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Abstract
The human voice communicates emotion through two different types of vocalizations: 
nonverbal vocalizations (brief non-linguistic sounds like laughs) and speech prosody (tone 
of voice). Research examining recognizability of emotions from the voice has mostly 
focused on either nonverbal vocalizations or speech prosody, and included few categories 
of positive emotions. In two preregistered experiments, we compare human listeners’ (total 
n = 400) recognition performance for 22 positive emotions from nonverbal vocalizations 
(n = 880) to that from speech prosody (n = 880). The results show that listeners were more 
accurate in recognizing most positive emotions from nonverbal vocalizations compared 
to prosodic expressions. Furthermore, acoustic classification experiments with machine 
learning models demonstrated that positive emotions are expressed with more distinctive 
acoustic patterns for nonverbal vocalizations as compared to speech prosody. Overall, the 
results suggest that vocal expressions of positive emotions are communicated more suc-
cessfully when expressed as nonverbal vocalizations compared to speech prosody.

Keywords Acoustics · Machine learning · Nonverbal vocalizations · Positive emotions · 
Speech prosody · Voice
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Introduction

The human voice expresses a wealth of information, serving as an audible index of a per-
son’s age, sex, identity, and emotional state (Kreiman & Sidtis, 2011). Among the features 
conveyed by the voice, an important element for everyday social interactions is the expres-
sion of emotions. Independently of semantic information (i.e., what is being said), the 
voice can express emotions via speech prosody (i.e., how it is being said), like speaking 
louder or softer. Emotion can also be expressed vocally via nonverbal vocalizations like 
screams and laughs. The voice can communicate discrete emotions such as anger, fear, and 
happiness to listeners via both nonverbal vocalizations and speech prosody (e.g., Banse 
& Scherer, 1996; Juslin & Laukka, 2001, 2003). However, it is poorly understood how 
the type of vocalization (nonverbal vocalizations vs speech prosody) influences listeners’ 
recognition of emotions. For example, is it easier to recognize amusement from a laugh 
as compared to a word spoken with amusement? Moreover, research to date has tended to 
include a limited number of positive emotions or to use a single positive emotion category, 
referred to as happiness or joy. In the present study, we examine recognizability of 22 posi-
tive emotions expressed via nonverbal vocalizations and speech prosody, and compare the 
accuracy levels between the two vocalization types.

Nonverbal Vocalizations Versus Speech Prosody

Nonverbal vocalizations are brief non-speech expressions of emotions like laughs, moans, 
sighs, and grunts. They exclude linguistic interjections (e.g., “Surprise!”) that form part of 
semantic speech content (e.g., Ameka, 1992). Nonverbal vocalizations are similar to affect 
bursts (Scherer, 1994), but they do not include emblematic affect expressions like “yuck!” 
and they do not have to include a change in facial expressions. Nonverbal vocalizations are 
considered ‘pure’ expressions of emotions in the sense that they closely reflect physiologi-
cal and autonomic changes (Scherer, 1986). Speech prosody, on the other hand, refers to 
suprasegmental attributes of spoken language, such as intonation, that can communicate 
emotions concurrently with semantic content (Juslin & Laukka, 2003; Scott et al., 2010). 
Acoustic features mainly related with rhythm and melodies in speech constitute the domain 
of prosody, which are sometimes referred to as paralinguistic features (Gibbon, 2017). It 
has been proposed that nonverbal vocalizations might be easier to understand than speech 
prosody (Scott et  al., 2010). The production of emotional speech prosody is constrained 
because during speech production, there can be conflicts between the prosodic features 
associated with an emotional state and the ones used to denote linguistic information. For 
instance, changes in pitch levels signaling emotional information can conflict with changes 
relating to linguistic stress in a sentence or the rising pitch of a question. Such conflicts 
may create ambiguity in the speech prosody, resulting in less discriminable emotional 
information compared to nonverbal vocalizations. Nonverbal vocalizations, on the other 
hand, are largely unconstrained by linguistic structure (e.g., Pell et al., 2015; Scott, Sau-
ter, & McGettigan, 2010). They are produced at the glottal/subglottal level with reduced 
volitional control of the vocal tract configurations (Trouvain, 2014). A lack of volitional 
control and linguistic constraints on nonverbal vocalizations leads to greater acoustic vari-
ability in nonverbal expression of emotions compared to prosodic expressions of emotions 
(e.g., Jessen & Kotz, 2011; Lima et al., 2013). Such flexibility might lead to the expression 
of emotions with higher discriminability in terms of acoustic structures.
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Some emotions are typically expressed by means of nonverbal vocalizations and rarely 
vocalized via speech (Banse & Scherer, 1996). This proposal (yet untested) implies that rec-
ognizability advantage of nonverbal vocalizations over speech prosody might differ per emo-
tion. For example, relief is typically expressed with sighs and amusement is expressed with 
laughs, with such vocalizations also occurring in other mammals, like rats (Panksepp & Burg-
dorf, 2003; Soltysik & Jelen, 2005). These emotions might have more distinctive acoustic 
configurations when expressed via nonverbal vocalizations compared to speech prosody, lead-
ing to higher recognizability. However, it is also a possibility that some emotions like feeling 
respected might not have any prototypical nonverbal vocalizations and might be preferred to 
be expressed through prosodic expressions. These emotions might have better differentiated 
acoustic profiles in speech prosody compared to nonverbal vocalizations.

Even though arguments for enhanced communication of emotions via nonverbal vocaliza-
tions as compared to speech prosody have been put forward, there is little research formally 
testing this notion. Studies conducted to date have found that negative emotions are recog-
nized more accurately (Hawk et al., 2009; Lausen & Hammerschmidt, 2020; Sauter, 2007) 
and rapidly (Castiajo & Pinheiro, 2019; Pell et al., 2015; Schaerlaeken & Grandjean, 2018) 
from nonverbal vocalizations compared to speech prosody. For positive emotions, this per-
ception advantage of nonverbal vocalizations has been tested for happiness/joy and pride, yet 
it is not established whether it generalizes to other positive emotions. In the present study, 
we compare human listeners’ recognition performance for nonverbal vocalizations and speech 
prosody for a wide range of different positive emotions.

Theorists have highlighted the need to differentiate between different positive emotions in 
vocal expressions for several decades. In an early review, Scherer (1986) lamented that such 
distinctions were rarely made in the literature and noted that it is therefore not clear what 
researchers refer to when they use the term ‘happiness,’ which makes it difficult to compare 
results between studies. Ekman (1992) suggested that ‘happiness’ should be replaced with 
several positive emotions and proposed that listeners might be able to differentiate these emo-
tions from vocal expressions. The need to differentiate between positive emotions is further 
supported by an empirical study comparing more intense and less intense form of emotional 
vocalizations (Banse & Scherer, 1996). The two positive emotions, elation and happiness, 
were rarely confused with each other, suggesting that they might be expressions of two distinct 
positive emotions.

In recent years, researchers examining vocal communication of emotions are increasingly 
differentiating between distinct positive emotional states. There is empirical evidence showing 
that several positive emotions are expressed with vocal expressions characterized by distinct 
acoustic patterns and that they can be recognized by naïve listeners (see Kamiloğlu et al., 2020 
for a review). However, studies to date have tended to include only a few categories of positive 
emotions and have focused on either nonverbal vocalizations or speech prosody. In the present 
study, we test whether listeners can recognize 22 different positive emotions from nonverbal 
vocalizations and speech prosody. We then test the robustness of these findings by conducting 
an identical experiment in a second cultural context.

The Present Study

In the present study, we aim to compare recognition accuracy for nonverbal vocalizations 
to that from speech prosody for positive emotions. To do so, we first examined which of 
the 22 positive emotions could be recognized at better-than-chance levels for each type of 
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vocalization. This allowed us to differentiate positive emotions that were not recognized 
from nonverbal vocalizations or speech prosody. We then tested the hypothesis that posi-
tive emotions are more accurately recognized when expressed as nonverbal vocalizations 
compared to speech prosody. We further sought to exploratorily examine recognition accu-
racy differences between the two vocalization types for each emotion. In order to be inclu-
sive of a wide range of positive emotions, a total of 22 positive emotions that have been 
examined in the scientific literature were included: admiration, amae [presumption on oth-
ers to be indulgent and accepting (Behrens, 2004)], amusement, awe, determination, ela-
tion, elevation, excitement, gratitude, hope, inspiration, interest, lust, moved, pride, relief, 
respected, schadenfreude, sensory pleasure, surprise, tenderness, and triumph (see Table 1 
for definitions and examples).

In Experiment 1, naïve Dutch listeners were asked to complete a forced-choice emotion 
categorization task for vocal expressions produced by native Dutch speakers. Experiment 2 
was a replication of Experiment 1 in which naïve Chinese listeners completed an identical 
forced-choice emotion categorization task with vocalizations of 22 positive emotions pro-
duced by native Chinese Mandarin speakers. The hypotheses, methods, and data analysis 
plan for both experiments were pre-registered on the Open Science Framework (https:// osf. 
io/ 6c8v3/? view_ only=) before data collection was commenced.

In order to compare acoustic patterns of positive emotions expressed via nonverbal 
vocalizations to that of speech prosody, we conducted an acoustic analysis. Machine learn-
ing models were used to classify the nonverbal vocalizations and speech prosody stimuli 
from Experiment 1 and 2 based on their acoustic features. We hypothesized that acoustic 
classification accuracy of positive emotions would be higher for nonverbal vocalizations 
compared to speech prosody.

Experiment 1: Dutch Listeners’ Recognition of Positive Emotions 
from Dutch Vocalizations

In Experiment 1, we first examine whether naïve Dutch listeners would be able to recog-
nize 22 positive emotions from vocal expressions produced by native Dutch speakers at 
levels significantly above chance. We then test whether recognition of positive emotions is 
better from nonverbal vocalizations as compared to speech prosody overall, and provide a 
breakdown of the results per emotion.

Method

Participants

We estimated the sample size through data simulation. A generalized linear mixed model 
was constructed to test whether participants would recognize 22 positive emotions at 
better-than-chance levels, with the dependent variable being a binary response (correct 
or incorrect). Positive emotion with 22 factors was set as a fixed effect. Participant and 
vocalization IDs were entered as random factors accounting for participant and speaker 
variability. Chance level was set to 1/8, which is the chance of selecting the correct emo-
tion category by random guessing in an 8-way forced-choice task. We defined logit for the 
reference probability of 1/8, which was entered in the model as an offset term. The simula-
tions indicated that using a sample size of N = 200 would ensure that the experiment would 

https://osf.io/6c8v3/?view_only=
https://osf.io/6c8v3/?view_only=
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be well powered (80%) for testing whether recognition performance would be at better-
than-chance levels. Simulations were run in R (version 1.1.383, www.r- proje ct. org) using 
lme4 package (Bates, Mächler, Bolker, & Walker, 2015). The simulation script is provided 
in Supplementary Materials Script 1S.

Two hundred native Dutch speakers (105 women, 92 men, 2 other, 1 preferred not to 
say; Mage = 21.75, SDage = 3.82, range = 18–40  years old) with no (self-reported) hearing 
impairments were recruited via the University of Amsterdam, Department of Psychology’s 
research pool, and by advertisements posted on Facebook. Participation in the study was 
compensated with course credit or monetary reward.

Materials and Procedure

Stimuli Posed vocal expressions of positive emotions were recorded at the University of 
Amsterdam’s psychology laboratory. The walls of the laboratory were covered with high 
quality acoustic fabric to prevent echoes. Individuals whose native language was Dutch 
and who had never been diagnosed or treated for any voice, speech, hearing, or language 
disorder were considered eligible for participation in the study. Twenty participants (10 
women, 10 men; Mage = 22.42, SDage = 2.64, range = 20–31 years old) were invited to the lab 
to record vocalizations.

Upon arriving at the lab, participants were seated in front of a lab computer, which dis-
played each emotion term in turn, together with its definition. Participants were then asked 
by the experimenter to describe the emotion in their own words to ensure that they under-
stood the definition correctly. If needed, they were provided examples. Then, they read a 
situational example and were asked to imagine the situation as vividly as possible. They 
were then asked to produce a vocal expression of the corresponding emotion. The target 
emotions, accompanying definitions, and situational examples can be found in Table 1.

Participants were positioned approximately 30  cm from the microphone. They pro-
duced both nonverbal vocalizations and speech prosody for each of the 22 positive emo-
tions. When producing nonverbal vocalizations, participants were asked to avoid actual 
words (e.g.,” “no,” “yes”) and vocalizations with conventionalized semantic meanings 
(e.g., “yuck,” “ouch”). For speech prosody, speakers were asked to produce the seman-
tically neutral word “zeshonderd zevenenveertig” (from Dutch: six hundred forty-seven) 
in a way that expressed the target emotion. We chose to use a neutral word to make sure 
that vocal emotions would be communicated solely in terms of prosodic cues. Participants 
were instructed to avoid inserting any additional sounds such as laughs or sighs into their 
speech (e.g., Hawk et  al., 2009). Each type of vocalization (nonverbal vocalizations and 
speech prosody) constituted a separate block. The order of the two blocks and the order 
of emotions in each block were randomized across participants. Participants were allowed 
to produce multiple vocal expressions for a given emotion. If they did, they were asked to 
choose the expression they thought best depicted the emotion they were trying to express. 
All stimuli were recorded using a high-quality microphone (Sennheiser MKE 600) and a 
Tascam DR-100 MK3 recorder.

In total, 880 vocalizations were collected. Average duration was 1.30  s (SD = 0.56) 
for nonverbal vocalizations, and 2.28 s (SD = 0.44) for speech prosody. All of the vocali-
zations were used in the recognition experiment without any preselection. Before the 
recognition experiment, recordings were digitalized at a 44 kHz sampling rate (16 bit, 
mono) and normalized for peak amplitude using AudaCity software (version 2.2.2, 

http://www.r-project.org
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https:// www. audac ityte am. org). A representative vocalization for each positive emotion 
and vocalization type can be listened from https:// emoti onwav es. github. io/ dutch 22/.

Experimental Procedure The recognition study was run online using the Qualtrics (Provo, 
UT) survey tool. Before the experiment, participants were instructed to complete the experi-
ment in a silent environment and to use headphones. After being informed about the gen-
eral procedure and giving informed consent, they were provided with the definitions of 22 
positive emotions (see Table 1). After reading the definitions, participants completed two 
practice trials, each of which played an emotional vocalization that was not included in the 
main experiment (taken from www. finds ounds. com). After listening to each vocalization, 
they were asked to select the emotion they thought the individual was expressing, choosing 
from eight response options. During the practice trials, participants were asked to adjust to 
a comfortable sound level and to keep it constant for the rest of the study. After the practice 
trials, participants were presented with two screening questions. One of these played a bird 
sound and the other a car horn. On these trials, participants were asked to indicate what they 
heard, with “bird sound” and “car horn” as response options. These questions were used to 
make sure that participants were paying attention and listening to the stimuli. Participants 
who failed one or both of the screening questions were not able to continue to the main 
experiment.

After the practice and screening questions, participants were assigned to one of fourteen 
conditions, half of which were speech prosody, and the other half nonverbal vocalizations. 
In each condition, three stimuli from each emotion category (e.g., three nonverbal vocaliza-
tions expressing admiration) were presented. Each participant thus completed 66 trials (22 
emotion × 3 vocalization) in total. This way, each of the 880 stimuli were judged by at least 
one participant. After hearing each vocalization, participants were asked to make a forced-
choice emotion categorization judgment, selecting from eight emotion categories (“Select 
the positive emotion you think the individual was expressing”). These response options 
included the target category (i.e., the emotion category of the stimulus on that given trial), 
and seven nontarget categories (emotion categories randomly selected from the remaining 
21 positive emotions). Across all participants, all target response categories were paired 
with all nontarget response categories. For instance, across trials that included admiration 
vocalization as stimuli, the nontarget response options included all of the other 21 emotion 
categories for some participant(s). The presentation order of stimuli was randomized for 
each participant, and the response options were presented in a randomized order on each 
trial. There was no time constraint on completing each trial, and participants were able to 
replay each stimulus as many times as needed to make a judgment.

Statistical Analysis

Statistical analysis and outlier detection were done based on the preregistered analysis 
plan. Before the analysis, data were checked for participants with exceptionally low per-
formance, defined as 3 SD or more below the mean in terms of overall recognition perfor-
mance. None of the participants met this criterion, and so all were retained in the analyses.

We constructed a generalized linear mixed model (GLMM) to analyze whether listen-
ers were able to categorize positive emotions at better-than-chance levels for nonverbal 
vocalizations and speech prosody. GLMM was used because it allows for fixed effects to 
be defined in addition to taking advantage of the computation of random effects. Posi-
tive emotion was set as a fixed effect. Participant and vocalization IDs were entered as 

https://www.audacityteam.org
https://emotionwaves.github.io/dutch22/
http://www.findsounds.com
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random factors to account for participant and speaker variability. Chance level was set to 
1/8, which is the probability of selecting the correct emotion category by random guess-
ing. We defined logit for the reference probability of 1/8, which was entered into the model 
as an offset term. The dependent variable was a binary response (i.e., correct or incorrect 
response):

glmer (response ~ offset(logit(1/8)) + PositiveEmotion + (1|ParticipantnID) + (1|Vocali-
zationID), family = binomial)

To test our prediction that participants would recognize emotions from nonverbal vocal-
izations better than from speech prosody, we constructed a second GLMM. In this model, 
type of vocalization was set as fixed effect, and similarly to the previous model, participant 
and vocalization IDs were entered as random factors:

glmer (response ~ offset(logit(1/8)) + Type + (1|VocalizationID) + (1|ParticipantID), 
family = binomial)

All analyses were performed in R (version 1.1.383, www.r- proje ct. org) using the lme4 
package (Bates, Mächler, Bolker, & Walker, 2015).

Table 2  GLMM model comparing emotion recognition performance to chance level (1/8)

Bold indicates performance accuracy at significantly better-than-chance levels

Fixed Effects Dutch nonverbal 
vocalizations

Dutch speech 
prosody

Chinese nonverbal 
vocalizations

Chinese speech 
prosody

Z p ( >|z|) Z p ( >|z|) Z p ( >|z|) Z p ( >|z|)

Admiration 6.336  < 0.001 3.135 0.002 2.982 0.003  − 1.807 0.071
Amae  − 1.934 0.053  − 0.239 0.811 5.651  < 0.001 1.361 0.174
Amusement 6.576  < 0.001 3.092 0.002 11.08  < 0.001 5.125  < 0.001
Awe 3.541  < 0.001 1.642 0.101 1.553 0.12 2.271 0.023
Determination 8.726  < 0.001 8.721  < 0.001 6.586  < 0.001 4.775  < 0.001
Elation 0.83 0.407 1.838 0.066 2.937 0.003 0.999 0.318
Elevation  − 1.254 0.21  − 1.449 0.147 2.792 0.005 0.031 0.975
Excitement 4.522  < 0.001 339.1  < 0.001 2.246 0.025 0.74 0.459
Gratitude 0.68 0.497  − 1.231 0.218  − 1.069 0.285  − 2.164 0.03
Hope  − 1.988 0.047  − 1.313 0.189  − 1.407 0.159 0.675 0.5
Inspiration 2.384 0.017  − 1.208 0.227 3.159 0.002  − 0.99 0.322
Interest 5.061  < 0.001 1.615 0.106 7.307  < 0.001 3.311  < 0.001
Lust 4.762  < 0.001 2.133 0.033 2.345 0.019  − 1.698 0.089
Moved 2.605 0.009 41.42  < 0.001 1.513 0.13  − 1.976 0.048
Pride 0.94 0.347 0.491 0.624 2.961 0.003 2.792 0.005
Relief 7.795  < 0.001 2.548 0.012 8.641  < 0.001 4.658  < 0.001
Respected 0.916 0.36 3.124 0.002  − 1.183 0.237  − 0.899 0.369
Schadenfreude 6.1  < 0.001  − 0.275 0.784 8.841  < 0.001  − 0.2  − 0.841
Sensory Pleasure 6.1  < 0.001  − 0.956 0.339 7.976  < 0.001  − 31.11  < 0.001
Surprise 8.933  < 0.001 7.752  < 0.001 5.456  < 0.001  − 0.211 0.833
Tenderness 6.472  < 0.001 0.833 0.405 0.14 0.888 1.956 0.051
Triumph 0.907 0.365 2.462 0.012 4.889  < 0.001 2.398 0.017

http://www.r-project.org
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Results

Confusion matrices for average recognition percentages for nonverbal vocalizations and 
speech prosody for each emotion are shown in Fig. 1. Recognition performance compared 
to the chance level per emotion is shown in Table 2.

Fourteen positive emotions were recognized at better-than-chance level when expressed 
as nonverbal vocalizations. These emotions, ordered based on coefficients for fixed 
effects in log-odd scale, were relief (Est. = 4.274, SE = 0.331), amusement (Est = 2.484, 
SE = 0.378), tenderness (Est. = 2.194, SE = 0.339), admiration (Est. = 2.099, SE = 0.331), 
lust (Est. = 1.919, SE = 0.376), surprise (Est. = 1.671, SE = 0.187), sensory pleas-
ure (Est. = 1.642, SE = 0.269), schadenfreude (Est. = 1.642, SE = 0.269), determination 
(Est. = 1.451, SE = 0.166), excitement (Est. = 1.308, SE = 1.308), interest (Est. = 1.233, 

Fig. 2  Forest plots of estimates of the GLMMs. The x-axes represent estimates of the fixed effects as log-
odds with standard error bars. Larger standard error bar indicates higher uncertainty about coefficient point 
estimates. Zero estimate indicates no recognition. Positive emotions recognized better than the chance level 
for the corresponding vocalization type in both cultural contexts are marked in bold
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SE = 0.244), awe (Est. = 1.170, SE = 0.330), being moved (Est. = 0.821, SE = 0.315), and 
inspiration (Est. = 0.628, SE = 0.244). These findings demonstrate that many positive emo-
tions are recognizable from nonverbal vocalizations for naïve listeners.

For speech prosody, 10 positive emotions were recognized better than would be 
expected by chance. These emotions, ordered by coefficient size for fixed effects in log-odd 
scale, were determination (Est. = 1.725, SE = 0.198), amusement (Est. = 1.401, SE = 0.453), 
surprise (Est. = 1.671, SE = 0.187), lust (Est. = 0.997, SE = 0.467), relief (Est. = 0.830, 
SE = 0.326), being respected (Est. = 0.771, SE = 0.247), admiration (Est. = 0.753, 
SE = 0.240), triumph (Est. = 0.626, SE = 0.254), excitement (Est. = 0.454, SE = 0.001), and 
being moved (Est. = 0.091, SE = 0.002). These results suggest that some positive emotions 
can be recognized from speech prosody. Figure 2 illustrates the estimates from the GLMM 
models. Full details of the GLMMs are provided in the Supplementary Materials, Tables 
S1 and S2.

We hypothesized that positive emotions would be recognized with higher accu-
racy rates from nonverbal vocalizations compared to speech prosody. The results 
showed that participants categorized nonverbal vocalizations of positive emotions sig-
nificantly better than speech prosody overall (GLMM: z = − 8,599, p < 0.001). When 

Table 3  GLMM models comparing emotion recognition performance across vocalization types per emotion

Bold indicates better emotion recognition performance for nonverbal vocalizations as compared to speech 
prosody in both cultural contexts. No emotion was consistently better recognized from speech prosody 
across the two contexts

Fixed effects Dutch Chinese

Est SE Z p ( >|z|) Est SE Z p ( >|z|)

Admiration  − 1.350 0.222  − 6.075  < 0.001  − 1.608 0.278  − 5.783  < 0.001
Amae 0.615 0.293 2.100 0.036  − 1.728 0.258  − 6.694  < 0.001
Amusement  − 1.131 0.231  − 4.894  < 0.001  − 1.975 0.277  − 7.136  < 0.001
Awe  − 1.l09 0.270  − 4.046  < 0.001 0.016 0.219 0.075 0.941
Determination 0.301 0.171 1.757 0.079  − 0.923 0.212  − 4.345  < 0.001
Elation 0.021 0.214 0.101 0.920  − 0.346 0.210  − 1.648 0.099
Elevation  − 0.078 0.275  − 0.281 0.778  − 0.719 0.220  − 3.276 0.001
Excitement  − 0.454 0.202  − 2.246 0.025  − 0.554 0.226  − 2.450 0.014
Gratitude  − 0.502 0.247  − 2.034 0.042  − 1.036 0.377  − 2.749 0.006
Hope 0.335 0.289 1.160 0.246 0.007 0.266 0.027 0.978
Inspiration  − 1.107 0.278  − 3.981  < 0.001  − 1.123 0.241  − 4.654  < 0.001
Interest  − 0.876 0.200  − 4.371  < 0.001  − 1.335 0.215  − 6.206  < 0.001
Lust  − 0.505 0.202  − 2.501 0.012  − 1.467 0.304  − 4.821  < 0.001
Moved  − 0.805 0.210  − 3.824  < 0.001  − 1.215 0.305  − 3.986  < 0.001
Pride 0.011 0.246 0.045 0.964  − 0.213 0.203  − 1.048 0.295
Relief  − 2.905 0.348  − 8.341  < 0.001  − 1.695 0.222  − 7.611  < 0.001
Respected 0.501 0.203 2.470 0.014  − 0.531 0.331  − 1.601 0.109
Schadenfreude  − 1.422 0.249  − 5.715  < 0.001  − 2.426 0.278  − 8.733  < 0.001
Sensory Pleasure  − 2.042 0.284  − 7.190  < 0.001  − 1.370 0.217  − 6.318  < 0.001
Surprise  − 0.349 0.175  − 1.990 0.047  − 1.615 0.233  − 6.936  < 0.001
Tenderness  − 2.098 0.256  − 9.196  < 0.001 0.379 0.213 1.779 0.075
Triumph 0.137 0.220 0.624 0.533  − 1.350 0.200  − 6.740  < 0.001
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performance accuracy was compared for each emotion separately, 14 positive emotions 
were recognized with significantly better accuracy from nonverbal vocalizations. How-
ever, two emotions were recognized better from speech prosody than nonverbal vocali-
zations: amae and feeling respected (see Table 3). However, not all of these emotions 
were recognized better-than-chance level for both expressions of nonverbal vocaliza-
tions and speech prosody, suggesting that some emotions can only be recognized from 
some one kind of vocal expression. Awe, inspiration, interest, schadenfreude, sen-
sory pleasure, and tenderness were recognized better than expected by chance only 
when expressed via nonverbal vocalizations. In contrast, feeling respected was accu-
rately recognized only from the prosodic expressions. This might be an emotion that 
is expressed by differentiable prosodic configurations in speech, but lacking a unique 

Fig. 3  Correct responses in percentages per emotion across vocalization types for Dutch and Chinese vocal-
izations. Bold text indicates recognition with above chance level accuracy tested with GLMM models. Sig-
nificance levels comparing vocalization types: *** < 0.001, ** < 0.01, * < 0.05. Nv = Nonverbal vocaliza-
tions, Sp = Speech prosody



436 Journal of Nonverbal Behavior (2021) 45:419–454

1 3

nonverbal vocalization. Even though amae was recognized better when expressed via 
speech prosody as compared to nonverbal vocalizations, it was not recognized from 
either vocalization type at above chance levels. However, in many cases, positive emo-
tions were recognized from both nonverbal vocalizations and speech prosody at bet-
ter-than-chance levels, with recognition being higher for nonverbal vocalizations com-
pared to speech prosody. Figure 3a illustrates the comparisons of accurate responses 
across vocalization types per emotion. Random effects in GLMM models are summa-
rised in Supplementary Materials, Table S3.

Taken together, the results from Experiment 1 showed that 16 of the 22 positive 
emotions were recognized better than would be expected by chance level by naïve 
Dutch listeners from the vocal expressions of Dutch speakers. Moreover, 14 positive 
emotions were recognized better when expressed via nonverbal vocalizations com-
pared to prosodic expressions, indicating superior recognition of most positive emo-
tions from nonverbal vocalizations. As compared to speech prosody, nonverbal vocali-
zations of most positive emotions might have relatively distinctive acoustic profiles 
that are highly differentiated from those of other emotions, leading to higher recogni-
tion scores.

Experiment 2: Chinese Listeners’ Recognition of Positive Emotions 
from Chinese Vocalizations

Experiment 1 was conducted in a Dutch cultural context. In order to evaluate the robust-
ness of the findings, we sought to repeat Experiment 1 in a distant cultural context. Lan-
guages are characterized by prosodic conventions, which might shape the communication 
of emotions via speech prosody. Choosing distant cultures with different prosodic conven-
tions allows us to interrogate the robustness of the findings, making it unlikely that the 
same prosodic conventions shape the communication of positive emotions in our study. In 
Experiment 2, we test whether (1) Chinese listeners can recognize 22 positive emotions 
from nonverbal expressions and speech prosody from stimuli produced by Chinese indi-
viduals; and (2) whether positive emotions would better recognized from nonverbal vocali-
zations of as compared to prosodic expressions also in a Chinese cultural context.

Method

Participants

Sample size was determined in the same way as Experiment 1. Two hundred native Chinese 
Mandarin speakers (109 women, 90 men, 1 prefer not to say; Mage = 27.51, SDage = 4.50, 
range = 19–35 years old) with no (self-reported) hearing impairments were recruited via a 
Chinese online data collection platform, https:// www. wjx. cn. Participation in the study was 
compensated with a monetary reward.

https://www.wjx.cn
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Materials and Procedure

Stimuli Posed vocal expressions of positive emotions in Chinese Mandarin were recorded 
at the University of Amsterdam’s psychology laboratory, using the same procedure as the 
recordings of the Dutch vocalizations (see Experiment 1, Stimuli). Eligibility criteria for 
participating in the recordings were: (1) being a native Chinese Mandarin speaker, (2) hav-
ing been in the Netherlands for no more than 3 months by the time of the recording, (3) hav-
ing lived in China until the age of 18, and (4) never having lived outside of China for more 
than 2 years. Based on these criteria, twenty participants (10 women, 10 men; Mage = 23, 
SDage = 2.63, range = 19–31 years old) were invited to the laboratory to record vocalizations. 
Participants reported never having been diagnosed or treated for any voice, speech, hearing, 
or language disorder.

The experimenter was a Chinese Mandarin native speaker, and the entire recording 
procedure was in Chinese Mandarin. The target emotions, accompanying definitions, and 
situational examples (given in Table 1), as well as the neutral phrase used for recordings 
of speech prosody (“六百四十七” from Chinese Mandarin: six hundred forty-seven), 
were provided in Chinese Mandarin. All 880 recorded vocalizations were used as stimuli 
in Experiment 2. Average duration as 1.25 s (SD = 0.64) for nonverbal vocalizations, and 
1.64 s (SD = 0.45) for speech prosody. An example of vocalizations for each positive emo-
tion and vocalization type is available from https:// emoti onwav es. github. io/ chine se22/.

Experimental procedure The experimental procedure was the same as in Experiment 1, 
except that the stimuli were from the Chinese Mandarin recordings.

Statistical Analysis

For data analysis and outlier detection, the preregistered plan was followed. Before data 
analysis, data were checked for participants with 3 SD or more below the mean on over-
all recognition performance. Based on this criterion, one participant’s data were excluded 
from the analysis. The statistical analyses were identical to those employed in Experiment 
1.

Results

Confusion matrices for average recognition percentages for nonverbal vocalizations and 
speech prosody are shown in Fig. 1. Comparisons of recognition performance to chance 
level per positive emotion for nonverbal vocalizations and speech prosody can be found 
in Table 2.

Sixteen positive emotions were recognized at better-than-chance level from nonver-
bal vocalizations. In the order of coefficient size in log-odd scale, these emotions were 
amusement (Est. = 3.587, SE = 0.324), relief (Est. = 2.924, SE = 0.338), schadenfreude 
(Est. = 2.494, SE = 0.282), amae (Est. = 2.319, SE = 0.410), determination (Est. = 2.123, 
SE = 0.322), interest (Est. = 1.931, SE = 0.264), surprise (Est. = 1.635, SE = 0.300), tri-
umph (Est. = 1.613, SE = 0.330), sensory pleasure (Est. = 1.408, SE = 0.177), admiration 
(Est. = 0.821, SE = 0.275), elation (Est. = 0.762, SE = 0.259), inspiration (Est. = 0.751, 
SE = 0.238), elevation (Est. = 0.692, SE = 0.248), pride (Est. = 0.656, SE = 0.222), lust 
(Est. = 0.643, SE = 0.274), and excitement (Est. = 0.604, SE = 0.269). These findings 

https://emotionwaves.github.io/chinese22/
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show that nonverbal vocalizations are highly effective means of conveying many posi-
tive emotions.

In contrast, only seven positive emotions were recognized better than would be 
expected by chance from speech prosody. These emotions in the order of coefficients 
in the log-odd scale were amusement (Est. = 1.453, SE = 0.284), relief (Est. = 1.227, 
SE = 0.263), determination (Est. = 1.165, SE = 0.244), interest (Est. = 0.662, SE = 0.200), 
pride (Est. = 0.503, SE = 0.180), triumph (Est. = 0.479, SE = 0.200), and awe 
(Est. = 0.465, SE = 0.205). These results suggest that prosodic expressions are not very 
effective in conveying positive emotions, with recognizability highly dependent on the 
emotion expressed. Estimates from the GLMM models are visualised in Fig.  2. Full 
details of the GLMMs are provided in the Supplementary Materials, Tables S1 and S2.

As in the Dutch cultural context, we sought to test the hypothesis that positive emo-
tions would be more accurately recognized from nonverbal vocalizations than from 
speech prosody. As predicted, participants categorized nonverbal vocalizations of posi-
tive emotions better than speech prosody overall (GLMM: z = − 10.69, p < 0.001). Next, 
we compared performance accuracy across vocalization types for each emotion, show-
ing that 16 positive emotions were recognized with better accuracy from nonverbal 
vocalizations. None of the emotions was more accurately recognized from speech pros-
ody (see Table 3). It is worth noting that not all of the 16 emotions that were recognized 
better from nonverbal vocalizations than speech prosody were recognized above chance 
levels for both kinds of expressions (see Fig. 3b). Admiration, amae, elation, elevation, 
excitement, inspiration, lust, surprise, sensory pleasure, and triumph were recognized at 
better-than-chance levels only when expressed as nonverbal vocalizations. These emo-
tions might thus be expressed with unique nonverbal vocalizations, while they are not 
clearly communicated via speech prosody cues. These results suggest that recognizabil-
ity of some positive emotions depends on the vocalization type through which the emo-
tion is expressed. Summary of random effects in GLMM models can be found in Sup-
plementary Materials, Table S3.

Experiment 2 revealed that naïve Chinese listeners recognized 17 out of 22 positive 
emotions better than expected by chance from vocal expressions of native Chinese Man-
darin speakers. Moreover, 16 positive emotions were recognized with higher accuracy 
from nonverbal vocalizations compared to speech prosody, suggesting a communicative 
advantage for nonverbal vocalizations. When compared to nonverbal vocalizations, a 
relative lack of distinctive acoustic cues of positive emotions expressed via prosodic 
expressions might be leading to poorer recognizability.

Acoustic Classification Experiments

Machine learning approaches were employed to attempt to automatically classify the non-
verbal vocalizations and speech prosody of 22 positive emotions based on their acoustic 
features. All stimuli collected from the Dutch speakers in Experiment 1 and the Chinese 
Mandarin speakers in Experiment 2 were used. We first extracted a large number of acous-
tic features for each audio clip and then performed discriminative classification experi-
ments with machine learning algorithms to try to classify the 22 positive emotions based 
on the extracted acoustic features. If acoustic classification is higher for nonverbal vocali-
zations than for speech prosody, this might be one of the contributing mechanisms to better 
recognition of positive emotions from nonverbal vocalizations in Experiment 1 and 2. The 
acoustic characteristics of the vocalizations used in this study (duration, Rms amplitude, 
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pitch mean, pitch standard deviation, spectral central of gravity, and spectral standard devi-
ation values, extracted using Praat: Boersma & Weenink, 2011) are presented in Fig. 4.

Fig. 4  Acoustic characteristics of the vocalizations used in this study. Larger circles signify higher values. 
Rms = root mean square, SCoG = spectral center of gravity; duration is in seconds, amplitude is in pascal, 
pitch and spectral measurements are in Hertz. Nv = nonverbal vocalization, Sp = Speech prosody
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Feature Extraction

By utilizing openSMILE software (Eyben et  al., 2013), we extracted acoustic features 
from the extended version of the Geneva Minimalistic Acoustic Parameter Set (eGeMAPs, 
see Eyben et al., 2016). GeMAPs is a standardized, open source method for measurement 
of acoustic features for emotional voice analysis. The acoustic features included the fre-
quency, energy/amplitude, spectral balance, and temporal domains. Features of the fre-
quency domain include aspects of fundamental frequency (correlated with the perceived 
pitch), as well as formant frequencies and bandwidths. Energy/amplitude features refer to 
the air pressure in the sound wave, and are perceived as loudness. Spectral balance parame-
ters are influenced by laryngeal and supralaryngeal movements and are related to perceived 
voice quality. Lastly, features from the temporal domain reflect the duration and rate of 
voiced and unvoiced speech segments. We extracted 88 acoustic features in total from these 
four domains. For each stimulus, the feature vector was the mean of the whole audio clip.

Classification Experiments

We conducted acoustic classification experiments with four machine learning algorithms: 
support vector machine (Linear SVM), linear, radial basis function (RBF SVM), polyno-
mial SVM (Poly SVM), and random forest. These are the most commonly used models 
for classification (Poria et al., 2017). Scikit-learn, a python-based machine learning library 
was used for machine learning evaluation (Pedregosa et al., 2011). For all of the machine 
learning models, we performed tenfold cross-validation and grid search to select the hyper-
parameters that produced the best results.

We tested classification of 8 positive emotions for each run in order to reflect the 
findings on human recognition performance in Experiments 1 and 2, in which partici-
pants had to select one of 8 emotion options in a forced-choice task. We performed three 
separate classification runs for all stimuli that had a specific emotion category, hence-
forth called “emotion category group”. There were 22 emotion category groups cor-
responding to the 22 emotion categories. First, we used each emotion category group’s 
actual category plus seven randomly selected emotion categories from the other 21 cat-
egories (i.e., excluding the target category). Next, we selected another seven random 
categories from the remaining 14 categories in addition to the emotion category group’s 
actual category. Finally, we used the last seven categories and the emotion category 

Table 4  Classification accuracies for each machine learning model

Bold mark indicates highest acoustic classification accuracy of each vocalization type expressing 22 posi-
tive emotions

Dutch Chinese

Nonverbal vocali-
zations

Speech prosody Nonverbal vocali-
zations

Speech prosody

Linear SVM 26.91 12.79 25.64 17.02
Poly SVM 26.93 11.54 29.41 16.87
RBF SVM 17.06 12.6 18.96 13.2
Random forest 27.22 11.59 31.51 16.52
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group’s actual category. Hence, eight categories were used for each classification run; 
all 22 categories were included by the end of the third run.

To perform the classification during each run, we split the data into a train-test split 
using a 60:40% ratio. We optimized our machine learning models on the training set using 
a hyperparameter grid search. Next, we performed classification on the test set. We then 
combined the predictions for each of the 22 emotion label groups into one confusion 
matrix.

Results

Classification accuracy for each machine learning model is summarized in Table 4; confu-
sion matrices for the most accurate machine learning models for each group are shown in 
Fig. 5.

For both Dutch and Chinese stimuli, nonverbal vocalizations of all positive emotions 
except hope and inspiration were classified with above-chance (i.e., 12.5% (1/8) given that 
there were 8 emotion labels) accuracy. The results revealed that the best classified posi-
tive emotions mapped into the emotions well-recognized from nonverbal vocalizations. 
For speech prosody, only eight positive emotions (admiration, amae, awe, excitement, 
gratitude, schadenfreude, and tenderness) were classified at above chance levels. Across 
the machine learning models, nonverbal vocalizations were classified more accurately 
compared to speech prosody. When vocalization types were compared for each positive 
emotion, acoustic classification accuracy was higher for nonverbal vocalizations of 18 
positive emotions, while none of the emotions were classified with better accuracy from 
speech prosody. These results illustrate the lower distinctiveness of the acoustic patterns 
of positive emotions expressed through prosodic expressions as compared to nonverbal 

Fig. 6  The t-distributed stochastic neighbor embedding (t-SNE) multidimensional scaling projection of the 
acoustic structure of positive emotions for each vocalization type. T-SNE estimates local distances between 
data points without assuming linearity or discreteness. Acoustic structures that are similar are closer in the 
t-SNE space. Nv = nonverbal vocalization, Sp = Speech prosody
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vocalizations, providing a likely explanation for the better recognition of positive emotions 
from nonverbal vocalizations found in Experiment 1 and 2.

Ancillary Acoustic Analyses

In order to better understand acoustic distinctiveness of nonverbal expressions and speech 
prosody, we first visualised acoustic similarity structure of positive emotions across the 
two vocalizations types using t-distributed stochastic neighbor embedding (t-SNE; https:// 
lvdma aten. github. io/ tsne/). In the resulting multidimensional scaling projection, distance 
between the elements (i.e., acoustic structure of each vocalization) denotes their similar-
ity (see Fig.  6). The similarity space for vocalizations across the two vocalization types 
derived by t-SNE revealed that nonverbal vocalizations and speech prosody form distinc-
tive clusters.

In order to better understand the acoustic characteristics of nonverbal expressions and 
speech prosody, we identified the five most important acoustic features based on feature 
weights. Feature weights represent how much of each of the acoustic features are used by 
the machine learning model in classifying emotions for nonverbal vocalizations and speech 
prosody produced by Dutch and Mandarin Chinese speakers. Table  5 lists these param-
eters together with their definitions, features weights, and standard variations for nonver-
bal vocalizations and speech prosody, separately. These calculations highlight that feature 
weights, in general, were higher for nonverbal vocalizations compared to speech prosody. 
Acoustic features of nonverbal vocalizations were more influential in classification of non-
verbal vocalizations compared to speech prosody. Moreover, pitch cues were among the 
most important cues for speech prosody but not for nonverbal vocalizations, while loudness 
and spectral-balance cues were among the most important features for both vocalization 
types. Temporal cues were important in vocal expressions produced by Chinese Mandarin 
speakers, but not by Dutch individuals. This might reflect differences in linguistic struc-
tures across these languages. Specifically, Chinese Mandarin is a syllable-timed language 
(spacing syllables equally across an utterance) while Dutch is a stress-timed (emphasiz-
ing particular stressed syllables at regular intervals) language (e.g., Benton et al., 2007). 
Most, but not all, of the acoustic features have more variation in nonverbal vocalizations 
compared to speech prosody. This could be due to linguistic constraints in the production 
of speech prosody. The production of nonverbal vocalizations—unlike speech—does not 
require precise movements of articulators, because they are not constrained by linguistic 
codes (Scott et al., 2010, see General Discussion for a discussion).

We further performed cross-classification analyses in order to test whether producers’ 
emotion encoding strategies overlap between nonverbal vocalizations and speech pros-
ody, and whether the encoding strategies are shared across Dutch and Chinese Mandarin 
speaking participants. For the cross-classification analyses we thus conducted two types of 
analyses: (1) trained models on nonverbal vocalizations and tested on speech prosody, and 
vice versa; (2) trained models on Dutch speaking participants vocalizations and tested on 
vocalizations produced by Chinese Mandarin speaking participants, and vice versa. The 
accuracy of all models are shown in Table 6.

The results show that classification models in each of the cross-classification types 
performed statistically better than chance, indicating shared encoding strategies used in 
the production of emotional vocalizations. In cross-vocalization type evaluations, perfor-
mance was nearly equivalent for training and test in both directions for the Dutch vocal 
expressions. However, for the vocalizations produced by Chinese Mandarin speakers, the 

https://lvdmaaten.github.io/tsne/
https://lvdmaaten.github.io/tsne/
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accuracies were slightly higher for training on speech prosody and testing on nonverbal 
vocalizations as compared to the reverse. In cross-cultural evaluations, training on the 
Dutch vocalizations and testing on Chinese vocalizations performed similarly as training 
on the Chinese vocalizations and testing on Dutch vocalizations. Cross-cultural classifica-
tion performance was better for nonverbal vocalizations compared to speech prosody, sug-
gesting more robust differentiation of positive emotions based on acoustic configurations 
across cultures when expressed via nonverbal vocalizations. Cross-classification evalua-
tions demonstrate that encoding strategies used in production of emotional vocalizations 
shared across vocalization types as well as the speakers from the two cultures.

General Discussion

The current study demonstrates that nonverbal vocalizations expressing a wide range of 
positive emotions hold a communicative advantage over prosodic expressions. We exam-
ined recognition of 22 positive emotions from nonverbal vocalizations and speech prosody 
in two distant cultural contexts. The results showed differential accuracy depending on the 
vocalization type through which positive emotions were expressed. In particular, listeners 
recognized emotions better from nonverbal vocalizations compared to speech prosody. This 
pattern was found for many but not all positive emotions, and so the superiority of nonver-
bal vocalizations is influenced by the specific positive emotion expressed in the voice.

Table 6  Classification accuracies for cross-vocalizations type and cross-cultural evaluations

Bold mark indicates best performance. Classification accuracy is higher than the chance level (i.e., 12.5%). 
Nv = nonverbal vocalizations, Sp = speech prosody

Dutch Chinese

Cross-vocalization type 
evaluation

Cross-
cultural 
evaluation

Cross-vocalization type 
evaluation

Cross-
cultural 
evaluation

Training on 
Nv, testing 
on Sp

Training on 
Sp, testing 
on Nv

Training 
on Dutch, 
testing on 
Chinese

Training on 
Nv, testing 
on Sp

Training on 
Sp, testing 
on Nv

Training on 
Chinese, 
testing on 
Dutch

Nv Sp Nv Sp

Linear SVM 12.63 13.45 27.47 14.93 16.69 21.12 22.7 12.21
Poly SVM 12.66 12.31 28.93 13.94 17.28 19.1 27.71 14.59
RBF SVM 13.92 11.25 24.58 15.12 15.4 21.87 17.26 12.84
Random 

forest
14.01 13.62 31.85 14.59 17.48 24.08 30.4 15.48
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Recognition of Positive Emotions from Nonverbal Vocalizations Versus Speech 
Prosody

The current study adds to the scant knowledge available on differences in emotion recogni-
tion between types of vocal expressions. Our results show that most positive emotions are 
better recognized from brief nonverbal vocalizations than from speech prosody. This dem-
onstrates that nonverbal vocalizations can communicate positive emotions more success-
fully than speech prosody, even though nonverbal vocalizations are considerably shorter in 
duration. Brief nonverbal vocalizations are more densely packed with emotional informa-
tion compared to speech prosody. Previous research has reported better recognition from 
nonverbal vocalizations as compared to speech prosody for several negative emotions and 
for happiness/joy (e.g., Hawk et al., 2009). Our study, for the first time, provides compari-
sons of recognition for different vocalization types for a wide range of positive emotions. 
The results imply that nonverbal vocalizations may be richer and more nuanced than previ-
ously thought, given the wide range of positive emotions that could be clearly conveyed via 
such cues.

The results of cross-classification analysis with machine learning models show shared 
encoding strategies in production of emotional vocalizations across vocalization types and 
cultures. Dutch and Chinese Mandarin speakers employed shared mechanisms in produc-
tion of both nonverbal vocalizations and speech prosody. Furthermore, cross-cultural clas-
sification evaluations show that differentiation of positive emotions based on acoustic fea-
tures was more robust across cultures when expressed as nonverbal vocalizations compared 
to speech prosody. Indeed, the results of acoustic analysis with machine learning models 
demonstrate that acoustic configurations of discrete positive emotions were highly differ-
entiated from those of other emotions when expressed through nonverbal vocalizations but 
less so for speech prosody. Discriminability of acoustic patterns in nonverbal expressions 
of positive emotions paralleled human listeners’ patterns of recognition accuracy. One pos-
sibility is that the superiority of nonverbal vocalization in recognition of positive emotions 
might be due to more distinctive acoustic patterns.

Communicating Positive Emotions via Nonverbal Vocalizations

Both Dutch and Chinese nonverbal vocalizations were highly effective means of communi-
cating 11 different positive emotions. These results are in line with previous research show-
ing that amusement, interest, lust, relief, and surprise are well-recognized from nonverbal 
vocalizations (e.g., Cordaro et al., 2016; Cowen et al., 2019; Laukka et al., 2013). In addi-
tion to these emotions, the current investigation showed that nonverbal vocalizations can 
reliably communicate admiration, determination, excitement, inspiration, schadenfreude, 
and sensory pleasure. The recognition scores for nonverbal vocalization of schadenfreude 
and sensory pleasure are particularly notable, given the low recognition rates of these emo-
tions from speech prosody. Nonverbal vocalizations of these positive emotions appear to 
map onto distinct, recognizable vocal signatures. Within a functional framework, differ-
ent positive emotions serve adaptive functions relating to different types of opportunities, 
like affiliation and cooperation (e.g., Fredrickson, 1998; Griskevicius et al., 2010; Keltner 
et al., 2006; Shiota et al., 2004, 2014). For instance, schadenfreude has been proposed to 
serve a social affiliation function by strengthening ingroup bonds (Yam, 2017), and sen-
sory pleasure motivates an individual to pursue reward necessary for fitness (Berridge & 
Kringelbach, 2015). Based on the highest recognition accuracies of positive emotions in 
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both cultures (see Fig. 1), more clearly recognized nonverbal vocalizations are vocaliza-
tions of amusement, relief, schadenfreude, sensory pleasure, and surprise.

Communicating Positive Emotions via Speech Prosody

For speech prosody, participants were able to recognize only amusement, determination, 
relief, and triumph with above chance accuracy in both cultural contexts. These emotions 
might be associated with prosodic configurations in running speech that are highly dif-
ferentiable from other positive emotions. For instance, when expressing amusement via 
speech prosody, we might produce salient prosodic expressions which might signal coop-
erative intent to others. The accuracy rate of successfully recognized positive emotions, 
as well as the overall recognition rate, were lower for speech prosody compared to non-
verbal vocalizations. Prosodic expressions require more complex coordination of articula-
tors with greater volitional control due to linguistic structures in speech. In contrast, non-
verbal vocalizations are produced with less volitional control while articulators are mostly 
in their resting positions. The lack of constraints on nonverbal expressions allows more 
flexibility in the expression of emotions, avoiding the linguistic constraints that exist in 
prosodic expressions. Despite the lower recognition accuracy, specific positive emotions 
could be recognized from speech prosody in both languages. Previous literature has shown 
that emotions like anger, sadness, and fear can be recognized from speech prosody across 
languages, and certain acoustic features such as speaker fundamental frequency have great 
importance in signaling these emotions (e.g., Paulmann & Uskul, 2014; Pell et al., 2009). 
Our results suggest that prosodic expressions of amusement, determination, and relief 
future are well-recognized based on their high recognition accuracies of positive emotions 
in both cultures (see Fig. 1).

Previous research on emotional speech prosody have found higher levels of recognition 
accuracy compared to those in the present study (e.g., Hawk et al., 2009; Pell et al., 2009; 
Scherer et al., 1991). There are several potential reasons for this difference. One possibil-
ity is that discrete positive emotions might be recognized with lower accuracy levels from 
speech prosody than the primarily negative emotions studied in previous research. Previ-
ous studies mostly included a general positive emotion category (i.e., happiness/joy) and 
discrete negative emotions like anger, fear, and sadness. It is likely that comparing these 
emotions with each other was easier for participants as compared to our study. In addition, 
lower numbers of emotion categories were included in most previous studies. Given that 
participants compared eight positive emotions in our study, the difficulty of the emotion 
recognition task could explain the lower recognition accuracy in our study. Methodological 
differences may also have contributed to these differences in recognition accuracy. The pre-
sent study included all stimuli, whereas previous studies have pre-selected stimuli based on 
listeners’ judgments. For instance, in the study of Pell et al. (2009), only stimuli that were 
recognized at minimally three times chance performance were included in the analysis of 
overall recognition levels. In the study of Hawk et al. (2009), two raters evaluated all stim-
uli and selected the ones for which there was good correspondence with the target emotion. 
Applying such pre-selection criteria is certain to inflate emotion recognition accuracy.

Cultural Differences in Recognition of Positive Emotions

The recognizability of some positive emotions from nonverbal vocalizations and speech 
prosody differed between the two cultural contexts. For instance, amae was recognized 
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from Chinese but not Dutch nonverbal vocalizations. Amae is an emotion originating in 
an East Asian context (Doi, 2005), loosely translated as attachment love in English. One 
possibility is that amae may have normative vocal expressions in Chinese culture, but not 
in the Dutch cultural context. For speech prosody, we found that being respected was rec-
ognized only by Dutch listeners, while awe was recognized only in the Chinese culture. 
These findings suggest that prototypical prosodic expressions can exist in one culture with-
out necessarily occurring in other cultural contexts.

The present study only assessed within-culture recognition, that is, producer and per-
ceiver came from the same culture. Repeating the experiment in two cultural contexts 
sought to test whether the findings would be replicable. However, this approach precludes 
the investigation of cross-cultural recognition of positive emotions. Findings from previous 
studies point to impairments in cross-cultural recognition of happiness from vocal expres-
sions (see Laukka & Elfenbein, 2020 for a meta-analysis). These challenges are more pro-
nounced than in the cross-cultural communication of vocal expressions of negative emo-
tions, suggesting that positive vocalizations might be particularly susceptible to cultural 
differences. For instance, Pell and colleagues (2009) showed that, across four languages, 
acoustic features extracted from prosodic expressions of happiness were more variable than 
those of negative emotions like disgust and fear. Sauter et al. (2010) suggested that vocal 
signals of negative emotions might be less influenced by cultural learning compared to 
positive emotions. Negative signals may be more related to biological reactions to immedi-
ate dangers, while communication of positive emotions might facilitate social capacities 
that promote adaptation (e.g., Fredrickson, 1998; Nesse, 1990). Further work is needed 
to test the extent to which the challenges with cross-cultural communication of vocal sig-
nals is true of the wide range of positive emotions examined in the present study. Some 
evidence has found that laughter is well recognized as communicating amusement across 
cultural groups (Sauter et al., 2010), suggesting that there is likely considerable variability 
across positive emotions and expression types. Research that includes the production and 
perception of a wide range of positive emotions will be needed to establish this empirically.

Limitations and Future Research Suggestions

Our study has several limitations that merit consideration. One point is that we used a 
forced-choice design to assess recognition. Forced-choice tasks provide a convenient way 
to collect and analyze categorical data. However, they might potentially inflate perceiver 
accuracy because participants can use guessing strategies that are informed by the available 
response alternatives (e.g., Russell, 1994). Most studies testing recognition of emotions 
from nonverbal expressions used forced-choice methodology and included a relatively 
small number of response alternatives (e.g., four: Cordaro et al., 2020; Scherer et al., 2001). 
In such tasks, comparing small number of emotions to make a judgment might artificially 
inflate recognition rates by enabling informed guessing strategies. Increasing the number 
of alternatives in a forced-choice task might reduce the guessing rate, but there is also a 
point at which the number of alternatives becomes too large for perceivers (Vancleef et al., 
2018). In the present study, we considered that it would be too cumbersome for participants 
to choose between 22 response options. We, therefore, opted to let participants select from 
eight positive emotion categories, with response options different across trials. Generalized 
linear mixed models with responses to such a task allowed us to assess recognition of 22 
positive emotions, while keeping the number of response options at a manageable level. 
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However, we cannot rule out that participants may have been able to make use of elimina-
tion strategies to help guide their responses on some trials.

Another limitation is that we used posed expressions of positive emotions. The vocali-
zations were produced by untrained individuals who were asked to produce vocal expres-
sions of specific emotions on demand. Posed vocalizations provide better sound quality 
since they can be recorded with high-quality equipment in the lab, while it is typically 
challenging to record good-quality audio from spontaneous vocal expressions in real-world 
contexts. In addition to better sound quality, posed vocalizations also afford certainty about 
the intended emotion being expressed. We provided definitions and situational examples 
in order to ensure that the expressions were targeting the intended emotions. However, the 
producers did not experience those emotions when producing the vocalizations. In contrast, 
spontaneous vocalizations occurring in real-world settings are more natural and thus have 
the advantage of reflecting genuinely felt emotions (Williams & Stevens, 1981). Previous 
research points to some differences in acoustic properties of spontaneous and posed emo-
tional vocalizations (e.g., Anikin & Lima, 2018). For instance, spontaneous laughter typi-
cally has higher pitch and shorter burst duration compared to volitional laughter (e.g., Bry-
ant & Aktipis, 2014). For emotional speech, most acoustic features show similar patterns 
for spontaneous and posed speech, while some subtle acoustic differences have been found 
in measures of frequency and temporal features (e.g., Juslin et  al., 2017). It is thus pos-
sible that some acoustic characteristics of the vocalizations used in our study differ from 
those of spontaneous vocalizations of the same emotions, and recognizability of positive 
emotions might even be stronger for spontaneous vocalizations (Anikin & Lima, 2018, but 
see Sauter & Fischer, 2018). In order to investigate the acoustic profiles and recognition 
accuracy of positive emotions in vocal expressions that are higher in ecological validity, 
future research should aim to collect high-quality recordings of spontaneous vocalizations 
of different positive emotions in real life (e.g., Anderson et al., 2018).

Examining (filtered versions of) spontaneously produced emotional speech would allow 
researchers to avoid the potential artifact of imposing standardized utterances. Encoding 
and decoding of emotions in speech prosody might be influenced by the use of standard-
ized semantic content. The use of standard utterances such as names and pseudo-speech 
is common in the study of emotional prosody (see Juslin & Laukka, 2003 for a review). 
In our study, producing a number, “six hundred forty-seven,” in an emotionally inflected 
way might have felt unnatural and thus been difficult for speakers. Similarly, recognition of 
emotions from such stimuli might have been an unfamiliar, and thus challenging task for 
the listeners. The use of a standardized utterance may have hampered the production and 
perception of emotional speech, which could have contributed to the poorer recognition of 
emotions from speech prosody compared to nonverbal vocalizations (although producing 
nonverbal vocalizations on demand may have felt unnatural for participants too). Future 
research could examine the distinctiveness of acoustic features of emotions in spontaneous 
speech. Additionally, the emotion recognition ability of listeners who are from a close cul-
ture but do not understand the language spoken could be employed to address the contribu-
tion of difficulties in producing semantically constrained speech.

In producing nonverbal vocalizations of positive emotions, encoders sometimes used 
emblems like “wow” that are culturally shaped, conventionalized vocalizations (Scherer, 
1994; see https:// emoti onwav es. github. io/ dutch 22/ to listen some examples). Since 
emblematic vocalizations are culturally bound and convey a symbolic meaning, it may be 
plausible to expect that emblematic vocalizations are more accurately recognized than raw 

https://emotionwaves.github.io/dutch22/
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vocalizations (when producer and perceiver are from the same culture). Previous research, 
however, has shown higher decoding accuracy for both raw and emblematic vocalizations 
compared to speech prosody (e.g., compare Schröder, 2003 with Banse & Scherer, 1996; 
Hawk et al., 2009). Moreover, the distinction between raw and emblematic vocalizations is 
far from clear-cut. While nonverbal vocalizations like laughs and screams are considered 
relatively raw expressions that naturally occur, emblematic expressions are more likely 
to be produced when the communication is intentional (Buck, 1984). However, affective 
vocal signals conveyed in everyday life are suggested to fall somewhere on a continuum 
between raw and emblematic, rather than being one or the other. The distinction between 
raw and emblematic expressions is likely even less evident when considering real-world 
vocalizations of emotions because “all sorts of mixtures” occur (e.g., Banse & Scherer, 
1996; Scherer, 1994; Schröder, 2003). The setup of our study further blurs the line between 
these expressions, because not only the emblematic expressions, but all of the nonver-
bal vocalizations were produced intentionally. In order to draw firmer conclusions about 
what constitutes emblematic vocalizations of positive emotions and the proportional use 
of emblems in vocal expression, future research should gather more emblematic vocaliza-
tions, perhaps across different cultures.

The acoustic classification performed slightly worse than the human listeners over-
all. One reason for poorer classification accuracy might be the small dataset in our study. 
Further approaches can be explored in the future to improve the machine learning results, 
such as deep neural networks in which the network is trained on a different but related 
task that has large number of examples. Another reason contributing to the slightly worse 
performance of the acoustic classification might be the features used in the training of the 
classifier. Dataset used in our study mostly involved the arithmetic mean of the extracted 
features. Classifiers trained on datasets including temporal information that characterizes 
vocal expressions might provide better performance.

Conclusions

In conclusion, we provide evidence for systematic differences between different kinds of 
vocal expressions of positive emotions. Overall, the results of this study demonstrate the 
superiority of nonverbal vocalizations over speech prosody for recognition of many posi-
tive emotions. We demonstrate that positive emotions are also expressed with more distinc-
tive acoustic patterns in nonverbal vocalizations as compared to speech prosody. Finally, 
our results show that human listeners can accurately perceive a wide range of positive emo-
tions from nonverbal vocalizations but only a few from speech prosody.
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