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Abstract

In audio and music production adjectives are often used to describe the
perception of the spectral qualities of sound instead of frequency range and gain.
Do engineers relate a word to the same frequency range? In this study, two
experiments were conducted to investigate what frequency ranges audio
engineer associate with the words thick, nasal, sharp and airy. The first
experiment involved five engineers and had the purpose of creating filters to be
implemented on audio samples later used in a larger experiment. 20 audio
engineers participated in the larger test were they listened to samples of music
that had been filtered in four ways. The task was to choose the filter that they
associated most with a given word. To make sure that the answers not happened
by chance, the data was treated with a chi square goodness of fit test. The results
were that a majority of the listeners had the same association of the words thick,

nasal and airy. There was less agreement on the word sharp.
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1.Introduction

Based on experiences as an audio engineer the author have noticed that when
working with mixing or mastering in music and audio production, clients and
colleagues often don’t describe the spectral adjustments they want to make in
frequencies and gain. Instead different words are used to describe the
perception of the sound they hear or want to achieve. What frequency range is a
word associated with and do others have the same association? The purpose of

this study is to see if this is the case.

1.2.Background

There is some prior research that has focused on what words are used when
describing the timbre of different musical instruments. In one study by Disley
and Howard [1] the aim was to “establish a set of uncorrelated and consistently
used adjectives that can be used to control a future synthesis system”. The study
did succeed in finding some words that were objective in describing the timbre
of musical instruments but did not examine if the adjectives had any relationship
to acoustic qualities. The findings in the study were that metallic, wooden and
evolving were words that participants had the least agreement on the meaning
and were therefor discarded. Pure and rich were also discarded because they
couldn’t be traced to a specific timbre. The words that could be used in a further
experiment to control synthesis were: bright, clear, warm, thin, harsh, dull, nasal,
gentle, ringing, and percussive. There were findings that indicated that some of
the adjectives had the same meaning as another. Those words were bright and
clear, and also warm and gentle. Some words were shown to be significant in

opposition of another’s, such as bright with dull and warm with thin.

Another study by Disley and Howard [2] focused in words that describe the
timbre of the pipe organ. In this study there were evidence that some of the
words had a relationship to acoustic features such as the amount of
reverberation and strengths in different harmonics. The findings were that
“clarity” showed to be associated with less amount of reverberation. Adding

upper harmonics to an organ increased the perception of brightness and also



less “flutey” and less warm. Time frequency analysis revealed that the organ with
added upper harmonics did have more strength in high frequencies and
therefore suggest that brightness is related to strength in high frequencies.
Warmth was also slightly related with strengths in low frequencies and also the
amount of reverberation. The word thin was related to weakness in low

frequencies.

Gabrielsson [3] conducted experiments that focused on the relationship with
spectral qualities of audio and words. The study was also investigating if
loudness influences the perception of the words. Test subjects listened to audio
samples that were treated with three filters. The L-filter, which had 9 dB of
amplification below 200 Hz, the M-filter, had 9 dB of amplification around 1 kHz
and the H-filter, which had 9 dB of amplification around 4 kHz. The samples were
also presented with no filtering. The test subjects task were to listen to a sample
and rate each word on scales graded from a maximum of 10 to a minimum of 0.
The words used in the experiment were loudness, fullness, brightness, softness,
nearness, spaciousness, clarity, and fidelity. The findings in the study were that
the L filter influenced the perception of more fullness and softness/gentleness
but also less brightness, spaciousness and clarity. The M filter gave the
perception of less softness and more sharpness. The H filter gave the perception
of more brightness and better clarity but also less softness and fullness. The
study is very interesting and is a big inspiration for this essay but it has its
limitations. For example the playback system was limited to around 6 kHz for

technical reasons.

In another study [4] by Gabrielsson, subjects were presented to a list of
adjectives and listened to audio samples through different speakers, headphones
and hearing aids. The listeners task were to describe how they perceived the
audio from the different reproduction systems by giving each of the adjectives a
rating from 0-9. The frequency response of the reproducing systems were
measured and compared with ratings of the adjectives. Some of the findings in
the study were that the words clear and distinct were associated to systems with

a broad frequency range and a flat frequency response. Systems with resonance



peaks around 2-4 kHz and strength in the treble was perceived as sharp, hard
and shrill. Bright was related to systems with a raise in treble while reducing the
treble or raising the bass resulted in systems perceived as dark. Open and airy

had a small relationship to systems with increased treble response.

Sabin and Pardo [5] suggests that the relationship between adjectives and
spectral qualities are subjective. The study tested and evaluated an algorithm
that learns a listeners preferred equalization curve that matches a describing

word e.g. bright.

The meaning of a word can differ between languages. The translation of a word
does not always mean that the words are associated the same. An example of this
is shown in a paper by Zielinski et al. [6], were intervals between adjacent labels

on scales used for quality evaluation differed between languages.

1.3. Purpose

The purpose of this study is to explore which frequency ranges words are
associated with. The results from this study can potentially improve the
communication between engineers in audio production by knowing the meaning

of the words.

1.4 Research questions

Below are the following research questions for this study:

*  Which frequency range is each of the words groétigt (thick), nasalt (nasal),
skarpt (sharp) and luftigt (airy) associated with?

* Do audio engineers have the same association for these words?

1.5 Delimitations
This study will only focus on the four words mentioned. The reason to not
include more words is that it would exceed the time and amount of work for this

study. The words chosen are used in this study because they have been



investigated in earlier research [4], and none of the word is in opposition of

another.

2. Method

Two different experiments were done to investigate what frequency ranges
audio engineers associate with the words thick, nasal, sharp and airy, which
were translated in Swedish to grétigt, nasalt, skarpt och luftigt. The first test was
a small experiment to establish four different filters, which later was used in a

larger listening test,

2.1 Experiment 1 — Establish the filters

Five audio engineering students participated in the small experiment that had
the purpose of establish four different filters, which would represent the four
different words. The participants were presented with a computer with a Logic
Pro X [7] session with three short audio samples and a pair of headphones. The
subjects used their own pair of headphones, which were all of studio quality.
The participants task were to set the center frequency of a filter on each sample
so that it matched a given word using the Channel EQ plugin [8]. The task was

done for each of the four words.

2.1.1 Stimuli

The audio samples that were used as stimuli were the choruses from three

modern pop songs.

The instruments in song one, Heart Of Nowhere [9] were drums, a string section,
vocals, electric bass and guitar.

The instruments in song two, Instant Crush [10] were drums, synthesizer, vocals,
electric bass and guitar.

The instruments in song three Happy [11] were drums, electric bass, electric

piano and vocals.

All audio samples were WAV 44,1 kHz 16 bit stereo-files. Levels were matched
on all three samples to -23 LUFS using the Waves WLM Plus [12] as metering,
which is compliant with the ITU BS.1770-3 recommendations [13]. The choice of



pop songs as stimuli was done because the distribution of power in frequencies
are more equal between the songs than for example between three different
instruments. The energy distribution in frequencies from the stimuli could be

seen as spectrograms in fig: 1,2,3.

Fig: 2. Spectrogram of the song Instant Crush.



20k

20k

Fig: 3, Spectrogram of the song Happy.

2.1.2 Filter parameters

The filter type, the Q and gain factor were fixed in the equalizer to be able to
calculate a mean value from the data in the experiment, using only the center
frequencies. The filter type was peak filter, the Q-factor was fixed to 0,5 and the
gain was fixed to +6 dB. The choice of these values were made by the author
when trying out different settings. For example In Gabrielssons experiment [3]
the gain was set to +9 dB on the filters, the author experienced this to be to much
and concluded that +6 dB were a better setting because the difference would be
clearly heard with the filters applied to the stimuli without removing the

audibility from the song.

2.1.3 Results

The results were the data collected from the center frequencies set for each

word. The data can be seen in table: 1.
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Grotigt Nasalt Skarpt Luftigt

180 700 2300 10200
200 770 3500 10400
215 790 3750 10800
220 800 4050 11800
240 830 4250 12000
245 900 4250 12200
255 930 4600 12200
270 1020 4750 12400
280 1120 4800 12600
305 1140 4850 12600
330 1160 5000 12800
355 1220 5100 12800
360 1540 5400 13000
365 2100 5800 13200
400 2350 6100 16400

Table: 1. Center frequencies collected for each word sorted by size.

Fechner’s law [14] was taken in mind when calculating the mean of the center
frequencies by calculating the mean with the formula: 10 » mean (log10(freqgs)).

This resulted in a mean center frequency for each word.

Thick (Grotigt) =274 Hz
Nasal (Nasalt) = 1083 Hz
Sharp (Skarpt) = 4459 Hz
Airy (Luftigt) = 12285 Hz

2.2 Experiment 2 - Preparation of the listening test

The mean center frequencies were used to create four filters that were applied to

the same audio samples that were used in the small experiment. A graphical
representation with the filters applied on white noise was made with the

program Audacity and can be seen in fig: 4,5,6,7.
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Fig: 4. Spectrum analysis of filter 1 applied on white noise.

-18dB |

A
AR
)

|
Vil N

100.00Hz 200.00Hz  400.00Hz 1000.00Hz  2000.00Hz  4000.00Hz ~8000.00Hz 20000.00Hz
Fig: 5. Spectrum analysis of filter 2 applied on white noise.
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Fig: 6. Spectrum analysis of filter 3 applied on white noise.
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Fig: 7. Spectrum analysis of filter 4 applied on white noise.
Each filter were applied on the same three pop songs used in experiment 1.

Equal gain was set to -23 LUFS for all the audio samples.

2.2.1 Test interface and playback setup.

20 tests were prepared by importing the stimuli into Pro tools sessions [15].
Each of the three songs was paired with the four words resulting in 12 runs in
which the order was randomized for each test. In the test interface there were a
total of five tracks named Reference, A, B, C and D. The reference track always
contained the song without a filter. The reason to include a reference track with
the music unprocessed was to avoid that the participants would perceive all
filtered versions, as for example sharp or thick, because of the headphones
frequency response, or the spectral energy distribution in the music. The tracks
A, B, C and D contained the filter 1, 2, 3 and 4 in a randomized order. Participants
could freely listen and switch between the tracks by using a solo button and
jump between the test runs by clicking on a list with memory locations. A

graphical view of the test interface can be seen in appendix 1.
The test took place at Lulea University of Technology in Pited in a small room

with a computer, Digidesign Digi 002 Rack audio interface and a pair of Shure

SRH 440 headphones.
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2.2.2. The listening test

20 audio engineering students from Luled University of Technology participated
in the listening test that took place during two days. Test subjects from the small

test did not participate in the listening test.

The test subjects got the test instructions both written and verbal. Before
starting the test the subjects got to listen to an audio sample and set the playback
level to a comfortable level and leave it for the rest of the test. The subjects were
then given a word for each of 12 test runs and the task was to listen to the song
unprocessed and then listen to the filtered versions and choose which one of A,
B, C and D that best represented the given word. They did this by putting a circle
around the letter on the reply form, which can be seen, in appendix 2. The test

took about 10-20 minutes to complete.

3. Results and analysis.

The word thick is mainly associated with filter 1 but there are differences
between the songs. On song 1 and 2, some of the listener’s associated thick with
filter 2.The distribution of the filter ratings for the word thick can be seen in fig:
8.

20
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12
10

& Thick song 1
& Thick song 2
Thick song 3

Number of ratings

S N B O @®

‘ ‘ |
Filter 1 Filter 2 Filter 3 Filter 4

Fig: 8. Distribution of the ratings for the word thick.
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Participants mainly associated the word nasal with filter 2 with small differences
between the songs. The distribution of the filter ratings for the word nasal can be

seen in fig: 9.
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Fig: 10. Distribution of the ratings for the word nasal.

On song 2 and 3 most of the listeners associated the word sharp with filter 4 and
on song 1 they mainly associated it with filter 3. Some of the listeners related
filter 3 to sharp on song 2 and 3 and filter 4 on song 1. The distribution of the

filter ratings for the word sharp can be seen in fig: 11.
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Fig: 11. Distribution of the ratings for the word sharp.
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The word airy was mainly related to filter 4 on song 1 and 2. Listeners associated

airy with both filter 3 and 4 on song 3. The distribution of the filter ratings for

the word airy can be seen in fig: 12.
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Fig: 12. Distribution of the ratings for the word Airy.

When merging the ratings from the three songs, it becomes clearer of what filter

listeners relate to which word. 75% of the subjects related thick with filter 1,

76,7% related nasal with filter 2 and 70% related airy to filter 4. 57% of listeners

associated filter 4 with the word sharp and 43% with filter 3. The distribution of

the merged filter ratings for all four words can be seen in fig: 13.
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Fig: 13. Distribution of the merged filter ratings for each the four words.
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To determine if there were statistical significance in the answers from the
listening test the data was treated with a chi square goodness of fit test [16]. The
data with calculated chi square can be seen in table: 2 and for the merged ratings

table: 3.

The null and alternative hypotheses are:
Ho: Audio engineers associate the four filters equally for each word.

H1: Audio engineers do not associate the four filters equally for each word.

The significance level was set to a= 0,05. With a degrees of freedom of 3, the

critical value is 7.812 [17]

The decision rule is: If x? is less than 7.812, Ho can be accepted and if it is greater

H1 will be accepted.

Word and song | Filter 1 Filter 2 Filter 3 Filter 4 2
Thick song 1 14 26,4
Thick song 2 12 16,8
Thick song 3 19 52,4

Table: 2. Ratings of filters for each word and song with chi-square.
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Word

Filter 1

Filter 2

Filter 3

Filter 4

Thick

Sharp

45

13

2

26

34

86,533

42,333

Airy

3

1

14

42

71,333

Table: 3. Merged ratings of filters for each word with chi-square.

In all tests x? is greater than 7.812, Ho can therefore be rejected and Hi accepted.
The relationship between the words and listeners association to the filters is not

occurring by chance.

4. Discussion

There are interesting findings both in the small experiment and the larger
listening test. The center frequencies set by participants in the small test is
located within the same octave band for each of the four words with some
exceptions. The findings in the larger experiment is that the majority of the
listeners (75%) associated the word thick with filter 1, which suggests that the
word thick is related to strength in low-mid frequencies around 150-500 Hz.
76,7% of the participants in the listening test related the word nasal with filter
2. This suggests that nasal is associated with strength in mid-frequencies around
600-2000 Hz. 70% associated the word Airy with filter 4 suggesting that the
word airy has a relationship to strengths in upper-highs around 8000-16000 Hz.
This strengthens the finding in Gabrielssons study [4] were airy had a small
relationship to increased treble response.

The word that had the least agreement among listeners was sharp. 43,3% of the
listeners related sharp to filter 3 and 56,7% related it to filter 4. This suggests
that sharp is related to strengths in high frequencies but there is a disagreement
as to whether it is associated to the 2500-8000 Hz range or the 8000-16000
range. This is also the results In Gabrielssons study [4] were the word sharp was
associated with speaker systems with resonance peaks around 2-3 kHz and
strength in the treble. It seems that sharp is both related to the frequency range

that the human hearing is most sensitive to (2-5 kHz) and also in the upper
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treble. The word sharp is also more associated with filter 3 on song 1 which has

more energy in the 2-5 kHz range than the other two songs.

4.1 Experiment evaluation

An experiment could be designed in many different ways. The experiment in this
study has high reliability because it could easy be replicated but the results can
potentially differ. Because all of the test subjects were students in audio
engineering from the same university they may potentially have more agreement
of the association of the words. If the experiment was conducted with audio
engineers with other backgrounds in education the results could be different.
Therefore it is hard to tell if the experiment has high reliability without doing the
experiment more than once.

The experiment has high validity because all the stimuli had equal gain and
presented in a randomized order in a controlled listening environment where
subjects performed the experiment without distractions. There are some parts
of the experiment that are questionable and may have influenced the results and
therefore lowering the validity. For example the subjects from the small test
were only allowed to set the center frequency on one filter with fixed Q and gain
factor. If there were way of calculating an average or median for variables that
affect another that the author is not aware of, the small test would have been
redesigned today without fixed parameters. In the larger listening test the
participants were forced to choose only one of the filters for each test run, this
may have influenced the results because listeners may have associated more
than one or non of the filters with the given words.

If the experiment had been redesigned today a large-scale version of the small
experiment would have been done. It would have been interesting to include
musicians in a future experiment and compare the results against audio
engineers to see if there are any differences between the groups. This could
improve the communication in music production situations even more.

Further research could also be done to test more words than used in this

experiment.
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5. Conclusions.

The findings in this experiment show that the word grotigt (thick) is associated
with strength in the 150-500 Hz range. Nasalt (nasal), with strength in the 600-
2000 Hz range. Luftigt (Airy) with strength in the 8000-16000 range. The word
skarpt (sharp) was both associated with strength in the 2500-8000 Hz and the
8000-16000 Hz range.

A large majority of the test subjects had the same association of the words
grotigt (thick), nasalt (nasal) and luftigt (airy). The only word that had a large
disagreement was skarpt (sharp). This shows that audio engineers relate some
words with the same frequency ranges and that some words can have different
meanings for individuals. The use of words that don’t have the same agreement
could potentially be misunderstood when communicating in an audio production

situation, and therefore they need to be more defined.
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Apendix

1. Listening test interface

© O O

INSERTSA-E || INSERTSAE | INSERTSAE | INSERTS A-E

SENDS A-E SENDS A-E SENDS A-E SENDS A-E

Referens

INSERTS A-E

SENDS A-E

1:00.000

Name

Mix: Harald c-uppsats test 1
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2. Reply form

Test: 1

Hej och tack for att du staller upp i detta experiment!

For varje runda kommer du att bli presenterad med ett beskrivande ord och i varje runda

kommer du att lyssna pa 5 ljud, ett referens ljud samt ljud A,B,C,D. Referens ljudet kommer alltid
att vara oprocessat. Din uppgift kommer att vara att lyssna pa ljuden och sedan ringa in det ljud

av A,B,C, D som bist stimmer in pd det ord du fatt presenterat.

Forst kommer en testomgang dar du sjalv far bestimma lyssningsnivan som sedan forblir orérd.

1.Grotigt

2.Skarpt

3.Skarpt

4.Grétigt

5.Luftigt

6.Nasalt

7.Nasalt

8.Nasalt

9.Grotigt

10.Luftigt

11.Skarpt

12.Luftigt

A

B

C

D
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