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ABSTRACT 

 

Many teachers suffer from voice problems related to the use of their voices in the working 

environment. The noise generated by students and external sound sources (like traffic noise or 

neighboring classrooms) is a major problem, as it leads to an increased vocal effort. In the 

absence of high levels of background noise, the room has also an effect on the talker‟s voice. 

In order to quantify the relative importance of the acoustic environment on the vocal demands 

for teachers, a laboratory investigation was carried out. Thirteen teachers had to read a text 

aloud under ten different room acoustic conditions, artificially generated by electroacoustic 

means. The vocal intensity decreased with the objective parameter support, which quantifies 

the amount of sound reflections provided by the room at the talker‟s ears,relative to the direct 

sound, at a rate of -0.21 dB/dB. The reading pace decreased with the reverberation time at a 

rate of 5 words/minute per s. The sensation of comfort and suitability of the rooms for a talker 

was investigated using a questionnaire. A non-linear relationship between this magnitude and 

the reverberation time was observed, defining an optimum range around 0.85 s. 

.



 

1. INTRODUCTION 

 

Teachers suffer from voice problems in a greater proportion than in the rest of the population 

[1]. These problems are in many cases originated from the intensive use of their voices as an 

occupational tool [2]. Background or activity noise in classrooms makes teachers increase 

their vocal effort (and thus, the vocal intensity), as a consequence of the Lombard reflex and 

the need of keeping themselves heard on top of the noise [3]. 

In the absence of high levels of background noise, the classroom acoustic conditions can 

condition the vocal intensity produced by teachers [4]. Kob et al.[5] also showed an effect of 

classroom acoustics on teachers with and without voice problems. 

In laboratory experiments, Pelegrin-Garcia and Brunskog [6] observed a decrease of the vocal 

intensity (measured as sound power level, or anechoic sound pressure level) with the ratio of 

reflected sound to direct sound (from the own voice) measured at the ears, at a rate of -0.65 

dB/dB. Ten times the logarithm of the ratio between reflected and direct sound energy was 

defined as support, and it was extracted from the impulse response measured with a dummy 

head between a loudspeaker located at its mouth and a microphone at the eardrum position. 

However, that experiment lacked of significant results and used very few conditions. 

The present paper reports the result of a more extensive laboratory experiment with more 

subjects (thirteen) and simulated sound field conditions (ten), analyzing other speech 

properties other than the vocal intensity, and studying the subjective impressions of talking in 

the rooms. The goals are two. First, determining more accurately what the relationship 

between room acoustics and voice production is, and second, observing which properties of a 

sound field make a room good to speak in there. 

 

2. METHOD 

 

Thirteen teachers (4 females, 9 males) of secondary school, high school, and university, aging 

30 to 67 years, participated in the experiment. The teachers did not have known voice 

problems (according to their statements) or hearing loss greater than 25 dB HL below 4 kHz. 

Once they were in the laboratory room, and for each condition, they were instructed to read a 

text (Goldilock‟s passage [7]) during 2.5 minutes, addressing a listener located at a distance of 

2 m. A dummy head was located at that position to provide the visual distance cue. After 

reading the text, the teacher had to rate a set of questions regarding the experience of talking 

in that condition, by making a vertical tick in a continuous horizontal line. 

The different sound fields or experimental conditions were generated in a laboratory facility 

with a loudspeaker-based real-time auralization system [6]. It consisted of 29 loudspeakers 

placed in a quasi-sphere around a subject in a highly damped room. The speech signal from 

the talker in the center was picked with a headworn microphone, convolved in real time with 

the impulse response (IR) of the environment, and recorded for analysis. The different IR were 

obtained by computer acoustic simulation (Odeon) and mixed-order Ambisonics 

encoding/decoding using the LoRA toolbox [8]. 

There were ten experimental conditions, consisting of nine different simulated IR and the 

condition „0‟ of no IR simulated (and thus corresponding to the actual acoustic conditions of 

the laboratory room). The nine experimental conditions were the combination of three 

different classroom geometries (A,B, and C) and three different placement of absorptive 

materials in those rooms (1,2, and 3). Table 1 summarizes the geometrical volume, the 

reverberation time (T30) and the support (ST) derived from objective IR measurements in the 



 

laboratory facility using a dummy head B&K HATS type 4128, with a loudspeaker at its 

mouth as a source and two microphones at the eardrums as receivers. The T30 was calculated 

as the average of the 500 Hz and 1 kHz octave bands, after removing the first 5 ms of the IR, 

in order to avoid the strong influence of the direct sound. The ST was calculated without 

frequency-weighting. Both T30 and ST were calculated for the left and the right ear and the 

results were averaged. The conditions were presented in random order for each subject. 
 

Table 1. Experimental conditions and objective parameters 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 0 

V (m
3
) 1174 1174 1174 344 344 344 130 130 130 72 

T30 (s) 1.62 1.40 0.64 1.06 0.66 0.62 1.02 0.66 0.40 0.05 

ST (dB) -15.6 -15.8 -17.4 -15.0 -15.6 -16.5 -12.1 -14.7 -16.8 -18.2 

 

There were eight questions (Q1 to Q8) that the subjects had to answer. Q1 to Q6 were 

answered with the degree of agreement (left: totally disagree, right: totally agree) with the 

statement. Q7 was rated from very low (left) to very high (right) and Q8 with “no voice 

problems” (left) to “very severe voice problems” (right). 

Q1. I would feel exhausted if I were talking in this classroom for a whole lesson 

Q2. The classroom is good to speak in 

Q3. The classroom enhances and supports my speech 

Q4. I must raise my voice in order to be heard in the classroom 

Q5. The sound system makes my voice sound unnatural 

Q6. I noticed echo phenomena in the classroom 

Q7. Rate the degree of reverberance that you perceived in the classroom 

Q8. Rate how you perceive your voice now 

As in [6], the sound power level LW was extracted from the recordings. The fundamental 

frequency was extracted with the ESPS method, in intervals of 50 ms. The mean and standard 

deviation of the F0 sequences for each recording were calculated. However, there were no 

significant differences among different conditions. The number of words (nwords) completed 

during each recording period of 2.5 minutes was also counted. The statistical analysis of the 

data was performed with the statistical software package R. 
 

3. RESULTS AND DISCUSSION 
 

Figure 1 shows the measured LW against ST values (left), and the number of words versus the 

T30 (right). 
 

  
Figure 1. (Left) LW versus ST. (Right) nwords versus T30. Different symbols correspond to different 

subjects. The dashed lines correspond to regression lines calculated with linear mixed models 



 

Figure 1 shows a big spread among observations. Most of them are related to individual 

factors which only shift the absolute values, while keeping similar variations among 

conditions. The factor “subject” was considered a random effect, and a linear mixed model [9] 

was used to evaluate the dependence of LW with ST, finding a significant relationship 

(p=0.004). An identical procedure was followed to analyze nwords (p=0.045). The regression 

lines shown in Figure 1 correspond to the output of the linear mixed models, which are 

expressed in Eq. (1) and (2) for LW and nwords, respectively 

 

STLW 21.00.58           (1) 

30words 6.12412 Tn          (2) 

 

As can be seen, the sound power level of the voice decreases with the ST, at a rate of -0.21 

dB/dB. This rate is smaller (in absolute value) than reported in [6]. This deviation can be due 

to the different instructions given to the subjects. One reason for this might be that asking the 

talker to read a text aloud for a listener located at 2 m does not lead to the same voice 

adjustment as it would be required for addressing a group of people at further distances with 

spontaneous speech. 

From equation (2), the number of words decreases consistently with T30. The average reading 

rate in the extreme conditions, predicted by the model, are 164.5 words/minute (T30=0.05s) 

and 156.6 words/minute (T30=1.62s). 

The answers to the questions Q1 to Q8 (in cm from the beginning of the line) are shown in 

Figure 2. The horizontal axes show the objective parameter (T30 or ST) that correlates best 

with the answers. The best fitting (and significant at the 5% level) models are also indicated 

on the figures. No model is shown for Q8 because an ANOVA test on the answers to this 

question suggests just random variation on the data.  

 

 
Figure 2. Ratings to the different questions Q1 to Q8 as a function of the objective room acoustic 

parameters T30 or ST 

 

The questions Q1 and Q2, which ask questions related to the comfort show a non-linear 

dependance with the T30. The regression model for Q2 is: 

 
2

30302 72.198.22.2 TTQ         (3) 

 

This model reveals the presence of an optimum T30 range (around 0.85 s) which maximizes 

the vocal comfort in a classroom. However, this statement should be read carefully, as the 

R2=0.58 R2=0.60 R2=0.74 R2=0.80 

R2=0.71 R2=0.87 R2=0.92 



 

effect of background noise is not included. In Q1, the minimum (least discomfort) is located at 

T30=0.99s, slightly higher than with Q2. 

It is worthwile to remark the high correlation between the perceived reverberance (Q7) and 

T30. In a similar way, the answer to the question Q3, regarding the support from the room, is 

highly correlated with the objective parameter ST. 
 

4. CONCLUSIONS 
 

The conclusions of the laboratory experiment analyzing teachers‟ speech and subjective 

impressions under different room acoustic conditions are the following:  

 The sound power level used by talkers decreases with the support of the room at a rate 

of -0.21 dB/dB. 

 The reading pace (numbers of words per minute) decreases with the reverberation 

time, at a rate of 5 words/minute per each s. 

 In the absence of high levels of background noise, a reverberation time around 0.85 s 

defines the talker‟s preferred acoustic conditions of a classroom in terms of vocal 

comfort. 

 The sensation of support from the room is related to the objective parameter support. 
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