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Abstract
In this research, we set out to discover what acoustic
measurements of the voice are associated with good har-
mony between two voices. We recorded, normalized
for pitch and intensity, and then combined the voices
of four male subjects singing F3 and A3 (for a total
of 16 possible two-note chords). A total of 19 listen-
ers judged which chords sounded better than the oth-
ers. After ranking the 16 chords, we attempted to find
acoustic measurements that correlated with this ranking.
Two measurements were focused on: (1) the intensity of
the 16th overtone and sub-harmonic (i.e., the half fun-
damental frequency) area between F3 and A3, and (2)
the Harmonics-to-Noise Ratio (HNR) of F3 alone, A3
alone, and the combined chord of F3 with A3. Our re-
sults showed no strong correlation for either measure-
ment, but some tendencies were discovered.

1 Introduction
How do we measure how well two voices combine in
harmony? We have strong feelings about better or worse
harmony without thinking about it, when we hear two
different combination of voices singing the same chord.
Based on acoustic properties, can we predict what voice
combination will harmonize better than another?

In this paper, we try to discover the acoustic measure-
ments associated with what is perceived to be good voice
harmony combinations. All singers in the world train to
use good harmony, and harmony is known to be influ-
enced by the different frequencies of sounds. One very
important parameter for harmony is “overtones”. Even
if two sounds are exactly the same in some respect (e.g.,
pitch and intensity), they do not necessarily have the
same spectrum and overtones. Additionally, we expect
harmony to be influenced by voice quality and we as-
sume that clearer (i.e., less rough) voice combinations
make better voice harmony. One such measurement of
voice quality is “Harmonics-to-Noise Ratio” (HNR).

On analysis, the difference between tone-colors of the
voice are found to correspond with differences in the har-
monics represented in the sound [1]. However, good
voice harmony is, more often than not, explained us-
ing ambiguous expressions on the music scene. What
is the connection between overtones, subharmonics [2],

and clarity of voice? We challenged ourselves to dis-
cover the answer to this problem.

2 Method

2.1 Participants
Two groups of people participated in this research: (1)
four people sung notes so that we could create stimuli,
and (2) nineteen people judged various combinations of
the sung notes. The participants in both groups were
native Japanese students from the University of Aizu.
Group 1 was all male (age 18 to 24) undergraduate stu-
dents who were not professional singers. Group 2 was a
mix of about 90% male and 10% female undergraduate
students. The students in Group 2 were 11 volunteers
from a 3rd year English pronunciation class, as well as
8 volunteers from the student body at the University of
Aizu.

2.2 Apparatus
We used the following software in our stimuli creation,
data collection, and data analysis: “Praat”, “Logic Ex-
press” and “Excel for Mac”. The hardware we used was
“Macintosh”, “NT-1”, and “Duet”.

Software List
S1 Praat (6.0.3)
S2 Apple Logic Express (9.0.2)
S3 Excel 2008 for Mac

Table 1: Software used in data manipulation and analysis

Praat is free scientific software for speech analysis in
phonetics. We used it for creating stimuli for the lis-
tening task, for normalizing intensity and fundamental
frequency, for performing pass-band filtering from spec-
tra, and for calculating HNR. Logic Express was used
for recording the voices with a condenser microphone.

We used a Mac Pro computer running Mac OSX
ver.10.5 (Leopard) and an iMac computer running OSX
ver.10.6 (Snow Leopard) to record, mix and fine-tune the
voices. The condenser microphone used for recording
was an NT-1 made by RODE, a popular microphone on
the music recording scene. Duet is Audio I/F made by
Apogee. It provided phantom power for recording, and
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Hardware List
H1 Computer - Apple iMac (Mac OS X 10.6)
H2 Computer - Apple MacBook (Mac OS X 10.5)
H3 Condenser microphone - RODE NT-1
H4 Audio I/F - Apogee Duet

Table 2: Hardware used in data manipulation and analy-
sis

enabled high quality recording: 44100 Hz/ 24 bit.

2.3 Procedure
First, we decided what musical notes to collect as com-
ponents for our chords. We chose 174.61 Hz (F3) and
220 Hz (A3) for the reason that they are in an easy range
for most males to sing. In addition, F3 and A3 make a
common chord – a major 3rd chord in F major.

Next, we used Praat to record 4 people singing simple
tones (F3 and A3), sustained for about 5 seconds. For
each of 4 people, we recorded them singing F3 and then
A3. They were prompted with the correct pitch by lis-
tening to it using headphones. The recording sampling
rate was 44.1 kHz at 24 bits.

Then, we used Praat to change the intensity and funda-
mental frequency (pitch) to be equal across all 4 people.
The mean pitch for each person was set at exactly 174.61
Hz for F3 and 220 Hz for A3, and the mean intensity was
set at 70 dB.

After that, we created 16 2-second chords from all
combinations of those 4 singers’ notes. Notice that 4 of
the 16 chords would be a given singer harmonizing with
himself. We used the sound files of these 16 chords to
create audio files for the harmony judgement task.

From the 16 chords, we made 120 different questions
that compared any 2 chords with each other. This was
done in a Moodle quiz format. The audio file for each
question was 5.5 seconds in duration and it was cre-
ated as follows: 0.5 seconds of silence, 2.0 seconds of
chord A, 1.0 seconds of silence, and finally 2.0 sec-
onds of chord B. The questionnaire (harmony judgement
task) was administered to 19 Japanese university of Aizu
undergraduate students, who answered about their 120
preferences.

After ranking the chords in order of preference, we
measured various acoustic properties of the chords (in
fact, properties of the chords and also properties of each
note that made up each chord). The two types of acoustic
measurement that we used are overtones and Harmonics-
to-Noise Ratio (HNR).

Overtones are higher multiples of the fundamental fre-
quency of a sound [3]. If the fundamental frequency is

denoted f0, then the n-times overtone Hn is

Hn = f0 × n(Hz)

The overtone (harmonic) that we focused on was H16,
meaning f0 multiplied by 16. Since F3= 174.61 Hz
and A3= 220 Hz, H16= 2732.76 Hz and 3520 Hz re-
spectively. This corresponds to F6 and A6. We used a
pass band filter in Praat to extract the spectrum between
these two frequencies, and we measured the power (dB)
of each extracted spectrum.

The second parameter that we measured was HNR [4]
using the formula below.

HNR = 10× log10(
P(Harmonic)

P(Noise)
)(indB)

This is also called harmonicity and it is the degree of
acoustic periodicity. It can be used to measure the signal-
to-noise ratio of anything with a periodic signal, and it
can be used to measure voice quality. For example, if
HNR= 0 dB, then there is an equal amount of harmonics
and noise. On the other hand, if HNR= 20 dB, then
the noise rate is only 1%, a clear voice quality for [a] or
[i] [4]. Using Praat, we automatically measured HNR,
and we checked whether there was a correlation between
HNR and preferred chord combinations.

3 Results
The results of the harmony judgement task can be seen
in the two leftmost columns of Table 3. Each row is one
of the 16 different voice combinations (i.e., one of the
16 chords). Column 2 shows the total number of times
in which each chord was preferred over others. Since we
collected judgements from 19 students, and each chord is
compared to 15 other chords, then the maximum number
of times a chord can be preferred is

Maximum = combination × judge = 15× 19= 285

The most preferred combination of voices was chosen
176 times out of 285 (about 62%). The least preferred
combination was chosen 120 times (about 42%). Table
3 is sorted in descending order of chord preference. We
compared these preferences with the acoustic measure-
ments and the results can be seen in Figures 2–6 below.

Table 3 also shows four types of HNR measurements
and two overtone intensity measurements. The correla-
tions between each of these six measurements and the
order of preference is shown in the bottom row of the
table: for the difference of the individual note HNR val-
ues, r= -0.07; for the absolute value of the difference of
the individual note HNR values, r= 0.22; for the HNR
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Figure 1: Extracting pass band F6 to A6 from spectrum

of the chord, r= -0.17; and for the sum of the individual
note HNR values, r= 0.22.

This is correlation of 2nd overtone under F3
sound.(Figure 2) Correlation slope looks like incline but
node exist randomly. This graph means under 2nd over-
tone area is related to better harmony judgment.

This is correlation of 16th overtone between F3 and
A3 sound.(Figure 3) Correlate slope is nearly horizontal.
This graph means overtone 16th overtone is NOT related
to better harmony judgment.

This is correlation of Combined HNR.(Figure 4) Cor-
relate slope is only slightly inclined from the horizontal.
This graph is read about less NHR kid of better

Figure 2: Under H2 Correlation

This is correlation of HNR Absolute difference be-
tween individual voices.(Figure 5) Correlate slope is a
little incline positive This graph means HNR Absolute is
related to better harmony judgment.

This is correlation of HNR Sum F3 and A3
sound.(Figure 6) Correlate slope is nearly horizontal.
This graph means HNR Difference is not related to better
harmony judgment.

4 Discussion
It is disagree with our expectations. Under H2 area is
random correlation on the view. However it have pos-
sibilities relationship for harmonic. H16 area is not re-
lationship for harmonic because of correlation. Each of
HNR is a little relationship but not important parameter
for harmonic.

5 Conclusions and Future Work
It is difficult to discover strict measurement. This re-
search can’t discover mystery of better harmonic. We
find another measurement for harmonic. In future work,
we record more sample voice because I can collect only
4 students voices. We focus on beat high-frequency con-
tent.
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Figure 3: H16 Correlation Figure 4: HNR.eps

Figure 5: HNRAbso.eps Figure 6: sumHNR.eps

FileName Times preferred HNR (dB) overtone intensity (dB)
F3–A3 max= 285 Difference Absolute Chord Sum Under H2 (F3) H16 (F3 to A3)
Mor-Nak 176 -6.38 6.38 1.81 54.74 65.74 41.56
Mor-Suz 159 -1.75 1.75 1.71 59.37 68.50 44.09
Nak-Nak 153 -0.13 0.13 0.88 48.49 68.57 44.42
Suz-Suz 153 1.13 1.13 0 56.49 69.30 48.94
MK-MK 152 1.35 1.35 2.47 53.37 67.58 51.51
Suz-MK 152 -0.32 0.32 0.22 55.04 68.51 51.02
Nak-Suz 148 4.50 4.50 -0.07 53.12 70.23 45.91
Mor-MK 147 -3.20 3.20 1.84 54.74 67.52 48.71
MK-Suz 144 2.80 2.80 2.58 54.82 68.53 49.75
Suz-Nak 136 -3.50 3.50 0.87 51.86 67.15 48.25
MK-Nak 132 -1.83 1.83 2.09 50.19 65.84 49.20
Nak-MK 131 3.05 3.05 0.44 51.67 69.60 49.44
Suz-Mor 131 -0.04 0.04 1.02 55.32 65.22 49.26
Mor-Mor 128 -2.92 2.92 1.85 58.20 62.80 45.06
Nak-Mor 125 3.33 3.33 1.83 51.95 67.27 46.56
MK-Mor 120 1.63 1.63 2.75 53.65 62.91 49.99
Correlation -0.07 0.22 -0.17 0.22 0.44 -0.46

Table 3: All results – chord preference, HNR and overtone measurements
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