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Mental fatigue is inevitable in the workplace. Since mental fatigue can lead to decreased efficiency and critical accidents,

it is important to manage mental fatigue from the viewpoint of accident prevention. An experiment was performed to evaluate

mental fatigue using the formant frequency analysis of human voices. The experimental task was to mentally add or subtract

two one-digit numbers. After completing the tasks with four different levels of mental fatigue, subjects were asked to read Korean

vowels and their voices were recorded. Five vowel sounds of “o}”, “o]”, «Q”,

?o«Qn «92 and “o]” from the voice recorded were

then used to extract formant 1 frequency. Results of separate ANOVAs showed significant main effects of mental fatigue on

formant 1 frequencies of all five vowels concerned. However, post-hoc comparisons revealed that formant 1 frequencies of “©}”

and “©J” were most sensitive to mental fatigue level employed in this experiment. Formant 1 frequencies of “©F and “©”

significantly decrease as the mental fatigue accumulates. The formant frequency extracted from human voice would be potentially

applicable for detecting mental fatigue induced during industrial tasks.
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1. Introduction
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<Table 1> Parameter Setup Values for Formant Analysis

Using Praat

Parameter Function Setup Value
Time step The t1m§ between‘the centers of Default

consecutive analysis frames
Maximum The ce{hng of the formant search 4,000(Hz)
formant range, in hertz
Window The effective duration of the -

. . 25(milisecond)

length analysis window, in seconds

Pre-emphasis
from

The +3 dB point for an inverted
low-pass filter with a slope of +6
dB/octave. If this value is 50 Hz,

then below 50 Hz are not enhanced.

50(Hz)
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3. Results of Statistical Analysis
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<Figure 1> An Example of Formant Frequency Contour
or “A(OR”(Fy, Fs, Fa, F4 from the below)
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<Figure 2> Mean Formant 1 Frequency of “A(O})” for Each
Mental Fatigue Level(Error Bars Indicate Stan-
dard Deviation Values)
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<Table 2> Student-Newman-Keuls Pairwise Multiple Compa-
risons for “A(OD” (S Indicates that Means are Sig-
nificantly Different)

Mean Diff. Crit. Diff.
Rest, P2000 94.865 29.546 S
Rest, P4000 165.999 35.692
Rest, P6000 216.717 39.325 S
P2000, P4000 71.134 29.546 S
P2000, P6000 121.852 35.692 S
P4000, P6000 50.719 29.546 S

= 46.946, p
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<Figure 3> Mean Formant 1 Frequency of “Eo(0{)” for Each
Mental Fatigue Level(Error Bars Indicate Standard
Deviation Values)
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<Table 3> Student-Newman-Keuls pairwise multiple compa-
risons for “Eo(0)”(S indicates that means are
significantly different)

Mean Diff. Crit. Diff.
Rest, P2000 72.219 30.627 S
Rest, P4000 131.913 36.999 S
Rest, P6000 164.533 40.764 S
P2000, P4000 59.694 30.627 S
P2000, P6000 92314 36.999 S
P4000, P6000 32.620 30.627 S
33 BZ "2"9| 1= Fifr 24
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WA S 2] kTH<Table 4> F2).
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<Figure 4> Mean Formant 1 Frequency of “O(2)” for Each
Mental Fatigue Level(Error Bars Indicate Stan-
dard Deviation values)

<Table 4> Student-Newman-Keuls Pairwise Multiple Com-
parisons for “O(2)” (S Indicates that Means are
Significantly Different)

Mean Diff. Crit. Diff.
Rest, P2000 13.110 25.573
Rest, P4000 13.110 30.893
Rest, P6000 41.026 34.037 S
P2000, P4000 0.000 25.573
P2000, P6000 27.916 30.893
P4000, P6000 27.916 25.573 S
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<Figure 5> Mean Formant 1 Frequency of “U($)” for Each
Mental Fatigue Level(Error Bars Indicate Stan-
dard Deviation Values)

<Table 5> Student-Newman-Keuls Pairwise Multiple Com-
parisons for “U(2)” (S Indicates that Means are
Significantly Different)

Mean Diff. Crit. Diff.
Rest, P2000 14.304 26.505
Rest, P4000 35.505 32.020 S
Rest, P6000 43.939 35.279 S
P2000, P4000 21.201 26.505
P2000, P6000 29.635 32.020
P4000, P6000 8.434 26.505

(F328 = 7.363, p = 0.0009). <Figure 6>l AA1% 1= 2zt
A A AIEWE F3h4 Hiro] vlaEe] gl
= 7k @t vl gﬂré B F2FE Rest T4 A

¥ $FE(P2000, P4000, P6000) 7+
9]’(5]— Z}olE Hola YA WA FF
7L(P2000/P4000 P2000/P6000, P4000/P6000)°l A&

& QkTH(<Table 6> =), o] <}

we “o]”% uLHg}L& 751 © z%z\]xq jqi_g.

L

O

Q7re] WS ReE F AIZWE Fobg B
4§ o) gl ANY R +EE AZ3) AT 4



Evaluation of Mental Fatigue Using Vowel Formant Analysis

700

600

500

400

300

Formant 1 Frequency(Hz) of "I(0])"

200 -

Rest

P2000

P4000 P6000

Mental Fatigue Level

<Figure 6> Mean Formant 1 Frequency of “I(0])” for Each
Mental Fatigue Level(Error Bars Indicate Stan-
dard Deviation values)

<Table 6> Student-Newman-Keuls Pairwise Multiple Com-
parisons for “I(0])” (S Indicates that Means are
Significantly Different)

Rest, P2000
Rest, P4000
Rest, P6000
P2000, P4000
P2000, P6000
P4000, P6000

Mean Diff. Crit. Diff.
27.033 19.680 S
36.790 23.774 S
40.965 26.193 S

9.757 19.680
13.933 23.774
4175 19.680
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