unknown. The listeners could listen as often as they wished to
each sound. A practice test of 5 utterances preceded the test.
The listeners were 79 Midwestern American college students
from Capital University (Columbus, Ohio) and Black Hills
State University (Spearfish, South Dakota).

Table 1. Phrases and single words spoken with happy, sad,
neutral emotion on different vowels used in the two
perception tests. The word “going” (Sad) was so short that no
vowel was perceptible.

intended | . phrase vowel
emotion

E‘Sag)p 4 attention [mom, you're not paying attention €
Sad attention |Pay attention €
Neutral [attention |And I should have paid attention to the:-* €
Happy

(sS) ask You ask my husband x
Sad ask You can ask for help x
Neutral [ask If I ask you questions x
Happy

(sS) sad That makes me sad x
Sad sad I'd be very, I'd be very sad x
Neutral |sad happy and sad X
Happy

(SS) oh Oh, Happy Day! (0]
Sad so So, I would miss that very much 0
Neutral [so and so, something that make me feel sad 0
?Ifspfy going gotta video tape going <laugh> (o)
Sad going Like when somebody’s going to leave you

Neutral |going think we're not going to get any real emotion I
Happy

wLs) know You know <laugh> 0
Sad know you know it 0
Neutral  [know You know I flew out on the 12th (o)
Happy . .

Ls) thing Do such a thing <laugh> 1
Sad think You think I
Neutral [think I think so too I
Happy ’ ’

LSs) don’ t Don’ t go east 0
Sad don’t Pay attention don’ t 0
Neutral |don’t don’ t forgive 0

III. RESULTS

A.  Perception Tests

Table 2 (see end of paper) shows listeners’ categorizations
and ratings of intensity of the emotion for each of the items in
the perception tests (1) with single words (indicated in bold
type in the table) and (2) with phrases in which those words
occurred. Interestingly, even when listeners were presented
with the phrases, there was not 100% identification of the
speaker’s intended emotion. But there was above chance level
of identification (e.g., above 20%, since there were 5 choices-
-happy, sad, neutral, unknown, other). Sad utterances were
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best perceived as sad (76%) while happy were perceived at
58% and neutral at 47%. Those phrases that were well-
identified as either happy or sad had an average intensity
rating of 3.2; those identified as neutral, 1.8.

The identification of emotion for the phrases was
sometimes influenced by the semantics of the utterance; for
instance, utterance 6 (“That makes me sad”) spoken as happy
but with a lexical meaning of sad was only identified 8% of
the time as happy, and utterance 24 (“don’t forgive”) spoken
as neutral but having a negative morpheme was identified as
neutral only 30% of the time. In addition, certain happy
phrase utterances even with a neutral meaning were
sometimes perceived as sad: Utterances 7 and 8 (“Mom,
you’re not paying attention” and “You ask my husband”)
were heard only 9% and 5%, respectively, of the time as
happy and 53% and 69% of the time as sad. Both of these
utterances were spoken with a smile (according to the video
recording), but nevertheless were heard predominantly as sad,
not happy.

The perceptual results with single words were to a certain
extent similar to that for the phrase utterances. Emotion can
be identified by listeners in single words well above chance.
Intended sad words were perceived as sad 52%, happy as
happy 56% and neutral as neutral as 44%. In certain cases,
the identification of emotion of the word was better than that
of the phrase, e.g., for utterances 11 (“pay attention don’t”),
and 12 (“you think”), both spoken as sad, the single words
(don’t and think) were better identified as sad than the
phrases (76% for the single word vs. 44% for the phrase, and
76% for the single word vs. 13% for the phrase, respectively).
Also, the opposite was seen: words intended to be sad were
sometimes perceived as neutral. For instance, utterances 13-
16 (“so,” “know,” ”going,” “don’t”) spoken as sad were heard
as neutral (40%, 47%, 64%, 52%, respectively).

Also, as with the phrases, those words that were well-
identified as either happy or sad had an average intensity
rating of 3.2; those identified as neutral, 1.8

Neutral speech was never given an intensity rating of 3 or
above, but sometimes sad speech was rated as neutral. Happy
laugh speech utterances (“thing,” “going,” “know,” “don’t”)
were well-recognized by listeners as happy speech, i.e., 83%,
81%, 84% and 95%, respectively. Happy smile speech
utterances (“attention,” “ask,” “sad,” “oh’’) were not that well
recognized as happy speech, i.e., 18%, 18%, 17%, 48%,
respectively, and sometimes were identified as sad, e.g.,
happy smile speech utterances, “attention,” “ask,” and “sad”
were identified as sad utterances, i.c., 48%, 57%, 41%,
respectively.

The results with phrases and single word utterances suggest
that (1) listeners generally can identify the intended emotion
of the speaker by listening to a phrase or word out of context
of the entire conversation, (2) that utterances that were
identified as emotional also were assigned relatively high
emotional intensity ratings, and those identified as neutral,
low intensity ratings, and (3) the speaker’s intentions and the
listener’s perceptions do not match 100% of the time.

B.  Single words. Articulatory/acoustic measurements



Acoustic measurements for all single word utterances with
the vowel /o/ are discussed here (Table 2a). According to the
table, happy and sad words, compared to neutral words,
group together in terms of FO and formant frequencies: FO
tends to be higher, F1 lower, F2 higher, and F4 lower. In
terms of amplitude of harmonics, sappy seems to be different
from sad and neutral: H1(dB), H2(dB) and H1-A3(db) are
smaller, but H1-H2 is larger. ANOVA with the acoustic
measures as dependent variables and “intended emotion” as
the independent variable found main effects only for H2
(p=0.002). T-tests show that happy vs neutral speech is
significantly different in terms of average FO (p=0.046) and
H2 (p=0.001) with happy speech having higher FO and lower
H2 (dB) than neutral, but there are no significant differences
between happy vs sad speech (p=0.258, p=0.173,
respectively). To summarize, happy and sad speech have
higher FO than neutral; happy and sad speech have lower H2
than neutral; happy has larger H2-H1 than sad or neutral; and
happy has smaller H1-A3 than sad or neutral.

Table 2b shows the mean articulatory values for happy,
sad, and neutral utterances for words on the vowel /o/. Lower
values of y measurements indicate lower articulator position,
ie., lower jaw, lip and tongue. Lower values of x-
measurements indicate more protruded/advanced articulator
position, i.e., more protruded jaw, lip and tongue. A general
tendency seen from the mean values in Table 2b is that happy
and sad /o/-vowel utterances compared with neutral ones
have lower jaw and more retracted upper lip. In addition,
happy  utterances have more raised upper lip,
lowered/retracted lower lip, as well as lower, retracted lower
lip and lower, retracted tongue dorsum.

Table 2a. Mean acoustic values of the 10 /o/-vowel utterances
intended by speaker to be happy, sad or neutral.

(laugh and smile) speech vs. neutral speech (p=0.009) with
happy speech more retracted than for neutral speech, but there
are no significant differences between happy and sad speech
(p=0.627).

To summarize the acoustic and articulatory characteristics
of speech intended by the speaker to be emotional, ANOVA
shows that happy (laugh and smile) speech (as well as sad,
including crying speech), as opposed to neutral speech, is
characterized by high FO0, low H2, and retracted upper lip. It is
interesting that t-tests show no significant differences between
happy and sad speech in terms of their acoustic and
articulatory characteristics.

Although laugh and smile speech are similar in terms of
acoustic and articulatory measurements, laugh speech is
unique, in that it is simultaneously speech and laugh. The top
panel of Figure 2 shows a typical example of “laugh speech”,
as spoken on the utterance “think”(top panel), and contrasts
with “thing” spoken as sad and neutral, shown in the middle
and bottom panels, respectively. For laugh speech the vowel
is elongated and chunked into 3 acoustic and energy events, a
pattern not seen in the sad or neutral utterances. For each
utterance, there is one opening-closing of the jaw (not shown
here). Even for laugh speech, where the acoustic signal is
divided into subparts of energy rises and falls, there is only
one jaw opening. This pattern of multiple acoustic/energy
chunks but one jaw opening per linguistic monosyllabic word
was seen for each of the other three laugh utterances in the
data and is a new finding previously not reported.

Emot| DUR| AVFO | FO F1 F2 F3 F4 | HI | H2 | A3 g; i;
ion | (ms)| (Hz) | (Hz) [ (Hz) | (Hz) | (Hz) | (Hz) |(dB)|(dB)|(dB) (dB| (dB)

H
(av | 0.41 | 298 | 301 | 365 [ 1662 | 2865 | 3996 |-43 |-51 | -58 (8.2 |15.8
of 4)

S (av

of 3) 036 | 243 | 239 | 375 | 1673 [ 2725 | 3908 [-36 |-41 | -69 |4.9 |33.2

N
(av | 0.31 190 197 | 410 | 1541 | 2992 | 4125 |-32 |-37 | -65 |5.2 133.7
of 3)

Table 2b. Mean articulatory values of 9 /o/-vowel utterances
intended by speaker to be happy, sad or neutral.

Emotion JX JY ULX [ ULY | LLX | LLY | T3X | T3Y

H(avof4)| 7.2 12.0 6.5 14.5 6.5 13.0 | 10.8 | 14.1

S(avof2)| 7.3 12.0 6.5 14.3 6.2 133 | 104 [ 145

N (avof3)| 74 12.3 6.3 14.2 6.3 133 | 10.6 | 147

An ANOVA done for the utterances on the vowel /o/ with
"intended to be emotional (e.g., happy/sad)” vs. “not-intended
to be emotional (e.g., neutral)” as the independent variable
and the articulatory measures as the dependent variables
found main effects only for upper lip-x (p=0.002). T-tests
show that upper lip-x is significantly different for happy
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Fig. 2. The utterance “think” spoken as laugh speech (top),
“thing” as sad speech (middle) and “thing” as neutral speech
(bottom). Shown for each utterance is the acoustic signal, the



spectrogram, the intensity contour (dB), FO contour (kHz),
time signature, and acoustic signal.

C. Single words: perceptual/acoustic/articulatory

In the above section, we examined the acoustic and
articulatory characteristics of the /o/ words intended to be
happy, sad, or neutral. In this section, we examine the
characteristics of the /o/ words that were perceived by
listeners to be emotional, where “perceived to be emotional”
was "1" if the averaged rating (answer to question 1) was "3"
or above, and "0" if it was less than "3". Due to small sample
size, it is not possible to analyze happy vs. sad speech
separately. ANOVA with “perceived to be emotional” as the
independent variable, and the articulatory/acoustic measures
for the /o/-vowel utterances the dependent variables, found
main effects for the following measures: average FO
(p=0.010), FO (p=0.025), F2 (p=0.026), H2 (p=0.000), upper
lip-x (p=0.001), upper lip-y (p=0.040), and tongue dorsum-y
(p=0.021). These results suggest that /o/-vowel utterances
perceived to be emotional not only had high FO, but also high
F2, and were characterized by retracted/raised upper lip and
lower tongue dorsum positions. Comparison of the differences
in phonetic parameters for /o/-vowel utterances between
“intended to be emotional” (as produced by the speaker) and
“perceived to be emotional” (as perceived by listeners) shown
in Table 3 indicates that only H2 and upper lip x were
significantly different for those utterances intended to be
emotional (happy or sad), but FO, F2, H2, upper lip-x, upper
lip-y, lower lip-y and tongue dorsum-y were significantly
different for those /o/-vowel utterances perceived by listeners
to be emotional. This suggests that for Aappy (or sad crying)
utterances, the speaker produced H2 with a lower amplitude
and retracted upper lip; however, listeners, cued into not only
these two things, but also, in perceiving happy (or sad crying)
utterances, they paid attention to higher FO, higher F2, and
certain acoustic cues resulting from raised upper lip and
lowered tongue dorsum. That different phonetic parameters
may be associated differently with intended vs. perceived
emotional speech is consistent with the mixed perceptual
results shown in Table 1, indicating that not all utterances
intended as happy or sad or neutral by a speaker who is
experiencing intense emotion are perceived by listeners as
happy, sad, or neutral, respectively. No significant
correlations for intensity ratings and acoustic/articulatory
measurements were seen. Given the small sample size in this
study, no conclusive statements at this point can be made,
however.

Table 3. Significant differences in phonetic parameters
between “intended to be emotional (by speaker)” and
“perceived to be emotional (by listeners)” for /o/-vowel
utterances

Emotion| avF0 | FO F2 H2 | ul-x | ul-y | T3-y
Intended 0 [0.008
Perceived, 0.00 | 0.03]0.026] 0.00 ]0.001] 0.04 | 0.02
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IV. DISCUSSION

A Similarity between happy and sad speech

The perception results with phrases and with single words,
asking listeners to rate the emotional intensity of the speech
sounds, showed that laugh speech was always heard as
emotional (rated as “3” of above), but smile speech was not. It
was given a rating of “3” or above for only half of the speech
utterances (total of 2 out of 4). When listeners were asked to
label the emotion they heard, laugh speech was well-
perceived as happy speech (80% of the time or more), but
smile speech, less well-perceived, unless the semantic
meaning of the sentence was happy, as in the phrase, “Oh
happy day!” which was identified 89% of the time as happy.
Otherwise, smile speech phrases were identified as sad above
chance (40% and 60%), and smile speech words also above
chance as sad (21% and 57%.) Since sad and happy speech
were very similar in terms of acoustics and articulation (t-tests
showed no significant differences), it should not be surprising
perhaps that perception results showed confusion between
smile and sad speech. This finding is compatible with
previous studies that have shown similarities between laugh
and cry, e.g., [18, 15, 16]. It is extremely interesting that the
acoustic and articulatory characteristics of happy and sad
speech overlap, thus resulting in misperception by listeners.
One possible answer for this mismatch may have to do with
an inherent and fundamental similarity in physiological
mechanisms underlying happy and sad emotions—the
purpose of both may be to bring about a type of catharsis or
relaxation for the speaker; hence, relaxation of the muscles for
breathing and vocalization, which might account for the
greater glottal opening for happy and sad speech (i.e., smaller
H2-H1). Further exploration along these lines needs to be
done.

Another avenue of thinking might be that speakers do not
necessarily experience any one single emotion at a single time.
Emotions are complex. In the case of this experiment, the
speaker was feeling very sad because of the situation about
her mother, and the underlying sadness may have colored her
way of speaking, even while laughing and smiling. A similar
situation may be seen, for instance, in cases of chronically
depressed speakers, with the underlying emotion of
depression/sadness giving a long-term effect of coloring their
speech expressions but with short-term effects of temporary
displays of other emotions.

B Phonetic characteristics of emotional speech
(intended by speaker to be emotional, perceived by listeners
to be emotional)

In terms of acoustic and articulatory characteristics,
ANOVA analysis showed that laugh and smile speech (and
sad speech) compared with neutral speech for /o/ vowel
utterances was significantly different in terms of having high
FO, low H2, and retracted upper lip. In terms of listeners’
perception of whether an utterance was emotional or not,
ANOVA analysis showed that utterances judged as emotional



vs. not-emotional were significantly different for /o/ vowel
utterances in terms of emotional utterances having high FO,
raised F2, low H2, retracted/raised upper lip and lowered
tongue dorsum.

High FO for speech laugh and smile has been previously
reported, as mentioned in the introduction, e.g.,[6. 2, 8, 9].
The use of EMA in this study confirms the raised and
retracted upper lips previously observed for laugh, e.g., [15]
and speech smile, e.g, [12. 15, 10]. However, in this study we
also find raised retracted upper lip for laugh speech, as well as
sad speech. Our finding of lowered tongue dorsum confirms
the hypothesis suggested by [6] for laugh speech, and which
we also found for smile speech. There is a tendency in our
data (see Table 2b) for jaw position to be lower for laugh and
smile speech. This was hypothesized by [6] to be the case for
laugh speech, and was observed by Darwin for laugh.

Some comments about lowered F4 for emotional speech:
This may be caused by vocal tract lengthening/enlarging due
to a lowered larynx, as well as an expanded hypopharyngeal
region (ventricular area and piriform fossa) (e.g., [27, 20, 21,
22] According to [19], the lowering of the larynx and
expanding of the hypopharyngeal region would produce the
voice quality heard in laugh and cry. Erickson et al.[23]
reported lowered F2, F3, and F4 for sad (crying) speech on
the vowel /i/. A lowered tongue dorsum, as found in this study,
might be part of the process involved in lowering the larynx,
which would lengthen the vocal tract, and among other things,
reduce F4. At this point, no larynx height data is available;
however, plans are underway to collect empirical data, e.g.,
simultaneous fiberoptics, EMG, EGG, larynx height, video
and acoustic recordings, about larynx lowering and
hypopharyngeal expansion during laugh and smile (as well as
sad) compared with neutral (modal) phonation in order to
explore these hypotheses.

About the voice quality measures, H1-H2 and H1-A3, we
do not see a progression of larger HI-A3 values for laugh
speech compared to neutral speech, as was reported by [6].
However, we do see a difference in H2 amplitude—with H2
lower for utterances that were rated as intensely emotional.
ANOVA with “perceived emotional” vs. “perceived-not
emotional” as the independent variable showed that H2 was
significant. Especially for the laugh utterances, which were
rated intensely emotional, we see low amplitude for H2.

Laugh speech is very unique, compared with smile speech
or modal (reutral) speech. As previously reported (e.g., 1,2],
the acoustic signal is divided into smaller parts, associated
with energy rises and falls. But the new finding in this study
is that there is only one jaw opening per word-unit, regardless
of the number of smaller chunks of acoustic and amplitude
units. This is interesting from the point of the articulatory
organization of speech, and specifically, the articulatory
organization of the syllable. According to certain hypotheses
(e.g., 28, 29], the jaw is the articulatory organizer of the
syllable and the magnitude of the jaw opening dictates the
prosodic strength of the syllable. The finding for laugh speech
of one jaw opening per monosyllabic speech unit
simultaneous with multiple respiratory and laryngeal events
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suggests maybe a multilayered structure of emotional speech:
a first layer physiological, dealing with strengthening or
relaxing muscles for breathing and vocalization, and a second
layer, having to do with linguistic/social structure. Our
findings here may contribute toward understanding the
organization of laugh speech. That is, how does a speaker
combine laughter, something part of a human’s vocal
repertoire before speech developed, with speech, something
that requires controlled coordination of the respiratory and
laryngeal/supralaryngeal articulatory mechanisms, e.g., 2, 30,
6],. The question is far from answered, but perhaps this
finding will contribute to an answer in the future. Clearly,
more analysis of laugh speech needs to be done.

To summarize some of the articulatory and corresponding
acoustic characteristics of emotional (happy and sad crying)
speech (as spoken on /o/ vowels):

1. FO is significantly higher for emotional (happy and
sad crying) speech compared to neutral speech. It is
not immediately clear why high FO is a characteristic
of intensely emotional speech.

F2 is higher for happy and sad crying speech; the
upper lips are raised and retracted, which would
account for a raised F2.

There is a tendency for F4 to be lower for sappy and
sad crying speech; the tongue dorsum is also lower,
which might possibly lead to a lower larynx and
consequently reduced F4 (since the vocal tract would
be lengthened). This remains to be substantiated with
data from physiological experiments.

There is a tendency for H1-H2 to be larger, especially
for happy (laugh) speech. This suggests a larger
glottal opening and more breathy quality for happy
(laugh) speech.

There is a tendency for H1-A3 to be smaller for happy
(laugh) speech. This suggests an abrupt closing of the
vocal folds, which may be caused by high sub-glottal
pressure, and the consequent Bernouilli force which
would cause the folds to close abruptly due to the high
velocity of air particles passing through the glottis.

H2 (dB) is significantly lower for happy speech. It is
not clear why this is, but needs to be researched more.

D Why is there a difference between speech intended by
speaker to be emotional and speech perceived by listeners to
be emotional

The results suggest there is a difference in acoustic and
articulatory characteristics between speech intended by a
speaker to be emotional and speech perceived by listeners to
be emotional. In terms of production of happy (or sad crying)
utterances, the speaker produced H2 with a lower amplitude
and retracted upper lip. However, in terms of perception,
listeners, cued into not only these two aspects, but also, to
higher FO, higher F2, and certain acoustic cues resulting from
raised upper lip and lowered tongue dorsum. It is not clear
why we found these differences between production and
perception. The utterances in the perception tests were taken



out of a larger context, and presumably given the complete
context, listeners’ perception might more accurately match the
speaker’s intention. Nevertheless, it remains interesting that
we found this difference in this experiment. One
interpretation may be that production goals of a speaker while
in the throes of an emotional experience may be different
from those of a speaker not overwhelmed by the emotion but
who is concentrating on communicating
paralinguistic/affective information to a listener, such as the.
situation with expressive speech in acted situations or in the
usual give and take of daily communication. As such, the
acoustic characteristics may be of a more stereotypical nature
and of a type that listeners may be more accustomed to
hearing than those of the type recorded in this particular
experiment, where the speaker was experiencing strong
emotion at the same time talking.

V. SUMMARY

We examined acoustic and articulatory recordings of
spontaneous sad crying and happy speech (laugh and smile
speech), and comparing them with neutral speech. We asked
listeners to (1) rate the emotional intensity of the speech
utterances and (2) categorize the utterances as happy, sad, or
other (not-emotional, unknown, other). The sample size was
small and unbalanced, so conclusive remarks cannot be made.

Nevertheless, certain  interesting and  consistent
characteristics emerged from this study which can be
summarized as follows: (1) There are distinctive acoustic,
articulatory and perceptual characteristics for “emotional” vs.
“not-emotional” speech; (2) There are similarities between
happy/sad crying speech in terms of acoustics, articulation,
and perception; also between laugh and smile speech; (3)
Laugh speech, even only spoken as a single word, was easily
recognized as happy, but it was not always easy for listeners
to identify smile speech as happy (both for single words and
phrases) to the extent that smile speech was sometimes
confused with sad speech; (4) Laugh speech is characterized
by several acoustic and intensity chunks during the word, yet
only one jaw opening; (5) Intended happy speech (laugh,
smile speech) (for /o/ vowel utterances) is significantly
different from neutral speech in terms of its higher FO, lower
H2 , and retracted upper lip; and (6) Utterances (spoken with
/o/ vowels) perceived by listeners as emotional are
significantly different from those perceived as neutral in
terms of higher FO, higher F2, lower H2, raised/retracted
upper lip, and lowered tongue. The assumption in this paper is
that the findings for the /o/-vowel utterances apply to all
vowels, but a larger data base is needed to verify this.

Some future questions we wish to explore are (1) how does
a speaker combine laughter with speech? (2) why did laughter
emerge? and (3) what are the important voice quality
characteristics of crying, laughing, and smiling speech, in
terms of acoustics, articulation, and perception?

Finally, we wish to explore further the differences in
acoustic and articulatory parameters of intended emotional
speech (as produced by the speaker) and those of perceived
emotional speech (as perceived by listeners). Both acted and
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spontaneous emotional speech utterances are valid topics for
research, but with different research goals. The focus of this
paper is on spontaneous expression of intense emotion, which
we believe is important for exploring the essential
mechanisms underlying speech production in humans, and
will form a basis for better understanding of intra-human (as
well as human machine) communication. These differences in
production and perception may be crucial factors in
(mis)communication among humans, as well as human-
machine interfaces.
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Ut. | Intended phrase/word %IDH | %IDS | %IDN | emotional
# emotion intensity
1{H (Is) don’t go east 93%/95% |  5%/4% 0%/0% 4.3/4.2
2|H (Is) you know 85%/84% | 7%/10% 0%/0% 3.1/3.5
3|H (Is) do such a thing 82%/83% | 13%/11% | 0%/0% 3.9/3.8
4]H (Is) gotta video tape going 91%/81% | 6%/16% 0%/0% 3.5/3.7
5|H (ss) Oh happy day 89%/48% | 5%/21% 0%/9% 3.4/2.9
6|H That makes me sad 8%/17% | 40%/41% | 32%/26% 1.9/2.2
7|H (ss) mom, youre not paying attention 9%/18% | 53%/48% | 10%/14% 2.512.4
8|H (ss) You ask my husband 5%/18% | 69%/57% | 3%/7% 3.1/3.1
9]S I'd be very, I'd be very sad 3%/0% | 94%/98% | 0%/0% 4.3/3.5
10]S you can ask for help 2%/3% | 95%/88% | 0%/3% 4.4/3.6
11]S Pay attention dont 4%/6% | 44%/76% | 18%/4% 2.1/2.9
12]S you think 6%/4% | 57%/76% | 12%/7% 2.3/2.9
13]S So, I would miss her very much 2%/9% 91%/8% 1%/40% 3.3/2.9
14]S You know it 0%/2% | 84%/39% | 5%/47% 2.9/1.9
15(S like when somebody's going to leave you | 0%/1% | 97%/19% | 0%/64% 4.4/1.6
16]S Pay attention dont 4%/8% | 44%/13% | 18%/52% 2.1/1.6
17{N think we're not going to get any real emoti| 3%/8% 4%/7% | 61%/56% 1.5/1.6
18|N And I should have paid attention to the...] 0%/1% | 27%/17% | 40%/54% 1.8/1.6
19|N If I ask you questions 1%/5% 2%/8% | 45%/50% 2.0/1.7
20|N You know, I flew out on the 12th 3%/3% 4%/13% | 70%/49% 1.4/1.7
21|N happy and sad 0%/0% 7%/42% | 50%/44% 1.7/1.8
22|N And so, something that makes me feel sad| 0%/9% 42%/8% | 41%/40% 1.7/1.8
23|N I think so too 3%/4% | 36%/27% | 37%/38% 1.9/1.9

Table 1. Results of perception tests for each phrase and each word. Column 1 shows the utterance number; column 2, the emotion
intended by the speaker; column 3 the phrase and the word (in bold) used in the perception tests; columns 4, 5, and 6, the percent
identification by listeners of the phrase or word (in bold) as either happy (%IDH), sad (%IDS) or neutral (%IDN) respectively to
answer to question 2, and column 7 shows the listeners mean rating of the intensity of the emotion (answer to question 1) for the
phrase and the word (in bold) where “5” indicates extremely emotional.
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