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Abstract 

Synchronous speech, considered to be an easily performed task, 

is investigated in two experimental conditions designated as 

original (OC) and altered (AC), with focus on the outliers’ 

behavior. The hypothesis raised is that AC, which offers 

semantic incongruities, would lead individuals to a poorer 

synchronization performance, i.e, producing greater lag 

duration. Divided equally in two groups (A and B), 24 dyads 

were recorded reading two fables in Brazilian Portuguese, in 

both original and altered conditions. Asynchrony duration was 

obtained by extracting the lag between vowel onsets, after 

aligning speakers’ waveforms in each dyad. Considering results 

related to the entire dataset, speakers are able to synchronize in 

both conditions (OC and AC). However, a great number of 

outliers was observed throughout the dataset. Its distribution in 

AC is significantly different from the distribution in OC, the 

former showing greater values for both variance and mean. In 

this exploratory study, one promising explanation for these 

results will be discussed taking into account aspects such as the 

outliers’ location throughout the text. These initial results 

prompt further investigation, in order to verify a more accurate 

relation between the outliers’ duration and the semantic 

incongruities' place of occurrence. 
Index Terms: synchronous speech, semantic incongruity, 

outliers 

1. Introduction 

Synchronization is a phenomenon observed throughout nature, 

animals, and humans alike, seen in the rhythmic flashing of 

fireflies as well as the synchronous matching of human dancing 

and musical beat [1], [2]. Synchronization normally requires a 

level of coordination so as to lead moving parts to a state of 

interaction and mutual influence [3]. 

Synchronized speech happens when two or more 

individuals speak the same text at the same time, i.e., in unison, 

and the same can be said about joint speech, which was first 

characterized as such and investigated in the works of Cummins 

[4]–[6]. It is worth highlighting that in an experimental 

environment, where two people are asked to read in unison, we 

call it “synchronous speech” [6]. Although  exposed to 

interferences such as noise in the acoustic signal, different types 

of texts and different musical genres, speakers synchronize 

easily and temporal delay is, on average, 40 milliseconds [7]–

[9]. 

This paper presents an experiment aiming to understand if 

the ability of speaking in synchrony can be influenced by the 

pragmatic-semantic level of language. More specifically, we 

observed the interplay between synchronized speech 

production, and semantic incongruities artificially introduced in 

the text.   

For this study, we considered that a semantic violation in a 

given discourse would cause a disturbance in the expectation an 

individual has in relation to its meaning. The idea that we create 

expectancies based on previous information or stimuli is known 

in perceptual studies as “the oddball paradigm” [10]–[12]. 

Kutas and Hillyard [13] started applying this idea to language 

studies,  with the aid  of electroencephalogram (EEG) to record 

brain activity. It was noticed that individuals will create an 

expectancy of what is about to come in a text based on the 

context and the words used before. Likewise, if that expectancy 

is violated, that is, if we encounter an unexpected word that 

might seem nonsensical in the context, it is registered as a 

change in our brain activity. More specifically, these works, 

e.g., [13]–[15] observed the effect of semantic incongruities in 

brain activity. In other words, when reading a sentence such as 

“For breakfast, I have bread and …”, you would expect a word 

like “butter”; however, if the sentence finishes with a word 

incongruous to the semantic context, like “shoes”, there will be 

a change in the processing of that sentence. 

Our question is: Can the task of synchronous speech be 

affected by the reading of a text with semantic incongruities? If 

the answer is positive, we expect to find greater differences 

between two text conditions related to synchronization, which 

would be a result of this “disruptive task”. 

The contribution that this paper aims to make in the 

language prosody domain is that synchronicity in speech 

reveals our rhythmic ability to align, for example, vowel onsets 

and phrases endings, when speaking simultaneously the same 

text with another individual. Any element that would cause 

disruption to this entrained interaction would influence 

prosodic performance.  

The study rationale is to argue in favor of a dynamicist 

approach of speech production [16]. In a traditional linguistic 

view, speech production has been seen as a physical 

phenomenon that needs a translation to mental units [17], thus 

underpinning a theoretical dualism to explain all linguistic 

facts, including the prosodic ones. We then assume that, for the 

dualistic view, speech components should be decoded only 

through low level cognitive processes. This being true, there 

would not be any influence of text semantic content to the act 

of speaking. We propose that the interplay between the 

semantic-pragmatic level and the speech level could be 

observed in a task such as the synchronous speech task. Thus, 

we expect to see the interference of text meaning on speech 

synchronization as a result of the interaction between these two 

cognitive levels.  
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2. Experimental procedures 

2.1. Participants, recordings and selected texts 

Fifty-two Brazilian Portuguese native speakers (26 women and 

26 men), forming 26 pairs (mixed-sex dyads), and divided into 

two groups of 13 pairs were recorded at Lafalin, the laboratory 

of phonetics at the University of São Paulo, Brazil. Recordings 

were done in an acoustic isolated booth, using a BR-800 Digital 

Recorder and two SM10A headset microphones, in two 

different channels, with a sample rate of 48 kHz and a 16-bit 

resolution. All participants were undergraduate and graduate 

students, ages between 18 and 31 (M =  21.7, SD = 2.7). They 

read the texts in synchrony, facing each other, at about 1.5 meter 

of distance. Dataset is available at https://lafalin.fflch.usp.br/. 

Two Aesop fables in Brazilian Portuguese were chosen to 

be used in the reading task, plus a third one used to divert 

participants’ attention. All texts have similar length (about 100 

words), syntactic structure and narrative elements. Semantic 

incongruities were inserted in each of the two chosen fables, O 

vento sul e o sol (Text 1: “The North Wind and the Sun”) and A 

reunião geral dos ratos (Text 2: “Belling the Cat”), so that an 

altered version was obtained. This was done based on previous 

experiments [13] and taking into account phonological, 

morphological and syntactic properties, as well as features such 

as concreteness or abstractness. 

The experiment dependent variable is the asynchrony 

duration between speakers, i.e., the lag. The independent 

variable we are interested in is the condition, a fixed factor with 

two levels: the original condition (OC), in which the 

participants read a fable in its original version; and the altered 

condition (AC), with semantic incongruities.  

In order to avoid a pair reading the same text in both 

conditions, and thus learning the test purpose, we distributed 

them to two different groups of participants. Group A read the 

original version of  Text 1 and the altered version of Text 2; 

group B read the original version of Text 2 and the altered 

version of Text 1. No repetitions were made and the order in 

which the texts were read was random. 

2.2.      Obtaining lag duration 

In order to obtain lag durations, data preparation involved semi-

automatic procedures that will be briefly described here and 

whose details are found in [18]. Firstly, recordings were divided 

into files of about 10 seconds and the channels were split into 

two. The script BeatExtractor [19] was run to segment 

sentences into VV units (vowel-to-vowel syllables). This script 

bounds units from the onset of one vowel until the onset of the 

following vowel, based on the notion of perceptual center [20]. 

After this segmentation, the files were joined back together into 

two channels. The VV units’ boundaries were then checked, 

manually corrected, when necessary, and labeled. This was 

done in software Praat [21]. 

However, the VV unit is not the measure we are interested 

in; rather, the measure is the difference between the onsets of 

the same units produced by both speakers. After aligning the 

sound waves, the function List (in Tabulate), in Praat, provides 

the boundary times from both channels. The lag is then obtained 

by subtracting the time of each boundary marking a vowel onset 

in both channels. 

The statistical analysis was done in R [22]. The lag 

distribution in the two experimental conditions was analyzed 

through descriptive statistics and normality tests, followed by a 

Fligner-Killeen test to compare variances for non-normal 

distributions, and a non-parametric Wilcoxon Rank Sum test for 

independent samples.  

3. Results 

3.1. Full dataset and variances difference 

Firstly, we observed the entire dataset distribution, comparing  

lag durations obtained at each speech condition. Groups A and 

B were analyzed together as experimental conditions were 

similar for both. Pairs were treated as a random factor for this 

analysis. From the 26 pairs recorded, one pair from group A 

(pair A7) and one pair from group B (pair B13) were discarded, 

as they showed difficulties performing the task.  

Also taken out from the analysis were the durations equal 

to 0 milliseconds, as they represent perfect synchrony between 

the speakers. This was done for three reasons: we were 

interested in durations that would represent a delay between the 

speakers; secondly, the logarithmic transformation applied to 

the lag duration required values to be greater than 0; and thirdly, 

zeros represented less than 1% of the data (74 occurrences). It 

is worth mentioning that the same analysis was done to the 

dataset including zeros, and the results were the same as those 

reported here: a mean of 43.4 ms in the OC (SD = 50.3) and a 

mean of 48.1 ms in the AC (SD = 67.4).  

A total of 8012 lags was analyzed. We found higher 

numbers for mean and standard deviation in  AC: a mean of 

43.7 milliseconds (hence, ms) in OC and 48.5 ms in AC; and a 

standard deviation of 50.4 ms for OC and 67.7 ms for AC. 

Although the difference between mean lag duration is small, 

there is a considerable difference between the values for 

standard deviation. The distribution is shown in Figure 1. 

A Shapiro-Wilk test indicated that the samples were not 

normally distributed, so a non-parametric test was used. A 

Fligner-Killeen test showed that OC and AC variances are 

different (med chi-squared = 6.3, p = .01 < .05). It seems that 

the pairs were able to synchronize in a similar way in both 

conditions, which may account for similar mean durations. 

However, the variances are significantly different, suggesting 

that the pairs might have produced more and greater lags in AC. 

In addition to the difference between variances, we have to take 

into account that outliers were produced in both conditions. 

These observations led us to the main analysis in this paper: the 

outliers in synchronous speech. 

 

Figure 1. Boxplot of  full dataset distribution with lag 

log-transformed, in original condition (OC) and 

altered condition (AC). 
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3.2. Outliers: do they differ between speech 

conditions? 

Initially, outliers were classified using the interquartile range 

criterion (IQR), which allows detecting observations higher 

than 1.5 times the third quartile (representing 75% of the data) 

or lower than 1.5 times the first quartile (representing 25% of 

the data). There are 245 outliers in the OC subset and 263 

outliers in the AC subset. Figure 2 shows a positively skewed 

distribution for both conditions, however, there is a longer and 

heavier tail in AC, while the OC data are more concentrated on 

the left.  

 

Figure 2. Histogram of outliers’ distribution with lag 

log-transformed, in original condition (OC) and 

altered condition (AC). 

A Q-Q plot, in Figure 3, shows the heavier tail to the 

right. There is a clear departure from the 45-degree 

reference line, with a longer till to its right, which confirms 

the positively skewed distribution and suggests that both 

OC and AC set of quantile values do not come from the 

same distribution. 

 

Figure 3. Q-Q plot (quantile-quantile plot) of  the 

distributions for OC (original condition), in the x axis, 

and AC (altered condition), in the y axis. Lag values 

are log-transformed. 

In Table 1, descriptive values for the outliers’ subsets 

are presented. Even though the amplitudes of those samples 

are similar, there is a noticeable difference between mean 

and standard deviation. 

Table 1: Minimum, maximum, mean and standard 

deviation values, in milliseconds, in the original 

condition (OC) and the altered condition (AC). 

 Outliers 

 OC AC 

Min. 118 127 

Max. 976 1569 

Mean 180.9 224.9 

St. dev. 103 156.9 

 

A Shapiro-Wilk test also indicated that these subsets are not 

normally distributed. A Fligner-Killeen test shows that the 

variances of the outliers’ subsets are significantly different 

(med chi-squared = 17.74, df = 1,  p = .00 < .05). A Wilcoxon 

Rank-Sum test for independent samples shows a significant 

difference between the median values from the two outliers’ 

samples (W = 22,624, p = .00 < .05).  

3.3. Outliers: when do they occur? 

We now question whether the statistical difference found 

between speech conditions is due to the semantic incongruities 

in AC. One promising way of answering this question is 

identifying the moments throughout the reading when these 

outliers occur. If they are produced close to  - before or after - 

the  semantic incongruities, it might be an indication of its effect 

on speech synchronization. To answer this question, we made a 

qualitative description of lag distribution, by pair, generating 

graphs as the one seen in Figure 4, which shows the reading 

done by pair A13. This pair has a lag mean of 28.9 ms in the 

OC (SD = 23.6) and a mean of 58.3 ms in the AC (SD = 84.6). 

Figure 4 depicts lag occurrences throughout the text, with 

highest durations produced at the second semantic incongruity, 

while other outliers are located at the text final portion. Most 

pairs show this tendency, i.e.,  to produce  outliers both close to 

semantic incongruities or in the text second half. 

Our initial expectation related to a greater asynchrony was 

that long lags would always appear next to the incongruent 

words. However, this was not verified. On the other hand, after 

observing the distribution tendency among pairs, we assumed 

that a greater asynchrony would be triggered after more than 

one incongruity and would be manifested in long lags located 

at various places after that. 

Outliers can also occur at the beginning of sentences, after 

the production of a longer pause, which is expected [5], 

although according to our assumptions they are not necessarily 

related to the incongruities. We refer here to pauses produced 

by both speakers between phonological phrases. 

4. Discussion 

In this experiment we sought to observe if text meaning could 

interfere with the task of speaking in synchrony, known to be 

an easy one. An experimental condition was created (AC) in  

which a dyad read texts with  an incoherent or even whimsical 

meaning. It was, then, expected that speakers would 

synchronize less easily in AC.  

The phenomenon seems to be more complex than our initial 

hypothesis assumed. On the one hand, the speakers were able 

to synchronize well in both conditions. Even when there was a 
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great delay between participants, represented by a long lag, they 

were able to get back to synchronicity. This corroborates what 

has been found in previous studies about synchronous speech 

[5], [7], [23]. On the other hand, very long lags might be an 

effect caused by the semantic incongruities in the text. They are 

not enough to affect the lag mean values, but enough to cause 

greater variation in AC, in comparison to OC.  

The outlier variation per se would support our hypothesis, 

and yet it would not be enough, as it could be a random effect. 

Therefore, we looked for the moment in the text when outliers 

would occur. For this search we relied on graph analysis such 

as the one depicted in Figure 3. The direct relation between the 

incongruity adjacencies and the presence of longer lags was not  

verified. Instead, outliers were mostly found at the text second 

half, not necessarily close to incongruent words, but between 

them. 

It is important to reason about two aspects that might have 

influenced the results. Studies show that individuals often 

anticipate their reading by moving their eyes to the following 

words, before actually reading them out loud [24]–[26]. This 

might explain why greater lags can occur before the reading of 

semantic incongruity. Another aspect is the one caused by the 

occurrence of five semantic incongruities throughout the 

reading that may affect the whole discourse and not exact places 

in the text. This effect can be called a cumulative effect. 

The greatest lags  that correspond to outliers as focused on 

this study indicated that our hypothesis is,  to some extent, 

tenable. However, as a preliminary study, it needs further 

inquiries that account for the lag behavior found in our analyses. 

Studies of priming effect can be useful as well to investigate a 

possible cumulative effect throughout the reading, which could 

account for great lags occurring more predominantly at the end 

of the text, rather than at the beginning [27], [28]. An 

investigation of head movements, for example, is in progress, 

as all dyads were video and audio recorded simultaneously. A 

video images dataset, then, is to be analyzed related to the 

present paper results. We are aware of the necessity of 

quantifying data for our question “Outliers: when do they 

occur?”, as we acknowledge the exploratory nature of this 

qualitative analysis. 

In this experiment we proposed a perturbation effect to the 

synchronized speech task. Asynchrony was greater at AC, as 

we observed outliers’ behavior in this condition. These extreme 

values became a relevant part of the data, which can pinpoint 

important information about the phenomenon in hand. 

Our prosodic skills allow us to produce speech in a temporal 

organized manner that can be more or less varying. We can slow 

down or speed up speech, insert longer pauses, or we can, in the 

case of synchronized speech, restrict these variations. The task 

assigned to subjects in this study aimed at disturbing the speech 

that attempted to adjust the timing between two individuals, this 

disturbance being of a more abstract order: the disruptive 

semantic. In the face of this disturbance, we found that a greater 

speech asynchrony was generated, thus revealing that the 

prosodic timing adjustments were affected. 

Relying on the present results, we hope that our findings 

will be a contribution to a better understanding of speech 

production, taking into consideration that it is  not a phonetic 

physical phenomenon devoid of the abstract nature of planning 

[29]; and synchronized speech can be an experimental means to 

support this idea, besides, of course, being an important theme 

to study other speech production aspects.     
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Figure 4. Lag distribution and lag duration (ms) in the altered condition (AC), for pair A13 (straight line). Horizontal axis 

shows VV-units. Dotted line indicates outlier (squares) minimum value (127ms). Rectangles indicate the words’ syllables 

conveying semantic incongruities. 
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