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ABSTRACT 

The first formant frequency (F1) is important to make speeches understandable. In 

reverberant environments the speech may be affected and hence the value of F1 may 

change. The purpose of this research was to determine the effect on F1 due to reverberant 

level in six room samples.  Three different words uttered by a female speaker had been 

recorded in an audiometry room. The recorded speech was then played in six room samples 

with different reverberant levels. These words were played and then recorded for six times 

for each room. The results show that the changes in the value of F1 depend on the type of 

word that was spoken and the reverberant level of the room. The word containing the 

phoneme /a/ was affected the most when subjected to different reverberant level whilst the 

word containing the phoneme /i/ was the least affected.  
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INTRODUCTION 

The value of the first formant frequency (F1) is important to make speeches 

understandable. This is because the ability to be able to separate between different vowels 

and hence reduce confusion is important to speech intelligibility [1].  Even though it is 

found that the values of the first four formants are important for intelligibility [2], 

researches has shown that the value of F1 is especially important for speech intelligibility. 

When speaking in advertising, it is found that the value of F1 increased within the range of 

10% to 20% [3]. The value of F1 is important to distinguish between the phonemes /a/, /i/, 

and /u/ [4]. For this research, the value of F1 of the three phonemes /a/, /i/, and /u/ was 

done because these are classified as corner vowels, the vowels that are used most in many 

languages [5]. 
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In this research, three words were chosen pada, tidak, and bulan. These words were uttered 

by recorded a trained female speaker in an audiometry. The recorded words were then 

played and recorded in six different rooms with different reverberant level as shown in 

Table 1. The three words were then played and recorded six times each in those rooms. A 

total of 108 recordings were obtained and the value of F1 of each recording was obtained 

by using the free software Praat. The value of F1 of each room was compared to each other 

and the statistical significance value was obtained. 

        

Table 1. Room properties 

Room sample Volume (m3) 
Critical 

Distance (m) 

Background 

noise level at 

1kHz 

(dB) 

Reverberation 

time at 1kHz  

(s) 

A 252 0.8 25.8 1.2 

B 590 1.2 23.4 1.3 

C 639 1.3 29.9 1.3 

D 1250 2.3 17.7 0.8 

E 242 0.8 24.9 1.1 

F 383 0.8 26.0 1.9 

 

MAIN RESULTS 

 

In Table 2, it can be seen that the value of F1 for room A and room F differed 

significantly from other room with p-value of less than 0.1 for most room they were 

compared with. This shows that the value of F1 of the word pada changed the most 

when played in different reverberant environment. 

 

Table 2. The p-value between the value F1 of the word pada spoken by a 

female speaker 

 A B C D E F 

A  0.00 0.00 0.00 0.00 0.67 

B   0.27 0.22 0.64 0.03 

C    0.95 0.56 0.07 

D     0.56 0.06 

E      0.04 

F       

 

In Table 3 below, the value of F1 of different rooms of the word tidak was compared 

with each other. Table 3 shows that there were no statistical significance between the 

room. This show that the word tidak does not change when played in different rooms. 
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Table 3. The p-value between the value F1 of the word tidak spoken by a 

female speaker 

Room 

Sample 
A B C D E F 

A  0.54 0.89 0.88 0.36 0.41 

B   0.42 0.58 0.77 0.20 

C    0.69 0.26 0.21 

D     0.38 0.18 

E      0.12 

F       

 

In Table 4 below, the value of F1 of different rooms of the word bulan was compared 

with each other. Table 4 shows that the value of F1 of the word bulan differed 

significantly in two instances with p-value of less than 0.1. 

 

Table 4. The p-value between the value F1 of the word bulan spoken by a 

female speaker 

Room 

Sample 
A B C D E F 

A  0.33 0.14 0.43 0.01 0.51 

B   0.86 0.89 0.13 0.92 

C    0.74 0.09 0.80 

D     0.11 0.98 

E      0.19 

F       

 

 

CONCLUSION 

In conclusion, the value of F1 has been shown to differ when subjected in different 

reverberant level. The value of F1 of the words pada and bulan has been changed 

significantly in different reverberant level. However, the value of F1 of the word tidak does 

not show significant change when played in different reverberant level. This is important 

because it shows that different words behave differently in different room conditions. 
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