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Appendix A
Metronome Environment

This appendix describes the patch used for the visual metronome of the listening experi-
ment. The patch was designed using the software MAX/MSP.

In the DAW Cubase, the different velocities were selected to obtain the measure 4/4 with
one beat and three bars. Figure A.1 is a diagram of the patch in MAX/MSP. The patch
works parallel to the DAW metronome and every change in the DAW relating to BPMs

is translated into the visual metronome.
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Figure A.1: Metronome patch structure in MAX/MSP
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Metronome Environment

The patch searches all available MIDI ports in the computer. The command line “midi-
info” activates the chosen MIDI output from the DAW (Cubase) and sends it to the patch
as input. This information is gathered through the command “notein” to produce the
beats and bars. For the 4/4 measure of the metronome one beat and three bars were
defined. A beat was predefined with a velocity of 127 (MIDI velocity). For the remaining
three bars, any velocity between 1 and 126 is a bar. In the Figure 4.9 velocity for bars
and beats is defined by the slides (upper right corner). The upper slide, Hi (beats) defines
the value 127 and the lower slide, Lo (bars), has a value between 1 and 126.

Figure A.2 shows the additional parameters of the metronome. The metronome blink time
for each bar and each beat in the experiment is 150ms. In addition, other metronome
settings such as bar and beat colour (active and inactive), background colour and descrip-

tions are also defined here.
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Figure A.2: Metronome blink time settings
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Metronome Environment

The metronome patch works with MacOS and Windows 10. However, for the MIDI func-
tion in Windows 10, additional software is necessary. The loopMIDI' is a virtual MIDI
connector programmed by Tobias Erichsen. This software enables MIDI data transmis-
sion within Windows 10. In order to use the metronome, both software and metronome

have to be activated before beginning the listening test.
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My loopback MIDI ports
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Mew port-name: ||DD[JMIDI Port 1 |

Figure A.3: The loopMIDI virtual MIDI software

L' LoopMIDI website, 7/26/2017, https://www.tobias-erichsen.de/software/loopmidi.html
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Appendix B

Metronome Set-Up Measurements

Measurements relating to sound pressure levels (SPL) were made in the anechoic room
of the Darmstadt University of Applied Sciences using a “Kunstkopf” dummy head Neu-
mann KU100. The audio metronome signal was directed to the headphones (as in the
experiment with test subjects) and the headphones placed on the dummy head as shown
in Figure B.1. The level readings were obtained through the dummy head microphones.
Both left and right microphones of the dummy head delivered the same value with + /-
1dB tolerance. The results of the left microphone were used for further calculations. The
24-bit resolution level meter software DIGICheck from RME was used for the measur-

ments.

Figure B.1: Metronome level measurement with dummy head
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Metronome Set-Up Measurements

After averaging the differences between the 1/4 and 1/2 slide positions relative to 1 (see
Figure 4.10), two results are obtained as shown in Tables B.1, B.2, B.3 and B.4. Moving
the slide from the far right to the middle translates into a decrease of 14.16dB at the test
subject’s headphones. On the other hand, lowering the slide from the far right to 1/4 as

in Figure 4.10 is equivalent to a level diminution of 27.26dB.

Fireface Peak value Metronome Difference
gain value (dBFS) slide position (dB)
15 -33.1 1 —
15 -47.6 1/2 14.5
15 -61.3 1/4 28.2
20 -28.3 1 —
20 -42.5 1/2 14.2
20 -56.6 1/4 28.3
25 -23.1 1 —
25 -37.7 1/2 14.6
25 -51.6 1/4 28.5
30 -18.1 1 —
30 -32.6 1/2 14.5
30 -43.5 1/4 25.4
35 -12.8 1 —
35 -27.3 1/2 14.5
35 -41.1 1/4 28.3
40 -7.80 1 —
40 -21.7 1/2 13.9
40 -36.0 1/4 28.2
45 -2.6 1 —
45 -17.0 1/2 14.4
45 -30.4 1/4 27.8

Table B.1: Measurement of the metronome level (headphone level = -20dB)

The headphone output level was constant (-20dB, -15dB, -10dB, 0dB) for each measure-
ment in Tables B.1, B.2, B.3 and B.4. The only change was the audio interface gain level.
The different gain values of the audio interface are related to the headphone output level.
Higher headphone levels allow a lower audio interface input gain range. Otherwise, the

input signal would be too low or would produce distortion.
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Metronome Set-Up Measurements

Fireface Peak value Metronome Difference
gain value (dBFS) slide position (dB)
10 -32.0 1 —
10 -46.6 1/2 14.6
10 -60.2 1/4 28.2
15 -27.2 1 —
15 -41.4 1/2 14.2
15 -55.3 1/4 28.1
20 -22.5 1 —
20 -37.0 1/2 14.5
20 -50.8 1/4 28.3
25 -17.3 1 —
25 -31.8 1/2 14.5
25 -37.7 1/4 20.4
30 -12.3 1 —
30 -26.8 1/2 14.5
30 -40.6 1/4 28.3
35 -6.9 1 —
35 -21.5 1/2 14.6
35 -34.5 1/4 27.6
40 -1.9 1 —
40 -16.5 1/2 14.6
40 -30.4 1/4 28.5

Table B.2: Measurement of the metronome level (headphone level = -15dB)

Fireface

Peak value

Metronome

Difference

gain value (dBFS) slide position (dB)

10 -27.1 1 —
10 -40.3 1/2 13.2
10 -55.6 1/4 28.5
15 -22.2 1 =
15 -35.4 1/2 13.2
15 -50.7 1/4 28.5
20 -17.5 1 =
20 -30.7 1/2 13.2
20 -46.0 1/4 28.5
25 -12.3 1 =
25 -25.6 1/2 13.3
25 408 1/4 28.5
30 -7.5 1 —
30 20.5 1/2 13.0
30 -35.8 1/4 28.3
35 -2.0 1 —
35 -15.2 1/2 13.2
35 -30.4 1/4 28.4

Table B.3: Measurement of the metronome level (headphone level = -10dB)

B3



Metronome Set-Up Measurements

Fireface Peak value Metronome Difference
gain value (dBFS) slide position (dB)

0 -27.6 1 —
0 -42.2 1/2 14.6
0 -53.4 1/4 25.8
10 -17.8 1 —
10 -32.4 1/2 14.6
10 -43.6 1/4 25.8
15 -13.0 1 —
15 -27.6 1/2 14.6
15 -38.7 1/4 25.7
20 -8.3 1 —
20 -22.9 1/2 14.6
20 -34.0 1/4 25.7
25 -3.1 1 —
25 -17.7 1/2 14.6
25 -23.8 1/4 25.7

Table B.4: Measurement of the metronome level (headphone level = 0dB)
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Appendix C
Isolation Headphones Measurement

The attenuation level of the isolation headphones by VIC Firth SIH1 was tested in an
anechoic room. The test signal was pink noise produced by the level meter Phonic PAA3
which was sent to a Genelec loudspeaker. The loudspeaker was positioned at a distance of
1,0m from the acoustic head Neumann KU100 as in Figure C.1. The height of the tweeter
of the loudspeaker is in the same horizontal as that of the acoustic head ears. The dB
SPL measure was 88.4dB(A) SPL.
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Figure C.1: Measurement set-up for the isolation headphones
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Isolation Headphones Measurement

Measurements from headphones are presented in Table C.1.

Fireface Peak value Headphone Difference
gain value (dBFS) on/off position (dB)

0 -53.0 on —
0 -43.2 off 10.2
10 -42.8 on —
10 -32.7 off 10.1
15 -37.4 on —
15 -27.6 off 9.8
20 -32.7 on —
20 -22.8 off 9.9
25 -28.6 on —
25 -18.7 off 9.9
30 -23.7 on —
30 -12.4 off 11.3

Table C.1: Headphones attenuation

The average value of attenuation is 10.2dB, which is half the value of the 24.2dB noise

reduction specified by the manufacturer. In Table C.1 the on/off position refers to mea-

surements with the headphones covering the ears of the dummy head (on) or not on the

head (off). After averaging the results of the column difference (dB) the obtained result

is 10.2dB

DIGICheck from RME was also used to measure the level, with and without headphones.

Figure C.2 shows the settings used.

Function Settings

Reference dE Hold Time
Infinite Hol

Correlator
Lewvel Text F Carr. Int.

Lewel Bar M5 flin. Leor. ]
Corr. LED Crit. 21

d =

Hold

Figure C.2: DIGICheck settings
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Isolation Headphones Measurement

The Hold Time of 5.0s which enables an accurate measurement is important, as are the
reference levels of 0dB. Figures C.3 and C.4 show the measurement gain with the 30dB
microphone (Fireface 400). It is easy to appreciate the level reduction using headphones
and the similar values of the microphones (left and right or channel 1 and 2 of the audio

interface) correspond to the ears of the acoustic head Neumann KU100.

dBfs -34.5 237 -24.3 -35.2 dBfs
0-— Ry

Figure C.3: Level measurement with headphones

[ ] RME DIGICheck: 4-B...
dBfs -25.4 -12.4 -12.3 -25.3 dBfs
g el

Figure C.4: Level measurement without headphones
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Appendix D
Audio Interface Settings

Figure D.1 shows the different settings of the audio interface RME Fireface 400. The
same settings were selected with the RME Fireface UCX used in the final experiment.

The only difference is the graphical user interface for MAC and PC systems.

[ ] Fireface Settings

Properties For Version 3.29

m Unit #63770AFC v1.70
Fireface 400 (AFC) Kernel driver v3.29

Analeg Inputs

1Mic 20 . @ 48v
M Link 142 R TR R
) @ asv
2MIC 20 LR RN RN NN TN TN TR NIRRT TRR NN NIRRT
3Line 0.0 k Inst Pad
Link 3+4 U
. Inst Pad
4L|ne 0'0 T i
5-8 Line Lo Gain ° +4 dBu -10 dBV

Analeg Outputs

1-6 Line Hi Gain °+4 dBu -10 dBV

7-8 Phones Hi Gain +4 dBu o =10 dBV

SPDIF In Clock Mode AutoSync Ref
Optical AutoSync Input  No Lock

o Coaxial o Master Freg.  ng Lock
No Lock Preferred Sync Ref [ Input Status

SPDIF Out © Word Clock No Lock
Optical ADAT Mo Lock
Professional SPDIF Rl
Emphasis Word Clock Out Sample Rate
Non-Audio Single Speed 48000 Hz [

Limit Bandwidth System Clock

= i Mode Master
Analog | <]

Stare Freq. 48 kHz

Figure D.1: Audio interface settings
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Audio Interface Settings

The following items in the audio interface are relevan for the listening test:

e Analogue Inputs.

Analogue Outputs.

Clock Mode.

Sample Rate.

System Clock.

In the Analogue Inputs section, the phantom power (48V) choice for condenser micro-
phones is a feature. In addition, the gain level can be increased from 0dB up to 65dB in
1dB steps, with the exception of the lower range between 0dB and 10dB. In this range,
there are no 1dB steps, only a 10dB jump!. The microphone was connected to the 1 Mic
microphone input. The Analogue Output section 7-8 Phones shows the general headphone
level. For the listening test, -10dBV was selected to avoid loud outputs and possible hear-

ing damage.

The Clock Mode was set as Master, and the clock source was the Fireface 400/Fireface
UCX (internal clock). The Sample Rate used was 48000Hz. Both readings are confirmed

in the System Clock section.

Input Level Output Level
Gain (dB) Peak (dBFS)

0.00 -47.70
10.00 -37.90
15.00 -33.10
20.00 -28.30
25.00 -23.10
30.00 -18.10
35.00 -12.80
40.00 -7.80
45.00 -2.60

Table D.1: Audio interface output level measurements

1 RME. RME tech info - digicheck website, 7/26/2017. http://www.rme-audio.de/techinfo/digich.htm.
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Audio Interface Settings

The Phones Line output level lies in the range of -58dB to +6dB in steps of 1dB accord-
ing to the manufacturer’s information?. Similar results within +/- 1dB tolerance were
obtained for the RME Fireface UCX.

The reliability of the manufacturer’s information, especially the linearity of the headphone
output and microphone input, was tested with different measurements (see Appendix B).
In Figure D.2, a simple linear regression shows that the manufacturer’s information is
accurate. Increasing the analogue input level by 5dB produces an increment of 5dB in

the measured value. The plot indicates a linear relationship.

-20-

-30-

Level Output Peak (dBFS)

-40-

-50- 5 v v
20 30 40
Analog Input Level Gain (dB)

Figure D.2: Audio interface output vs. input level in 5dB steps

The headphone output was -20dB. The evaluation of the data in the open source statis-

tical software R, produces the following results:

e The value R? indicates a strong correlation of 0.9998 which is a linear relationship

as shown in Figure D.2.

e The blue line and the dots are the measured values, while the red line is the estimated

linear regression.

e The residual standard error is 0.2381 with 7 degrees of freedom.

RME. Fireface 400 website, 7/26/2017. http://www.rme-audio.de/download/fface400_e.pdf.
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Audio Interface Settings

Estimate Std. Error t value Pr(>[t|)

(Intercept) -48.0232 0.1611 -298.06 1.26e-15
Input 1.0037 0.0057 174.97 5.26e-14

Table D.2: Linear regression coefficients

Several measurements with different headphone outputs (see Appendix B) delivered strong
correlation values very near to 1. Between 0dB and 10dB there is a jump (see Figure D.2),
and the input value 5dB gain is not defined (not plotted) in the analogue input. The RME
Fireface 400 Firewire® and the RME Fireface UCX* both have an output gain of up to
65dB which is adjustable in 1dB steps over a range of 55dB. The plot shows the results
up to 45dB. Higher values produced distortion when measuring the output in dBFS.

RME. Fireface 400 website, 7/26/2017, http:www.rme-audio.de/download /fface400_e.pdf.
4 RME. Fireface UCX website, 7/26/2017, https:www.rme-audio.de/download/fface_ucx_e.pdf.
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Appendix E
Audio Interface Delay Measurement

In order to test the reliability of the delay plug-in, two different configurations were used.
For the pilot test, the set-up included a Macintosh with an RME Fireface 400 audio in-
terface. The final test used a PC with an RME UCX interface. The internal latency
values of both configurations were measured with the function delay finder of the software
SATLive. The measurements used the dual-FFT algorithm which compares the spectrum
of the signals to be measured. Pink noise at -30dBFS and 48kHz was used as the mea-

surement signal. The set-up configuration is presented in Figure E.1.

Reference Oms

Outl Out2
Latency/Delay

In1  In2 In Qut Headphones

3 r'y A

SATLive System Listening Test System

Figure E.1: Measurement procedure using SATLive
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Audio Interface Delay Measurement

The results are shown in the Table E.1.

Cubase Artist SATLive delay
Degree (°) Coherence

delay (ms) measured (ms)

0.0 14.396 3 100
10 24.375 3 100
20 34.375 3 100
30 44.375 3 100
40 54.375 3 100
50 64.375 3 100
60 74.375 3 100
70 84.375 3 100
80 94.375 3 100
90 104.375 3 100
100 114.375 3 100
110 124.375 3 100
120 134.375 6 100
130 144.375 6 100
140 154.375 6 100
150 164.375 6 100
160 174.375 6 100
170 184.375 6 100
180 194.375 6 100
190 204.375 6 100
200 214.375 6 100
210 224.375 6 100
220 234.375 6 100
230 244.375 6 100
240 254.375 6 100
250 264.375 6 100
260 274.375 6 100
270 284.375 6 100
280 294.375 6 100
290 304.375 6 100
300 314.313 6 100

Table E.1: Fireface 400 latency measurement values

The measurement of internal latency (input and output) using the configuration in Fig-
ure E.1 was 14.396ms for the Macintosh set-up. Bypassing the delay plug-in resulted in a
measurement of 14.313ms. As shown in Figure E.2, the audio interface delivered similar
values with an input latency of 6.958ms and an output latency of 7.354ms for a total
of 14.312ms. The difference between the measured value and the audio interface value
was 0.084ms. The values in Table E.1 confirm the latency increments of 10ms using the

Cubase Artist software.
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Audio Interface Delay Measurement
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Figure E.2: Fireface 400 latency input/output
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Figure E.3: Audio Interface delay (Fireface 400 set-up)
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Figure E.4: Measurement phase (Fireface 400 set-up)
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Audio Interface Delay Measurement

The second set-up used a Windows PC and an RME Fireface UCX. The results of the
dual FFT at 48KHz using the configuration in Figure E.1 are displayed in the following
table.

Cubase Artist SATLive delay
Degree (°) Coherence

delay (ms) measured (ms)

0.0 12.208 3 100
10 22.188 3 100
20 32.188 3 100
30 42.188 3 100
40 52.188 3 100
50 62.188 3 100
60 72.188 3 100
70 82.188 3 100
30 92.188 3 100
90 102.188 3 100
100 112.188 3 100
110 122.188 3 100
120 132.188 3 100
130 142.188 3 100
140 152.188 3 100
150 162.188 3 100
160 172.188 3 100
170 182.188 3 100
180 192.188 3 100
190 202.188 3 100
200 212.188 3 100
210 222.188 3 100
220 232.188 3 100
230 242.188 3 100
240 252.188 3 100
250 262.188 3 100
260 272.188 3 100
270 282.188 3 100
280 292.188 3 100
290 302.188 3 100
300 312.125 3 100

Table E.2: Fireface UCX latency measurement values

Using the configuration shown in Figure E.1, the internal latency (input and output) for
the PC set-up was 12.208ms with the delay plug-in activated. Bypassing the plug-in re-
sulted in a value of 12.125ms. As shown in Figure E.5, the audio interface presents very
similar values, with an input latency of 5.833ms and an output latency of 6.271ms for a
total of 12.104ms. The difference between the measured value (plug-in active) and the
Cubase Artist software information (12.104ms) was 0.104ms. The values in Table E.2 also
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Audio Interface Delay Measurement

confirm the 10ms software delay increment of the Cubase Artist DAW. The resolution of
the delay measurement software for both systems (Macintosh and PC) was 105us. In

other words, the latency value read from the delay plug-in is very reliable.

Figure E.5
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Figure E.6: Audio Interface delay (Fireface UCX set-up)
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Audio Interface Delay Measurement
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Figure E.7: Measurement phase (Fireface UCX set-up)

The delay measurements (input and output) for both Macintosh and PC were 14.396ms
and 12.208ms respectively. For the listening tests, both audio interfaces used a buffer
size of 256 samples and 48kHz as the sampling frequency. These values were chosen as a
trade-off between a secure system without audio dropouts (lower sample values) and a rel-
atively faster performance. Higher buffer size values (>256) may produce sound glitches
while lower buffer size values (<256) would have notably increased the internal latency of

the system.
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Appendix F

Measurements of Sound Pressure

Level on Instruments and Rooms

Table F.1 is a summary of all the measurements relating to microphone distance to musical
instrument and the sound pressure level (SPL) of the instrument. In order to guarantee
equality of conditions for all test subjects, measurements were made and presented as a

descriptive statistical summary in Table 4.1.
In Table F.2, the item (f’) is the height of the room. Not every room was square. There-

fore, additional measurements such as (c), (d) and (e) are necessary. The RT60 results

are the averages without specifying the frequencies.
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Measurements of Sound Pressure Level on Instruments and Rooms

Musical Distance mic. to Instrument level Mic. HP
Participant Room
instrument instrument (m) dBSPL(A) gain (dB) gain(dB)

1 Piano 0.292 87.3 10 -10 1 (CIT)
2 Piano 0.287 83.3 10 -10 1 (CIT)
3 Cello 0.380 84.0 10 -10 204 (CIT)
4 Cello 0.412 85.2 10 -10 204 (CIT)
5 Classical guitar 0.264 75.1 10 -10 204 (CIT)
6 French horn 0.338 89.2 10 -10 204 (CIT)
7 Alto saxophone 0.341 96.1 10 -10 204 (CIT)
8 Violin 0.367 82.2 10 -10 139 (CIT)
9 Trumpet in B 0.715 96.4 0 10 F14-30 (h-da)
10 Snare drum 0.389 93.0 0 10 1 (K. FFM)
11 Piano (upright) 0.347 82.3 10 10 2 (K. FFM)
12 Snare drum 0.388 94.0 0 10 F14-30 (h-da)
13 Violin 0.480 83.2 10 -10 F14-30 (h-da)
14 Transverse flute 0.328 83.5 10 -10 A25 (G. GU)
15 Trombone 0.437 91.3 0 10 A25 (G. GU)
16 Timpani 0.619 79.0 0 -10 A25 (G. GU)
17 Trombone 0.432 92.4 0 -5 F14-30 (h-da)
18 Violin 0.380 82.5 10 -10 F14-30 (h-da)
19 Triangle 0.286 80.0 10 -10 F14-30 (h-da)
20 Tenor saxophone 0.492 91.2 0 5 F14-30 (h-da)
21 Classical guitar 0.300 78.6 10 -5 F17-17 (h-da)
22 Violin 0.230 82.0 10 -5 F14-30 (h-da)
23 Snare drum 0.510 87.0 -5 F14-30 (h-da)
24 Alto saxophone 0.389 81.4 -5 Clubraum I
25 Triangle 0.429 82.7 10 0 F17-17 (h-da)
26 Marimba 0.405 84.1 10 -5 Cellar (Langen)
27 French horn 0.418 83.4 0 5 Probebiihne
28 Double bass 0.394 82.1 10 0 Probebiihne
29 Harp 0.594 81.2 10 -5 Mehrzweckraum
30 Bassoon 0.448 82,3 12 0 Room 5
31 Tenor saxophone 0.527 91.3 0 5 Linving room

Abbreviations in Table F.2 as follows:

e CIT: Cork Institute of Technology.

e K: Konservatorium (conservatory).

Table F.1: Musical instruments recording reference values

e DA: Darmstadst.

FFM: Frankfurt am Main.

G.GU: Gymnasium, Grof-Umstadt.

F2
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Measurements of Sound Pressure Level on Instruments and Rooms

Room dimensions in metres

(a) (b) (c) (d) (e) (") RT60 (sec.) dBSPL(A)
Room 1 (CIT) 538 870 3.37 - - 287 0.50 36.7
Room 204 (CIT) 6.07 535 104 10.32 5.82 2098 0.50 34.7
Room 139 (CIT) 3.50 856 095 991 7.36 2098 0.45 34.6
F14-30 (h-da) 5.64 6.96 - - - 3.50 0.35 31.2
Room 1 (K. FFM) 3.51  4.00 - - - 2.60 0.45 33.0
Room 2 (K. FFM) 3.17  3.98 - - - 2.60 0.42 32.0
Room A25 (G. GU) 6.08 8.49 - - - 3.01 0.52 38.7
F17-17 (h-da) 397 529 - - - 2.58 0.30 32.4
Clubraum I 7.31 14.08 - - - 271 0.66 32.2
Cellar (Music

459 1057 - - - 2.57 0.42 33.8
School, Langen)
Probebiihne

9.24 17.24 - - - 4.11 0.82 34.6
Staatstheater, DA
Mehrzweck Raum

11.76 21.34 - - - 5.65 1.64 33.5
Friedensgemeinde, DA
Room 5

2.34 417 - - - 2.54 0.54 34.6
Musikschule, GU
Living room 3.91 6.49 - - - 2.51 0.54 31.8

Table F.2: Room measurements
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Appendix G

General Information Sheet for

Participants

Thank you for agreeing to take part in the listening test for the research on Latency

Tolerance Range for musicians.

The only thing you are expected to do is to play your instrument. The guideline for your

performance is a musical score.

There is no right or wrong performance in this test. The main interest is the performance

development. The quality of the performance is not evaluated in any way.

Test procedure

1. The first part of the test focuses on determining hearing ability. You will hear five

different sinus tones. Any time you hear a tone, please play your instrument.

2. Your instrument will be miked. You will receive headphones to listen to your in-

strument audio signal.

3. Play the two bars score you see on the small screen (do not play by heart, do not
memorize). During the performance, a metronome (aural, visual or aural-visual) is

always active.

4. During the test, you will be asked to play the score. Your instrument signal (which
you hear through the headphones) will be delayed until you are not able to perform
anymore. The metronome is a guide to help you to keep the tempo during the

performance.
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General Information Sheet for Participants

5. The listening experiment includes three tests, each test consist of five different tempi,
from 90 BPM to 210 BPM in 30 BPM steps. For each test, there is a different

metronome:

(a) A visual metronome presented on the small screen.
(b) An aural metronome to be listened to through the headphones.

(c) Both metronomes (visual and aural) merged.

The succession order of the five different tempos in BPM is randomised.

Health and Safety

e The length of the listening test will not exceed 30 minutes.

e The sound reproduction levels of the headphones are controlled and harmless as

recommended by the European Union legislation.

e You are free to withdraw from the listening experiment at any time and without

giving any reason.

If you have any further questions, concerning the experiment, please do not hesitate to ask.
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General Information Sheet for Participants

Allgemeine Informationen fiir die Probanden

Vielen Dank fiir Thre Bereitschaft zur Teilnahme an dem Horversuch “Latency Tolerance

Range for Musicians”

Von Thnen wird nur erwartet, Ihr Musikinstrument zu spielen. Als Vorlage dient eine

Partitur, die Sie erst beim Horversuch zu sehen bekommen.

Bei diesem Horversuch gibt es keine richtige oder falsche Spielweise. Unser Interesse liegt

hauptséchlich darin, die Entwicklung der musikalischen Performance in Abhéngigkeit von

der Latenz zu beobachten. Die Qualitit der Musik-Performance wird in keinster Weise

evaluiert.

Ablauf des Horversuchs

1.

Als erstes wird Thre Horfdhigkeit gemessen. Sie werden fiinf verschiedene Sinus-
Testtone horen. Sobald ein Testton erklingt, spielen Sie irgendeine Note auf ihrem

Musikinstrument.

. Das Musikinstrument wird mikrofoniert. Sie werden gebeten, Kopfhorer aufzuset-

zen, um das Audiosignal Thres Musikinstruments zu horen.

Spielen Sie die zwei Takte Partitur, die auf dem kleinen Bildschirm angezeigt wird
(bitte lernen Sie diese nicht auswendig). Wihrend Threr Performance werden drei

verschiedene Metronome (akustisch, visuell, audiovisuell) Sie aktiv begleiten.

. Wéhrend des Horversuchs, spielen Sie bitte die Partitur. Das Audiosignal Thres

Musikinstruments (welches Sie iiber die Kopfhorer héren) wird verzogert; bis Sie
aufgrund der Verzogerung nicht mehr in der Lage sind, Ihr Instrument zu spielen.
Das Metronom ist ein Hilfsinstrument, um das Tempo wéhrend der Performance

beizubehalten.

. Der Horversuch sieht drei Tests vor, jeder Versuch beinhaltet fiinf verschiedene

Tempi von 90BPM bis 210BPM in 30BPM Schritten. Fiir jeden Versuch gibt es

ein anderes Metronom:

(a) Ein visuelles Metronom wird auf dem kleinen Bildschirm gezeigt.
(b) Ein akustisches Metronom wird iiber die Kopfthorer gehort

(¢) Beide Metronome (visuell und akustisch) werden gleichzeitig prisentiert.
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General Information Sheet for Participants

Die Reihenfolge der Tempi in BPM ist zufallig.

Gesundheit und Sicherheit

e Die Gesamtdauer des Horversuchs wird 30 Minuten nicht iiberschreiten.

e Der Audio-Wiedergabepegel der Kopfhorer ist nach den rechtlichen Empfehlungen
der EU kontrolliert und unbedenklich.

e Sie diirfen jederzeit und ohne Angabe von Griinden von dem Horversuch zuriick-

treten.

Sollten noch Unklarheiten beziiglich des Experiments bestehen, zogern Sie bitte nicht,

sich mit Thren Fragen an mich zu wenden.
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Appendix H
Listening Test Consent Form

I the undersigned voluntarily agree to take part in the study (working title): A Measure-

ment approach to estimate the ability of Western Musicians to cope with Latency.

I have read and understood the information sheet provided. I have been given a full ex-
planation by the researcher about the purpose and duration of the listening test as well
as what I will be expected to do. Any questions about any aspect of the test have been

answered.

[ understand that I am free to withdraw from the listening test at any time without any

justification of my decision and with no further consequences.

I hereby confirm that I am not under 18 years of age at the time of performing the listen-

ing test.

I hereby confirm that I have read and understood the information given above and freely

consent to participate in the listening test.

Name of test person

Signature Date
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Listening Test Consent Form

Einverstindniserklirung Hoérversuch
Ich, der/die Unterzeichnende, stimme der Teilnahme an der Studie “A Measurement ap-

proach to estimate the ability of Western Musicians to cope with Latency” freiwillig zu.

Ich habe das Informationsblatt “Allgemeine Informationen fiir die Probanden” gelesen
und verstanden. Der Leiter des Experiments hat mich iiber den Zweck, die Linge des
Horversuchs sowie die an mich gestellten Erwartungen ausfiihrlich aufgeklart. Séamtliche

Fragen beziiglich des Horversuchs wurden beantwortet.

Mir ist bekannt, dass ich jederzeit und ohne Angabe von Griinden von dem Experiment

zuriicktreten kann und hierdurch keine Nachteile fiir mich entstehen.

Ich bestétige hiermit, dass ich zum Zeitpunkt des Hérversuchs mindestens 18 Jahre alt bin.

Ich bestétige hiermit, dass ich die Einverstdndniserkldrung gelesen und verstanden habe

und dass ich freiwillig am Horversuch teilnehme.

Name des Probanden

Unterschrift Datum
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Appendix 1

Questionnaire for the Listening Test

Item  Question Possible Answer
1 Instrument Name:
Group:
2 Age
3 Gender 1. Male
2. Female
4 Use of a metronome for musical 1. Yes

training (more than once a week) Aprox. number of hours:
2. No

5 Expertise 1. Professional Musician
2. Music Student

6 Years of Experience performing Number of years:

the instrument

7 Playing technique 1. Plucked
2. Bowed
3. Struck
8 Current hours of practice per Number of hours:
week
9 Performance on other instru- 1. Yes
ments Instrument:
2. No
10 Metronome preference 1. Visual 2. Audio 3. Both
11 Notes

Table I.1: Questionnaire for the listening test
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Appendix J

Friedman Test Data and Results

Subject Aural (ms) Visual (ms) Both (ms)

1 224.00 219.00 205.00
2 219.00 140.00 165.00
3 300.00 280.00 260.00
4 252.00 200.00 250.00
5 93.00 182.00 118.00
6 300.00 300.00 300.00
7 300.00 300.00 300.00
8 266.00 300.00 300.00
9 300.00 300.00 300.00
10 202.00 300.00 290.00
11 61.00 72.00 80.00

12 230.00 142.00 298.00
13 128.00 143.00 99.00

14 120.00 60.00 94.00

15 192.00 138.00 203.00
16 300.00 240.00 300.00
17 280.00 201.00 253.00
18 131.00 49.00 151.00
19 232.00 300.00 300.00
20 217.00 147.00 187.00
21 176.00 187.00 172.00
22 284.00 175.00 268.00
23 300.00 249.00 239.00
24 230.00 300.00 300.00

Table J.1: Latency values for the three different metronomes at 90 BPM
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Friedman Test Data and Results

Subject Aural (ms) Visual (ms) Both (ms)

1 134.00 220.00 163.00
2 180.00 134.00 220.00
3 252.00 193.00 280.00
4 247.00 232.00 203.00
5 52.00 106.00 143.00
6 258.00 298.00 261.00
7 163.00 300.00 300.00
8 300.00 300.00 300.00
© 210.00 113.00 89.00

10 278.00 238.00 216.00
11 79.00 73.00 72.00

12 183.00 108.00 242.00
13 68.00 72.00 119.00
14 206.00 43.00 144.00
15 139.00 70.00 139.00
16 270.00 257.00 272.00
17 117.00 102.00 142.00
18 192.00 300.00 300.00
19 137.00 96.00 119.00
20 110.00 138.00 300.00
21 172.00 184.00 152.00
22 300.00 86.00 300.00
23 159.00 169.00 197.00
24 174.00 151.00 151.00
25 147.00 97.00 300.00
26 73.00 29.00 76.00

Table J.2: Latency values for the three different metronomes at 120 BPM

Subject Aural (ms) Visual (ms) Both (ms)

1 134.00 260.00 165.00
2 148.00 145.00 195.00
3 105.00 120.00 172.00
4 156.00 300.00 200.00
5 81.00 98.00 103.00
6 183.00 130.00 163.00
7 300.00 300.00 300.00
8 300.00 300.00 300.00
9 120.00 145.00 263.00
10 62.00 58.00 82.00

11 160.00 166.00 215.00
12 78.00 76.00 80.00

13 88.00 84.00 119.00
14 100.00 83.00 83.00

15 149.00 168.00 214.00
16 123.00 91.00 97.00

17 227.00 300.00 217.00
18 181.00 90.00 158.00
19 62.00 68.00 104.00
20 151.00 138.00 139.00
21 78.00 147.00 300.00
22 300.00 172.00 212.00
23 164.00 166.00 122.00
24 145.00 149.00 154.00
25 300.00 61.00 262.00
26 63.00 43.00 67.00

Table J.3: Latency values for the three different metronomes at 150 BPM
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Friedman Test Data and Results

Subject Aural (ms) Visual (ms) Both (ms)

1 110.00 300.00 133.00
2 147.00 133.00 116.00
3 91.00 52.00 150.00
4 175.00 180.00 143.00
5 73.00 101.00 115.00
6 96.00 127.00 100.00
7 300.00 300.00 300.00
8 300.00 266.00 300.00
9 300.00 300.00 300.00
10 39.00 110.00 101.00
11 109.00 136.00 216.00
12 45.00 55.00 80.00

13 113.00 147.00 153.00
14 80.00 96.00 54.00

15 155.00 163.00 182.00
16 102.00 94.00 107.00
17 162.00 261.00 153.00
18 114.00 94.00 144.00
19 109.00 88.00 117.00
20 58.00 156.00 171.00
21 108.00 140.00 250.00
22 282.00 144.00 203.00
23 153.00 154.00 152.00
24 128.00 136.00 152.00
25 98.00 67.00 86.00

Table J.4: Latency values for the three different metronomes at 180 BPM

Subject Aural (ms) Visual (ms) Both (ms)

1 108.00 220.00 108.00
2 121.00 75.00 105.00
3 45.00 25.00 143.00
4 183.00 238.00 165.00
5 44.00 73.00 68.00

6 137.00 106.00 30.00

7 300.00 300.00 300.00
8 300.00 103.00 300.00
© 300.00 300.00 300.00
10 56.00 100.00 77.00

11 123.00 94.00 172.00
12 72.00 59.00 82.00

13 104.00 107.00 132.00
14 69.00 78.00 73.00

15 132.00 131.00 133.00
16 76.00 67.00 87.00

17 119.00 195.00 203.00
18 111.00 109.00 107.00
19 101.00 80.00 101.00
20 61.00 108.00 131.00
21 193.00 123.00 223.00
22 130.00 131.00 160.00
23 126.00 159.00 132.00
24 117.00 102.00 142.00
25 51.00 63.00 59.00

Table J.5: Latency values for the three different metronomes at 210 BPM
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Friedman Test Data and Results
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(T¢ 01 9T syuewmnIgsur) Surysa], sisoyjodAH I0] XILIIRIN :L'[ S[(R],

0S°0S L9°€8 L9'8€ET 00°€ST L9°60¢ 00991 00°'PST €€°8C1 L9'V0T €ELIT 00°C6T 00°TOT 0G°09 L9°99T1 0S°6L 00°8¥% P71 8AV 9[q3593

L9°L8 L9°L0C €E€6VL L9°0ST 00°8¢¢ 00°GLT L9°CV1 00°'8L 0g'v8 00°€VT 00°87¢C L9°€0T 0G'1€T 00°LLT 1988 0096 €T 8AY 91q1899

€€°69 €€ 18T 0g'viC L9°8GT 00°GLT L9°8C¢ €€°69T L9°C81 €ELIT 00" 18T 00792 €€°0CT 0g°L2c €€°99¢C 00°9TT 00°'T€T (488 ENACICEEEL]

00°FTT 0S°09¢ L979.L¢T 0G°9GT L9°29¢ €€°CVe €E€°8LT 00°CceT 00°€L L9°€8T €€°LLT €E€°0TT L9VVC 00°08¢2 LOTLLT €€°T6 1T 8AV 9199801
1%5 o€ ({14 8T L2 9¢ 14 144 €3C (44 14 0c 61 8T LT 91

J5



Friedman Test Data and Results

Comparisons obs.dif critical dif. difference
1-2 15.0 99.59828 FALSE
1-3 4.5 99.59828 FALSE
1-4 9.5 99.59828 FALSE
1-5 48.0 99.59828 FALSE
1-6 13.0 99.59828 FALSE
1-7 38.5 99.59828 FALSE
1-8 34.0 99.59828 FALSE
1-9 42.5 99.59828 FALSE

1-10 44.0 99.59828 FALSE
1-11 11.0 99.59828 FALSE
1-12 71.0 99.59828 FALSE
1-13 6.0 99.59828 FALSE
1-14 61.5 99.59828 FALSE
1-15 53.0 99.59828 FALSE
1-16 57.0 99.59828 FALSE
1-17 47.0 99.59828 FALSE
1-18 23.5 99.59828 FALSE
1-19 21.0 99.59828 FALSE
1-20 44.0 99.59828 FALSE
1-21 29.0 99.59828 FALSE
1-22 17.0 99.59828 FALSE
1-23 52.0 99.59828 FALSE
1-24 31.5 99.59828 FALSE
1-25 17.0 99.59828 FALSE
1-26 6.5 99.59828 FALSE
1-27 12.0 99.59828 FALSE
1-28 20.0 99.59828 FALSE
1-29 0.0 99.59828 FALSE
1-30 6.0 99.59828 FALSE
1-31 69.0 99.59828 FALSE
2-3 10.5 99.59828 FALSE
2-4 24.5 99.59828 FALSE
2-5 33.0 99.59828 FALSE
2-6 28.0 99.59828 FALSE
2-7 53.5 99.59828 FALSE
2-8 49.0 99.59828 FALSE
2-9 57.5 99.59828 FALSE
2-10 29.0 99.59828 FALSE
2-11 26.0 99.59828 FALSE
2-12 56.0 99.59828 FALSE
2-13 9.0 99.59828 FALSE
2-14 46.5 99.59828 FALSE
2-15 38.0 99.59828 FALSE
2-16 42.0 99.59828 FALSE
2-17 32.0 99.59828 FALSE
2-18 38.5 99.59828 FALSE
2-19 6.0 99.59828 FALSE
2-20 29.0 99.59828 FALSE
2-21 44.0 99.59828 FALSE

Table J.8: Pairwise comparisons, post-hoc test main hypothesis, list 1/8
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Friedman Test Data and Results

Comparisons obs.dif critical dif. difference
2-22 2.0 99.59828 FALSE
2-23 37.0 99.59828 FALSE
2-24 16.5 99.59828 FALSE
2-25 2.0 99.59828 FALSE
2-26 21.5 99.59828 FALSE
2-27 27.0 99.59828 FALSE
2-28 5.0 99.59828 FALSE
2-29 15.0 99.59828 FALSE
2-30 9.0 99.59828 FALSE
2-31 54.0 99.59828 FALSE

3-4 14.0 99.59828 FALSE
3-5 43.5 99.59828 FALSE
3-6 17.5 99.59828 FALSE
3-7 43.0 99.59828 FALSE
3-8 38.5 99.59828 FALSE
3-9 47.0 99.59828 FALSE
3-10 39.5 99.59828 FALSE
3-11 15.5 99.59828 FALSE
3-12 66.5 99.59828 FALSE
3-13 1.5 99.59828 FALSE
3-14 57.0 99.59828 FALSE
3-15 48.5 99.59828 FALSE
3-16 52.5 99.59828 FALSE
3-17 42.5 99.59828 FALSE
3-18 28.0 99.59828 FALSE
3-19 16.5 99.59828 FALSE
3-20 39.5 99.59828 FALSE
3-21 33.5 99.59828 FALSE
3-22 12.5 99.59828 FALSE
3-23 47.5 99.59828 FALSE
3-24 27.0 99.59828 FALSE
3-25 12.5 99.59828 FALSE
3-26 11.0 99.59828 FALSE
3-27 16.5 99.59828 FALSE
3-28 15.5 99.59828 FALSE
3-29 4.5 99.59828 FALSE
3-30 1.5 99.59828 FALSE
3-31 64.5 99.59828 FALSE
4-5 57.5 99.59828 FALSE
4-6 3.5 99.59828 FALSE
4-7 29.0 99.59828 FALSE
4-8 24.5 99.59828 FALSE
4-9 33.0 99.59828 FALSE
4-10 53.5 99.59828 FALSE
4-11 1.5 99.59828 FALSE
4-12 80.5 99.59828 FALSE

Table J.9: Pairwise comparisons, post-hoc test main hypothesis, list 2/8
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Friedman Test Data and Results

Comparisons obs.dif critical dif. difference
4-13 15.5 99.59828 FALSE
4-14 71.0 99.59828 FALSE
4-15 62.5 99.59828 FALSE
4-16 66.5 99.59828 FALSE
4-17 56.5 99.59828 FALSE
4-18 14.0 99.59828 FALSE
4-19 30.5 99.59828 FALSE
4-20 53.5 99.59828 FALSE
4-21 19.5 99.59828 FALSE
4-22 26.5 99.59828 FALSE
4-23 61.5 99.59828 FALSE
4-24 41.0 99.59828 FALSE
4-25 26.5 99.59828 FALSE
4-26 3.0 99.59828 FALSE
4-27 2.5 99.59828 FALSE
4-28 29.5 99.59828 FALSE
4-29 9.5 99.59828 FALSE
4-30 15.5 99.59828 FALSE
4-31 78.5 99.59828 FALSE

5-6 61.0 99.59828 FALSE
5-7 86.5 99.59828 FALSE
5-8 82.0 99.59828 FALSE
5-9 90.5 99.59828 FALSE
5-10 4.0 99.59828 FALSE
5-11 59.0 99.59828 FALSE
5-12 23.0 99.59828 FALSE
5-13 42.0 99.59828 FALSE
5-14 13.5 99.59828 FALSE
5-15 5.0 99.59828 FALSE
5-16 9.0 99.59828 FALSE
5-17 1.0 99.59828 FALSE
5-18 71.5 99.59828 FALSE
5-19 27.0 99.59828 FALSE
5-20 4.0 99.59828 FALSE
5-21 77.0 99.59828 FALSE
5-22 31.0 99.59828 FALSE
5-23 4.0 99.59828 FALSE
5-24 16.5 99.59828 FALSE
5-25 31.0 99.59828 FALSE
5-26 54.5 99.59828 FALSE
5-27 60.0 99.59828 FALSE
5-28 28.0 99.59828 FALSE
5-29 48.0 99.59828 FALSE
5-30 42.0 99.59828 FALSE
5-31 21.0 99.59828 FALSE
6-7 25.5 99.59828 FALSE

Table J.10: Pairwise comparisons, post-hoc test main hypothesis, list 3/8
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Friedman Test Data and Results

Comparisons obs.dif critical dif. difference
6-8 21.0 99.59828 FALSE
6-9 29.5 99.59828 FALSE

6-10 57.0 99.59828 FALSE
6-11 2.0 99.59828 FALSE
6-12 84.0 99.59828 FALSE
6-13 19.0 99.59828 FALSE
6-14 74.5 99.59828 FALSE
6-15 66.0 99.59828 FALSE
6-16 70.0 99.59828 FALSE
6-17 60.0 99.59828 FALSE
6-18 10.5 99.59828 FALSE
6-19 34.0 99.59828 FALSE
6-20 57.0 99.59828 FALSE
6-21 16.0 99.59828 FALSE
6-22 30.0 99.59828 FALSE
6-23 65.0 99.59828 FALSE
6-24 44.5 99.59828 FALSE
6-25 30.0 99.59828 FALSE
6-26 6.5 99.59828 FALSE
6-27 1.0 99.59828 FALSE
6-28 33.0 99.59828 FALSE
6-29 13.0 99.59828 FALSE
6-30 19.0 99.59828 FALSE
6-31 82.0 99.59828 FALSE
7-8 4.5 99.59828 FALSE
7-9 4.0 99.59828 FALSE
7-10 82.5 99.59828 FALSE
7-11 27.5 99.59828 FALSE
7-12 109.5 99.59828 TRUE
7-13 44.5 99.59828 FALSE
7-14 100.0 99.59828 TRUE
7-15 91.5 99.59828 FALSE
7-16 95.5 99.59828 FALSE
7-17 85.5 99.59828 FALSE
7-18 15.0 99.59828 FALSE
7-19 59.5 99.59828 FALSE
7-20 82.5 99.59828 FALSE
7-21 9.5 99.59828 FALSE
7-22 55.5 99.59828 FALSE
7-23 90.5 99.59828 FALSE
7-24 70.0 99.59828 FALSE
7-25 55.5 99.59828 FALSE
7-26 32.0 99.59828 FALSE
7-27 26.5 99.59828 FALSE
7-28 58.5 99.59828 FALSE
7-29 38.5 99.59828 FALSE

Table J.11: Pairwise comparisons, post-hoc test main hypothesis, list 4/8
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Friedman Test Data and Results

Comparisons obs.dif critical dif. difference
7-30 44.5 99.59828 FALSE
7-31 107.5 99.59828 TRUE
8-9 8.5 99.59828 FALSE
8-10 78.0 99.59828 FALSE
8-11 23.0 99.59828 FALSE
8-12 105.0 99.59828 TRUE
8-13 40.0 99.59828 FALSE
8-14 95.5 99.59828 FALSE
8-15 87.0 99.59828 FALSE
8-16 91.0 99.59828 FALSE
8-17 81.0 99.59828 FALSE
8-18 10.5 99.59828 FALSE
8-19 55.0 99.59828 FALSE
8-20 78.0 99.59828 FALSE
8-21 5.0 99.59828 FALSE
8-22 51.0 99.59828 FALSE
8-23 86.0 99.59828 FALSE
8-24 65.5 99.59828 FALSE
8-25 51.0 99.59828 FALSE
8-26 27.5 99.59828 FALSE
8-27 22.0 99.59828 FALSE
8-28 54.0 99.59828 FALSE
8-29 34.0 99.59828 FALSE
8-30 40.0 99.59828 FALSE
8-31 103.0 99.59828 TRUE
9-10 86.5 99.59828 FALSE
9-11 31.5 99.59828 FALSE
9-12 113.5 99.59828 TRUE
9-13 48.5 99.59828 FALSE
9-14 104.0 99.59828 TRUE
9-15 95.5 99.59828 FALSE
9-16 99.5 99.59828 FALSE
9-17 89.5 99.59828 FALSE
9-18 19.0 99.59828 FALSE
9-19 63.5 99.59828 FALSE
9-20 86.5 99.59828 FALSE
9-21 13.5 99.59828 FALSE
9-22 59.5 99.59828 FALSE
9-23 94.5 99.59828 FALSE
9-24 74.0 99.59828 FALSE
9-25 59.5 99.59828 FALSE
9-26 36.0 99.59828 FALSE
9-27 30.5 99.59828 FALSE
9-28 62.5 99.59828 FALSE
9-29 42.5 99.59828 FALSE
9-30 48.5 99.59828 FALSE

Table J.12: Pairwise comparisons, post-hoc test main hypothesis, list 5/8

J10



Friedman Test Data and Results

Comparisons obs.dif critical dif. difference
9-31 111.5 99.59828 TRUE
10-11 55.0 99.59828 FALSE
10-12 27.0 99.59828 FALSE
10-13 38.0 99.59828 FALSE
10-14 17.5 99.59828 FALSE
10-15 9.0 99.59828 FALSE
10-16 13.0 99.59828 FALSE
10-17 3.0 99.59828 FALSE
10-18 67.5 99.59828 FALSE
10-19 23.0 99.59828 FALSE
10-20 0.0 99.59828 FALSE
10-21 73.0 99.59828 FALSE
10-22 27.0 99.59828 FALSE
10-23 8.0 99.59828 FALSE
10-24 12.5 99.59828 FALSE
10-25 27.0 99.59828 FALSE
10-26 50.5 99.59828 FALSE
10-27 56.0 99.59828 FALSE
10-28 24.0 99.59828 FALSE
10-29 44.0 99.59828 FALSE
10-30 38.0 99.59828 FALSE
10-31 25.0 99.59828 FALSE
11-12 82.0 99.59828 FALSE
11-13 17.0 99.59828 FALSE
11-14 72.5 99.59828 FALSE
11-15 64.0 99.59828 FALSE
11-16 68.0 99.59828 FALSE
11-17 58.0 99.59828 FALSE
11-18 12.5 99.59828 FALSE
11-19 32.0 99.59828 FALSE
11-20 55.0 99.59828 FALSE
11-21 18.0 99.59828 FALSE
11-22 28.0 99.59828 FALSE
11-23 63.0 99.59828 FALSE
11-24 42.5 99.59828 FALSE
11-25 28.0 99.59828 FALSE
11-26 4.5 99.59828 FALSE
11-27 1.0 99.59828 FALSE
11-28 31.0 99.59828 FALSE
11-29 11.0 99.59828 FALSE
11-30 17.0 99.59828 FALSE
11-31 80.0 99.59828 FALSE
12-13 65.0 99.59828 FALSE
12-14 9.5 99.59828 FALSE
12-15 18.0 99.59828 FALSE
12-16 14.0 99.59828 FALSE

Table J.13: Pairwise comparisons, post-hoc test main hypothesis, list 6/8
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Friedman Test Data and Results

Comparisons obs.dif critical dif. difference
12-17 24.0 99.59828 FALSE
12-18 94.5 99.59828 FALSE
12-19 50.0 99.59828 FALSE
12-20 27.0 99.59828 FALSE
12-21 100.0 99.59828 TRUE
12-22 54.0 99.59828 FALSE
12-23 19.0 99.59828 FALSE
12-24 39.5 99.59828 FALSE
12-25 54.0 99.59828 FALSE
12-26 77.5 99.59828 FALSE
12-27 83.0 99.59828 FALSE
12-28 51.0 99.59828 FALSE
12-29 71.0 99.59828 FALSE
12-30 65.0 99.59828 FALSE
12-31 2.0 99.59828 FALSE
13-14 55.5 99.59828 FALSE
13-15 47.0 99.59828 FALSE
13-16 51.0 99.59828 FALSE
13-17 41.0 99.59828 FALSE
13-18 29.5 99.59828 FALSE
13-19 15.0 99.59828 FALSE
13-20 38.0 99.59828 FALSE
13-21 35.0 99.59828 FALSE
13-22 11.0 99.59828 FALSE
13-23 46.0 99.59828 FALSE
13-24 25.5 99.59828 FALSE
13-25 11.0 99.59828 FALSE
13-26 12.5 99.59828 FALSE
13-27 18.0 99.59828 FALSE
13-28 14.0 99.59828 FALSE
13-29 6.0 99.59828 FALSE
13-30 0.0 99.59828 FALSE
13-31 63.0 99.59828 FALSE
14-15 8.5 99.59828 FALSE
14-16 4.5 99.59828 FALSE
14-17 14.5 99.59828 FALSE
14-18 85.0 99.59828 FALSE
14-19 40.5 99.59828 FALSE
14-20 17.5 99.59828 FALSE
14-21 90.5 99.59828 FALSE
14-22 44.5 99.59828 FALSE
14-23 9.5 99.59828 FALSE
14-24 30.0 99.59828 FALSE
14-25 44.5 99.59828 FALSE

Table J.14: Pairwise comparisons, post-hoc test main hypothesis, list 7/8

J12



Friedman Test Data and Results

Comparisons obs.dif critical dif. difference
14-26 68.0 99.59828 FALSE
14-27 73.5 99.59828 FALSE
14-28 41.5 99.59828 FALSE
14-29 61.5 99.59828 FALSE
14-30 55.5 99.59828 FALSE
14-31 7.5 99.59828 FALSE
15-16 4.0 99.59828 FALSE
15-17 6.0 99.59828 FALSE
15-18 76.5 99.59828 FALSE
15-19 32.0 99.59828 FALSE

Table J.15: Pairwise comparisons, post-hoc test main hypothesis, list 8/8
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Appendix K

Data tables

K.1 Complete Latency Values for all musical instru-

ments
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participant

instrument
Piano

Cello

Classic guitar
Classic guitar
Classic guitar
French horn
French horn
French horn
Alto saxophone
Alto saxophone
Alto saxophone

Trumpetin B
Trumpet in B
Trumpet in B
Snare drum
Snare drum
Snare drum

15
15
15
16
16
16

Snare drum
Snare drum
Snare drum

Transverse flute
Transverse flute
Transverse flute
Trombone
Trombone
Trombone
Timpani
Timpani
Timpani

group
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Aerophones
Aerophones
Aerophones
Aerophones
Aerophones
Aerophones
Chordophones
Chordophones
Chordophones
Aerophones
Aerophones
Aerophones
Membranophones
Membranophones
Membranophones
Chordophones
Chordophones
Chordophones
Membranophones
Membranophones
Membranophones
Chordophones
Chordophones
Chordophones
Aerophones
Aerophones
Aerophones
Aerophones
Aerophones
Aerophones
Membranophones
Membranophones
Membranophones

age

gender metronome_hours
Male

Male

Male

Female

Female

Female

Female

Female

Female

Female

Female

Female

Male

Male

Male

Male

Male

Male

Male

Male 15
Male 15
Female
Female

-
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woww

Female
Male 05
Male 0.5
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Female
Female
Male
Male
Male
Male
Male
Male

o
~

OCOO0OO0OOO0OOCOONNNUUULRRESLRNN

expertise  years_experience
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student

sound_generation

(o
C.
[o8
C.
C.
C.
[o8
(o8

(o
C.
C.
(o8
C.
C.
[o8
A.
A
A
A.
A.
A
C.
C.
C.
A
A
A
M
M
M
[o8
C.
C.
M
M
M
C.
C.
[o8
A.
A
A
A.
A.
A.
M
M
M

Struck

Struck

Struck

Struck

Struck

Struck

Bowed

Bowed

Bowed

Bowed

Bowed

Bowed

Plucked

Plucked

Plucked

ip_reed
Lip_reed

ip_reed
Mechanical_reed
Mechanical_reed
Mechanical_reed
Bowed

Bowed

Bowed
ip_reed
Lip_reed
p_reed
. Struck
. Struck
. Struck
Strucked
Strucked
Strucked
. Struck
. Struck
. Struck
Bowed
Bowed
Bowed
Air_reed
Air_reed
Air_reed
Lip_reed
ip_reed
Lip_reed
. Struck
. Struck
. Struck

hours_practice

® o

20
20
20

ENES

other_instruments
Saxophone
Saxophone
Saxophone

Viola

Viola

Viola

Piano

Piano

No instrument
No instrument
No instrument
Trumpet
Trumpet
Trumpet
Piano

Piano

Piano

No instrument
No instrument
No instrument
Drums

Drums

Drums

Double bass
Double bass
Double bass
Drums

Drums

Drums

Piano

Guitar

Guitar

No instrument
No instrument
No instrument
Trumpet
Trumpet
Trumpet
Clarinet
Clarinet
Clarinet

metronome_preferenc metronome

Aural
Aural
Aural
Aural
Aural
Aural
Visual
Visual
Visual
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Both
Both
Both
Aural
Aural
Aural
Both
Both
Both
Both
Both
Both
Both
Both
Both
Aural
Aural
Aural
Both
Both
Both
Both
Both
Both
Aural
Aural
Aural
Aural
Aural
Aural

Visual
Aural
Both
Visual
Aural
Both
Aural
Visual
Both
Aural
Visual
Both
Aural
Both
Visual

Aural
Both

90BPM

NA

NA

219
224
205

119

107
128
143

99
120

94

120BPM

NA

150BPM

NA

242
80

92
68
72
119

43 NA
144 NA

183
163
130
300
300

119

180BPM

NA

143

115
101

100
127

153

210BPM

NA
NA
NA

NA

220
108
108

121
105

107
132
10
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Trombone
Trombone
Trombone

Violin

Triangle

Triangle

Triangle

Tenor saxophone
Tenor saxophone
Tenor saxophone
Classic guitar
Classic guitar
Classic guitar

Violin
Snare drum
Snare drum

Snare drum

Alto saxophone
Alto saxophone
Alto saxophone
Triangle

Triangle

Triangle
Marimba
Marimba
Marimba

French horn
French horn
French horn
Double bass
Double bass
Double bass
Harp

Harp

Harp

Bassoon

Bassoon

Bassoon

Tenor saxophone
Tenor saxophone
Tenor saxophone

Aerophones
Aerophones
Aerophones
Chordophones
Chordophones
Chordophones
Idiophones
Idiophones
Idiophones
Aerophones
Aerophones
Aerophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Membranophones
Membranophones
Membranophones
Aerophones
Aerophones
Aerophones
Idiophones
Idiophones
Idiophones
Idiophones
Idiophones
Idiophones
Aerophones
Aerophones
Aerophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Aerophones
Aerophones
Aerophones
Aerophones
Aerophones
Aerophones

Male
Male
Male
Female
Female
Female
Female
Female
Female
Male
Male
Male
Male
Male
Male
Female
Female
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male
Male
Male

MR RERRRROOOOOO

wow
[

35

0.5
0.5
05

COP®ERPUUUNNNUNGLWWWWWW

o

0.25
0.25
0.25

Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Professional
Professional
Professional
Professional
Professional
Professional
Professional
Professional
Professional
Professional
Professional
Professional
Professional
Professional
Professional
Student
Student
Student

® o

11
11
11

ip_reed
. Lip_reed
ip_reed
Bowed

. Bowed
. Bowed
Struck
1. Struck
1. Struck
A. Mechanical_reed
A. Mechanical_reed
A. Mechanical_reed
C. Plucked
C. Plucked
C. Plucked
C. Bowed
C. Bowed
C. Bowed
M. Struck
M. Struck
M. Struck
A. Mechanical_reed
A. Mechanical_reed
A. Mechanical_reed
1. Struck
I. Struck
I. Struck
Struck
1. Struck
I. Struck
A. Lip_reed
A. Lip_reed
A. Lip_reed
C. Bowed
C. Bowed
C. Bowed
C. Plucked
C. Plucked
C. Plucked
A. Mechanical_reed
A. Mechanical_reed
A. Mechanical_reed
A. Mechanical_reed
A. Mechanical_reed
A. Mechanical_reed

No instrument
No instrument
No instrument
No instrument
No instrument
No instrument
No instrument
No instrument
No instrument
Piano

Piano

Piano

Piano

Piano

Piano

No instrument
No instrument
No instrument
No instrument
No instrument
No instrument
No instrument
No instrument
No instrument
Clarinet
Clarinet
Clarinet
Saxophone
Saxophone
Saxophone

Both
Both
Both
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Both
Both
Both
Both
Both
Both
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Aural
Both
Both
Both
Aural
Aural
Aural
Both
Both
Both

NA

NA

NA

192
138
203
300
240
300

217
147
187

49
97
157

107
176
187
172
284
175
268
300
249
239
151

162
300
300
221

300
111

117

139

70
139
270
257
272
155

228
147
97
300
73
29
76

NA

NA

NA

114

152
108
140
250
282

NA

NA
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Data tables

K.2 Categorical Information
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participant

instrument
1 Piano
2 Piano
3 Cello
4 Cello
5 Classic guitar
6 French horn
7 Alto saxophone
8 Violin
9 Trumpetin B
10 Snare drum
11 Piano
12 Snare drum
13 Violin
14 Transverse flute
15 Trombone
16 Timpani
17 Trombone
18 Violin
19 Triangle
20 Tenor saxophone
21 Classic guitar
22 Violin
23 Snare drum
24 Alto saxophone
25 Triangle
26 Marimba
27 French horn
28 Double bass
29 Harp
30 Bassoon
31 Tenor saxophone

other_instruments
Saxophone
Viola

Piano

Violin

No instrument
Trumpet
Piano

No instrument
Drums

Double bass
Drums

Piano

Guitar

No instrument
Trumpet
Clarinet

Piano

Piano

Violin

Guitar

Piano

No instrument
No instrument
No instrument
Piano

Piano

No instrument
No instrument
No instrument
Clarinet
Saxophone

group
Chordophones
Chordophones
Chordophones
Chordophones
Chordophones
Aerophones
Aerophones
Chordophones
Aerophones
Membranophones
Chordophones
Membranophones
Chordophones
Aerophones
Aerophones
Membranophones
Aerophones
Chordophones
Idiophones
Aerophones
Chordophones
Chordophones
Membranophones
Aerophones
Idiophones
Idiophones
Aerophones
Chordophones
Chordophones
Aerophones
Aerophones

gender
Male
Female
Female
Female
Male
Male
Male
Female
Male
Male
Male
Male
Male
Female
Male
Male
Male
Female
Female
Male
Male
Female
Male
Male
Male
Male
Male
Female
Female
Female
Male

K5

expertise
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Professional
Professional
Professional
Professional
Professional
Student

sound_generation
Struck

Struck

Bowed

Bowed

Plucked

Lip_reed
Mechanical_reed
Bowed

A. Lip_reed

M. Struck

C. Struck

M. Struck

C. Bowed

A. Air_reed

A. Lip_reed

M. Struck

A. Lip_reed

C. Bowed

. Struck

A. Mechanical_reed
C. Plucked

C. Bowed

M. Struck

A. Mechanical_reed
I. Struck

I. Struck

A. Lip_reed

C. Bowed

C. Plucked

A. Mechanical_reed
A. Mechanical_reed

000000

metronome_preference
Aural
Aural
Visual
Aural
Aural
Aural
Both
Aural
Both
Both
Both
Aural
Both
Both
Aural
Aural
Both
Aural
Aural
Aural
Aural
Aural
Aural
Both
Both
Aural
Aural
Aural
Both
Aural
Both



Data tables

K.3 Recording Information for all musical instruments

K6



Item

O 00 NO UL B WN B

WWINNNNNNNNNNRRRRRRBRRR
PO WOMNOOUBHWNROWOONOOGOUDWRNIERO

Mic distance(m)

0.292
0.28
0.38
0.412
0.264
0.338
0.341
0.367
0.715
0.389
0.347
0.388
0.48
0.328
0.437
0.619
0.432
0.38
0.286
0.492
0.3
0.23
0.51
0.389
0.429
0.405
0.418
0.394
0.594
0.448
0.527

Inst. dBSPL(A)
87.3
83.3

84
85.2
75.1
89.2
96.1
82.2
96.4

93
82.3

94
83.2
83.5
91.3

79
92.4
82.5

80
91.2
78.6

82

87
81.4
82.7
84.1
83.4
82.1
81.2
82.3
91.3

Mic. Gain (dB)

10
10
10
10
10
10
10
10
0
0
10
0
10
10
0
0
0
10
10
0
10
10
0
0
10
10
0
10
10
12
0

HP gain (dB) RT60 (sec)

K7

-10
-10
-10
-10
-10
-10
-10
-10
10
10
10
10
-10
-10
10
-10
-5
-10
-10

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5
0.35
0.45
0.42
0.35
0.35
0.52
0.52
0.52
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.66

0.3
0.42
0.82
0.82
1.64
0.54
0.54

dBSPL(A)  Room
36.7CIT1
36.7CIT1
34.7 CIT 204
34.7 CIT 204
34.7 CIT 204
34.7 CIT 204
34.7 CIT 204
34.7 CIT 139
31.2 F14-30

33 K1
32 K2

31.2 F14-30
31.2 F14-30
38.7 A25
38.7 A25
38.7 A25
31.2 F14-30
31.2 F14-30
31.2 F14-30
31.2 F14-30
31.2 F14-30
31.2 F14-30
31.2 F14-30
32.2 Clubraum
32.4 F17-17
33.8 Cellar
34.6 Probebuehne
34.6 Probebuehne
33.5 Merzweckraum
34.6 Room 5
31.8 Living room



Appendix L

R code for the statistical analysis
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Author: Jorge Medina Victoria

A Method for the Measurement of the Ability of Western Musicians to Cope with Latency
Evaluation_Results

Date: 06.11.18

EE

# If you are using this code for the first time, please install all the packages by deleting # in front of the package#l Defining

Libraries
'Setting Directory in Session/set directory'

head(test) #looking for general information of the test
head (avgtest) # the other testframe

#install.packages ("dplyr")
#library(plyr)

library(dplyr) #callin library dplyr'
#install.packages ("ggplot2)

library(ggplot2)

#instal.packages ("reshape")
library (reshape2)

#install.packages ("pastecs")
library(pastecs)

#install.packages ("moments")
library (moments)

#install.packages ("GGally")
library("GGally")

#install.packages ('truncnorm')
library (truncnorm)

#install.packages ('xtable')
library(xtable)

#install.packages('car")
library(car)

#2 Converting, Labeling and Averaging

#convert and label the vairables of the test

gender<-factor ("gender", levels=c(l:2), labels=c("Male", "Female")) #convert gender numbers 1 and 2 into
#Male and Female

test$gender <- as.factor (test$gender) #VERY IMPORTANT---> I converted it to a factor otherwise is just a num
class ("gender") #labels of the variable gender

gender # levels of the variable----> Male and Female

str(test)

expertise<-factor ("expertise", levels=c(1l:2), labels=c("Musician", "Student")
#convert expertise numbers 1 and 2 into Professional Musician and Music Student

test$expertise <- as.factor (test$expertise)
expertise
str(test)

#Grouping the different soundgeneration techniques through factors

sound_generation<-factor ("sound_generation", levels=c(0:7), labels=c("I. Struck", "M
"C. Struck", "

Struck", " Bowed",
Plucked", "A. Mechanical_reed",

Air_reed", "A. Lip_reed"))

test$sound_generation <- as.factor (test$sound_generation)

sound_generation

str(test)

group<-factor ("group", levels=c(l:4), labels=c("Chordophones", "Aerophones", "Membranophones",
"Idiophones"))

#convert group number 1,2,3 and 4 into groups l=Chordophones, 2= Aerophones, 3= Membranophones

#and 4= Idiophones

test$group <- as.factor (test$group)

group
str(test)

#Defining factors for metronome (Aural, Visual and Both)

metronome<-factor ("metronome", levels=c(1:3), labels=c("Aural", "Visual", "Both")

L2
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test$metronome <- as.factor (test$metronome)
metronome
str(test)

#Defining factors for metronome preference (Aural, Visual, Both)
metronome_preference<-factor ("metronome_ preference", levels=c(1:3), labels=c("Aural", "Visual", "Both")
test$metronome_preference <- as.factor (test$metronome_preference)

metronome_preference
str(test)

#test$"group"<- as.integer (as.character (test$"group")) lets see if it is necesary

#different levels within some of the variables
levels (group)

levels (sound_generation)

levels (gender)

levels (expertise)

levels (metronome)

levels (metronome_preference)

test$"90BPM"<- as.numeric (as.character (test$"90BPM"))
test$"120BPM"<- as.numeric(as.character(test$"120BPM")) #conversion of variable 120BPM from chr to num. It was chr
#because 2 variables were NA. The same operation wered
test$"150BPM"<- as.numeric (as.character(test$"150BPM")) #efectuated in the variable 150BPM
test$"180BPM"<- as.numeric (as.character (test$"180BPM"))
)

test$"210BPM"<- as.numeric(as.character (test$"210BPM")

#ATTENTION: participant should be int not dbl (integer not double)
#I converted participant to int. it should be made with all the other integer values i.e. metronome expertise, etc

str(test) # All latency variables should be numerical
test$participant<- as.integer (as.numeric (test$"participant"))

typeof (test)
str(test)
summary (test)
head (test)

#-- =1111171171777 Averaging the three different metronome measures--
detach ("package:dplyr", character.only = TRUE) #to avoid problems with the function select
library("dplyr", character.only = TRUE) #to avoid problems with the function select

head(test)

names (test)<-c("participant","instrument", "group", "age", "gender", "metronome_hours", #other_avgtest
"expertise", "years_experience", "sound_generation"
"hours_practice", "other_ instrument", "metronome preference",
"metronome", "L1", "L2", "L3", "L4", "L5")
testble <- test %>%
select (participant, age, metronome_hours,
years_experience, hours_practice,
Ll, L2, L3, L4, L5) %>%
group_by (participant) %>%
summarize( m_age = mean(age), m_metronome_hours=mean (metronome_hours),
m_years_experience = mean(years_experience),

m_hours_practice = mean(hours_practice),

Avg.Ll = mean(Ll, na.rm=TRUE), Avg.L2 = mean (L2, na.rm=TRUE),
Avg.L3 = mean (L3, na.rm=TRUE), Avg.L4 = mean (L4, na.rm=TRUE),
Avg.L5 = mean (L5, na.rm=TRUE)) %>%

as.data.frame() # I set it as a test frame
testble

#table: summary

table <- xtable(testble)

table

FREFHEE AR R R R R R R R R R R R
#####subtest without Averaging the latency values

testbox <- test %>%
select (participant, metronome,
L1, L2, L3, L4, L5) $%>%
group_by (participant) %>%
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as.data.frame () # I set it as a test frame

testbox

FHft - Descriptive Statistic for the latency values

#Table: stat.desc BPM
summary (test)

testoutlook <- round(stat.desc(test[, c("L1", "L2", "L3", "L4", "L5")], basic = TRUE, desc = TRUE, norm = TRUE, p= 0.95), digits
= 5) # descriptive statistics
testoutlook

xtable (testoutlook)

## Shapriro test for normality
shapiro.test (test$Ll1)
shapiro.test (test$L2)
shapiro.test (test$L3)
shapiro.test (test$L4)
shapiro.test (test$L5)

# Therefore the distribution is not normal for each Tempi from 90BMP to 210BPM

eda.shape <- function(x, ...)({
par (mfrow=c(2,2))
plot(x, pch=19, col=2, main='raw data')
hist(x, main="histogram of x", breaks = 6)
box ()
boxplot (x, main='boxplot of x')
#ggnorm(x, lwd=3, col=l)
#ggline (x, lwd=3, col=2)
qgPlot (x, col.lines = "red", lwd=2, main = "Normal Q-Q plot")
par (mfrow=c(1,1))

#Random distribuition

# The first time the fucntion sample was used. However it is not possible to obtain a random distribution
# the function truncnorm with n = samples, a and b the lower and upper limits and mean and sd is better

# the shapiro function confirms the normality

#library (truncnorm)

ra_2 <- rtruncnorm(n=465, a=0, b=300, mean=150, sd=50)

#Plot name: edarandom
eda.shape (ra_2)

ra_1 <- sample(1:300, 375, replace=TRUE) # From 1: the number of elements in our study
# xx:yy intervall, n = the number of values in this intervall and
# replace = FALSE ---> no bootstraping

#Plot name: edarandom
eda.shape (ra_1) # This random distribution have to be compared with the Ttotal

# function. If they are different then the outcome of the study
# is not random -> which is GOOD

u <- testS$L1 # 90BPM values
v <- test$L2 # 120BPM values
n <- test$L3 # 150BPM values
m <- test$L4 # 180BPM values
k <- test$SL5 # 210BPM values

#EDA shape plots for the different BPM values

##BPM values for the different BPM's
u
v
n
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#Creating a data set with all the values
Ttotal <- c(u,v,n,m, k)

Ttotal
eda.shape (Ttotal) #Plot name: edatest
summary (Ttotal) # It is clear, it is not a normal distribution

## Transformations for homoscedastic data

#sqrttrafo

Ttotal2 <- sgrt(Ttotal)
Ttotal2

eda.shape (Ttotal2)
summary (Ttotal2)

#logtrafo

Ttotal3 <- log(Ttotal)
Ttotal3

eda.shape (Ttotal3
summary (Ttotal3)

#hd#hd4# 4R E##E  Shapiro Test for normality ############HFHBFHIEFHIHH

#shapirowilk
shapiro.test(ra_2)
shapiro.test (Ttotal)
shapiro.test (Ttotal2)
shapiro.test (Ttotal3)

FEERHAARARE AR AR AR

kruskal.test (L1 ~ L2, data = test
kruskal.test (L1 ~ L3, data = test
kruskal.test (L1 ~ L4, data = test
kruskal.test (L1l ~ L5, data = test

kruskal.test (L2 ~ L1, data = test
kruskal.test (L2 ~ L3, data = test
kruskal.test (L2 ~ L4, data = test
kruskal.test (L2 ~ L5, data = test

kruskal.test (L3 ~ L1, data = test
kruskal.test (L3 ~ L2, data = test

kruskal.test (L3 ~ L4, data = test
kruskal.test (L3 ~ L5, data = test

wilcox.test (Ttotal, mu=0)

##Define the function test without outliers = testwool

testwool <- filter(.data=test, participant != "6", participant != "7" , participant != participant != "9")

testwool

ul <- testwool$Ll
vl <- testwool$SL2
nl <- testwool$L3
ml <- testwool$L4
k1l <- testwool$L5
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## EDA shape for the data without outliers (the instrument with always 300ms latency)
Ttotalwool <- c(ul,vl,nl,ml,kl)

Ttotalwool

eda.shape (Ttotalwool)

summary (Ttotalwool)

wilcox.test (Ttotalwool)

head (avgtest)

#Convert again everything to factors

#convert and label the test

gender<-factor ("gender", levels=c(l:2), labels=c("Male", "Female")) #convert gender numbers 1 and 2 into
#Male and Female

avgtest$gender <- as.factor (avgtest$gender) #VERY IMPORTANT---> I converted it to a factor otherwise is just a num
class ("gender") #labels of the variable gender
gender # levels of the variable----> Male and Female

str(avgtest)

expertise <- factor("expertise", levels=c(l:2), labels=c("Professional Musician", "Music Student")
#convert expertise numbers 1 and 2 into Professional Musician and Music Student

avgtest$expertise <- as.factor (avgtest$expertise)
expertise
str (avgtest)
sound_generation<-factor ("sound_generation", levels=c(0:7), labels=c("I. Struck", "M. Struck", "C. Bowed"
"C. Struck", "C. Plucked", "A. Mechanical_reed"
Air reed", "A. Lip_reed"))

avgtest$sound_generation <- as.factor(avgtest$sound generation)

sound_generation

str(avgtest)

group<-factor ("group", levels=c(l:4), labels=c("Chordophones", "Aerophones", "Membranophones",
"Idiophones"))

#convert group number 1,2,3 and 4 into groups l=Chordophones, 2= Aerophones, 3= Membranophones

#and 4= Idiophones

avgtest$group <- as.factor (avgtest$group)

group

metronome_preference <- factor ("metronome_preference", levels=c(1:3), labels=c("Aural", "Visual", "Both")

#convert the metronome preferencesl,2 and 3 into groups l=Aural, 2= Visual, 3= Both

avgtest$metronome_preference <- as.factor (avgtest$metronome_preference)

metronome_preference

#different levels within some of the variables

levels (group)

levels (sound_generation)

levels (gender)

levels (expertise)

levels (metronome_preference)

#Do not forget here in instrument participant should be also an int

avgtest$participant<- as.integer (as.numeric (avgtest$"participant"))

head (avgtest)

#merging the two testframes, so I can have avgtest also

testble
avgtest

jointtest <- merge (testble,avgtest, by="participant") #VERY IMPORTANT
#I'm merging two testframes

#in the order dfl then df2

#by the ID
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str(jointtest)

#3 Graphical Information

jointtest

tablel <- table(jointtest$instrument)

plot (tablel) #historgram of the evaluated instruments

ggplot (jointtest, aes(instrument))+geom bar() #a better version with ggplot
str(jointtest)

head (jointtest)
print (testble) #Display of the test frame finallist

#frequency table using TABLE function
table2 <- table(testble$m_age)
plot (table2)

ggplot (jointtest, aes(m_age))+geom histogram()

#Both above are the same, because they are based in the numerical test however

table3 <- table(jointtest$gender)
plot(table3)

ggplot (jointtest, aes(gender))+geom bar ()

tabled <- table(jointtest$sound_generation)
plot (tabled)
ggplot (jointtest, aes(sound_generation))+geom_bar ()

typeof (jointtest)
class (jointtest)

#Getting min and max values

min(testble$m_age) #Either testble or jointtest can be used. The result is the same.
max (testble$m_age)

min(jointtest$instrument)
max (jointtest$instrument)

min(testble$m_hours_practice)
max (testble$m hours_practice)
#central tendencies MEAN

mean (testble$Avg.Ll, na.rm=TRUE

mean (testble$Avg.L2, na.rm=TRUE

) #Either testble or jointtest can be used. The result is the same.

)
mean (testble$Avg.L3, na.rm=TRUE)

)

)

mean (testble$Avg.L4, na.rm=TRUE
mean (testble$Avg.L5, na.rm=TRUE

#central tendencies MEDIAN

median (testble$Avg.Ll, na.rm=TRUE)
median (testble$Avg.L2, na.rm=TRUE)
median (testble$Avg.L3, na.rm=TRUE)
median (testble$Avg.L4, na.rm=TRUE)
median (testble$Avg.L5, na.rm=TRUE)
#Quantiles

quantile (testble$m_years_experience)

quantile (testble$m_metronome_hours)
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quantile (testble$m_age)

quantile (testble$Avg.Ll, na.rm=TRUE)
quantile (testble$Avg.L2, n. )
quantile (testble$Avg.L3, na.rm=TRUE)
)
)

o
=
E
I
=]
o
c
5]

o
K
E
I
=]
)
c
=

quantile (testble$Avg.L4, n
quantile (testble$Avg.L5, na.rm=TRUE

#Standard Deviation It seems there are similar

sd(testble$Avg.Ll, na.rm=TRUE)
sd(testble$Avg.L2, na.rm=TRUE)
sd(testble$Avg.L3, na.rm=TRUE)
sd(testble$Avg.L4, na.rm=TRUE)
sd(testble$Avg.L5, na.rm=TRUE)
sd(testbleSm_age, na.rm=TRUE)

sd(testbleSm_expertise, na.rm=TRUE)

sd(jointtest$Avg.Ll, na.rm=TRUE) #should be the same as with testble

o Plots for the different instruments-——-——————————— - - oo
grupos <- subset (jointtest, select = c("participant", "m_age", "m metronome_hours", "m_years_experience", "m_hours_practice"
,"group", "gender", "sound generation", "instrument",

"Avg.L1", "Avg.L2", "Avg.L3", "Avg.L4", "Avg.L5")
grupos
names (grupos) <- c("participant", "m_age", "m_metronome_hours", "m_years_experience", "m_hours_practice" ,"group", "gender",
"sound_generation", "instrument" ,"90BPM", "120BPM", "150BPM", "180BPM", "210BPM"
grupos

#Merging Information for the display with ggplot
library(reshape2) # to use function melt'
#information is in the wide format, it has to be converted to the long or molten format using melt (library reshape)

testforplot <- melt(grupos, id=c("participant", "m_age", "m metronome_hours", "m_years_experience", "m_hours_practice" ,"group",
"gender", "sound_generation", "instrument")

testforplot # the information has 3 columns: participant, variable and value

#participant goes from 1 to 25

#variable are the 6 different variables (instrument, 90BPM, 120BPM, 150BPM, 180BPM and 210BPM)

#value is the value assigned to each variable

names (testforplot)<-c("Participant", "Age", "Metronome_Hours", "Years_Experience", "Hours_Practice", "Group", "Gender"
"Sound_Generation", "Instrument", "Tempo", "Latency")
testforplot

x <- ggplot (testforplot, mapping=aes(x=Tempo, y=Latency))+geom_line (aes(group=Participant))+ xlab("Tempo in BPM (average of all 3
Metronomes)") +
ylab("Latency in milliseconds")

y <- ggplot (testforplot, mapping=aes (x=Tempo, y=Latency,
colour=Sound_Generation))+geom_ line (aes(group=Participant))+geom_point (size=2)+facet_wrap (~Sound_Generation)+ xlab("Tempo in BPM
(average of all 3 Metronomes)") +

ylab("Latency (Ld) in milliseconds")+theme (axis.text.x = element_text (angle = -30, vjust = 1, hjust= 0))

z <- ggplot(testforplot, mapping=aes (x=Tempo, y=Latency,
colour=Instrument))+geom_line (aes (group=Participant))+geom point (size=2)+facet_wrap (~Instrument)+ xlab("Tempo in BPM (average of
all 3 Metronomes)") +

ylab("Latency (Ld) in milliseconds")+theme (axis.text.x = element_text (angle = -30, vjust = 1, hjust= 0))

abcd <- ggplot(testforplot, mapping=aes(x=Group, y=Latency, colour = Instrument, shape = Tempo, size=2))+geom point( size=2.5) +
xlab ("Instrument Groups") +
ylab("Latency (Ld) in milliseconds")

dcba <- ggplot(testforplot, mapping=aes(x=Sound_Generation, y=Latency, colour = Instrument, shape = Tempo, size=2))+geom point(
size=2.5) + xlab("Sound Generation Technique") +
ylab("Latency (Ld) in milliseconds")

xabcd <- ggplot (testforplot, mapping=aes (x=Group, y=Latency, colour =
Sound Generation))+geom violin (aes(group=Instrument))-+geom point (size=2)+facet wrap (~Tempo)+ xlab("Instruments groups and sound
generation") +

ylab("Latency in milliseconds")+theme (axis.text.x = element text(angle = -30, vjust = 1, hjust= 0))
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yabcd <- ggplot (testforplot, mapping=aes(x=Instrument, y=Latency, colour =

Group) ) +geom_violin (aes (group=Instrument))+geom_point (size=2)+facet_wrap (~Tempo)+ xlab("Musical Instruments and instruments

groups") +

ylab("Latency in milliseconds")+theme (axis.text.x = element_text (angle = -30, vjust = 1, hjust= 0))

str(testforplot)
## Plots of the average of the 3 Metronomes—-—-—————=-—-———————-——————— -

x # Latency vs Tempo for all the participants

#Plot name: techniqueplots
y +theme (axis.text=element_text (size=11),

axis.title=element_text (size=15))+ theme (legend.text=element_ text(size=15), legend.title=element_text (size=15))

#Latency vs Tempo for the different playing techniques

#Plot name: instrumentslatency
z +theme (axis.text=element_text (size=11),

axis.title=element_text(size=15))+ theme (legend.text=element_text(size=15), legend.title=element_text (size=15)

#Latency vs Tempo for each musical instrument

#Plot name: latinstgroup
abcd+theme (axis.text=element_text (size=15),

axis.title=element_text (size=15))+ theme(legend.text=element_text(size=15), legend.title=element_text (size=15))

#Latency vs Instrument group

#Plot name: latsoundgentech
dcba+theme (axis.text=element_text(size=9.5),

axis.title=element_text (size=15))+ theme(legend.text=element_ text(size=15), legend.title=element_text (size=15)

#Latency vs Sound Generation Technique

#Plot name: latgroupsoundgentemp
xabcd #Instruments groups and sound generation for every tempi

#Plot name: latinstrugrupstemp
yabcd # Boxplots for all instruments and with musical group information for every tempi

FHHHHhfEHEFF S HE4EHF Plotting information for all metronomes according to each tempo

testbox

names (testbox)<-c ("participant"”, "metronome", "90BPM", "120BPM", "150BPM", "180BPM", "210BPM")

testmetval <- melt (testbox, id = c("participant", "metronome"))

testmetval

xyz <- ggplot (testmetval, mapping=aes(x=metronome, y=value))+geom boxplot (width = 0.4)+facet wrap(~variable)+ xlab("Metronome")

ylab("Latency (Ld) in milliseconds")

#metroplotforall
xyz+theme (axis.text=element_text (size=9),

axis.title=element_text(size=15))+ theme(legend.text=element_text (size=15), legend.title=element_text (size=15)

iiddsdissadssadasadsssiatasasasssasssssissaissaiasasasaisisiatassssssssssssiiasiisd

#Plot Aerophones and Chordophones
####plotwomembra <- filter (.data=testforplot) # Group
##plotwomembra testforplot

= "Ideophones"

$H###4444444 Plotting information regarding Instrument Groups ############444

j <- ggplot (testforplot, mapping=aes (x=Tempo, y=Latency, colour = Instrument))+geom_line (size

aes (group=Participant))+geom_point (size=2)+facet_wrap (~Group) +xlab("Tempo in BPM (average of all 3 metronomes)")

(Ld) in milliseconds")+theme (axis.text.x = element_text(angle = -30, vjust = 1, hjust= 0))

#Plot name: groupslatency
j+theme (axis.text=element_ text (size=13),

axis.title=element_ text (size=15))+ theme(legend.text=element_ text (size=15), legend.title=element_ text (size=15))

#Plot Latency vs. Tempo by Groups and Instrument

#Data Analysis---—-----—----—-----—mo oo

grupos # Data with the average Subset of jointtest

table (grupos$instrument)
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#Inter Quartiles IQR this is the substraction from the 75% - 25% quartile
#IQR for stat.desc BPM Average (highlight)

IQR (grupos$"90BPM", na.rm=TRUE)
IQR (grupos$"120BPM", na.rm=TRUE)
IQR (grupos$"150BPM", na.rm=TRUE)
IQR (grupos$"180BPM", na.rm=TRUE)
IQR (grupos$"210BPM", na.rm=TRUE)

#Filtering AEROPHONES, CHORDOPHONES, MEMBRANOPHONES AND IDIOPHONES

aero <- filter (.data=grupos, group == "Aerophones")

aero

chordo <- filter (.data=grupos, group == "Chordophones")
chordo

membra <- filter (.data=grupos, group == "Membranophones")
membra

idio <- filter(.data=grupos, group == "Idiophones")

idio

# Descriptive Statistic table for figure boxplotsgroup

#Table: stat.desc BPM Average Aerophones

aeroavg <- round(stat.desc(aero[, c("90BPM", "120BPM", "150BPM", "180BPM", "210BPM")], basic = TRUE, desc = TRUE, norm = TRUE, p=
0.95), digits = 5) # descriptive statistics

xtable (aeroavg)

#Table: stat.desc BPM Average Cordophones

chordoavg <- round(stat.desc(chordo[, c("90BPM", "120BPM", "150BPM", "180BPM", "210BPM")], basic = TRUE, desc = TRUE, norm =
TRUE, p= 0.95), digits = 5) # descriptive statistics

xtable (chordoavg)

#Table: stat.desc BPM Average Membranophones

membraavg <- round(stat.desc(membra([, c("90BPM", "120BPM", "150BPM", "180BPM", "210BPM")], basic = TRUE, desc = TRUE, norm =
TRUE, p= 0.95), digits = 5) # descriptive statistics

xtable (membraavg)

#Table: stat.desc BPM Average Idioophones

#Attention shapiro test not possible. It needs three values. After membranophone change to norm = TRUE

idioavg <- round(stat.desc(idio[, c("90BPM", "120BPM", "150BPM", "180BPM", "210BPM")], basic = TRUE, desc = TRUE, norm = FALSE,
p= 0.95), digits = 5) # descriptive statistics

xtable (idioavg)

#IQR for Chrodophones
#IQR for stat.desc BPM Average Cordophones (highlight)
IQR (chordo$"90BPM", na.rm=TRUE)
IQR (chordo$"120BPM", na.rm=TRUE
IQR (chordo$"150BPM", na.rm=TRUE
IQR (chordo$"180BPM", na.rm=TRUE
IQR (chordo$"210BPM", na.rm=TRUE

#IQR for Aerophones
#IQR for stat.desc BPM Average Aerophones (highlight

IQR (aero$"90BPM", na.rm=TRUE)
IQR (aero$"120BPM", na.rm=TRUE)
IQR (aero$"150BPM", na.rm=TRUE)
IQR (aero$"180BPM", na.rm=TRUE)
IQR (aero$"210BPM", na.rm=TRUE)

#IQR for Membranophones

#IQR for stat.desc BPM Average Membranophones (highlight)
IQR (membra$"90BPM", na.rm=TRUE)

IQR (membra$"120BPM", na.rm=TRUE)

IQR (membra$"150BPM", na.rm=TRUE)

IQR (membra$"180BPM", na.rm=TRUE)

IQR (membra$"210BPM", na.rm=TRUE)

#IQR for Idiophones
#IQR for stat.desc BPM Average Idiophones (highlight)
IQR(1idio$"90BPM", na.rm=TRUE)
IQR(1idio$"120BPM", na.rm=TRUE
IQR(idio$"150BPM", na.rm=TRUE
IQR(1dio$"180BPM", na.rm=TRUE
IQR(idio$"210BPM", na.rm=TRUE

#IQR for sound_generation
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#A. Air_ reed
#IQR for stat.desc BPM Average air reed(highlight)
ar <- filter(.data=grupos, sound generation == "A. Air reed")

IQR(ar$"90BPM", na.rm=TRUE)
IQOR(ar$"120BPM", na.rm=TRUE)
IQR(ar$"150BPM", na.rm=TRUE)
IQR(ar$"180BPM", na.rm=TRUE)
IQR(ar$"210BPM", na.rm=TRUE)

#A. Lip_reed
#IQR for stat.desc BPM Average lip reed(highlight)
lr <- filter(.data=grupos, sound_generation == "A. Lip_ reed")

IQR(1r$"90BPM", na.rm=TRUE)
IQR(1r$"120BPM", na.rm=TRUE)
IQR(1r$"150BPM", na.rm=TRUE)
IQR(1r$"180BPM", na.rm=TRUE)
IQR(1r$"210BPM", na.rm=TRUE)

#A. Mechanical_ reed
#IQR for stat.desc BPM Average mechanical reed(highlight)

mr <- filter(.data=grupos, sound_generation == "A. Mechanical_reed")

IQOR (mr$"90BPM", na.rm=TRUE)
IQR(mr$"120BPM", na.rm=TRUE)
IQR(mr$"150BPM", na.rm=TRUE)
IQR(mr$"180BPM", na.rm=TRUE)
IQR(mr$"210BPM", na.rm=TRUE)

#C. Bowed
#IQR for stat.desc BPM Average bowing(highlight)
cb <- filter(.data=grupos, sound_generation == "C. Bowed"

IQR(cb$"90BPM", na.rm=TRUE)
IQR(cb$"120BPM", na.rm=TRUE)

IQR(cb$"150BPM", na.rm=TRUE)

IQOR(cb$"180BPM", na.rm=TRUE)

IQR(cb$"210BPM", na.rm=TRUE)

#C. Plucked

#IQ0R for stat.desc BPM Average plucking(highlight)

cp <- filter (.data=grupos, sound_generation "C. Plucked"

IQR (cp$"90BPM", na.rm=TRUE)
IQR(cp$"120BPM", na.rm=TRUE
IQR(cp$"150BPM", na.rm=TRUE
IQR(cp$"180BPM", na.rm=TRUE
(

)
)
)
IQR(cp$"210BPM", na.rm=TRUE)

#C. Struck
#IQR for stat.desc BPM Average striking chordophones (highlight)
cs <- filter(.data=grupos, sound_generation == "C. Struck")

IQR(cs$"90BPM", na.rm=TRUE)
IQR(cs$"120BPM", na.rm=TRUE)
IQR(cs$"150BPM", na.rm=TRUE)
IQR(cs$"180BPM", na.rm=TRUE)
IQR(cs$"210BPM", na.rm=TRUE)

#M Struck

#IOR for stat.desc BPM Average striking membranophones (highlight)

ms <- filter(.data=grupos, sound_generation "M. Struck")
IQR (ms$"90BPM", na.rm=TRUE)

IQOR(ms$"120BPM", na.rm=TRUE)

IQR (ms$"150BPM", na.rm=TRUE)

IQOR (ms$"180BPM", na.rm=TRUE)

IQR(ms$"210BPM", na.rm=TRUE)

#I. Struck

#IQR for stat.desc BPM Average striking idiophones (highlight)
is <- filter(.data=grupos, sound_generation == "I. Struck")

IQR(1is$"90BPM", na.rm=TRUE)
IQR(is$"120BPM", na.rm=TRUE)
IQR(1is$"150BPM", na.rm=TRUE)
IQR(1is$"180BPM", na.rm=TRUE)
IQR(1is$"210BPM", na.rm=TRUE)

# Descriptive statistics for the plot boxplotssoundgen

#ar lr mr cb cp ¢cs ms is -———==---———- Air reed, Liup reed, etc
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#Table: stat.desc BPM Average air reed(highlight)

aravg <- round(stat.desc(ar[, c("90BPM", "120BPM", "150BPM", "180BPM"
0.95), digits = 5) # descriptive statistics

xtable (aravg)

#Table: stat.desc BPM Average lip reed(highlight)

lravg <- round(stat.desc(lr[, c("90BPM", "120BPM", "150BPM", "180BPM"
0.95), digits = 5) # descriptive statistics

xtable (lravg)

#Table: stat.desc BPM Average mechanical reed(highlight)

mravg <- round(stat.desc(mr[, c("90BPM", "120BPM", "150BPM", "180BPM"
0.95), digits = 5) # descriptive statistics

xtable (mravg)

#Table: stat.desc BPM Average bowing(highlight)

cbavg <- round(stat.desc(cb[, c("90BPM", "120BPM", "150BPM", "180BPM"
0.95), digits = 5) # descriptive statistics

xtable (cbavg)

#Table: stat.desc BPM Average plucking(highlight)

cpavg <- round(stat.desc(cp[, c("90BPM", "120BPM", "150BPM", "180BPM",
0.95), digits = 5) # descriptive statistics

xtable (cpavg)

#Table: stat.desc BPM Average striking chordophones (highlight)

csavg <- round(stat.desc(cs[, c("90BPM", "120BPM", "150BPM", "180BPM"
0.95), digits = 5) # descriptive statistics

xtable (csavg)

#Table: stat.desc BPM Average striking membranophones (highlight)
msavg <- round(stat.desc(ms[, c("90BPM", "120BPM", "150BPM", "180BPM"
0.95), digits = 5) # descriptive statistics

xtable (msavg)

#Table: stat.desc BPM Average striking idiophones (highlight)

isavg <- round(stat.desc(is[, c("90BPM", "120BPM", "150BPM", "180BPM"
0.95), digits = 5) # descriptive statistics

xtable (isavg)

#O11007700770777077777777777777777777 Density Plots [//////////17/777/7707777777077700777777777777077707777771777

par (mfrow=c(3,2))

#Here should I make a plot for the normal distribuition of the whole!

plot (density(grupos$"90BPM", na.rm=TRUE))
points (

x = grupos$"90BPM",

y = rep(0.000, nrow(grupos)))

plot(density(grupos$"120BPM", na.rm=TRUE))
points(

x = grupos$"120BPM",

y = rep(0.000, nrow(grupos)))

plot (density (grupos$"150BPM", na.rm=TRUE))
points (

x = grupos$"150BPM",

y = rep(0.000, nrow(grupos)))

plot (density (grupos$"180BPM", na.rm=TRUE))
points(

x = grupos$"180BPM",

y = rep(0.000, nrow(grupos)))

plot (density (grupos$"210BPM", na.rm=TRUE))
points(

x = grupos$"210BPM",

y = rep(0.000, nrow(grupos)))

#ERAfe A H#R#H#R#E Density Plots with ggplot ###########RFHERIRERERES

densitylat <- ggplot(testforplot, aes(Latency, colour = Tempo, fill =
1)+

xlab("Latency (Ld) in milliseconds") + xlim(c (0, 300))

#testforplot is the main data resource for the next plots

#selecting groups for density plots

"210BPM") ],
"210BPM") ],
"210BPM") ],
"210BPM") ],
"210BPM") ],
"210BPM") ],
"210BPM") ],
"210BPM") ],
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na.rm =

FALSE, p=
FALSE, p=
FALSE, p=
FALSE, p=
FALSE, p=
FALSE, p=
FALSE, p=
FALSE, p=

TRUE, size =



#Aerophones
gaerophones <- filter (.data=testforplot, Group == "Aerophones")

densitylatgroupaero <- ggplot (gaerophones, aes(Latency, colour = Tempo, fill = Tempo)) + geom density(alpha = 0.2, na.rm = TRUE,
size = 1) +
xlab ("Latency (Ld) in milliseconds") + xlim(c (0, 300))

#Chordophones
gchordophones <- filter (.data=testforplot, Group == "Chordophones")

densitylatgroupchordo <- ggplot (gchordophones, aes(Latency, colour = Tempo, fill = Tempo)) + geom density(alpha = 0.2, na.rm =
TRUE, size = 1) +
xlab ("Latency (Ld) in milliseconds") + xlim(c (0, 300))

#Membranophones
gmembranophones <- filter(.data=testforplot, Group == "Membranophones")

densitylatgroupmembra <- ggplot (gmembranophones, aes(Latency, colour = Tempo, fill = Tempo)) + geom density(alpha = 0.2, na.rm =
TRUE, size = 1) +
xlab("Latency (Ld) in milliseconds") + xlim(c(0, 300))

#Idiophones
gidiophones <- filter(.data=testforplot, Group == "Idiophones")

densitylatgroupidio <- ggplot(gidiophones, aes(Latency, colour = Tempo, fill = Tempo)) + geom_density(alpha = 0.2, na.rm = TRUE,
size = 1) +
xlab ("Latency (Ld) in milliseconds") + xlim(c (0, 300))

FHt#E 4 A EFFH#FHEF Summary Density Plots ########4##HFHFF#HFHS
gchordophones

#densitylat
densitylat+theme (axis.text=element_text (size=15),
axis.title=element_text (size=15))+ theme(legend.text=element_ text(size=15), legend.title=element_text (size=15)

# Density probability of latency according to the different tempi

#densitylatgroupaero
densitylatgroupaerot+theme (axis.text=element_text (size=15),

axis.title=element_text(size=15))+ theme (legend.text=element_text (size=15),
legend.title=element_text (size=15))

#densitylatgroupchordo
densitylatgroupchordo+theme (axis.text=element text (size=15),

axis.title=element_ text (size=15))+ theme(legend.text=element_ text (size=15),
legend.title=element_text (size=15))

#densitylatgroupmembra
densitylatgroupmembra+theme (axis.text=element_text (size=15),

axis.title=element_text (size=15))+ theme(legend.text=element_ text (size=15),
legend.title=element_text (size=15))

#densitylatgroupidio
densitylatgroupidio+theme (axis.text=element_text (size=15),

axis.title=element_text(size=15))+ theme (legend.text=element_text (size=15),
legend.title=element_text (size=15))

# Distribuition for Aerophones-------—-——-—————————————————

plot (density(aero$"90BPM", na.rm=TRUE))
points(

x = aero$"90BPM",

y = rep(0.000, nrow(aero)))

plot (density(aero$"120BPM", na.rm=TRUE))
points(

x = aero$"120BPM",

y = rep(0.000, nrow(aero)))

plot (density(aero$"150BPM", na.rm=TRUE))

points(
x = aero$"150BPM",
y = rep(0.000, nrow(aero)))
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plot (density (aero$"180BPM", na.rm=TRUE))
points(

x = aero$"180BPM",

y = rep(0.000, nrow(aero)))

plot (density (aero$"210BPM", na.rm=TRUE))
points (

X = aero$"210BPM",

y = rep(0.000, nrow(aero)))

##Distribuition for Chordophones-----------——--—-——————————
#Most distribuition are here bimodal (2 Peaks)

plot (density(chordo$"90BPM", na.rm=TRUE))
points(

x = chordo$"90BPM",

y = rep(0.000, nrow(chordo)))

plot (density(chordo$"120BPM", na.rm=TRUE))
points (

x = chordo$"120BPM",

y = rep(0.000, nrow(chordo)))

plot(density(chordo$"150BPM", na.rm=TRUE))
points(

x = chordo$"150BPM",

y = rep(0.000, nrow(chordo)))

plot (density (chordo$"180BPM", na.rm=TRUE))
points(

x = chordo$"180BPM",

y = rep(0.000, nrow(chordo)))

plot(density(chordo$"210BPM", na.rm=TRUE))
points(

x = chordo$"210BPM",
y = rep(0.000, nrow(chordo)))

##Distribuition for Membranophones

plot (density (membra$"90BPM", na.rm=TRUE)) # For doing the test at least 2 results are needed

points(
x = membra$"90BPM",
y = rep(0.000, nrow(membra)))

plot (density (membra$"120BPM", na.rm=TRUE))

points (
x = membra$"120BPM",
y = rep(0.000, nrow(membra)))

plot (density (membra$"150BPM", na.rm=TRUE))

points(
x = membra$"150BPM",
y = rep(0.000, nrow(membra)))

plot (density (membra$"180BPM", na.rm=TRUE))
points(

x = membra$"180BPM",

y = rep(0.000, nrow(membra)))

plot (density (membra$"210BPM", na.rm=TRUE))
points (

x = membra$"210BPM",

y = rep(0.000, nrow(membra)))

##Distribuition for Ideophones

plot (density(idio$"90BPM", na.rm=TRUE)) # For doing the test at least 2 results are needed
points(

x = idio$"90BPM",

y = rep(0.000, nrow(idio)))

plot (density(idio$"120BPM", na.rm=TRUE))
points (

x = idio$"120BPM",

y = rep(0.000, nrow(idio)))
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plot (density (idio$"150BPM",
points (

idio$"150BPM",
rep(0.000, nrow(idio)))

na.rm=TRUE) )

% =
y =

plot (density(idio$"180BPM",
points(

idio$"180BPM",
rep(0.000, nrow(idio)))

na.rm=TRUE) )

x =
y =

plot (density(idio$"210BPM",
points (

idio$"210BPM",
rep(0.000, nrow(idio)))

na.rm=TRUE) )

x =
y =

# //////////// Density Plots sorted by s, b, p and n Struck, Bowed,

grupos

#pdf for different sound generation groups

plot (density (ar$"90BPM",

plot (density (ar$"120BPM",
plot (density(ar$"150BPM",
plot (density(ar$"180BPM",
plot (density(ar$"210BPM",

na.rm=TRUE
na.rm=TRU
na.rm=TRU
na.
na.

SRS

plot (density (1r$"90BPM",

plot (density (1r$"120BPM",
plot (density (1r$"150BPM",
plot (density (1r$"180BPM",
plot (density (1r$"210BPM",

na.rm=TRUE
na.rm=TRU
na.rm=TRU
na.
na.

oo~

plot (density (mr$"90BPM",

plot (density (mr$"120BPM",
plot (density (mr$"150BPM",
plot (density (mr$"180BPM",
plot (density (mr$"210BPM",

na.rm=TRUE
na.rm=TRU
na.rm=TRU
na.rm=TRUE
na.rm=TRUE

Mmoo~

plot (density (cb$"90BPM",
plot (density(cb$"120BPM",

( na.rm=TRUE
(

plot (density (cb$"150BPM",
(
(

)
na.rm=TRUE
na.rm=TRUE
na.rm=TRUE
rm=TRUE

plot (density(cb$"180BPM",
plot (density (cb$"210BPM",

na.

plot (density(cs$"90BPM",
plot(density(cs$"120BPM",

( na.rm=TRUE
(

plot (density(cs$"150BPM",
(
(

na.rm=TRU
na.
na.

na.

oo~

plot(density(cs$"180BPM",
plot (density(cs$"210BPM",

plot (density (cp$"90BPM",

plot (density (cp$"120BPM",
plot (density (cp$"150BPM",
plot (density (cp$"180BPM",
plot (density (cp$"210BPM",

na.
na.
na.
na.

plot (density (ms$"90BPM",

plot (density (ms$"120BPM",
plot (density (ms$"150BPM",
plot (density (ms$"180BPM",
plot (density (ms$"210BPM",

na.
na.
na.
na.

plot (density (is$"90BPM",

plot (density(is$"120BPM",
plot (density (is$"150BPM",
plot (density(is$"180BPM",
plot (density (is$"210BPM",

na.rm=TRUE
na.rm=TRU
na.rm=TRU
na.rm=TRUE
na.rm=TRUE

Mo~

#0thers Plot for Fu

par (mfrow=c(1,1))

Plucked and No_technique

# At least 2 points are needed
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# genderbar
plot (grupos$gender, xlab = "Gender",
ylab = "Number of test subjects")
pie(table (grupos$gender))
boxplot ( x=grupos$m_age,

xlab = "Age (years)",
horizontal = TRUE)

boxplot ( x=grupos$"150BPM",
xlab = "Age (years)",
horizontal = FALSE)

hist (grupos$m_age)

points(
x = grupos$"210BPM",
y = rep(0.0005, nrow(grupos)))

plot (density (grupos$m_age))

FHA A== Other Boxplots—-----—=--—--

boxplot (testforplots$Latency ~ testforplot$Tempo)
#Plot name: latencytempo
latencytempo <- ggplot (testforplot, mapping=aes (x=Tempo, y=Latency))+geom_boxplot (width = 0.5)+ xlab("Tempo in BPM (average of
all 3 metronomes)") +
ylab ("Latency (Ld) in milliseconds")
latencytempot+theme (axis.text=element_text (size=15),

axis.title=element_ text(size=15))+ theme (legend.text=element_text (size=15),
legend.title=element_text (size=15))

boxplot (testforplot$Latency ~ testforplot$Instrument)

# Descriptive Statistic table for figure latencytempo

#Table: stat.desc BPM Averag

#boxplotsaverage

summary (jointtest)

testoutlookavg <- round(stat.desc(jointtest[, c("Avg.Ll", "Avg.L2", "Avg.L3", "Avg.L4", "Avg.L5")], basic = TRUE, desc = TRUE,

norm = TRUE, p= 0.95), digits = 5) # descriptive statistics
xtable (testoutlookavg)

round (stat.desc(jointtest[, c("group")], basic = TRUE, desc = TRUE, norm = TRUE, p= 0.95), digits = 5) # descriptive statistics

boxplot (testforplot$Latency ~ testforplot$Group) # Boxplots for the Groups

boxplot (testforplot$Latency ~ testforplot$Sound _Generation) # plot name: soundgenerbox

boxplot (testforplot$Latency ~ testforplot$Sound Generation) #Boxplots for the playing technique

#It is clear no technique is very wide

# Some ggplot Boxplots

#Plot name: groupbox
groupbox <- ggplot (testforplot, mapping=aes(x=Group, y=Latency, £ill = Group))+ geom boxplot (width=0.45, outlier.size = -1, coef
= 0, fatten = NULL)+ylab("Latency (Ld) in milliseconds")+xlab("Instrument group (average of all 3 metronomes)")

groupbox +theme (axis.text=element_text (size=15),
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axis.title=element_ text(size=15))+ theme (legend.text=element text(size=13), legend.title=element_ text (size=13)

#Plot name: playingtechniquebox

playingtechniquebox <- ggplot (testforplot, mapping=aes(x=Sound_Generation, y=Latency, fill = Group))+geom_boxplot (width=0.3,
outlier.size = -1, coef = 0 , fatten = NULL)+ylab("Latency (Ld) in milliseconds")+ xlab("Sound generation techniques (average of
all 3 metronomes)")

playingtechniquebox+theme (axis.text=element_text (size=11),
axis.title=element_ text(size=15))+ theme (legend.text=element_text (size=13),
legend.title=element_text (size=13))

#Plot name: boxplotsinst
ggplot (testforplot, mapping=aes(x=Instrument, y=Latency))+geom boxplot (width=0.35)+ xlab("Instrument (average of all 3
metronomes)") +

ylab("Latency (Ld) in milliseconds")+theme (axis.text.x = element_text(angle = -30, vjust = 1, hjust= 0))
testforplot
piano <- filter(.data=testforplot, Instrument == "Piano")#, "Violin") #, Instrument == "Alto Saxophone",
#Instrument == "Cello", Instrument == "Classic Guitar", Instrument == "Snare Drum",
#Instrument == "Triangle", Instrument == "Trombone")
#pianocomparison
ggplot (piano, mapping=aes (x=Tempo, y=Latency, colour= Instrument))+geom boxplot (aes( ),width=0.35)+ xlab("Instrument (average of
all 3 metronomes)") +

ylab("Latency in milliseconds")#+facet_wrap(~Participant)

testforplot
piano

j <- ggplot (testforplot, mapping=aes(x=Tempo, y=Latency, colour = Instrument))+geom line(size = 0.5,
aes (group=Participant))+geom_point (size=2)+facet_wrap (~Group)

violin <- filter(.data=testforplot, Instrument == "Violin")

#violincomparison
ggplot (violin, mapping=aes (x=Instrument, y=Latency))+geom_boxplot (width=0.35)+ xlab("Instrument (average of all 3 metronomes)") +
ylab("Latency in milliseconds")+facet_wrap(~Participant)

altosaxophon <- filter(.data=testforplot, Instrument == "Alto Saxophone")

#altosaxophoncomparison
ggplot (altosaxophon, mapping=aes(x=Instrument, y=Latency))+geom boxplot (width=0.35)+ xlab("Instrument (average of all 3
metronomes)") +

ylab("Latency in milliseconds")+facet wrap (~Participant)

cello <- filter(.data=testforplot, Instrument == "Cello")

#cellocomparison
ggplot (cello, mapping=aes (x=Instrument, y=Latency))+geom_boxplot (width=0.35)+ xlab("Instrument (average of all 3 metronomes)") +
ylab("Latency in milliseconds")+facet_wrap (~Participant)

classicguitar <- filter(.data=testforplot, Instrument == "Classic Guitar")

#classicguitarcomparison
ggplot (classicguitar, mapping=aes (x=Instrument, y=Latency))+geom boxplot (width=0.35)+ xlab("Instrument (average of all 3
metronomes)") +

ylab("Latency in milliseconds")+facet_wrap (~Participant)

snaredrum <- filter(.data=testforplot, Instrument == "Snare Drum")

#snaredrumcomparison
ggplot (snaredrum, mapping=aes(x=Instrument, y=Latency))+geom_boxplot (width=0.35)+ xlab("Instrument (average of all 3
metronomes)") +

ylab("Latency in milliseconds")+facet_wrap(~Participant)

trombone <- filter(.data=testforplot, Instrument == "Trombone")

#trombonecomparison
ggplot (trombone, mapping=aes(x=Instrument, y=Latency))+geom boxplot (width=0.35)+ xlab("Instrument (average of all 3 metronomes)")
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ylab("Latency in milliseconds")+facet_wrap (~Participant)
triangle <- filter(.data=testforplot, Instrument == "Triangle")

#trianglecomparison
ggplot (triangle, mapping=aes(x=Instrument, y=Latency))+geom boxplot (width=0.35)+ xlab("Instrument (average of all 3 metronomes)")
¥

ylab("Latency in milliseconds")+facet_wrap(~Participant)

french_horn <- filter(.data=testforplot, Instrument == "French Horn"

#french_horncomparison
ggplot (french_horn, mapping=aes(x=Instrument, y=Latency))+geom boxplot (width=0.35)+ xlab("Instrument (average of all 3
metronomes)") +

ylab("Latency in milliseconds")+facet_wrap (~Participant)

tenor_saxophone <- filter(.data=testforplot, Instrument == "Tenor Saxophone")

#tenor_saxophonecomparison
ggplot (tenor_saxophone, mapping=aes (x=Instrument, y=Latency))+geom_boxplot (width=0.35)+ xlab("Instrument (average of all 3
metronomes)") +

ylab("Latency in milliseconds")+facet_wrap(~Participant)

instequal <- rbind(piano, cello, trombone, triangle, snaredrum, french horn, tenor_saxophone )

#equalinst
equalinst <- ggplot(instequal, mapping=aes (x=Instrument, y=Latency))+geom boxplot (width=0.35)+ xlab("Instrument (average of all 3
metronomes)") +

ylab("Latency (Ld) in milliseconds")+facet_wrap (~Tempo)+theme (axis.text.x = element_text (angle = -30, vjust = 1, hjust= 0))

equalinst+theme (axis.text=element_text (size=9),
axis.title=element_ text(size=15))+ theme (legend.text=element_text (size=15), legend.title=element_text (size=15)

instunequal <- rbind(altosaxophon, classicguitar, violin )

#unequalinst
unequalinst <- ggplot(instunequal, mapping=aes (x=Instrument, y=Latency))+geom_boxplot (width=0.35)+ xlab("Instrument (average of
all 3 metronomes)") +

ylab("Latency (Ld) in milliseconds")+facet_wrap (~Tempo)+theme (axis.text.x = element_text (angle = -30, vjust = 1, hjust= 0))

unequalinst+theme (axis.text=element text (size=9),
axis.title=element_text(size=15))+ theme (legend.text=element_text (size=15), legend.title=element_text (size=15))

#Plot name: boxplotsgroups
boxplotsgroups <- ggplot(testforplot, mapping=aes (x=Tempo, y=Latency, fill=
Group) ) +geom_boxplot (position=position_dodge (width=0.6), width=0.35, outlier.size = -1, coef = 0, fatten = NULL)+ xlab("Tempo in
BPM (average of all 3 metronomes)") +
ylab("Latency in milliseconds")

boxplotsgroups+theme (axis.text=element_text (size=15),
axis.title=element_ text(size=15))+ theme (legend.text=element_ text (size=15),
legend.title=element_text (size=15))

#Plot name: boxplotssoundgen
boxplotssoundgen <- ggplot (testforplot, mapping=aes (x=Tempo, y=Latency, fill =
Sound_Generation))+geom_boxplot (position=position_dodge (width=0.8), width=0.5, outlier.size = -1, coef = 0, fatten = NULL)+
xlab ("Tempo in BPM (average of all 3 metronomes)") +
ylab("Latency (Ld) in milliseconds")

boxplotssoundgen+theme (axis.text=element_ text(size=15),
axis.title=element_text(size=15))+ theme (legend.text=element_text (size=15), legend.title=element_text (size=15))

testforplot
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FHAH RS Cluster Analysis and scatter plots

#The variables of the jointtest
#named in a new dataset:

(test values but averaged)
clustervar

selectedvar <- c("participant", "m_age","m_metronome_hours",

"m_hours_practice", "Avg.Ll",
"Avg.L2", "Avg.L3", "Avg.L4", "Avg.L5",
"gender", "expertise", "sound_generation"

clustervar <- jointtest[selectedvar]

clustervar
str(clustervar)

#the variables of clustervar are renamed and the new dataset is:

names (clustervar) <- c("participant”, "age",
"years_experience", "practice_hours",
"90BPM", "120BpPM", "150BPM", "180BPM",
"instrument", "group", "gender"

"metronome_preference")

str(clustervar)

#library(plyr)

"instrument",

"metronome_hours"

"expertise",

idiisdsasssasssaisss

are grouped and

"m_years_experience",

"group",

"metronome_preference" )

clusvar

’

"210BPM",
"sound_generation",

#clusvar <- rename (clustervar, c("participant" ="participant", "m_age"= "participant”,"m_metronome_hours" = "metronome_hours",
# "m_years_experience" = "years_experience", "m_hours_practice" = "practice_hours",

# "Avg.L1l" = "90BPM", "Avg.L2" = "120BPM", "Avg.L3" = "150BPM", "Avg.L4" = "180BPM", "Avg.L5" = "210BPM",
¥ "instrument" = "instrument", "group" = "group", "gender" = "gender", "expertise" = "expertise"
"sound_generation" = "sound_generation",

# "metronome_preference" = "metronome_preference")

##0rder of the variables for clusvar

## 1 = participant, 2 = age, 3 = metronome_hours, 4 = years_experience

## 5 = practice hours, 6 = 90BPM, 7 = 120BPM, 8 = 150BPM, 9 = 180BPM, 10 = 210BPM,

## 11 = instrument, 12 = group, 13 = gender, 14 = expertise, 15 = sound_generation,

## 16 = metronome_preference

## interesting values 6:10 or 90BPM to 210BPM
clusvar <- clustervar #data set with average values

str(clusvar)

FHHHHhfEHEF #4444 #-——-Relationship Plots for the metronome average

#relall (1)
relall <- plot(clusvar[2:10], pch = 19,
relationship just for the BPM values

cex 0.8,

#relgender (2)

relgender <- plot(
x= clusvar([6:10],
col = as.integer (clusvar$gender),
pch as.integer (clusvar$gender))

#relgroup (3)

relgroup <- plot(
x= clusvar([6:10],
col as.integer (clusvar$group),
pch as.integer (clusvar$group))

unique (clusvar$group) # Group order regarding col:

#relgroupl (4)

relgroupl <- plot(
x= clusvar[6:8],
col as.integer (clusvar$group),
pch as.integer (clusvar$group))

#relgroup2 (5)

relgroup2 <- plot(
x= clusvar([8:10],
col as.integer (clusvar$group),
pch as.integer (clusvar$group))

#relsoundgen (6)
relsoundgen <- plot (
x= clusvar[6:10],
col as.integer (clusvar$sound_generation),

cex.main=1.5,

#Group plays a role,

Chordophones
#Membranophones

(Scatter Matrix) liddsdsisssisssisiassssssdi

cex.lab=1.5,cex.axis=1.5, cex.labels=1.15) # clear

# Gender plays no role in latency

there are clusters

black, Aerophones =red,
green , Idiophones

blue,

# Group order for the BPM 90 to 150

# Group order for the BPM 180 to 210

# Relationship regarding sound generation
# there is also a relationship

L19



pch #

as.integer (clusvar$sound_generation))

unique (clusvar$sound_generation)

#relsoundgenl (7)

relsoundgenl <- plot(
x= clusvar([6:8],
col as.integer (clusvar$sound_generation)
pch as.integer (clusvar$sound generation))

#relsoundgen2 (8)

relsoundgen2 <- plot(
x= clusvar([8:10],
col as.integer (clusvar$sound_generation)
pch as.integer (clusvar$sound_generation))

#relmetpref (9)

relmetpref <- plot(
x= clusvar[6:10],
col as.integer (clusvar$metronome_preference),
pch as.integer (clusvar$metronome_preference))

#relmethour (10)

relmethour <- plot(
x= clusvar[6:10],
col as.integer (clusvar$metronome_hours)
pch as.integer (clusvar$metronome_hours))

#relyearsexp (11)
relyearsexp <- plot(
x= clusvar[6:10],
instrument
col
pch

as.integer (clusvar$years_experience),
as.integer (clusvar$years_experience))

#relprachours (12)
relprachours <- plot(
x= clusvar([6:10],
instrument
col =
pch

as.integer(clusvar$practice_hours),
as.integer (clusvar$practice_hours))

unique (clusvar$practice_hours)

iiddssisassaisasisaisassasiasssaisssissi
#E#HAHERERERERER to do

legend (
x ="topleft",
legend = paste("Color", levels(clusvar$group)))

unique (clusvar$sound_generation)

##color order

##"black" "red" "green3" "blue" "cyan" "magenta"

FHEF AR R R R R R R R R R R R

"yellow"

Problem: which colors are which sound generations

#Sound generation relationship for 90 to 150BPM

#Sound generation relationship for 150 to 210BPM

#Relationship regarding metronome preference
# No relationship

#Relationship regardin the metronome hours
# No relationship

#Relationship regarding the years of experience playing the

#No relationship

#Relationship regarding the hours of practice of the

"gray"

idadadsssaai i saaaiiiisssaaiiiisssaaiiis s aas it s siiis sttt sttt sttt ittt
FHEH SR EES A 4444444 -—-Relationship Plots for the metronome information without average---#######

#detach ("package:dplyr", character.only = TRUE)

#library("dplyr", character.only = TRUE)

selectedvaralt <- c("participant", "instrument", "group", "age", "
"years_experience", "sound generation",
"metronome", "L1", "L2", "L3", "L4", "L5",

#selectedvaralt selected variables alternative

clustervaralt <- test[selectedvaralt] # clustervaralt = cluster

clustervaralt

str(clustervaralt)
str(clustervar)

clustervaralt
str(clustervaralt)

"hours_practice",
"other_ instrument")

#to avoid problems with the function select
#to avoid problems with the function select

gender", "metronome_hours", "expertise",

"metronome_preference",

the variables of the table test

variables alternative

# actually is the same as the dataset test with a new name
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unique (clustervaralt$group)

#the variables of clustervaralt are renamed and the new dataset is:

sessionInfo ()

names (clustervaralt) <- c("participant",
"group", "age", "gender",
"years_experience",

"practice_hours",

"instrument",
"metronome_hours",
"sound_generation",
"metronome_preference",

clusvaralt

"expertise",

"metronome", "90BPM", "120BPM", "150BPM",

"180BPM", "210BPM", "other instrument"
#library("plyr")
#clusvaralt <- rename (clustervaralt, c("participant" ="participant", "instrument" "instrument",
# "group" = "group", "age" = "age", "gender" "gender"
"metronome_hours", "expertise" = "expertise",
# "years_experience" = "years_experience", "sound_generation"
# "hours_practice" = "practice_hours", "metronome_preference"
# "metronome" = "metronome", "L1" = "90BPM", "L2" = "120BPM",
# "L4"™ = "180BPM", "L5" = "210BPM", "other_instrument" =
##0rder of the variables for clusvaralt
## 1 = participant, 2 = age, 3 = metronome_hours, 4 = years_experience
## 5 = hours_practice, 6 = 90BPM, 7 = 120BPM, 8 = 150BPM, 9 = 180BPM, 10 = 210BPM,
## 11 = instrument, 12 = group, 13 = gender, 14 = expertise, 15 = sound_generation,
## 16 = metronome_preference, 17 = metronome, 18 = other_ instrument

## interesting values 6:10 or 90BPM to 210BPM
clusvaralt <- clustervaralt

str(clusvaralt)
str(clusvar)

#data set with average values

## changing the order of the variables to be the same as in clusvar

clusvaralt <- clusvaralt([c(l, 4, 6, 8, 10, 13, 14,

str(clusvaralt)

#EHHE AR FHERE## 44 -———Relationship Plots
str(clusvaralt) ## data set with all values
#alternative to col is possible to use pch =
#relallalt (1)

relallalt <- plot(clusvaralt[2:10],
cex.labels=1.15,

pch = 19,

main =

nry

levels (gender)

15,

(Scatterplot matrices)

cex = 0.8,

16, 17, 2,

(not averaged)

shape instead colors

# <- plot( # Gender plays no role in latency
# x= clusvaralt([6:10],

# col = as.integer(clusvaralt$gender),

# pch = as.integer (clusvaralt$gender))
#relgenderalt

relgenderalt <- ggscatmat (clusvaralt, columns = 6:10,

relgenderalt +theme (axis.text=element text (size=12),

axis.title=element_text (size=12))+ theme(legend.text=element_ text (size=15),

#, corMethod = "spearman"

#relgroupalt (3)

relgroupalt <- plot(
x= clusvaralt[6:10],
col = as.integer (clusvaralt$group)
pch = as.integer (clusvaralt$group)

unique (clusvaralt$group)

)

color="gender",

#Group plays a role,
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cex.main=1.5,

alpha=0.9,

cex.lab=1.5,cex.axis=1.5,

# clear relationship just for the BPM values

corMethod =

there are clusters

wp3n =
"other instrument"))

"metronome_hours" =

"sound_generation",
"metronome_preference",
"150BPM",

cex.labels=1.15,

"kendall")

legend.title=element_text (size=15))



col:
Idiophones = blue,

# Group order regarding

#Membranophones = green ,

relgrouplalt <- plot(

Chordophones = black, Aerophones =red,

# Group order for the BPM 90 to 150

x= clusvaralt[6:8],
col = as.integer (clusvaraltS$group),
pch = as.integer (clusvaralt$group))

#relgrouplalt (4)

ggscatmat (clusvaralt, columns = 6:10, color="group", alpha=

size=15)) + theme (legend.text=element_text (size=15),

legend.title=element_text (size=15))

#relgroup2alt (5)

relgroup2alt <- plot(
x= clusvaralt[8:10],
col = as.integer(clusvaralt$group),
pch = as.integer (clusvaralt$group))

#relsoundgenalt (6)

relsoundgenalt <- plot(
x= clusvaralt[6:10],
col = as.integer (clusvaralt$sound_ge
pch = as.integer (clusvaralt$sound_ge

unique (clusvaralt$sound_generation)

relsoundgenlalt <- plot(
x= clusvaralt[6:8],
col = as.integer(clusvaralt$sound ge
pch = as.integer (clusvaralt$sound_ge

#relsoundgenlalt (7)
ggscatmat (clusvaralt, 6:10,
theme (axis.text=element_text (size=15),

columns = color="sound_generati

axis.title=element_text (angle = 45, size=15)) + theme(legen

legend.title=element_text (size=15))

levels (sound_generation)

#relsoundgen2alt (8)

relsoundgen2alt <- plot(
x= clusvaralt[8:10],
col = as.integer(clusvaralt$sound_g
pch = as.integer (clusvaralt$sound g

#relmetprefalt (9)

relmetprefalt <- plot(
x= clusvaralt[6:10],
col = as.integer (clusvaralt$metronome
pch = as.integer (clusvaralt$metronome

#relmethouralt (10)

relmethouralt <- plot(
x= clusvaralt[6:10],
col = as.integer (clusvaralt$metronome
pch = as.integer (clusvaralt$metronome

#relyearsexpalt (11)
relyearsexpalt <- plot(
x= clusvaralt[6:10],
playing the instrument
col =
pch =

as.integer (clusvaraltS$years_e
as.integer(clusvaraltSyears_e

#relprachoursalt (12)
relprachoursalt <- plot(

x= clusvaralt[6:10],
instrument

0.9, corMethod =

# Group order for the BPM 180 to 210

# Relationship regarding sound generation
# there is also a relationship
neration),

neration)) # Problem:

#Sound generation relationship for 90 to 150BPM

neration),
neration))

on", alpha=0.95, corMethod = "kendall")+

d.text=element_text (size=15),

#Sound generation relationship for 150 to 210BPM

eneration),
eneration))

#Relationship regarding metronome preference
# No relationship

_preference),

_preference))
#Relationship regardin the metronome hours
# No relationship
_hours),
_hours))
#Relationship regarding the years of experience
xperience),
xperience)) #No relationship

#Relationship regarding the hours of practice of the
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which colors are which sound generations

"kendall")+ theme (axis.text=element_text (size=15),
axis.title=element_text (angle

45,



col = as.integer(clusvaralt$practice_hours),
pch = as.integer (clusvaralt$practice_hours))

###cluster analysis regarding metronomes

relallaltmet<- plot(clusvaralt[6:10],
col = as.integer (clusvaralt$metronome) ,
pch = as.integer (clusvaralt$metronome))
#relallaltmet (A)
relallaltmet <- ggscatmat (clusvaralt, columns = 6:10, color="metronome", alpha=0.8, corMethod = "kendall")

relallaltmet+theme (axis.text=element_text (size=12),
axis.title=element_text (size=12))+ theme(legend.text=element_ text (size=15),
legend.title=element_text (size=15))

#relallaltmetl (B)

relallaltmetl<- plot(clusvaralt[6:8],
col = as.integer (clusvaralt$metronome),
pch = as.integer (clusvaralt$metronome))

#relallaltmet2 (C)
relallaltmet2<- plot(clusvaralt[8:10],

col = as.integer (clusvaralt$metronome),
pch = as.integer (clusvaralt$metronome))

#H#h4##t4##+ Bar plots descriptive statistic ########H##FHEHERERERERRHERRHAHRHHARIRERISIRISERY

# Data set used is clusvar. It means that the three metronomes were averaged. Ohterwise the frequency plots and bar plots
# are 3 times bigger

par (mfrow=c(1,1))

# groupbar attention: here clustervar is used because of average of the three metronomes

plot (clustervar$group, xlab = "Instrument groups",

ylab = "Number of test subjects")

# soundgenbar

plot(clustervar$sound_generation, xlab = "Instrument sound generation"
ylab = "Number of test subjects")
#groupsoundbar

groupsoundbar <- ggplot(clustervar, aes(x= group, fill =sound _generation))+geom bar() + xlab( "Musical instruments groups") +
ylab ("Number of test subjects")

groupsoundbar+theme (axis.text=element text (size=15),
axis.title=element_text (size=15))+ theme (legend.text=element_text (size=15), legend.title=element_text (size=15))

# agehisto

agehisto <- hist(clustervar$age, xlab = "Age", #labels = TRUE,
ylab = "Number of test subjects",
col="darkgray", breaks = 50,
main = '")

#agegender

agegender <- ggplot(clustervar, aes(age, fill = gender, colour = expertise))+geom histogram(hape = expertise,binwidth =
0.49)+x1lim (16,58)+

xlab ("Age") + ylab("Number of test subjects")+ scale_fill manual (values = c("Male" = "blue", "Female" = "red")) +
scale_colour_manual (values = c("Professional" = "cyan", "Student" = "black")
agegender
agegender + theme( axis.line = element_line(colour = "darkblue",
size = 1, linetype = "solid"))
agegender + theme (axis.text.x = element_text( color="black", #Hff#HHHFFFAAEES face= "bold"

size=15, angle=0),
axis.text.y = element_text(color="black",
size=15, angle=0))

agegender+theme (axis.text=element_ text (size=15),
axis.title=element_ text (size=15))+ theme(legend.text=element_ text(size=15), legend.title=element_text (size=15)

####face="bold" or face="italic"

#darkblue, cyan, black, red
#otherinst
otherinst <- ggplot(jointtest, mapping=aes(x=other_ instruments, fill = instrument))+geom bar( width = 0.4)+

xlab ("Additional instrument performed")+ ylab ("Number of test subjects")

otherinst+theme (axis.text=element_text (size=13),
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axis.title=element_text (size=15))+ theme(legend.text=element_text (size=15), legend.title=element_text (size=15))

plot(clustervar$gender, xlab = "Gender",
ylab = "Number of test subjects")

# genderbar
ggplot (clustervar, aes(x= gender))+geom_bar () + ylab("Number of test subjects")

plot(clustervar$Smetronome_preference, xlab = "Metronome preference"
ylab = "Number of test subjects")
#prefmetbar
prefmetbar <- ggplot(clustervar, aes(metronome preference, fill = group)) + geom_bar() + xlab( "Metronome prefernce") +

ylab ("Number of test subjects")

prefmetbar+theme (axis.text=element_text (size=15),
axis.title=element_text (size=15))+ theme (legend.text=element_ text(size=15), legend.title=element_text (size=15)

clustervar
#otherinstbar
plot(clustervar$Sother_instrument, xlab = "Instrument sound generation", #it does not work. It has to be
ylab = "Number of test subjects") #converted to factores (every instrument

iiaasaasasasaiasatasasaiasaias ittt st st s snasasasasataiasaisiasssaisssd
FEERAHE AR A RA AR F AR FAERFAES Correlation only numerical ###H#HFHERFHERERERERESRRERRAAERASESISY

str(clustervaralt
cor (clustervaralt[, c("age", "metronome_hours", "years_experience", "practice_hours")]
cor (clustervaralt([, c( "90BPM", "120BPM", "150BPM", "180BPM", "210BPM")], use = "complete.obs") #, method = "pearson" default

#Matrix with the tempi average
str(clustervar)

cor (clustervar[, c("age", "metronome_hours", "years_experience", "practice_hours")])
cor (clustervar[, c( "90BPM", "120BPM", "150BPM", "180BPM", "210BPM")], use = "complete.obs")

FHAR A AREEA AR AR AR R A A R A A R R R A R R R R R R R R R
HHEFH At AR #4444 Correlation Matrix Plot for different variables

#install.packages ("GGally")

#library ("GGally")

# changing the names of clusvaralt to fit the correlation plot

clusvaralt

names (clusvaralt) <- c("participant", "age", "metro hrs.",
"years_exp.", "hours_prac.","90BPM", "120BPM",
"150BPM", "180BPM", "210BPM")

clusvaraltname <- clusvaralt

#clusvaraltname <- rename(clusvaralt, c("participant"="participant", "age"="age", "metronome_hours" = "metro hrs.",

# "years_experience" = "years_exp.", "practice_hours" = "hours_prac.", "90BPM" = "90BPM"
"120BPM" = "120BPM",

# "150BPM"= "150BPM", "180BPM" = "180BPM", "210BPM" = "210BPM" ))

#summary correlation plot for all numerical variables. Spearman correlation for non-normal distribution

# four possibilities everything = NA would result in NA correlation, pairwise, complete = eliminates NA, all.obs = error by
missing values

#choice = complete

cpnv <- ggcorr (clusvaraltname[, 2:10], hjust = 0.75, size = 7, method = c("complete", "kendall"), palette = "RdBu", label = TRUE,
label _size = 8) #Correlation matrix Plot for latency values

#cormatplotnumvar
cpnv +theme (axis.text=element_text(size=15),
axis.title=element_text(size=1))+ theme (legend.text=element_text (size=15), legend.title=element_text (size=15))
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names (clusvaralt) <- c("participant", "age", "metronome_hours.",
"years_expierence", "practice_hours","90BPM", "120BPM"
"150BPM", "180BPM", "210BPM")

# correlation matrix plot for age, metronome_hours, years_experience and practice_hours

#method choice spearman complete

cpls <- ggcorr(clusvaralt[, 2:5], hjust = 0.75, size = 7, method = c("complete", "kendall"), palette = "RdBu", label = TRUE,
label size = 10) #Correlation matrix Plot for test subject information

#cormatplotsub
cplsttheme (axis.text=element_ text (size=15),
axis.title=element_text (size=15))+ theme (legend.text=element_ text(size=15), legend.title=element_text (size=15))

# correlation matrix plot for the latency values

#method = complete pearson

cpl <- ggcorr(clusvaralt([, 6:10], hjust = 0.75, size = 7, method = c("complete", "kendall"), palette = "RdBu", label = TRUE,
label size = 11) #Correlation matrix Plot for latency values

#cormatplotlat

cpl+theme (axis.text=element_text (size=15),
axis.title=element_text (size=15))+ theme(legend.text=element_ text(size=15), legend.title=element_text (size=15)

###### Correlations with linear regression

# Correlation plot without linear regression
ggpairs(clusvaralt[, 6:10])

# Correlation plot without linear regression
ggpairs(clusvaralt[, 6:10], lower=list(continuous= wrap(ggally points, size = 1, color = "red")))

#Correlation matrix plot for latency values
#First a function is defined. The linear method used is Im
regfunction <- function(data, mapping, method="1m", ...){ #method could be 1lm (linear) or loess (segmented linear
p <- ggplot(data = data, mapping = mapping) +
geom_point (colour = "blue")+
geom_smooth (method=method, colour = "red", ...)
P

#The plot with linear regression

cpll <- ggpairs(clusvaralt([, 6:10], lower = list(continuous = regfunction), #Density plots
#diag = list (continuous = wrap ("barDiag", colour = "blue")), #it can be activated to display a distribution plot in
the diagonal
upper = list(continuous = wrap("cor", method = "kendall", size = 6))
#cormatplotlatlin
cpll+theme (axis.text=element_text (size=15),
axis.title=element_text (size=15))+ theme(legend.text=element_ text(size=15), legend.title=element_text (size=15)

+theme (panel.grid.major = element_blank())

LaisaRsass Rt s Rt aa s sas R st an iR g i s R iani st s anini it st sisnisd

#Statistical Model Linear regression for 90Bpm bis 210BPM for average values —————————————————————————
# only to compare if the plots are right
#First I make 6 different windows for the plots

par (mfrow=c(2,3))

#Scatter Plot

plot (
x = jointtest$m_years_experience,
y = jointtest$Avg.Ll,

main = "Years of Experience vs. Latency 90BPM",
xlab = "Years of Experience playing the instrument",
ylab = "Latency 90BPM")

plot (
x = jointtestSm_years_experience,
y = jointtest$Avg.L2,
main = "Years of Experience vs. Latency 120BPM",
xlab = "Years of Experience playing the instrument",
ylab = "Latency 120BPM")
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plot(
x = jointtest$m_years_experience,
y = jointtest$Avg.L3,

main = "Years of Experience vs. Latency 150BPM",
xlab = "Years of Experience playing the instrument",
ylab = "Latency 150BPM")

plot (

x = jointtest$m_years_experience,

y = jointtest$Avg.L4,

main = "Years of Experience vs. Latency 180BPM",
xlab = "Years of Experience playing the instrument",
ylab = "Latency 180BPM")

plot (
x = jointtestS$m_years_experience,
y = jointtest$Avg.L5,
main = "Years of Experience vs. Latency 210BPM",
xlab = "Years of Experience playing the instrument",
ylab = "Latency 210BPM")

#However, there is not a observable relation
liddididssissadadsssdasatassdsssssssssssssaiasatasadasaisisiatasstastsisssssssssasssasssisssis
#Alternative Cluster using kmeans ###########H4#HFHBEFRAFRBHHBEHREFHEFHAEHHEHRBHHBHHHEFRIHH IS

plot(
x = clustervaralt$L3,
y = clustervaralt$L4,
col = as.numeric(clusvaralt$group))

90BPM values

120BPM values
150BPM values
180BPM values
210BPM values

uu <- jointtestS$Avg.Ll
vv <- jointtest$Avg.L2
nn <- jointtest$Avg.L3
mm <- jointtest$Avg.L4
kk <- jointtest$Avg.L5

B

Ttotalu <- c(uu,vv,nn,mm, kk
uu

kk

Ttotal

tryu <- kmeans (na (uu) , 4)
tryv <- kmeans (na (vv), 4)
tryn <- kmeans(na.omit (nn),4)
trym <- kmeans (na (mm) , 4)
tryk <- kmeans (na (kk), 4)
tryu
tryv
tryn
trym
tryk

try
try$size

try$cluster
clusvaralt$sound_generation
table (clusvaralt$sound_generation, try$cluster

FEEHHAARERARERERE AR AR R R R
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Author: Jorge Medina Victoria

A Method for the Measurement of the Ability of Western Musicians to Cope with Latency
Metronome Data

Date: 06.11.18

B

# If you are using this code for the first time, please install all the packages by deleting # in front of the
package'Setting Directory in Session/set directory'

head(test) #looking for general information of the test
head (avgtest) # the other testframe

library(dplyr) #callin library dplyr'

#convert and label the test

gender<-factor ("gender", levels=c(1:2), labels=c("Male", "Female")) f#convert gender numbers 1 and 2 into
#Male and Female

test$gender <- as.factor(test$gender) #VERY IMPORTANT---> I converted it to a factor otherwise is just a num
class ("gender") #labels of the variable gender

gender # levels of the variable----> Male and Female

str(test)

expertise<-factor ("expertise", levels=c(1l:2), labels=c("Musician", "Student"))
#convert expertise numbers 1 and 2 into Professional Musician and Music Student

test$expertise <- as.factor (test$expertise)

expertise

str(test)

#Grouping the different soundgeneration techniques

sound_generation<-factor ("sound_generation", levels=c(0:7), labels=c("I. Struck", "M. Struck", "C. Bowed",

"C. Struck", "C. Plucked", "A. Mechanical_ reed"

"A. Air reed", "A. Lip_reed"))

test$sound_generation <- as.factor (test$sound_generation)

sound_generation

str(test)

group<-factor ("group", levels=c(l:4), labels=c("Chordophones", "Aerophones", "Membranophones",
"Idiophones"))

#convert group number 1,2,3 and 4 into groups l=Chordophones, 2= Rerophones, 3= Membranophones

#and 4= Idiophones

test$group <- as.factor (test$group)

group

metronome<-factor ("metronome", levels=c(l:3), labels=c("Aural", "Visual", "Both"))
test$metronome <- as.factor (test$metronome)
metronome_preference<-factor ("metronome_preference", levels=c(l1:3), labels=c("Aural", "Visual", "Both"))

test$metronome preference <- as.factor (testSmetronome preference)

#different levels within some of the variables
levels (group)

levels (sound_generation)

levels (gender)

levels (expertise)

levels (metronome)

levels (metronome_preference)

summary (test)

test$"90BPM"<- as.numeric (as.character (test$"90BPM"))

test$"120BPM"<- as.numeric (as.character (test$"120BPM")) #conversion of variable 120BPM from chr to num. It was chr
str(test) #because 2 variables were NA. The same operation wered
test$"150BPM"<- as.numeric (as.character (test$"150BPM")) #efectuated in the variable 150BPM

test$"180BPM"<- as.numeric (as.character (test$"180BPM"))

test$"210BPM"<- as.numeric(as.character (test$"210BPM"))
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#ATTENTION: participant should be int not dbl (integer not double)
#I converted participant to int. it should be made with all the other integer values i.e. metronome expertise, etc

str(test)

test$participant<- as.integer (as.numeric (test$"participant™))

typeof (test)
str(test)
summary (test)
head (test)

iidddddssdssdssssssssansasdasssdsd
Fomm Filtering by Metronome

summary (test)
library(dplyr)
audiotest <- filter(test, metronome == 'Aural')

audiotest

#write as a csv file with the name avg_test.csv
write.csv(
x=audiotest,
file='audiotest.csv',
row.names = FALSE) #FALSE The unique ID won't be overwrite

videotest <- filter (test, metronome

"Visual")
videotest

#write as a csv file with the name avg_test.csv
write.csv(
x=videotest,
file='videotest.csv',
row.names = FALSE) #FALSE The unique ID won't be overwrite

bothtest <- filter(test, metronome == 'Both')
bothtest

#write as a csv file with the name avg test.csv
write.csv(
x=bothtest,
file='bothtest.csv',
row.names = FALSE) #FALSE The unique ID won't be overwrite

iAsiasasasaiaiaiaiasssataiaiaiassissaiatsss

FOR Different Metronomes

library(ggplot2)

audiotest

str (audiotest)

#Merging Information for the display with ggplot

library(reshape2) # to use function melt'

#information is in the wide format, it has to be converted to the long or molten format using melt (library reshape)
audiotestplot <- melt (audiotest, id=c("participant", "instrument", "group", "age", "gender"

"metronome_hours", "expertise", "years_experience", "sound_generation",
"hours_practice", "other_ instruments", "metronome preference", "metronome"))

audiotestplot

audiotestplot # the information has 3 columns: participant, variable and value

#participant goes from 1 to 9

#variable are the 6 different variables (instrument, 90BPM, 120BPM, 150BPM, 180BPM and 210 BPM)
#value is the value assigned to each variable
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names (audiotestplot)<-c ("Participant"™, "Instrument", "Group", "Age", "Gender",
"Metronome_Hours", "Expertise", "Years Experience", "Sound Generation"
"Hours_Practice", "Other_Instrument", "Metronome_ Preference", "Metronome"
"Tempo", "Latency")

audiotestplot

ggplot (audiotestplot, mapping=aes (x=Tempo, y=Latency))+geom_line (aes(group=Participant))+ xlab("Tempo in BPM (aural
metronome) ") +
ylab("Latency in milliseconds")

ggplot (audiotestplot, mapping=aes (x=Tempo, y=Latency,
colour=Sound_Generation))+geom_line (aes(group=Participant))+geom_point (size=2)+facet_wrap(~Sound_Generation)+
xlab ("Tempo in BPM (aural metronome)") +

ylab("Latency in milliseconds")

a <- ggplot (audiotestplot, mapping=aes (x=Tempo, y=Latency,
colour=Instrument))+geom_ line (aes(group=Participant))+geom point (size=2)+facet_wrap (~Instrument)+ xlab("Tempo in BPM
(aural metronome)") +

ylab("Latency in milliseconds")+theme (axis.text.x = element_text(angle = -30, vjust = 1, hjust= 0))

a # audiotestplot by instruments

audiotestplot

#Videotestplot-----

str(videotest)

videotestplot <- melt (videotest, id=c("participant", "instrument", "group", "age", "gender"
"metronome_hours", "expertise", "years_experience", "sound generation",

"hours_practice", "other_ instruments", "metronome_ preference", "metronome"))

videotestplot

videotestplot # the information has 3 columns: participant, variable and value

#participant goes from 1 to 9

#variable are the 6 different variables (instrument, 90BPM, 120BPM, 150BPM, 180BPM and 210 BPM)
#value is the value assigned to each variable

names (videotestplot)<-c("Participant", "Instrument", "Group", "Age", "Gender"
"Metronome_ Hours", "Expertise", "Years_ Experience", "Sound_Generation"
"Hours_Practice", "Other_ Instrument", "Metronome_ Preference", "Metronome",
"Tempo", "Latency"

videotestplot

ggplot (videotestplot, mapping=aes (x=Tempo, y=Latency))+geom_ line (aes(group=Participant), na.rm=TRUE)+ xlab("Tempo in
BPM (visual metronome)") +

ylab("Latency in milliseconds")
ggplot (videotestplot, mapping=aes (x=Tempo, y=Latency, colour=Sound Generation))+geom line (aes(group=Participant),

na.rm=TRUE) +geom_point (size=2, na.rm=TRUE)+facet_wrap (~Sound Generation)+xlab ("Tempo in BPM (visual metronome)") +
ylab("Latency in milliseconds")

b <- ggplot (videotestplot, mapping=aes (x=Tempo, y=Latency, colour=Instrument))+geom_line (aes(group=Participant)
na.rm=TRUE) +geom_point (size=2, na.rm=TRUE)+facet_wrap (~Instrument)+ xlab("Tempo in BPM (visual metronome)") +
ylab("Latency in milliseconds")+theme (axis.text.x = element_text (angle = -30, vjust = 1, hjust= 0))

b # videotestplot by Instruments

videotestplot

#Bothtestplot
bothtestplot <- melt (bothtest, id=c("participant", "instrument", "group", "age", "gender",

"metronome_hours", "expertise", "years_experience", "sound_generation",
"hours_practice", "other_ instruments", "metronome_preference", "metronome"))

bothtestplot

bothtestplot # the information has 3 columns: participant, variable and value
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#participant goes from 1 to 9

#variable are the 6 different variables (instrument, 90BPM, 120BPM, 150BPM, 180BPM and 210 BPM)

#value is the value assigned to each variable

names (bothtestplot)<-c("Participant"”, "Instrument", "Group", "Age", "Gender"

"Metronome_ Hours", "Expertise", "Years_Experience", "Sound_Generation"
"Hours_Practice", "Other_ Instrument", "Metronome Preference",

"Tempo", "Latency"
bothtestplot

ggplot (bothtestplot, mapping=aes (x=Tempo, y=Latency))+geom_ line (aes(group=Participant))+xlab("Tempo in BPM

visual metronome)") +
ylab("Latency in milliseconds")

ggplot (bothtestplot, mapping=aes (x=Tempo, y=Latency,
colour=Sound_Generation))+geom_line (aes(group=Participant))+geom_point (size=2,

"Metronome",

na.rm=TRUE) +facet_wrap (~Sound_Generation)+xlab ("Tempo in BPM (Aural & Visual Metronome)")

ylab("Latency in milliseconds")

c <- ggplot (bothtestplot, mapping=aes (x=Tempo, y=Latency,

colour=Instrument))+geom_line (aes (group=Participant))+geom_point (size=2, na.rm=TRUE)+facet_wrap (~Instrument)+

xlab ("Tempo in BPM (Aural & Visual Metronome)") +
ylab("Latency in milliseconds")+theme (axis.text.x = element_text (angle
c # bothtestplot by Instruments
bothtestplot
#plot: metraural
a # audiotestplot by Instruments

#plot: metrovisual
b # videotestplot by Instruments

#plot:metroboth
c # bothtestplot by Instruments

d <- ggplot (bothtestplot, mapping=aes (x=Tempo, y=Latency, colour=Instrument))-+geom line (aes(group=Participant),

na.rm=TRUE) +geom_point (size=2, na.rm=TRUE)+ xlab("Tempo in BPM") +
ylab("Latency in milliseconds")+theme (axis.text.x = element_text (angle =

e <-ggplot (audiotestplot, mapping=aes (x=Tempo, y=Latency, colour=Instrument))+geom_line (aes(group=Participant)

na.rm=TRUE) +geom_point (size=2, na.rm=TRUE)+ xlab("Tempo in BPM") +
ylab("Latency in milliseconds")+theme (axis.text.x = element_text (angle =

f <- ggplot(videotestplot, mapping=aes (x=Tempo, y=Latency, colour=Instrument))+geom_line (aes (group=Participant)

na.rm=TRUE) +geom_point (size=2, na.rm=TRUE)+ xlab("Tempo in BPM") +
ylab ("Latency in milliseconds")+theme (axis.text.x = element_text (angle =

-30,

-30,

-30,

-30,

vjust

vijust

viust

vjust

d + xlab("Tempo in BPM (Aural Metronome)") + ylab("Latency in milliseconds") # Tempo Vs.

e + xlab("Tempo in BPM (Visual Metronome)") +ylab("Latency in milliseconds") # Tempo Vs.
f + xlab("Tempo in BPM (Aural & Visual Metronome)") + ylab("Latency in milliseconds")# Tempo Vs.

metronome

= 1, hjust= 0))

=1, hjust= 0))

1, hjust= 0))

= 1, hjust= 0))

Latency Audio metronome
Latency Video metronome
Latency Both

HERERER AR AR E AR AR AR AR F A REE PLOTS BY GROUPS  #####h#fatattttttatatatatttttatatatatatatatatss

g <- ggplot (audiotestplot, mapping=aes (x=Tempo, y=Latency,

colour=Instrument))+geom_line (aes(group=Participant))+geom point (size=2)+facet_wrap (~Group)+ xlab ("Tempo in BPM")

ylab("Latency in milliseconds")+theme (axis.text.x = element_text (angle = -30,

h <- ggplot(videotestplot, mapping=aes (x=Tempo, y=Latency,

colour=Instrument))+geom_line (aes(group=Participant))+geom_point (size=2)+facet_wrap (~Group)+ xlab("Tempo in BPM")

ylab ("Latency in milliseconds")+theme (axis.text.x = element_text (angle = -30,

i <- ggplot (bothtestplot, mapping=aes (x=Tempo, y=Latency,

colour=Instrument))+geom_line (aes(group=Participant))+geom point (size=2)+facet_wrap (~Group)+ xlab("Tempo in BPM")

ylab("Latency in milliseconds")+theme (axis.text.x = element_ text (angle = -30,
#plot: groupmetraural
g + xlab("Tempo in BPM (Aural Metronome)") + ylab("Latency in milliseconds")

#plot: groupmetrovisual
h + xlab("Tempo in BPM (Visual Metronome)") + ylab("Latency in milliseconds")

#plot: groupmetroboth
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i + xlab("Tempo in BPM (Aural & Visual Metronome)") + ylab("Latency in milliseconds")

audiotestplot

#Boxplot for Audio Metronome

j <- ggplot (audiotestplot, mapping=aes (x=Tempo, y=Latency, colour= Group))+geom boxplot() + xlab("Tempo in BPM (aural
metronome) ™) + ylab("Latency in milliseconds")

J
#Boxplot for Video Metronome

k <- ggplot(videotestplot, mapping=aes (x=Tempo, y=Latency, colour= Group))+geom_boxplot() + xlab("Tempo in BPM
(visual metronome)") + ylab("Latency in milliseconds")

k
#Boxplot for Audio & Viceo Metronomes

1 <- ggplot (bothtestplot, mapping=aes(x=Tempo, y=Latency, colour= Group))+geom boxplot() + xlab("Tempo in BPM (aural
& visual Metronome)") + ylab("Latency in milliseconds")

m <- ggplot (audiotestplot, mapping=aes (x=Tempo, y=Latency,
colour=Sound_Generation))+geom_line (aes (group=Participant))+geom_point (size=2)+facet_wrap (~Sound_Generation)+
xlab ("Tempo in BPM (aural metronome)") +

ylab("Latency in milliseconds")+theme (axis.text.x = element_ text(angle = -30, vjust = 1, hjust= 0))

n <- ggplot(videotestplot, mapping=aes (x=Tempo, y=Latency,
colour=Sound_Generation))+geom_line (aes (group=Participant))+geom_point (size=2)+facet_wrap (~Sound_Generation)+
xlab ("Tempo in BPM (visual metronome)") +

ylab("Latency in milliseconds")+theme (axis.text.x = element_ text(angle = -30, vjust = 1, hjust= 0))

o <- ggplot (bothtestplot, mapping=aes (x=Tempo, y=Latency,
colour=Sound_Generation))+geom_line (aes(group=Participant))+geom_point (size=2)+facet_ wrap (~Sound_ Generation)+
xlab ("Tempo in BPM (aural & visual metronome)") +

ylab("Latency in milliseconds")+theme (axis.text.x = element_text(angle = -30, vjust = 1, hjust= 0))

#plot: genmetraural
m

#plot: genmetrovisual
n

#plot: genmetroboth

o

## Sound Generation Box plots

p <- ggplot (audiotestplot, mapping=aes (x=Tempo, y=Latency, colour= Sound Generation))+geom_boxplot () + xlab("Tempo in
BPM (aural metronome)") + ylab("Latency in milliseconds")

P

g <- ggplot(videotestplot, mapping=aes (x=Tempo, y=Latency, colour= Sound_Generation))+geom_boxplot() + xlab("Tempo in
BPM (visual metronome)") + ylab("Latency in milliseconds")

a

r <- ggplot (bothtestplot, mapping=aes (x=Tempo, y=Latency, colour= Sound_Generation))+geom_boxplot() + xlab("Tempo in
BPM (aural & visual metronome)") + ylab("Latency in milliseconds")
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FHfHHFR AR AR AR AF A fAverage of the 3 different metronomes for each
instrument######4##HHAHHFHHHHEHHHHHFHHHAEHHHHEEHHHREHHHRS
detach ("package:dplyr", character.only = TRUE) #to avoid problems with the function select

library("dplyr", character.only = TRUE) #to avoid problems with the function select
head (test)
names (test)<-c("participant","instrument", "group", "age", "gender", "metronome_hours", #other avgtest

"expertise", "years_experience", "sound generation"
"hours_practice", "other_instrument", "metronome_preference",
"metronome", "L1", "L2", "L3", "L4", "L5"

metronomes <- test %>%
select ( instrument, metronome,
Ll, L2, L3, L4, L5) %>%

group_by (metronome, instrument) %>%

summarize (
Avg.Ll = mean(Ll, na.rm=TRUE), Avg.L2 = mean(L2, na.rm=TRUE),
Avg.L3 = mean (L3, na.rm=TRUE), Avg.L4 = mean (L4, na.rm=TRUE),
Avg.L5 = mean (L5, na.rm=TRUE)) %>%

as.data.frame() # I set it as a test frame

metronomes

names (metronomes) <- c("Metronome", "Instrument", "90BPM", "120BPM", "150BPM", "180BPM", "210BPM")
metronomes

library (reshape2)
avgmetronomes <- melt (metronomes, id=c("Metronome", "Instrument"))

avgmetronomes

names (avgmetronomes) <-c ("Metronome", "Instrument", "Tempo", "Latency")
avgmetronomes

yy <- ggplot (avgmetronomes, mapping=aes (x=Tempo, y=Latency,
colour=Metronome))+geom_line(aes(group=Metronome))+geom_point(size=2) +facet_wrap (~Instrument)+ xlab ("Tempo in BPM
(average within instruments)") +

ylab("Latency (Ld) in milliseconds")+theme (axis.text.x = element_text (angle = -30, vjust = 1, hjust= 0))

#plot: avgmetroinst
yy+theme (axis.text=element_ text (size=9)

axis.title=element text (size=15))+ theme(legend.text=element text (size=15),
legend.title=element_text (size=15)

#HhtHER AR A #Average of the 3 different metronomes for all instruments
detach ("package:dplyr", character.only = TRUE) #to avoid problems with the function select
library("dplyr", character.only = TRUE) #to avoid problems with the function select

metronomesall <- test %>%
select ( metronome,
L1, L2, L3, L4, L5) %>%

group_by (metronome) %$>%

summarize (
Avg.Ll = mean(Ll, na.rm=TRUE), Avg.L2 = mean(L2, na.rm=TRUE),
Avg.L3 = mean (L3, na.rm=TRUE), Avg.L4 = mean (L4, na.rm=TRUE),
Avg.L5 = mean (L5, na.rm=TRUE)) $>%
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as.data.frame() # I set it as a test frame

metronomesall

names (metronomesall) <- c("Metronome", "90BPM", "120BPM", "150BPM", "180BPM", "210BPM")
metronomesall

library(reshape2)
avgmetronomesall <- melt (metronomesall, id=c("Metronome"))

avgmetronomesall

names (avgmetronomesall)<-c ("Metronome", "Tempo", "Latency")
avgmetronomesall

xx <- ggplot (avgmetronomesall, mapping=aes (x=Tempo, y=Latency,
colour=Metronome) ) +geom_line (aes (group=Metronome))+geom_point (size=2)+ xlab("Tempo in BPM (average of all
instruments)") +

ylab("Latency (Ld) in milliseconds") + ylim (0, 300

#plot: avgmetroall
xx+theme (axis.text=element_ text (size=15),

axis.title=element_ text (size=15))+ theme (legend.text=element text (size=15),
legend.title=element_text (size=15)
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Author: Jorge Medina Victoria

A Method for the Measurement of the Ability of Western Musicians to Cope with Latency
Hypothesis Testing

Date: 06.11.18

B

# If you are using this code for the first time, please install all the packages by deleting # in front of the
package

#1 Defining Libraries

'Setting Directory in Session/set directory’

head (test) #looking for general information of the test

#install.packages ("dplyr")
library(dplyr) #callin library dplyr'
#install.packages ("ggplot2)
library(ggplot2)

#instal.packages ("reshape")
library(reshape2)

#install.packages ("pastecs")
library (pastecs)

#install.packages ("moments")
library (moments)

#install.packages ("pgirmess™) ### pgirmess packet for friedmanmc
library (pgirmess)
#install.packages ("PMCMR"

library (PMCMR)

#install.packages ("agricolae")
library(agricolae)

#install.packages ("scales")
#install.packages ("tibble")
#install.packages ("NSM3")
library (NSM3)

#instal. .packages ("xtable")
library (xtable)

#2 Converting, Labeling and Averaging

#convert and label the test

gender<-factor ("gender", levels=c(l:2), labels=c("Male", "Female")) #convert gender numbers 1 and 2 into
#Male and Female

test$gender <- as.factor (test$Sgender) #VERY IMPORTANT---> I converted it to a factor otherwise is just a num
class ("gender") #labels of the variable gender

gender # levels of the variable----> Male and Female

str(test)

expertise<-factor ("expertise", levels=c(1l:2), labels=c("Musician", "Student"))
#convert expertise numbers 1 and 2 into Professional Musician and Music Student

test$expertise <- as.factor(test$expertise)
expertise
str(test)
#Grouping the different soundgeneration techniques
sound_generation<-factor ("sound generation”, levels=c(0:7), labels=c("I. Struck", "M. Struck", "C. Bowed",
"C. Struck", "C. Plucked", "A. Mechanical_reed"
"A. Air_reed", "A. Lip reed"))

testSsoundigeneration <- as.factor(testSsoundﬁgeneration)

sound_generation
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str(test)

group<-factor ("group", levels=c(l:4), labels=c("Chordophones", "Aerophones", "Membranophones",
"Idiophones"))

#convert group number 1,2,3 and 4 into groups l=Chordophones, 2= RAerophones, 3= Membranophones

#and 4= Idiophones

test$group <- as.factor (test$group)

group

metronome<-factor ("metronome", levels=c(l:3), labels=c("Aural", "Visual", "Both"))

testSmetronome <- as.factor (test$Smetronome)

metronome_preference<-factor ("metronome_preference", levels=c(1:3), labels=c("Aural", "Visual", "Both")

test$metronome_preference <- as.factor(testSmetronome_preference)

#different levels within some of the variables
levels (group)

levels (sound_generation)

levels (gender)

levels (expertise)

levels (metronome)

levels (metronome_preference)

test$"90BPM"<- as.numeric (as.character (test$"90BPM"))

test$"120BPM"<- as.numeric(as.character(test$"120BPM")) #conversion of variable 120BPM from chr to num. It was chr
#because 2 variables were NA. The same operation wered

test$"150BPM"<- as.numeric (as.character (test$"150BPM")) #efectuated in the variable 150BPM

test$"180BPM"<- as.numeric (as.character (test$"180BPM"))

test$"210BPM"<- as.numeric (as.character (test$"210BPM"))

#ATTENTION: participant should be int not dbl (integer not double)
#I converted participant to int. it should be made with all the other integer values i.e. metronome expertise, etc

str(test) # All latency variables should be numerical
test$participant<- as.integer (as.numeric (test$"participant"))

typeof (test)
str(test)
summary (test)
head (test)

o m e /////////////  Averaging the three different metronome measures----------——--——-----——

detach ("package:dplyr", character.only = TRUE) #to avoid problems with the function select
library("dplyr", character.only = TRUE) #to avoid problems with the function select

head (test)

names (test)<-c("participant","instrument", "group", "age", "gender", "metronome_hours",
"expertise", "years_experience", "playing technique",
"hours_practice"”, "other_avgtest", "metronome preference",
"metronome", "L1", "L2", "L3", "L4", "L5")

testble <- test %>%
select (participant, age, metronome_hours,
years_experience, hours_practice,
Ll, L2, L3, L4, L5) %>%
group_by (participant) %>%
summarize ( m_age = mean(age), m_metronome_hours=mean (metronome_hours),
m_years_experience = mean (years_experience),
m_hours_practice = mean (hours_practice),
Avg.Ll = mean(Ll, na.rm=TRUE), Avg.L2 = mean (L2, na.rm=TRUE),
Avg.L3 = mean (L3, na.rm=TRUE), Avg.L4 = mean (L4, na.rm=TRUE),
Avg.L5 = mean (L5, na.rm=TRUE)) %>%

as.data.frame () # I set it as a test frame
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testble # Average of the 5 different metronomes for all participants

FhedH4 A E## S F 44444 AEROPHONES AVG revisar

names (test)<-c("participant”,"instrument", "group", "age", "gender", "metronome_ hours", #other_avgtest
"expertise", "years_experience", "sound generation"
"hours_practice", "other_instrument", "metronome_preference"
"metronome", "Ll", "LZ", "L3", "L4", "L5")

aerophonesavg <- test %>%
select (participant, group,
L1, L2, L3, L4, L5) %>%

group_by (participant, group == "Aerophones") %>%

summarize (
Avg.Ll = mean(Ll, na.rm=TRUE), Avg.L2 = mean(L2, na.rm=TRUE),
Avg.L3 = mean (L3, na.rm=TRUE), Avg.L4 = mean (L4, na.rm=TRUE),
Avg.L5 = mean (L5, na.rm=TRUE)) $%>%

as.data.frame () # I set it as a test frame

aerophonesavg

#lista aerophones
listaerophonesavg <- aerophonesavg [ c(6,7,9,14,15,17,20,24,27,30, 31), ]

listaerophonesavg

###### Inverse the matrix for the instruments ##### Friedmantest for Aerophones

aerophonesavginv <- t(listaerophonesavg)
aerophonesavginv

aerophonesavginvl <- na.omit (aerophonesavginv)
aerophonesavginvl

xtable (aerophonesavginvl)

friedman.test (as.matrix (aerophonesavginvl))
friedmanmc (as.matrix (aerophonesavginvl)
#The results means, there is no relevant difference within the aerophones group

[iddsssssdsssssasssssassassssssssassassnsssssassssssssassasanssnssnsad

names (test)<-c("participant”,"instrument", "group", "age", "gender", "metronome_hours", #other_avgtest
"expertise", "years_experience", "sound_generation",
"hours_practice", "other_instrument", "metronome_preference"
"metronome", "Ll", "LZ", "L3", "L4", "L5")

chordophonesavg <- test %>%
select (participant, group,
L1, L2, L3, L4, L5) %>%

group_by (participant, group == "Chordophones") %>%

summarize (
Avg.Ll = mean(Ll, na.rm=TRUE), Avg.L2 = mean (L2, na.rm=TRUE),
Avg.L3 = mean (L3, na.rm=TRUE), Avg.L4 = mean (L4, na.rm=TRUE),
Avg.L5 = mean (L5, na.rm=TRUE)) %>%

as.data.frame () # I set it as a test frame

chordophonesavg
#lista cordophones
listacordophonesavg <- chordophonesavg [ c¢(1,2,3,4,5,8,11,13,18,21,22, 28, 29), ]

listacordophonesavg

####4# Inverse the matrix for the instruments ##### Friedmantest for Chordophones
chordophonesavginv <- t(listacordophonesavg)
chordophonesavginv

chordophonesavginvl <- na.omit (chordophonesavginv)
chordophonesavginvl
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xtable (chordophonesavginvl)

friedman.test (as.matrix (chordophonesavginvl))
friedmanmc (as.matrix (chordophonesavginvl))

#The results means, there are relevant differences within the chordophones group

FREGEH AR R A R R R R R R R R

names (test)<-c("participant","instrument", "group", "age", "gender", "metronome_hours",
"expertise", "years_experience", "sound generation”
"hours_practice", "other_instrument", "metronome preference"
"metronome", "L1", "L2", "L3", "L4", "L5"

membranophonesavg <- test %>%
select (participant, group,
L1, L2, L3, L4, L5) %>%

group_by (participant, group == "Membranophones") %>%

summarize (
Avg.Ll = mean(Ll, na.rm=TRUE), Avg.L2 = mean(L2, na.rm=TRUE),
Avg.L3 = mean (L3, na.rm=TRUE), Avg.L4 = mean (L4, na.rm=TRUE),
Avg.L5 = mean (L5, na.rm=TRUE)) $>%

as.data.frame() # I set it as a test frame

membranophonesavg

#lista membranophones
listamembranophonesavg<- membranophonesavg [ c(10,12,16,23), 1]

listamembranophonesavg

###### Inverse the matrix for the instruments ##### Friedmantest for Chordophones
membranophonesavginv <- t(listamembranophonesavg)
membranophonesavginv

membranophonesavginvl <- na.omit (membranophonesavginv)
membranophonesavginvl

xtable (membranophonesavginvl)

friedman.test (as.matrix (membranophonesavginvl)
friedmanmc (as.matrix (membranophonesavginvl))

#The results means, there ia no relevant difference within the membranophones group
iissssassasssssassassatasissdsssssiasiasssssssississississistissssssss

names (test)<-c("participant”,"instrument", "group", "age", "gender", "metronome_hours",
"expertise", "years_experience", "sound_generation",
"hours_practice", "other_instrument", "metronome_preference"
"metronome", "Ll", "LZ", "L3", "L4", "L5")

idiophonesavg <- test %>%
select (participant, group,
L1, L2, L3, L4, L5) %>%

group_by (participant, group == "Idiophones") %>%
summarize (
Avg.Ll = mean(Ll, na.rm=TRUE), Avg.L2 = mean (L2, na.rm=TRUE),

Avg.L3 = mean (L3, na.rm=TRUE), Avg.L4 = mean (L4, na.rm=TRUE),
Avg.L5 = mean (L5, na.rm=TRUE)) $%>%

as.data.frame () # I set it as a test frame

idiophonesavg
#lista idiophones
listaidiophonesavg<- idiophonesavg [ c(19,25,26), ]

listaidiophonesavg
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###### Inverse the matrix for the instruments ##### Friedmantest for Chordophones
idiophonesavginv <- t(listaidiophonesavg)

idiophonesavginv

idiophonesavginvl <- na.omit (idiophonesavginv)

idiophonesavginvl

xtable (idiophonesavginvl)

friedman.test (as.matrix (idiophonesavginvl))
friedmanmc (as.matrix (idiophonesavginvl)

#The results means, there ia no relevant difference within the membranophones group

FhEFEFREF AR AR R R R R R
iiiddssssassassassassadasissdssssatasiassssississississississiassssissistssssssisssasssd
lidddidssdssssssssssssssssssssssssssasssssssssssasssssssssssassssssssasstsssssatansstd
s FAFFAFA AR H#F Fiedman Test for the whole data

##---Friedmann Test step by step--------------——-—-—-—-———————
testblemat #List of all latency values

testble$Avg.Ll # checking the rows for L1 (90BPM)

testblemat <- data.frame(testble$Avg.Ll, testble$Avg.L2, testble$Avg.L3, testble$Avg.L4, testble$Avg.L5
testblemat # data frame with just the numerical information of the latency for 90BPM = Avg.Ll, 120BPM =Avg.L2,
# 150BPM = Avg.L3, 180BPM = Avg.l4 and 210BPM = Avg.L5

ftestmat <- data.matrix(testblemat, rownames.force = NA) #Friedman Test

ftestmat # the data frame was converted into a matrix

##sample <- matrix(c(testble$Avg.Ll, testble$Avg.L2, testble$Avg.L3, testble$Avg.L4, testble$Avg.L5), ncol = 5)
##sample

##friedman.test (sample)

ftestmatwona <- na.omit (ftestmat)

ftestmatwona # For the case of NA values, it should be omited. Important for the not averaged values of latency
#table Avg Friedman

xtable (ftestmatwona)

####-- Friedman Test--##

friedman.test (as.matrix (ftestmatwona)) ####4 should be significant p < 0.005

###---Post hoc test for Friedman's ANOVA---###
#install.packages ("pgirmess") ### pgirmess packet for friedmanmc

library(pgirmess)

friedmanmc (as.matrix (ftestmatwona)

####---Paarwise Comparisons----- HH###

#install.packages ("PMCMR"
library (PMCMR)

posthoc.friedman.nemenyi.test (ftestmatwona)

s sas s isasassat s isatassat st ai s satsatnssni
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detach ("package:dplyr", character.only = TRUE) #to avoid problems with the function select

library ("dplyr", character.only = TRUE) #to avoid problems

###Aural Metronome S0BPM###

str(test)

testbl90a <- test %>%
select (participant, metronome, L1) $>%
group_by (participant, metronome == "Aural") %>%
as.data.frame() # I set it as a test frame

testbl90a

lista90a <- subset (testbl90a, metronome == "Aural"
str(lista90a)

L1A <- (lista90a$Ll)
L1A ## L1 Values for Aural metronome S0BPM

###Visual Metronome 90BPM#i##

testbl90v <- test %>%
select (participant, metronome, L1) %>
group_by (participant, metronome == "Visual")

o

o
v
o

as.data.frame() # I set it as a test frame
testbl90v

lista90v <- subset(testbl90v, metronome == "Visual")
str(listad0v)

L1V <- (lista90v$L1l)
L1V ## L1 Values for Visual metronome 90BPM

###Both Metronome 90BPM###

testbl90b <- test %>%
select (participant, metronome, L1) $>%
group_by(participant, metronome == "Both") %>%

as.data.frame() # I set it as a test frame
testbl90b

lista90b <- subset (testbl90b, metronome == "Both")
str(lista90b)

L1B <- (lista90bs$L1)
L1B ## L1 Values for Visual metronome 90BPM

L1A
Llv
L1B

with the function select

# creating a data frame for the Friedman Test with Latency Values at 90BPM----- #

L1AVB <- data.frame (L1A, L1V, LI1B)

L1AVB # data frame with the three different metronome values for all 25 test subjects

ftestmat90 <- data.matrix(L1AVB, rownames.force = NA)
ftestmat90

ftestmatwona90 <- na.omit (ftestmat90)
ftestmatwona90

#table ftestmatwona90
xtable (ftestmatwona90)

friedman.test (as.matrix (ftestmatwona90))
posthoc.friedman.nemenyi.test (ftestmatwona90
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friedmanmc (as.matrix (ftestmatwona90))

##Quade Test for 90BPM
gtestmatwona90 <- as.matrix(ftestmatwona90

quade.test (gtestmatwona90

posthoc.quade.test (qtestmatwona90)

#if p > 0.005, then the metronome values Lla, L1V and L1B do not differ much (90BPM values

###Aural Metronome 120BPM###

testbll20a <- test %>%
select (participant, metronome, L2) %>%
group_by (participant, metronome == "Aural") %>%
as.data.frame() # I set it as a test frame

testbl120a

listal20a <- subset (testbll20a, metronome == "Aural")
str(listal20a)

L2A <- (listal20asL2)
L2A ## L2 Values for Aural metronome 120BPM

###Visual Metronome 120BPM###

testbl120v <- test %>%
select (participant, metronome, L2) $>%
group_by (participant, metronome == "Visual") %>%
as.data.frame() # I set it as a test frame

testbll20v

listal20v <- subset (testbl120v, metronome == "Visual")
str(listal20v)

L2V <- (listal20vs$L2)
L2V  ## L2 Values for Visual metronome 120BPM

###Both Metronome 120BPM###

testbll20b <- test %>%
select (participant, metronome, L2) $>%
group_by (participant, metronome == "Both") %>%
as.data.frame() # I set it as a test frame

testbl120b

listal20b <- subset (testbl120b, metronome == "Both")
str(listal20b)

L2B <- (listal20b$L2)

L2B ## L2 Values for Visual metronome 120BPM

L2A
L2v
L2B

# creating a data frame for the Friedman Test with Latency Values at 120BPM----- #

L2AVB <- data.frame (L2A, L2V, L2B)
L2AVB

ftestmatl20 <- data.matrix (L2AVB, rownames.force = NA)
ftestmatl120

ftestmatwonal20 <- na.omit (ftestmatl20)

L40



ftestmatwonal20 #wona = without NA

#table ftestmatwonal20
xtable (ftestmatwonal20)

friedman.test (as.matrix (ftestmatwonal20))

posthoc.friedman.nemenyi.test (ftestmatwonal20

friedmanmc (as.matrix (ftestmatwonal20))

#1if p > 0.005, then the metronome values L2a, L2V and L2B do not differ much (120BPM values)
##Quade Test for 120BPM

gtestmatwonal20 <- as.matrix(ftestmatwonal20)

gtestmatwonal20

quade.test (gqtestmatwonal20)

posthoc.quade.test (qtestmatwonal20)

###Aural Metronome 150BPM#i##

testbll50a <- test %>%
select (participant, metronome, L3) $>%
group_by (participant, metronome == "Aural") %>%
as.data.frame () # I set it as a test frame

testbll50a

listal50a <- subset (testbll50a, metronome == "Aural")
str(listal50a)

L3A <- (listalS50a$L3)
L3A ## L2 Values for Aural metronome 150BPM

###Visual Metronome 150BPM###

testbll50v <- test %>%
select (participant, metronome, L3) $>%
group_by(participant, metronome == "Visual") %>%
as.data.frame () # I set it as a test frame

testbll50v

listal50v <- subset (testbl150v, metronome == "Visual")
str(listal50v)

L3V <- (listalS50v$L3)
L3V  ## L2 Values for Visual metronome 150BPM

###Both Metronome 150BPM###

testbll50b <- test %>%
select (participant, metronome, L3) $>%
group_by (participant, metronome == "Both") %>%
as.data.frame() # I set it as a test frame

testbl150b

listal50b <- subset (testbl150b, metronome == "Both")
str(listal50b)

L3B <- (listal50bSL3)

L3B ## L3 Values for Visual metronome 150BPM

L3A
L3V
L3B

# creating a data frame for the Friedman Test with Latency Values at 150BPM----- #

L3AVB <- data.frame(L3A, L3V, L3B)
L3AVB

ftestmatl50 <- data.matrix (L3AVB, rownames.force = NA)
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ftestmat150

ftestmatwonal50 <- na.omit (ftestmatl50)
ftestmatwonal50

#table ftestmatwonalS5S0
xtable (ftestmatwonal50)

friedman.test (as.matrix (ftestmatwonal50))

posthoc.friedman.nemenyi.test (ftestmatwonal50)

friedmanmc (as.matrix (ftestmatwonal50))

#if p > 0.005, then the metronome values L3a, L3V and L3B do not differ much (150BPM values
##Quade Test for 150BPM

gtestmatwonal50 <- as.matrix(ftestmatwonal50)

gtestmatwonal50

quade.test (gtestmatwonal50

posthoc.quade.test (qtestmatwonal50

###Aural Metronome 180BPM###

testbl180a <- test $%$>%
select (participant, metronome, L4) $>%
group_by (participant, metronome == "Aural") %>%
as.data.frame() # I set it as a test frame

testbl180a

listal80a <- subset (testbll180a, metronome == "Aural")
str(listal80a)

L4A <- (listal80asL4)
L4A ## L4 Values for Aural metronome 180BPM

###Visual Metronome 180BPM###

testbl180v <- test $%>%
select (participant, metronome, L4) $>%
group_by (participant, metronome == "Visual") %>%
as.data.frame() # I set it as a test frame

testbl180v

listal80v <- subset (testbl180v, metronome == "Visual")
str(listal80v)

LAV <- (listal80vs$L4)
L4V  ## L4 Values for Visual metronome 180BPM

###Both Metronome 180BPM###

testbl180b <- test %>%
select (participant, metronome, L4) $>%

group_by (participant, metronome == "Both") %>%
as.data.frame() # I set it as a test frame
testbl180b
listal80b <- subset (testbl180b, metronome == "Both")

str(listal8Ob)
L4B <- (listal80b$L4)

L4B ## L4 Values for Visual metronome 180BPM

L4A
L4v
L4B

# creating a data frame for the Friedman Test with Latency Values at 180BPM----- #

L4AVB <- data.frame (L4A, L4V, L4B)
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L4AVB

ftestmatl80 <- data.matrix (L4AVB, rownames.force = NA)
ftestmatl80

ftestmatwonal80 <- na.omit (ftestmatl80)
ftestmatwonal80

#table ftestmatwonal80
xtable (ftestmatwonal80)

friedman.test (as.matrix (ftestmatwonal80))

posthoc. friedman.nemenyi.test (ftestmatwonal80
friedmanmc (as.matrix (ftestmatwonal80))

#if p > 0.005, then the metronome values L4a, L4V and L4B do not differ much (180BPM values
##Quade Test for 180BPM

gtestmatwonal80 <- as.matrix(ftestmatwonal80)

gtestmatwonal80

quade.test (gqtestmatwonal80)

posthoc.quade.test (gtestmatwonal50
###Aural Metronome 210BPM###

testbl21l0a <- test %>%
select (participant, metronome, L5) $>%
group_by (participant, metronome == "Aural") %>%
as.data.frame () # I set it as a test frame

testbl210a

lista2l0a <- subset (testbl210a, metronome == "Aural")
str(lista2l0a)

L5A <- (lista210a$L5)
L5A ## L2 Values for Aural metronome 120BPM

###Visual Metronome 210BPM###

testbl210v <- test %>%
select (participant, metronome, L5) $>%
group_by(participant, metronome == "Visual") %>%
as.data.frame () # I set it as a test frame

testbl210v

lista210v <- subset (testbl210v, metronome == "Visual")
str(lista210v)

L5V <- (lista2l10v$L5)
L5V  ## L2 Values for Visual metronome 120BPM

###Both Metronome 210BPM#i#

testbl210b <- test %>%
select (participant, metronome, L5) $>%
group_by (participant, metronome == "Both") %>%
as.data.frame() # I set it as a test frame

testbl210b

lista210b <- subset (testbl210b, metronome == "Both")
str(lista210b)

L5B <- (lista210bSL5)

L5B ## L2 Values for Visual metronome 180BPM

L5A
L5V
L5B
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# creating a data frame for the Friedman Test with Latency Values at 210BPM----- #

L5AVB <- data.frame (L5A, L5V, L5B)
L5AVB

ftestmat210 <- data.matrix (L5AVB, rownames.force = NA)
ftestmat210

ftestmatwona2l0 <- na.omit (ftestmat210)
ftestmatwona2l0

#table ftestmatwona2l0
xtable (ftestmatwona210)

friedman.test (as.matrix (ftestmatwona2l0))

posthoc.friedman.nemenyi.test (ftestmatwona210
friedmanmc (as.matrix (ftestmatwona210))

#1f p > 0.005, then the metronome values L5a, L5V and L5B do not differ much (210BPM values)

##Quade Test for 210BPM

gtestmatwona2l0 <- as.matrix(ftestmatwona2l0)

gtestmatwona2l0

quade.test (gtestmatwona2l0

posthoc.quade.test (qtestmatwona210)

$HHHHEFH 44444 Summary Friedman Test for the 3 metronomes Aural, Visual and Both.

## if p > 0.005 the metronomes are not different. Each tempi from 90BPM, 120BPM, 150BPM, 180BPM and 210BPM is
##tested separatedly

idddisssdssssssissssssiiasaiisssasiisasisisii
library(ggplot2)
library(plyr)

par (mfrow=c(2,3))
L1AVB
rL1AVB <- rename (L1AVB, c( "L1A"= "Aural", "L1V" = "Visual", "L1B" = "Both"))

rL1AVB

# boxplot for the 3 metronomes at 90BPM (aural, visual and both)

#bp90

boxplot (rL1AVB, xlab ='Metronome at 90BPM', ylab = 'Latency in milliseconds', ylim = c(0, 300))
L2AVB

rL2AVB <- rename (L2AVB, c( "L2A"= "Aural", "L2V" = "Visual", "L2B" = "Both"))

rL2AVB

# boxplot for the 3 metronomes at 120BPM (aural, visual and both)

#bpl120

boxplot (rL2AVB, xlab ='Metronome at 120BPM', ylab = 'Latency in milliseconds', ylim = c(0, 300))
L3AVB

rL3AVB <- rename (L3AVB, c( "L3A"= "Aural", "L3V" = "Visual", "L3B" = "Both"))

rL3AVB

# boxplot for the 3 metronomes at 150BPM (aural, visual and both)

#bp150

boxplot (rL3AVB, xlab ='Metronome at 150BPM', ylab = 'Latency in milliseconds', ylim = c(0, 300))
L4AVB

rL4AVB <- rename (L4AVB, c( "L4A"= "Aural", "L4V" = "Visual", "L4B" = "Both"))

rL4AVB
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# boxplot for the 3 metronomes at 180BPM (aural, visual and both)

#bp180

boxplot (rL4AVB, xlab ='Metronome at 180BPM', ylab = 'Latency in milliseconds', ylim = c(0, 300))
L5AVB

rL5AVB <- rename (L5AVB, c( "L5A"= "Aural", "L5V" = "Visual", "L5B" = "Both"))

rL5AVB

# boxplot for the 3 metronomes at 210BPM (aural, visual and both)
#bp210
boxplot (rL5AVB, xlab ='Metronome at 210BPM', ylab = 'Latency in milliseconds', ylim = c(0, 300))

# the same plot can be find under metroplotforall in Evaluation_Results

iL1AVB <- t(L1AVB)
summary (L1AVB)
friedman.test (as.matrix (iL1AVB))

#if p < 0.005, then the instrument are different for 90BPM

friedman.test (as.matrix (L1AVB))
#if p < 0.005, then the metronome values obtained are different for 90BPM

posthoc.friedman.nemenyi.test (1L1AVB)
friedmanmc (as.matrix (1L1AVB))

iL2AVB <- t(L2AVB)
iL2AVB

summary (L2AVB)
friedman.test (as.matrix (1L2AVB))
#if p < 0.005, then the instrument are different for 120BPM

friedman.test (as.matrix (L2AVB))
#if p < 0.005, then the metronome values obtained are different for 120BPM

posthoc.friedman.nemenyi.test (1L2AVB)
friedmanmc (as.matrix (iL2AVB))

iL3AVB <- t(L3AVB)
iL3AVB

summary (L3AVB)
friedman.test (as.matrix (1L3AVB))

#1f p < 0.005, then the instrument are different for 150BPM

friedman.test (as.matrix (L3AVB))
#if p < 0.005, then the metronome values obtained are different for 150BPM

posthoc.friedman.nemenyi.test (1L3AVB)
friedmanmc (as.matrix (iL3AVB))

iL4AVB <- t (L4AVB)
iL4AVB

summary (L4AVB)

friedman.test (as.matrix (1L4AVB))
#1f p < 0.005, then the instrument are different for 180BPM
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friedman.test (as.matrix (L4AVB))
#1if p < 0.005, then the metronome values obtained are different for 180BPM

posthoc. friedman.nemenyi.test (iL4AVB)
friedmanmc (as.matrix (1L4AVB))

iL5AVB <- t (L5AVB)
iL5AVB

iL1AVB

friedman.test (as.matrix (1L5AVB)) #, na.action = na.exclude oder , na.action = na.omit
#1f p < 0.005, then the instrument are different for 210BPM

friedman.test (as.matrix (L5AVB) )
#1f p < 0.005, then the metronome values obtained are different for 210BPM

summary (L5AVB)

posthoc. friedman.nemenyi.test (1L5AVB)

library (pgirmess)

friedmanmc (as.matrix (iL5AVB))

#### It seems the results of all the different metronomes (aural, visual and both) are not different between
#### each other

FREHEH AR A

FhedHF AR AR AR A H# R #4444 Friedman Test for the Main Hypothesis
[aassassasssssassassassaiassasssnisaiassssissiasss

testblemat # List of Latency values and Participants (instruments
testblematfinal <- na.omit (testblemat)

xtable (testblematfinal)
testblematinv <- t(testblemat)

testblematinv # Inverse of the list of latency values and participants. The Friedman test has to be done comparing
the participants (instruments)

testblematinvna <- na.omit (testblematinv)
testblematinvna

xtable (testblematinvna)

#Friedman test for 5 Tempi Avg. Values
friedman.test (as.matrix(testblematfinal))

friedmanmc (as.matrix (testblematfinal)) ##Friedman Test with all combination. Where it is TRUE, there are
significant differences.

posthoc.friedman.nemenyi.test (testblematfinal) #It does not work

friedman.test (as.matrix (testblematinvna))

#Friedman Test Table for all comparison 30 instruments
friedmanmc (as.matrix (testblematinvna)) ##Friedman Test with all combination. Where it is TRUE, there are
significant differences.

posthoc. friedman.nemenyi.test (testblematinv) ### Posthoc Friedman Nemenyi. Columns comparation
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#With Quade
quade.test (testblematinv)
posthoc.quade.test (testblematinv)

friedman.test (as.matrix (testblematinvna))
friedmanmc (as.matrix (testblematinvna)) ##Friedman Test with all combination. Where it is TRUE, there are
significant differences.

posthoc. friedman.nemenyi.test (testblematinvna)

testblematinvnal <- testblematinv([(3:5),]
testblematinvnal

friedman.test (as.matrix (testblematinvnal))
FheFEH S 4E Plots Hypothesis Testing #######4###4444

par (mfrow=c(1,1))
# Boxplot for all instruments separated through subject

uio <- boxplot (testblematinv, xlab="Musical instruments", ylab="Latency (Ld) in milliseconds", col=rainbow (30, alpha
= 0.8))

#instplotfried
uio

# This boxplot should be presented to the Frieman test. It indicates that the instruments have an influence
#regarding to the ability to cope with latency
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Author: Jorge Medina Victoria

Pilot Test
Date: 06.11.18

B

=

Data Manipulation and Plot generation for the Pilot Test
#Set the working directory

#Import the dataset pilot and avginfo

library (dplyr) #callin library dplyr
library(ggplot2) #callin library ggplot
library (reshape2) #callin library reshape
head (pilot)

head (avginfo)
#convert and label the data

group<-factor ("group", levels=c(l:4), labels=c("Chordophones", "Aerophones",
"Ideophones")

#convert group number 1,2,3 and 4 into groups l=Chordophones, 2= Aerophones

#and 4= Ideophones

#different levels within some of the variables

levels (group)

summary (pilot)

#participant ist int

pilot$participant<- as.integer (as.numeric(pilot$"participant"))
avginfo$participant<- as.integer (as.numeric (avginfo$"participant"))
head (pilot)

head (avginfo)

typeof (pilot)

summary (pilot)

summary (avginfo)

#Get rid of the NA for some variables

pilot$"180BPM"<- as.numeric(as.character (pilot$"180BPM")) #conversion of variable 120BPM from chr to num.

A Method for the Measurement of the Ability of Western Musicians to Cope with Latency

"Membranophones",

3= Membranophones

str(pilot) #because 2 variables were NA. The same operation wered

pilot$"210BPM"<- as.numeric(as.character (pilot$"210BPM"))

pilot$"240BPM"<- as.numeric (as.character (pilot$"240BPM"))

str(pilot)

summary (pilot)

#Create a subset

#Attention the variables do not need a "™ or a ' except when they begin with numbers as in 90BPM

pilottemp <- select(.data=pilot, participant, instrument, "60BPM",'S90BPM', "120BPM", "150BPM", "180BPM", "210BPM",

'240BPM")

head (pilottemp)

summary (pilottemp)

#Get rid of the NA for some variables AGAIN

pilottemp$"180BPM"<- as.numeric (as.character (pilottemp$"180BPM")) #conversion of variable 120BPM from chr to num.
was chr
str(pilot) #because 2 variables were NA. The same operation wered

pilottemp$"210BPM"<- as.numeric (as.character (pilottemp$"210BPM"))
pilottemp$"240BPM"<- as.numeric (as.character (pilottemp$"240BPM"))

summary (pilottemp)

#Calculate the average
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#First we change the name of the variables
#especifically 90BPM up to 210BPM
#variable names with number are difficult to compute

names (pilottemp)<-c("participant","instrument", "L1", "L2", "L3", "L4", "L5", "Lé6", "L7"
head (pilottemp)

avgpilottemp <- pilottemp %>%
select (participant, instrument,
L1, L2, L3, L4, L5,
L6, L7) %>
#filter (gender == 2) #Here I filtered just the women (If you want to filter)
#mutate (newparticipant = participant*10) $%>% ## I create a column named newparticipant, which is the result of
participant by 10
group_by (participant) %

o
o

>
summarize (Avg.Ll = mean(Ll), Avg.L2 = mean(L2, na.rm=TRUE),
Avg.L3 = mean (L3, na.rm=TRUE), Avg.L4 = mean(L4),
Avg.L5 = mean (L5, na.rm=TRUE), Avg.L6 = mean (L6, na.rm=TRUE), Avg.L7 = mean(L7, na.rm=TRUE) ) %>%

## VERY IMPORTANT

## Here I summarize for all participants the average of the latency data from 90BMP to 210BPM
## with na.rm=TRUE I set NA as value so the mean can be computed and a number can be displayed
#arrange (desc(participant)) # it displays the participants in descending order

as.data.frame() # I set it as a data frame

print (avgpilottemp) #Display of the data frame finallist

#Change the names for Avg to BPM

names (avgpilottemp)<-c("participant", "60BPM", "90BPM", "120BPM", "150BPM", "180BPM", "210BPM", "240BPM")
head (avgpilottemp)
#write as a csv file with the name avg_data.csv
write.csv(
x=avgpilottemp,
file="'pilotmean.csv',
row.names = FALSE) #FALSE The unique ID won't be overwrite
#MERGING INFORMATION OF AVGPILOTTEMP AND AVGINFO FOR PLOTS
#merging the two dataframes, so I can have instruments also
jointpilot <- merge (avgpilottemp,avginfo, by="participant") #VERY IMPORTANT
#I'm merging two dataframes
#in the order dfl then df2

#by the ID

str(jointpilot)
summary (jointpilot)

par (mfrow=c(2,2))

#Merging Information for the display with ggplot
library(reshape2) # to use function melt'

#information is in the wide format, it has to be converted to the long or molten format using melt (library reshape)

pilotplot <- melt(jointpilot, id=c('participant', 'group', '"instrument'))

pilotplot # the information has 3 columns: participant, variable and value

#participant goes from 1 to 9

#variable are the 6 different variables (instrument, 90BPM, 120BPM, 150BPM, 180BPM and 210 BPM)
#value is the value assigned to each variable

names (pilotplot)<-c("Participant", "Group", "Instrument", "Tempo", "Latency")

pilotplot
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par (mfrow=c(2,2)) # ATTENTION IT DOESN'T WORK WITH GGPLOT"

ggplot (pilotplot, mapping=aes (x=Tempo, y=Latency))+geom_ line (aes(group=Participant))

#pilotinstruments
pilotinstruments <- ggplot(pilotplot, mapping=aes (x=Tempo, y=Latency,
colour=Instrument))+geom_line (aes(group=Participant))+geom point (size=2) + facet_wrap(~Instrument) + xlab("Tempo in
BPM") +

ylab("Latency (Ld) in milliseconds")+theme (axis.text.x = element_text (angle = -30, vjust = 1,
hjust= 0))

pilotinstruments+theme (axis.text=element_ text (size=11)

axis.title=element_text (size=16))+ theme (legend.text=element_ text (size=15),
legend.title=element_text (size=15)
#Alternative Plot without Instrument legend
ggplot (pilotplot, mapping=aes (x=Tempo, y=Latency))+geom_line (aes(group=Participant))+geom_point (size=2) +
facet_wrap(~Instrument) + xlab("Tempo in BPM") +

ylab("Latency in milliseconds")+theme (axis.text.x = element_ text(angle = -30, vjust = 1, hjust= 0))

#Alternative one can give a name to the plot i.e. instrument <- ggplot(pilotplot ........... )

#WOW Facet Wrap is cool. it separate the whole thing by instruments

pilotplot

ggplot (pilotplot, mapping=aes (x=Tempo, y=Latency, colour=Group))+geom_line (aes (group=Participant))+geom_point (size=2)

#Plot Groups vs. Latency

#instrumentgroup
instrumentgroup <- ggplot(pilotplot, mapping=aes (x=Group, y=Latency, colour = Tempo, shape = Instrument,
size=2))+geom_point ( size=2.5) + xlab("Instrument Groups") +

ylab("Latency (Ld) in milliseconds")+ scale_shape manual (values=seq(0,8))

instrumentgroup+theme (axis.text=element text (size=14),
axis.title=element_text (size=16))+ theme (legend.text=element_text (size=15),
legend.title=element_text (size=15)

pilotplot

#Plotting Chordophones and Aerophones

#First we filter the Membranophones

jointpilot

plotwomembra <- filter(.data=pilotplot, Group != "Membranophones")
pilotplot

plotwomembra

#comparisongroups

comparisongroups <- ggplot (plotwomembra, mapping=aes (x=Tempo, y=Latency, colour = Instrument))+geom_line(size = 0.5,
aes (group=Participant))+geom point (size=2)+facet_wrap (~Group) +xlab("Tempo in BPM") + ylab("Latency (Ld) in
milliseconds")+theme (axis.text.x = element_ text(angle = -30, vjust = 1, hjust= 0))

comparisongroups+theme (axis.text=element_ text (size=11),

axis.title=element_ text (size=16))+ theme(legend.text=element text (size=15),
legend.title=element_text (size=15)

#Filter a subset of rows
# CHORDOPHONES

chord <- filter( .data=jointpilot, group == "Chordophones")
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chordplot <- melt(chord, id=c('participant', 'group', 'instrument'))
names (chordplot)<-c ("Participant", "Group", "Instrument", "Tempo", "Latency")

chordplot

ggplot (chordplot, mapping=aes (x=Tempo, y=Latency, colour=Group))+geom_line (aes(group=Participant))+geom point (size=2)

#AEROPHONES'
aero <- filter( .data=jointpilot, group == "Aerophones")
aeroplot <- melt (aero, id=c('participant', 'group', 'instrument'))

names (aeroplot)<-c("Participant", "Group", "Instrument", "Tempo", "Latency"

aeroplot

ggplot (aeroplot, mapping=aes (x=Tempo, y=Latency, colour=Group))+geom_line (aes(group=Participant))+geom_point (size=2)

#MEMBRANOPHONES
membra <- filter( .data=jointpilot, group == "Membranophones")
membranoplot <- melt (membra, id=c('participant', 'group', '"instrument'))

names (membranoplot)<-c("Participant"”, "Group", "Instrument", "Tempo", "Latency")

membranoplot

ggplot (membranoplot, mapping=aes (x=Tempo, y=Latency,
colour=Group) ) +geom_line (aes (group=Participant))+geom point (size=2)

#Data Analysis---————---————---— oo

jointpilot # Data with the average
table (jointpilot$instrument)

table (jointpilot$"180BPM")
summary (jointpilot)

#Inter Quartiles IQR this is the substraction from the 75% - 25% quartile

IQR(jointpilot$"60BPM")
IQR(jointpilot$"90BPM")
IQR(jointpilot$"120BPM")
IQR(jointpilot$"150BPM")
IQR(jointpilot$"180BPM")
IQR(jointpilot$"210BPM", na.rm=TRUE)
IQR(jointpilot$"240BPM", na.rm=TRUE)

#Standard Deviation

sd(jointpilot$"60BPM")
sd(jointpilot$"90BPM")
sd(jointpilot$"120BPM")
sd(jointpilot$"150BPM")
sd(jointpilot$"180BPM")
sd(jointpilot$"210BPM", na.rm=TRUE)
sd(jointpilot$"240BPM", na.rm=TRUE)

#For Kurtosis and skewness
install.packages ("moments")

library (moments)

skewness (jointpilot$"60BPM")

skewness (jointpilot$"90BPM")

skewness (jointpilot$"120BPM")

skewness (jointpilot$"150BPM")

skewness (jointpilot$"180BPM")

skewness (jointpilot$"210BPM", na.rm=TRUE)
skewness (jointpilot$"240BPM", na.rm=TRUE)

kurtosis (jointpilot$"60BPM")
kurtosis (jointpilot$"90BPM")
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kurtosis (jointpilot$"120BPM")
kurtosis (jointpilot$"150BPM")
kurtosis (jointpilot$"180BPM")
kurtosis (jointpilot$"210BPM", na.rm=TRUE)
kurtosis (jointpilot$"240BPM", na.rm=TRUE)

plot (density(jointpilot$"60BPM"))
plot (density(jointpilot$"90BPM"))
plot(density(jointpilot$"120BPM"))
plot (density(jointpilot$"150BPM"))
plot (density(jointpilot$"180BPM"))

plot (density(jointpilot$"210BPM", na.rm=TRUE))
plot(density(jointpilot$"240BPM", na.rm=TRUE))
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Author: Jorge Medina Victoria

A Method for the Measurement of the Ability of Western Musicians to Cope with Latency
Descriptive Statistic Rooms

Date: 25.10.18

H= o W A

# If you are using this code for the first time, please install all the packages by deleting # in front of the
package#l Defining Libraries

'Setting Directory in Session/set directory'

head(test) #looking for general information of the test
head (avgtest) # the other testframe

#install.packages ("dplyr")

#library (plyr)

library(dplyr) #callin library dplyr'
#install.packages ("ggplot2)

library (ggplot2)

#instal.packages ("reshape")
library (reshape2)

#install.packages ("pastecs")
library (pastecs)

#install.packages ("moments")
library (moments)

#install.packages ("GGally")
library ("GGally")

#install.packages ('truncnorm')
library (truncnorm)

#install.packages ('xtable')
library (xtable)

#install.packages('car')

library (car)

str (rooms)
room <- stat.desc(rooms)
xtable (room)
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# Author: Jorge Medina Victoria

# A Method for the Measurement of the Ability of Western Musicians to Cope with Latency
# Linear regression Audio Interface

# Date: 09.11.18

library (dplyr)
library(ggplot2)
str(fireface)

#chartlinear2
p <- ggplot(fireface, aes(Input, Output)) + xlab("Analog Input Level Gain (dB)") + ylab("Level Output Peak
(dBFS) ") +theme (axis.text=element_ text (size=15),

axis.title=element_ text (size=15))+ theme(legend.text=element text(size=15), legend.title=element_ text (size=15)
ptgeom line(size = 0.7, colour = "blue")+ geom point(size = 3, colour= "blue", size = 0.2) +geom_smooth (method =
"lm", se = FALSE, colour = "red", size = 0.7)

#olivedrabl is the former colour

# Add text on a specific positions:

#p + annotate("text", x = c(10), y = c(-10), label = c("label 1") , color="orange", size=5 , angle=45,
fontface="bold")

result<-1lm(Output ~ Input, data = fireface)
result
summary (result)

library(xtable) # transform information into LaTeX format
xtable (result)

summary (fireface)

fireface
xtable (fireface)
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Appendix M

Listening test results and

questionnaire results
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Participant No. 7 Test A

Instrument: ’})l‘au 0 Distance (mic-inst in m): 6’2 Zé

dBSPL (€): _ (7 £ RoomdBSPL (Q): 2% 7 Mic. Gain: /&

Headphones Gain: - AJ Datafile name: ?f'% 4’70/{2’
Order Tempo Latency (ms) 4 <15

BPM Visual Audio Both

j

3| 114] 90 | 247 [P 29| 245

S1<]4] 120 [2o/75¢ | 73y |° 762

7|7 150 |"'»260 | A2 WA [ P
]3] 180 [# 300 770 + 743

415|K| 210 =220 >k [TF [co

),t otes: h.w-vj (/5v- IJOJ &ww
/A ey //‘( ;4/ A/ /i(
‘-/W’.Sév‘{t{&{ i)‘ :.) f"‘h

Mu?%- ;o (37‘9. B s s s — i " S—

Partlmpan?i Test A
Instrument: E 149 Distance (mic-inst in m): a. AH/-
dBSPL (G): #Room dBSPL (C): _7¥.7Z Mic. Gain: /0
Headphones Gain: » = A Datafile name: '.46’ -3 0O

Order Tempo Latency (ms)

BPM Visual Audio Both

2|42 90 |*7%o * 217 ' 745

Y F2P £ 120 | /2¢ //J'f’ * 220

7 150 |'"79%¥/dov| 7924 477

ZI1313]| 180 |702°/4¢d " JS9/F | 77

‘73 ‘/ 210 [. A - 424 |'143

Notes: f‘4 a// /J;rsjpf
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Participant No. A Test B

Instrument: M Distance (mic-instinm): _ &, 3&
dBSPL (@): _ S’ Room dBSPL (§): rvs== & _ Mic. Gain: _ 70
Headphones Gain: —A40 Datafile name: __ 2 1 - &/ %
Order Tempo Latency (ms)
BPM Audio Visual Both
2114 90 ‘2300 "B — 240 ((‘o
S7][4] 120 CSU [ A73-2c0|"
75171 150 | Zo§ | 720 4 '/ /o
21313 180 | sy -s=" ~J3t | /5O -
/12[5 | 210 s [0 [ 746
240 - o - TNEER Y R

Notes: Ur:vc/( Aty %7%1,”

Participant No. _fL ) Test B G 418
Instrument: (),(/6 Distance (mic-inst in m): _éé{(é‘—-
dBSPL (§): &)’ { _Room dBSPL (@): _2 4 Mic. Gain: ~Zd
Headphones Gain: -0 Datafile name: 55 7?7 G g

Order Tempo Latency (ms)

F BPM Audio Visual Both

12| 90 [~ 25¢ | 200 2350

U7 120 |© 29 Z | ° 232 * L03

Al715] 150 | 736 |° 300 2d 0o

335 180 A3 [0 222 |- #92.7

PR 5/ 210 |- 4&5 - 2:3’ - 765

| 24— —— ~

Notes: A/j’ [ JJ—] /{ A 7«\.,/{:-/.»“%
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-
Participant No. _ =

Instrument:

Test A

Headphones Gain:

Gw fia./ Distance (mic-inst in m): éé’(y
dBSPL (C): __#J. 7 Room dBSPL (§): =% & Mic. Gain: ___ 12
= A0 Datafile name: _ €7 — &2~
Order Tempo Latency (ms)
_ BPM Visual Audio Both
FHARTD .2 d 12
713]4] 120 [ T2 295 |* PP
715 150 & | 708 78
3 [Z[3] 180 Ly 778 | rog
Y1717] 210 iy |° —af |° 73
ﬂquﬂ P —

—

Notes: Bsfh /o mﬁ}q_’ée/—. /fc

w,ﬁf r./f.nuJ [l P/-\,LJ a-]/[ Alm

Ty rm
7/

Participant No. (

Test A

Instrument: /h/\J J’/«nnq Distance (mic-inst in m): 4 33&
dBSPL (C): giﬁ ) __Room dBSPL (6): __ 29 +ee__ Mic. Gain: 70U
v
Headphones Gain: - /7 Datafile name: ___ S~ 7 — 7. 70
Order Tempo Latency (ms)
- Visual Audio Both
344 90 |° 30e | 300 | Zoo
s5|4Z2] 120 & Lo [ 2P
754|150 #?i 765 | 730Q
21213 180 i 790 - ALF
72 210 | 727% | 20 70K
40 o
: 3 ' 2
Notes: /:< hot ny %€ 3
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Participant No Test A

Instrument: of // A Sex Distance (mic-instin m): _&, %7
dBSPL (C): Room dBSPL @:_37. 2  Mic.Gain:_~#J
Headphones Gain: o Datafile name: y’Aj / / Er L
Order Tempo Latency (ms)
BPM _Visual Audio Both
21s 90 R JO0 O A A7
I meg [ D78 | WA?
1357] 150 [ 2c0 |- Joo | &OC
202[2] 180 [ 3o | v 26 ©
S7 210 |- 296 | " S] w - 200
|— —"24‘0"""‘—*-—--———-
Notes:__ A fcn A9 wf /c"r.;a_éé /v-x/ "‘""?’7& ~f Peq

L2z y. /dlw!,@-’

Participant No. 2 ’ Test A
Instrument: _ /7?44 Distance (mic-instinm): _J, S¢ /7

dBSPL(G): _ S 2.2 RoomdBSPL(@): 2¢. & Mic. Gain: __ 70

439
Headphones Gain: -70 Datafile name: g A3 &

Order Tempo Latency (ms)
575 BPw Visual Audio Both
21514 9% |- 26¢ [‘300 * 3oco
731 120 [ 7¢3 [* 300 - oo
3|75 150 |° 200 [-300 *3o0

¥|7] 180 T 200 |° 266 PA T St
SlR13] 210 Fon |[*70f-¢2d 39>

240 R ——

2 Fd s ’
Notes: @ga/m,ﬁ .YA/Q /é‘hu_p{j* 17[ ‘vorlé.s “ﬂj
!'uf) "Lm.‘/J-'/ '
V V/.S/y M/;-'/(ﬂ:-c./é??

Mb



Instrument:

o
Participant No. /

/rvmp

il 5. B

TestB
Distance (mic-inst in m): 2 35/F

Headphones Gain:

Notes: Sc

dBSPL (A): __ 7¢ Z/' Room dBSPL (A):

27

VCFrs

Mic. Gain: ©

70 Datafile name: i.tée_u/ oA

Order Tempo Latency (ms)
F BPM Audio Visual Both

2|3 N |J¢kro| 300 3060
»| 74| 120 |* oo - Soo - 2G0
234 150 ['foo 400 300
B[4[3] 180 | 300 | 700 400
S 210 |[* 306 s 00 T Ro0

A-;/ %Aé €p

”"/mm M/ &vvé j(u.47[

/Dfu d:;‘r

;74,/

qII\WL

Lodey ) > E bbby Pacber.

/’)w- a/////a}é

:DW C e":

— .L"Ma_&_

Participant No. /¢

(2 dness =3

Test B

;M,;L/We/?(

Distance (mic-instinm): _J, 557

o)
40

Instrument: __Share Dium
dBSPL (A): 94 Room dBSPL (A): 3.3 Mic. Gain:
Headphones Gain: -+ A7 Datafile name: yﬂé\v
Order Tempo Latency (ms)
BPM Audio Visual Both
513[7] 90 795 N A AL
3[s[2] 120 X 70 AA 7
217131 150 +& v NA
11214 180 27 470 297
5] 210 S 6 7 O 77

Ny

/@ O.LJ.!‘

9-.-( (VIM

Notess sbd Bolin w0 Bamed Li Al T

dhere pny
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Participant No. 7/ ‘ TestB
Instrument: _ 7/ = (':(é/(p»' 24 Distance (mic-instin m); .3 %%
dBSPL (A): 5. 2  Roém dBSPL (A): 32 Mic. Gain: _ 779
Headphones Gain: ___ 7 7/ ¢ _ Datafile name: ___ (. fo, 70
Order Tempo Latency (ms)
BPM Audio Visual Both
117 90 204 300 2 70
SlIZ194] 120 £ F§ 23F 2146
71315] 150 | 720 i £ 26 32
2173 180 49057 736 2716
7512210 | 723 79 1 472
Notes: tcgg_[ J‘% P2 roA.:ivé/{/ a Z,f,/ 57
4 /
Participant No. 7 TestB
Instrument: _ Srnec /) v Distance (mic-inst in m): J 388
dBSPL(A):__ 7%  RoomdBSPL(A): 37.<  Mic.Gain: &
Headphones Gain: 40 Datafile name: /nffrv-wd a4
Order Tempo Latency (ms)
BPM Audio Visual Both
3 |A 90 o 7ed S0
5|4|<] 120 79 ;73 é’oi
7|514| 150 [ & :
2[3[3] 180 23 3s S50 %ﬁm,(
5] 210 F 57 S
5 :
Notes: /4 /-\/ va // 3 ),,.,'/A m.j(mmu 2ot se /J”»a/
;; Sear 1!
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Distance (mic-instinm): _¢, ¥

Participant No. A3 _ Tes_t B

Instrument: 74’0/6'7:

dBSPL (A): 5> Z Room dBSPL (A): _Aec. Sty Mic. Gain: 70

Headphones Gain: = D Datafile name:
Order Tempo Latency (ms)
qBPM Audio Visual Both
S| 90 | 2o |- A2+ " 294
S1712] 120 AFS  | Aox ! %
75171 150 " Z¢ca . 76% = 2lrs
2|3 (3| 180 A /A% |17, - /53
28] 210 |" 7052 FgF* 722

../ vrfmfb( er-./,w’un, "’j/éw\ R’
—7 7 - 7 7 ‘

Participant No. :Z 2

reve s /Z/:«/(

Test B

Instrument: Distance (mic-instin m): &, 3<2&
dBSPL (A): _ 5-2.5 RoomdBSPL (A): _J&. 7 Mic. Gain: __ {0
Headphones Gain: - e Datafile name: 7l 1Y

Order Tempo Latency (ms)

B srv Audio Visual Both

Z2|3/s| 90 | /49 A4 Ao F

422 120 7 NA | 4

slzl7] 150 & /€ Fo

3713 180 &0 7s S¢

2191y 210 4o A )

Notes: Pf}%c«/é;b Hih Fhe /IA;I'a/ n-e.7(4~w&

/VAﬂ'}im.s

A Wy wriffen !

2y iduny
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Participant No. 75 TestB
Instrument: __ /-5t Distance (mic-instinm): _4, ¢35 )4
dBSPL (A): 773 RoomdBSPL(A): 3.7  Mic.Gain: 2
Headphones Gain: o Datafile name: /e 7‘ A4s”

Order Tempo Latency (ms)

B srv Audio Visual Both

Pl 90 2§ A zr

714131 120 & 72 7

3|7|7] 150 F& gy | 777

413]4] 180 WA ZF 77,

S1212] 210 NMA iz M
Notes: 7//"> were /aw /z :/Z/
Participant No. ~7¢ Test B

Instrument: 77 > posa ™) Distance (mic-inst in m): 49,' §77
dBSPL(A): __ 77 ° RoomdBSPL(A): 33. 7 Mic. Gain: ___ ¢/
Headphones Gain: -40 Datafile name: Jest H&

Order Tempo Latency (ms)

B srv Audio Visual Both

34|17 _90 | 720 <o 79

Slzl4g| 120 226 g3 ik ad

113]5] 150 7§ NA Rz

2|4/ 3] 180 & NA MA

y[slz] 210 3 3% M

///74,-«,/”}.; w// M.fw-/r *-c.ivmu-&

:)4“”’

Ko plesie.
v/

4) kr' ZJC..""‘DJ
" 4




Participant No. 4 Z TestB
Instrument: __ /s ~ byre Distance (mic-instinm): & &3
dBSPL (A): __7<. ¥ Room dBSPL (A): &.. SAdy. Mic. Gain: O/
Headphones Gain: -S5J8 Datafile name: led A7

Order Tempo Latency (ms)

BPM Audio Visual Both

23] 90 7 72 735 2 03

3y 2] 120 A37 Z0 727

9415|3| 150 700 £33 &3

4c|7] 180 W4 77;‘ S2

S1715] 210 €7 73

Notes:_ 7Ae v ivel M&’A-mug 06{1 ot -/ %.—//7 A /ﬂ

C/J‘/'hq 4/4 P'LKQAIMJ +hse ﬁ/f/ 74/’21 A (E"‘-‘-V‘L.r 74‘?/

7

Participant No. //c? TestB
Instrument: /V/a/v' Distance (mic-inst in m): G, &
dBSPL(A): __ 52.£ RoomdBSPL(A): //%-30 Mic. Gain: /¢
Headphones Gain: - 40 Datafile name: Lot A&
Order Tempo Latency (ms)
FBPM Audio Visual Both
3|4 | 90 300 Y0 200
s121S] 120 Zlo 25F L F
713|¥] 150 SYT 768 21Y
2|43 180 755 762 F&2
yS[z] 210 732 737 | 723

Notes:

V74 /ﬂclés f('c:rvéé erw. 7%(:17

ke /u/ ff/(_..,,,l /ére wael Ao ﬁdc/.!q ck Slywq/

AL /D —s,‘, v}_én.j(a

d V?.ﬁrl—’/\ 2

/A’/ c*a-fu_.-_ﬁwa Ul( v%
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Participant No. -7 2 TestB
Instrument: /viang A Distance (mic-inst in m): 0.256

dBSPL(A):  £0 7 Room dBSPL (A): 7 7%-39  Mic. Gain: 77

Headphones Gain: e Datafile name:
Order Tempo Latency (ms)
- BPM Audio Visual Both
142 90 L5 0 2 97 2353
41317 120 o 0 A4 360
37|71 150 4% N | 749
312[3] 180 33 NA (&
2|5|5] 210 73 NA IF
Notes:
Participant No. 20 Test B o. 5/92
Instrument: 7;"9.. Sax Distance (mic-inst in m): .
dBSPL (A): 77,2 Room dBSPL (A): __A~7/%-30  Mic. Gain: o
Headphones Gain: @ 45 Datafile name: aihod &
Order Tempo Latency (ms)
! BPM Audio Visual Both
914151 90 ?434 =97 AT
3l717] 120 i d A0 Y
115131 150 | A 248 97 g
2[3[2] 180 | #edd w2| 7y SIF
sR[7] 210 F6 ‘7 SF

Notes: __ Asi AM bt Frsre 8 V].Ivfyé/ wVVa/x -ZA-(_V’ éuw}fi
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Participant No. -2_7 TestB
Instrument: G L (/(%:J.y'c-j) Distance (mic-inst in m): 730
dBSPL (A): ___74. 6 Room dBSPL (A): £/ Z- 77  Mic.Gain: 70

Headphones Gain: =4 Datafile name:

Order Tempo Latency (ms)

BPM Audio Visual Both

3125] 90 | 23Z 300 300

2[71R] 120 19 300 300

7314 150 | 227 300 247

51411| 180 76s2 267 153

71513210 [ 7/ 19% 08
Notes:
Participant No. .2l Test B
Instrument: ’%aﬁi Distance (mic-inst in m): C. 2_?’
dBSPL (A): &2 Room dBSPL (A): 7¢ - 20 Mic. Gain: __ 70
Headphones Gain: . Datafile name: Ze_)/ ol ol

Order Tempo Latency (ms)

_ BPM Audio Visual Both

41915 90 P77 | AIF ALE

371y 120 736 | N4 A7

7|53 150 7£7 g0 A58

2|3]<] 180 277 Gy | 77

SIR7 210 | 777 207 | 7IF |

Notes: S/o wer 7‘@»4) /'I'L[cLI a /6// ‘f/ K'./nﬁ

4
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Participant No. 92 3 TestB

Instrument: __S 2~ ¢ ;_’)(qw Distance (mic-inst in m): V; SZ
dBSPL (A): J7 _ Room dBSPL (A): _A7%- 39 Mic. Gain: o
Headphones Gain: - 5 Datafile name: fes7 23
Order Tempo Latency (ms)
- BPM Audio Visual Both
412[2] 90 N4 a7 7~
s[5y 120 A3F 76 777
2g7 150 T~ SFE T & | 738 MAl> awsmecky
7173|180 | 777 E&F | 747
3[z[5] 210 701 go |1FE{lodf
Notes:
Participant No. TestB
Instrument: Distance (mic-inst in m):
dBSPL (A): Room dBSPL (A): Mic. Gain:
Headphones Gain: Datafile name:
Order Tempo Latency (ms)
_ BPM Audio Visual Both
90
120
150
180
210
Notes:
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Participant No. 2 TestB
Instrument: /o %t Distance (mic-instin m): % 67/
dBSPL (A): fd Room dBSPL (A): Mic. Gain: o
Headphones Gain: | Datafile name:

Order Tempo Latency (ms)

BPM Audio Visual Both

21731 90 |- ¥9 EX (72

717ls| 120 |- go'~qy| 27 s /(

13171 150 |- 2o [~ M4 |7 %5 Mo

5(312] 180 49 13 ex

32171 210 [* w4 sS  |- 3O

Notes: -DI_J('Q&&‘/ /1(2 J":/ J‘rf;ecf A C/?ﬁlLMS'
wlf A 7‘1( Aa.no/A:u.l

©

Participant No. é Test B
Instrument: /%// J == Distance (mic-inst in m): 03//4
dBSPL (A): __9< __ Room dBSPL (A): _ (/u brzem / Mic. Gain: O
Headphones Gain: =3 Datafile name: o d

Order Tempo Latency (ms)

BPM Audio Visual Both

(avir) 90 |- Jou /f.Y * 09 X/V;

s1517] 120 [ Po o 32 W e

2|45 150 %’4’ ~M{(§ 4/5(/6

7172121 180 |- Ni? | g

303141210 A 72

Notes: /VQ A" Ay (/I-l‘-/gj /VA . JI)(:WU
Test JJJM} cesn f o5l A;/-; tle rae
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Participant No.?_( Czq/)
Instrument: /4//0 Sx. p/.,.¢

Test B

dBSPL(A): &7 % _ RoomdBSPL (A): ([l

Distance (mic-instin m): _& 3J 7

Mic. Gain: g
Headphones Gain: =5 Datafile name: /:Jo/ 26
Order Tempo Latency (ms)
* BPM Audio Visual Both
Y2 0 | 757 | WA | 707
31513 120 440 735 3 co
2|24 150 e €L i 4
7141« 180 S 156 A77
23[s] 210 (¥4 40& 737
Notes:
Participant No. o/ % Test B

Instrument: 7/*/*‘,&1./ 8 Distance (mic-inst in m): a.37
dBSPL (A): __ SA 7 RoomdBSPL(A): _&£/o4  Mic.Gain: O
Headphones Gain: e Datafile name: Zf-a;

Order Tempo Latency (ms)

- D Audio Visual Both

2230 | ) 37 | 77 N

7| /17] 120 Zoo A1 390 /dn

S| ¢1S] 150 306 Jo 300

713]2] 180 A4 Pz Joo

Y71y 210 200 WZ4 [

Notes:

h plog

/

N

Z; Aar/[ﬁtmﬂk! ﬂk. Jc A-t.)/ ,_D)h.l'c' —\-oé./(
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A

Participant No. <-4 Test B
Instrument: K ordb <u Distance (mic-instinm): _#.5 Z
dBSPL (A): __7Z ¥ RoomdBSPL (A): _ C/ L Mic. Gain: 7O
Headphones Gain: — %2 —5 _ Datafile name: 78
Order Tempo Latency (ms)
_ BPM Audio Visual Both
N |" 7740 | S A4| Ao P%
fiF, AN 27 | 130 | <7 Mo
Y1317] 150 &2 /48| 20 | &6
2 180 ‘_ﬂﬁ' :’.Mt " FE€ 3| 450
5 210 |- & 79

Notes: 3'{-»./ AAJI((.«G‘,{A/ )/va/ Aurf-f
1T o pfomegd K M Lruit, cihrld o
/¢- fl-a/ ' %A l:);‘un'mwu?( ’D}JCL a‘(

Participant No. € 7 Test B "
Instrument: b Distance (mic-instinm): . ¢
dBSPL (A): &Y. Z Room dBSPL (A): (b Mic. Gain: 7O
Headphones Gain: -5 Datafile name: o’ﬁ’

Order Tempo Latency (ms)

_ BPM Audio Visual Both

313[2] 90 s00 » $00 | soo

347 120 [ 500 | " 776 | seo /1/3/4

/1417 ] 150 a6 |- AP0 |- Soo

Z|s12] 180 | /4 WA 7 - 57

7R3 210 [y . o 72

Notes: /U{"‘l{( the 74..-—,.,, /1 j—-—w s /4 JZ ire ‘,K;‘,..,
/A-MIMZ MK /,./ pf!#a : 7!"'..!'09 hé/
?/-? dé;{ Aga—v/"l Dl}c-vazd{‘- /

M16



Participant No. _30 Test B

Instrument: __ 77 a 4/_6 Distance (mic-inst in m): % asd
dBSPL (A): _&2. //r Room dBSPL (A): __ /J:» Mic. Gain: ___ 70

Headphones Gain: —& Datafile name: aC Jo
Order Tempo Latency (ms)
- BPM Audio Visual Both
3|54 200
77| 7 120 - 70D
S|713] 150 ZFO o /U 0
21312 180 Zoo /o
12151 210 |- zoo

Participant No. .?z TestB
Instrument: __ /€5 Serc Distance (mic-inst in m): ﬁ '7‘?-
dBSPL (A): 74 Room dBSPL (A): __ C / vb  Mic. Gain: o
Headphones Gain: a Datafile name: <l 35
Order Tempo Latency (ms)
_ BPM Audio Visual Both
4| 90 Sco | 206 » 7O ?6
t/ 513] 120 |- Foo¢ F IO |© Zoo /(PJ
71313] 150 'S’oo : PoT L0 O
3(/4 180 - S |- f8o - s 3D O
214] 210 |- 3o ,74/;;52'44 fou

Notes: d///-y// 74 /J-//<
VI.rus/ 44 %

v<jnmg Led 7. ol u—«szﬁ/? ?{.é;g/
(630 chivad ) P/d‘\/[d Paor / ,DIJCWA//
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Participant No. 32 (25) Test B
Instrument: lr;cuca/i Distance (mic-instinm): _&Z. %< 7
dBSPL (A): 57 7 Room dBSPL (A): 21 7-A47 Wic.Gain: 7o
Headphones Gain: 7] Datafile name: Jes 4 32.25
Order Tempo Latency (ms) ;
- BPM Audio Visual Both
414 90 4 F6 457 A 7
>’ 92| 120 | {72 A4 A 32
Sly| 150 457 A5 23 7
2|3]3] 180 A5 € NA 752
41215 210 427 NA 432

Notes: B-'\ zf.)jw 7/6""~M', ’%/i P/--n_/ Mu’ltf %k -T7Luﬁ&

/—‘d //4'%(_ Mf(r C i

toX

Participant No. # £ TestB /Uu/*
Instrument: ___/v= verse  Zfu K Distance (mic-inst in m): _(, £S5
dBSPL(A): 577 RoomdBSPL(A): A7 7~F Mic.Gain: 7
Headphones Gain: 4+ € Datafile name: T b 32 o
Order Tempo Latency (ms)
- BPM Audio Visual Both
21512 90 J
713[¢| 120 / | /
s|4]3] 150 / / /
glz[3] 180 / / 7
Y12171 210 !
Notes: /'/J . /rf' ive) M/ C A / f" /‘o :_g‘_‘ 14 e A flk
/bet u’”“ 7%04 —{A /)/-‘ij_w' /IVVC‘\'; ’/k
hfie_Mngl-mL Y& o ﬁa//a( iv-uﬂj (ow\.f“?L.nnf
//‘l ,’)/c-“;t— e ) m,fl v Z( *7‘3 Z Lo i1, fz( S orl
77 7
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Participant No. éz Ll
Wﬂ#m

Instrument:
dBSPL (A):

Headphones Gain:

Notes:

Test B

Distance (mic-inst in m):

S 7 7 RoomdBSPL (A): 33.& Mic. Gain:
-5 Datafile name: /e.;/ 39
Order Tempo Latency (ms)
- BPM Audio Visual Both
2|4]3] 90 2&Y | 475 265
Y1713] 120 200 F 360
712|4] 150 7S 77 300
3(5]Z] 180 7ok 750 2350
52171 210 93 723 223

Co z (.,,//A /761""1 P G—‘1M-1 LOLI

A ArC

7ol

U i—./¥

A/

;( UJU

ﬁ/t )'W.\fc-:j- V|
for_Th y/w vt vers J,ﬁ/ﬁ:é.

Participant No.

Test B

WLW

Instrument: Distance (mic-inst in m):
dBSPL (A): Room dBSPL (A): Mic. Gain:
Headphones Gain: Datafile name:
Order Tempo Latency (ms)
BPM Audio Visual Both
90

120

150

180

210

Notes:

M19




Participant No. 35 (.27 ) Test B
Instrument: Feench Hwn Distance (mic-inst in m): ﬂiff&
dBSPL (A): 53. 2 Room dBSPL (A): ?"'A‘é‘:l‘* Mic. Gain: o
Headphones Gain: '/'-5— Datafile name: Zest 25

Order Tempo Latency (ms)

| R Audio Visual Both

3|7]7] 90 2°0 | LY9 s

S5|4|Z] 120 759 A €T 7 7~

71514 150 | 300 A7 2 74

Z213]3] 180 2 5 197 203

41R|5] 210 430 A37 760
Notes:
Participant No. 36(2&) Test B

Distance (mic-inst in m): LSJV

Instrument: _ g Q :BA £g

dBSPL (A): __5Z.4 _Room dBSPL (A): /inbelahne Wic. Gain: 7 /0
Headphones Gain: o Datafile name: #t 25

Order Tempo Latency (ms)

B BPM Audio Visual Both

21312 90 | A57 NA | Fe3

71319 120 | /74 757 | 457

51%15] 150 LY 766 / 22

31¢[3] 180 433 ASY | 752

71471 210 | 726 | 757 | 732
Notes:
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Participant No. _3_;(,24 ) TestB
Instrument: 9/'70 Distance (mic-inst in m): 0, 57 4
dBSPL (A): &7 &2 __Room dBSPL (A): %[ , Mic. Gain: 1O
Headphones Gain: -3 Datafile name: Jes” 27
Order Tempo Latency (ms)
I srPm Audio Visual Both
3|2/z| 90 236 So00 geo
s[4y 120 204 AA Z2&
7/5/5| 150 AY5 497 45Y
Z[3]s] 180 LS £3< A 352
49171 210 4 '/ fud A O0R s Lo

Notes: JAZ MIS ] s and ﬁ(,"(‘(iy(a, A Va-l.v'ﬁm 97£ /A
fekfb L f‘! W{fv-v( Mﬁnwne. Zv;p o

/
ﬂ/v’;-ﬁ g Cex Ao .
Jd 174

Participant No. 3¢ (30 Test B
Instrument: R xsegn Distance (mic-inst in m): & ¥4
. &2..3 . - S ic. in: ’f’(

dBSPL (A) Room dBSPL (A) ”g:., o &c Gain 2
Headphones Gain: (0] Datafile name: Jest 34

Order Tempo Latency (ms)

B BPM Audio Visual Both

3|28 90 R27 VA 300

STy 120 777 9E Zoco0

7/3/4| 150 300 §7 26

Zly[2] 180 9& §7 5€

7|512] 210 N4 N4 35

!rt c/‘) .,

Notes:_ 1481 Vi< N4 > noslcian wes c/f._l%‘c/ga/ l;)
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Participant No. 2_7_(}7) TestB

Instrument: __ /e S=xqp 1\ g Distance (mic-inst in m): A J27
dBSPL (A): 77-2 Room dBSPL (A): de‘ son _ Mic. Gain: __ 7
Headphones Gain: 5 Datafile name: 37

Order Tempo Latency (ms)

| L Audio Visual Both

3|2 90 LY NA ATF

sl3]7] 120 73 27 7E

712|s| 150 " 63 Y3 I

2|42 180 A4 25 €

y[517] 210 57 2 57

Notes: 7&5—// [plreale a/ .o/ a / e
:; ’ éé J 7 Ei (j

Participant No. Yo Test B K/(/o
Instrument: _ Ba rrau A,f.qu Distance (mic-instinm): _C. ¥¥%
dBSPL (A): cf/ S Room dBSPL (A): %%u Mic. Gain: /¢
Headphones Gain: o Datafile name: L/ o

Order Tempo Latency (ms)

- BPM Audio Visual Both

S| 75 90 3ov 3ae -1’

213 120 oo o o 2a¢

| sl2| 150 3vu 3oc Joo

21 2]7] 180 ELX? 3vg 366

7elyl 210 29g¢ 3 eg 300

Notes: Az s, 5, cron oe[v/// !ﬂ’“ﬁ v"!’{ ‘i c‘m: ;.,I//A
LoFocy Soe D sre fechvigue? ol cAAoive vxd
A /zq«f Con K“)g/nvm/u_é;lﬂ/[’ /'A"f'd Al

/ b petnlna B Fhu scof M
e T e Greko)
/LL o ?&/f/ua-%hym 74 wrfﬁ(f* ; #he S Clovn,
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Participant No. //

Item

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Possible Answer

Name IDn'Wv
Group: Ch. Kl .

Age: _\4

2. Female

a. Yes
\_Aprox. number of hours: X

2. No

1. Professional Musician
2 Husic Studerity
Number of years: 6

1. Plucked
2.Bowed
3. Strucked

Number of hours: _Al

\1\ Yés““
“Instrument: Gede. o A on,
2. No

1. Visual _ 2. Audio/ 3. Both _

~J




Participant No. 2

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for
musical training (more than
once a week)

5 Expertise

6 Years of Experience
performing the instrument

i 4 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

10 Metronome preference

Possible Answer

Name _?(mo .
Group: _ Claurek ; bnre s

Age: \%

1.Male
(2. Female—
1. Yesy
Aprox. number of hours: _|
2. No

1. Professional Musician

Number of years: 2

1. Plucked
2. Bowed __
3. Strucked _«——

Number of hours: ']ﬂ

LT_:_)./ e)é
Instrument:
2. No

1. Visual _ 2.udio _ 3. Both _

viola

11 Notes:ﬂm_mM wa)  Mole A\wm\k fo }dlu»

AN On, ’\kv Leblonome «y fte

L\\ii;n‘u.\\\ o

x\ﬂﬁh 22O
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Participant No. _‘3

Item Question Possible Answer

1 Instrument Name CCUWO
Group: STryn(5S

2 Age Age: s
3 Gender 1. Male
2/Female’
4 Use of a metronome for 1. Yes
musical training (more than Aprox. number of hours:
once a week) 2.\No/
5 Expertise 1. Professional Musician

2.(Music Student

6 Years of Experience Number of years: &
performing the instrument
7 Playing technique 1. Plucked W_Vf
2. Bowed |~
3. Strucked
8 Current hours of practice Number of hours: } O
per week
9 Performance on other 1. Ig;{‘) .
instruments Instrument: J/)[ul nov
2. No :
10 Metronome preference 1. Visual/_ 2. Audio _ 3. Both _
11 Notes : '/_? Nt ke Fhe -rvgm.,( .J-row_/(

M25



Participant No. fZ

Item Question Possible Answer
1 Instrument Name C@,ap
Group: Chor dﬂt\)_r\ﬂm%
2 Age Age: \'g
3 Gender 1. Male
(2. Female)
4 Use of a metronome for 1. Yes)
musical training (more than prox. number of hours:
once a week) 2. No
o Expertise 1. Professienal-Musician
(2. Music Student >
6 Years of Experience Number of years: 5
performing the instrument
7 Playing technique 1. Plucked
2. Bowed _|/
3. Strucked ___
8 Current hours of practice Number of hours: __| ‘Zz
per week
’ g — \')
9 Performance on other 1. Yes/ .
instruments ¥m§rument: \J N
2. No
10 Metronome preference 1. Visual _ 2. @d/@_ 3. Both _

11 Notes : K_s. J p/?////iic._,/f ’/ 2\: '}A /he..

{ SAcha A«‘/( 1A /ﬂ( (.AV\/'Ji

M26



Participant No. __

Item

10

11

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Possible Answer

Name Goc uf G«
Group: __ C A.,C/.,/,?Am

Age: (5

1. Male =~
2. Female

1. Yes o
Aprox. number of hours: _ #
2. No

1. Professional Musician
2. Music Student -~

Number of years: __ ¥

1. Plucked ~~
2. Bowed
3. Strucked ____

Number of hours: _Jy

1. Yes
Instrument:

2. No —

]

1. Visual _ Audie’ 3. Both _

Notes : /}DVJ M3 a M[J%";ﬁ“"‘
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Participant No. é

Item Question Possible Answer
1 Instrument Name _ Hom
Group: 42 G phavaet
2 Age Age: <!
3 Gender /1.)Male
Female
4 Use of a metronome for @Yes
musical training (more than Aprox. number of hours: 3
once a week) 2. No
5 Expertise . Professional Musician
Music Student
6 Years of Experience Number of years: c(
performing the instrument
7 Playing technique 1. Plucked
2. Bowed
3. Strucked
8 Current hours of practice Number of hours: %/
per week
9 Performance on other 1)Yes -
instruments Instrument: __| rompet
2. No
10 Metronome preference 1. Visual _ 20 A@e’"_ 3. Both _
11 NoteS' 5{/4.. /10 /'J/ *\a/x b \x ) '/L f“&

/ﬁ)\»’.l/ f-'# */MJ/ /~mx1£w’u€7&/;

7 st e ey /73, f‘-\‘ﬂl

//,;/.,\ widl holl,

y

M28



Participant No. 7L

Item Question Possible Answer
1 Instrument Name /4;5’;(0- JAyop b~
Group: e ro—@p. vue
2 Age Age: 20
3 Gender 1.MaleD
2. Female
4 Use of a metronome for 1. @
musical training (more than Aprox. number of hours: 7,_rf
once a week) 2. No
5 Expertise 1. Profegsional Musician
2. ic Student
6 Years of Experience Number of years: T2
performing the instrument
7 Playing technique 1. Plucked
2.Bowed
3. Strucked
8 Current hours of practice Number of hours: s
per week
9 Performance on other 1. i ' e,
instruments Instrument: 7ay, “Ltace, 543':?‘4.; barny
2. No ! .
10 Metronome preference 1. Visual _ 2. Audio _ 3. Both _/
1 , ' /
A < ? [ { L)~ 1 1 127 ,a" £ K" 7
11 Notes : Usua (| A il * s :
s ] :\ 4 . ! ¥ = l“ (;_,, ] (-‘ . 2 2 [ (r i
g i N / P Jj r// ’ﬂtc (_ﬂ : 1\ . < ¥
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Participant No. £

Item

10

11

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Notes : ;4 "oy

Cail e

Possible Answer

Name Violia

Group: _Cteings

Y,

= R

1. Mal_e__\
2. Female

1. Yes

Aprox. number of hours: 2
2. No

1. Professional Musician
2.(Music Student

Number of years: __ 13

1. Plucked
2. Bowed v~
3. Strucked

Number of hours: 48 2.0

1. Yes
Instrument;

0

1. Visual _ 2. Audio._ 3. Both _

-51;4 l/‘i«-ﬂ[; tJ.eg( £ ﬂt/ /i"'“(
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Participant No. 7

Item

10

11

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Possible Answer

——

Name lﬁglzd{, -[{\ IS
Group: ’n a2y

Age: ook

1. Malex
2. Female

1. Yes

Aprox. number of hours: 7,4
2. No

1. Professional Musician
2. Music Student >

Number of years: A cf'

1. Plucked ____
2. Bowed
3. Strucked

Number of hours: j

1. Yes %
Instrument: LLamS

2. No

1. Visual _ 2. Audio _ 3. Bothx

M31



7 -
Participant No. 174

Item

10

11

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Possible Answer

Name _ ,rt/rr””{j’ﬁujlfw
Group: _%g.ﬂ-énm;) bon
Age: ZQ

1. Male ¥
2. Female

1.Yes x ‘
Aprox. number of hours: _#
2. No

1. Professional Musician
2. Music Student y’

Number of years: -42.

1. Plucked ___
2.Bowed
3. Strucked

Number of hours: 2 4

1. Yes 4 DD
Instrument: Dcmzé'ee (mg’g ; Flan o
2. No

1.Visual3 2. AudioZ 3. Both]

Notes : [@;Qé 1&5‘?4' 0‘62 élffég ﬁ:
MQM&M&-

€t

£ S atslnd,

4‘1‘9@( . e, pstyer ?ﬂu‘e—n\} nyerdo



Participant No. 47

Item Question Possible Answer

1 Instrument Name P;‘afzo .
Group: 'L“’/'bfv(?oﬁoh(

2 Age Age: 2
3 Gender 1. Male X~
2. Female
4 Use of a metronome for 1. Yes X~
musical training (more than Aprox. number of hours: Cf
once a week) 2. No
5 Expertise 1. Professional Musician
2. Music Student x~
6 Years of Experience Number of years: W 5
performing the instrument
7 Playing technique 1. Plucked __
2. Bowed
3. Strucked >
8 Current hours of practice Number of hours: J©
per week
9 Performance on other 1. Yes X
instruments Instrument: Druwa 1
2. No
10 Metronome preference 1. Visual _ 2. Audio _ 3. BothX
| TG §
11 Notes : .bJ L/r  vere /v /c‘—:/{ , Mg 4/ 24 w/c([lz l/”_.,q*/c;». em ,

A vie v sy f'r-—vtﬂn{.;w ﬂ[(:’d(,é % L,./u-ri/c

M33



Participant No. ’u

Item Question Possible Answer

1 Instrument Name SMQ.VC DIUM
Group: ML) Q!Q%Qﬂ

2 Age Age: 2 é

3 Gender 1. Male X
2. Female
4 Use of a metronome for 1. Yes
musical training (more than Aprox. number of hours: ,5 6
once a week) 2. No
5 Expertise 1. Professional Musician
2. Music Student X
6 Years of Experience Number of years: 4 ? 74/1 [
performing the instrument v
7 Playing technique 1. Plucked
2. Bowed
3. Strucked ____
8 Current hours of practice Number of hours: ‘5
per week
9 Performance on other 1. Yes X
instruments Instrument: ﬁﬂ,&l@
2. No
10 Metronome preference 1. Visual _ KAudio _ 3. Both _
11 Notes : f gl £¢

bazBoprvas  cpa aler speen 0des man
M@&M@L@Mwﬁmuw

Votdgenn . &adus ke es lgine Wi wo wan de
VU&GC@)‘O«? foher meret (Midi vad 'Bu]a&{‘k)
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Participant No. 4-3

Item Question Possible Answer
1 Instrument Name At//'a{ifh
Group: _ C hs-Aap b nes
2 Age Age: 2 i
3 Gender 1. Male v
2. Female
4 Use of a metronome for 1. Yes v
musical training (more than Aprox. number of hours: Z
once a week) 2. No
5 Expertise 1. Professional Musician
2. Music Student
6 Years of Experience Number of years: 0
performing the instrument
7 Playing technique 1. Plucked
2. Bowed Z
3. Strucked
8 Current hours of practice Number of hours: 7
per week
9 Performance on other 1. Yes v~ g A
instruments Instrument: o far 4 (410
2. No
10 Metronome preference 1. Visual _ 2. Audio _ 3. Both X
11 Notes : %ﬁw égar/ vé\ ,é/mq a -~ M

3}-/(9/ /-L/dq,mz. .-S“t'.-zu-v. /(3‘14[\“-4‘3"% /—-Aﬁ
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Participant No. :2 2

Item Question Possible Answer
1 Instrument Name 6?.”? - 72‘/',7&
Group: @
2 Age Age: ﬁ
3 Gender 1. Male
}.:Female
4 Use of a metronome for 1. Yes

musical training (more than
once a week)

Aprox. number of hours:

A No

] Expertise 1. Professional Musician
A Music Student
6 Years of Experience Number of years: 3

performing the instrument

7 Playing technique 1. Plucked
2. Bowed
3. Strucked
8 Current hours of practice Number of hours: S
per week
9 Performance on other 1. Yes
instruments Instrument:
"2'. No
10 Metronome preference 1. Visual _ 2. Audio qéoth ~

11 Notes : d_!'/,j’cz e ,'v(/.,; ST*-:'-L/'Q },/fc_,l\

M36



Participant No. // j

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than

once a week)

5 Expertise

6 Years of Experience
performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

10 Metronome preference

Possible Answer

Name POS“‘/"‘\ &

Group:

Age: AL

1. Male «~
2. Female

1. Yes

Aprox. number of hours:
2.No -

1. Professional Musician
2. Music Student ~

Number of years: 2

1. Plucked
2. Bowed ___
3. Strucked

Number of hours: O

1. Yes «
Instrument: T;‘cw},oW/c

2. No

1. Visual _ 2. Audioé Both _

11 Notes: & s/’fpw/-/ -S‘c[--Jd'a e .
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Participant No. 2 5

item

10

11

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Notes :

Possible Answer

Name Ti W _FM{H}

Group: oL

Age: 4&'

® Male
2. Female

1. Yes

Aprox. number of hours:

@. No

1. Professional Musician
@ Music Student

Number of years: 2

1. Plucked
2.Bowed
3. Strucked

Number of hours: 7

@ Yes

Instrument: W

2. No

1. Visual _ 2. Audio IABoth

M38



Participant No. jé

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than
once a week)

5 Expertise

6 Years of Experience
performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

10 Metronome preference

1 Notes : VP'J’-"U‘L’ ,Kﬂll\ s

Possible Answer

Name _/rom~ éwl
Group: _AH_M‘

Age: Z 7

1. Male &~
2. Female

1. Yes
Aprox. number of hours:
2. No

1. Professional Musician
2. Music Student L~

Number of years: 73

1. Plucked ___
2.Bowed
3. Strucked

Number of hours: 0

1. Yes /

| r
Instrument: éQg:S é Qéa.«.o
2. No

1. Visual _ 2. Audio'éoth Ll

i/ ‘t-/ gf /'Ac-q

‘/!:—'( (’-‘»“'/ﬁ/.'ci}‘al i /

M39



Participant No. /ﬂp

Item

10

1

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Notes : /Za ﬁ’ A

Possible Answer

Name %U/’{’l
Group: C’éygéﬁémg_t _

Age: 23

1. Yes
Aprox. number of hours:

@No

1. Professional Musician

@Music Student

Number of years: __/ o ey

1. Plucked
Bowed
3. Strucked

Number of hours: 4/2

@ Yes

Instrument: P{gﬂg
2. No
1. Visual _ 2. AudioABoth_

Vibr fo

To"é;/ zZv i/ﬂﬁ-n
/ J
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Participant No. // i

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than
once a week)

5 Expertise

6 Years of Experience
performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

10 Metronome preference

Possible Answer

Name % Zy:r- 7(\
Group: [al! uf_&ai
Age: — A& SO

1. Male

X Female

1. Yes
Aprox. number of hours: l
2. No

1. Professional Musician
XMusic Student

23S

Number of years:

)1( Plucked
2.Bowed

3. Strucked
Number of hours: 5 — ‘7"

XKYes .
Instrument: (1 /117,? %% 19

2. No

1. Visual _ 2. Audio 3. Both _

¢ i Notes:de//'é"(. pri :‘cLMr ﬂ‘vJ?v/K//7£|

6_//-\ éc 2 -N‘—LQIIJ“M( —%




Participant No. 20

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than

once a week)

5 Expertise

6 Years of Experience

performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

10 Metronome preference

11 Notes :

Possible Answer

Name ( S+=«

Group: _ kop bca
o

Age: ’2."*

Male

. Female

@Yes -
Aprox. number of hours: ]
2. No

1. Professional Musician
@Music Student

Number of years:

1. Plucked
2. Bowed
3. Strucked

Number of hours: v /\

Yes

Instrument: G\A;)R)J

2. No

1. Visual _ 2. Audio*”3. Both =~
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Participant No. C ]

Item

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Possible Answer

Name 6’1 Sny
Group: Cémg : ) 535

Age: 2 /]

1. Male

2. Female

e
AT)Srox number of hours: % A P&rdﬁ/\/

2. No

1. Professional Musician
2. Music Student
Number of years: /,7

1. Plucked X

2. Bowed
3. Strucked

Number of hours: ?'

1. Yes :
“Tnstrument: Pid no
2. No

1. Visual _ 2. AudioX3. Both _

mc.o(/{mm

. /\97&;:;///

-V\"n-v'nL L&‘)‘V\@

iy /f’uw ]
L.

“"'M-d[c’.ﬁ’}'*r./ K -
S fe )



Participant No. _ 2 /

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than
once a week)

5 Expertise

6 Years of Experience
performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

10 Metronome preference

1 Notes :

Possible Answer

Name f%_‘(/';"
st

Group:

Age: T

1. Male
2. Female

e,

1. Yes

Aprox. number of hours:

2. No

1. Professional Musician
2. Music Stud(_ag_t_

Number of years: A&

1. Plucked
2. Bowed
3. Strucked

Number of hours: 0

1. Yes
Instrument:

oo

1. Visual _ 2. Audio _/3. Both
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Participant No. (—7,3

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than
once a week)

5 Expertise

6 Years of Experience
performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

10 Metronome preference

11 Notes :

Possible Answer

Name _5.2cve _4)/;_,....
Group: _ PHee b on [

Age: E 'S

1. Male
2. Female

1. Yes 0 =
Aprox. number of hours: { S
2. No

1. Professional Musician
2. Music Student

Number of years: //'5‘_

1. Plucked ____
2. Bowed
3. Strucked

Number of hours: O,
1. Yes

Instrument:
2. No

1. Visual _ 2. Audio _4 Both _
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Participant No. Z 2

Item Question Possible Answer
1 Instrument Name Zv ""év&
Group:

2 Age Age: __4%

3 Gender 1.@
2. Female

4 Use of a metronome for 1. Yes
musical training (more than Aprox. number of hours:
once a week) 2@

5 Expertise 1. Professional Musician

X(. Music Student

6 Years of Experience Number of years: }
performing the instrument

7 Playing technique 1. Plucked
2.Bowed
3. Strucked
21
8 Current hours of practice Number of hours: @ X
per week
9 Performance on other 1.(Ye = \
instruments Instrument: L— (MOL‘O}Q-MM
ot 2. No J
10 Metronome preference 1. Visual _ 2. Audio-ﬁ. Both _

11 Notes : i Pkl
Dis Cﬁc-l(
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Participant No. Z 5

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than
once a week)

o Expertise

6 Years of Experience
performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

e e
10 Metronome preference
1 Notes :

Possible Answer

Name ///Z‘ ;(.;‘.Z
Group: __— L, ~e

Age: NP

1. Male
2. Female

1. Yes
Aprox. number of hours: O
2. No

1. Professional Musician
2. Music Student

Number of years: b

1. Plucked
2.Bowed
3. Strucked ___

Number of hours: =5

1. Yes

Instrument: _Rloclfléfo.

2. No

1. Visual _ 2. Audioé. Both _
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Participant No. i 6_ (’2 9)

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than
once a week)

5 Expertise

6 Years of Experience
performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

10 Metronome preference

1 Notes :

Possible Answer

Name émgb,a 44Z
Group: QQZZJ [0 NS T A nem?
Age: /ZE

. Male
2. Female

X Yes

Aprox. number of hours: >
2. No

1. Professional Musician
~2. Music Student

—

Number of years: S

1. Plucked
2. Bowed __
3. Strucked

Number of hours: (5’
1. Yes

Instrument:
X. No

1. Visual _ ¥ Audio _ 3. Both X~
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Participant No. 02 ?

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other

Possible Answer

Name T;OpnptLe :v\ '?5
Group: )

Age: ﬁ
Fhﬂ. Male>

2. Female

1. Yes

Arox. number of hours:

(2. No>

. Professional Musician
2. Music Studen

Number of years: A

1. Plucked
2. Bowed
3. Strucked ____

Number of hours: 8

I”nstrument: “\kuhﬂ"

instruments
2. No
10 Metronome preference 1. Visual _ 2. Audio _{Both
1 Notes :
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Participant No. _ 0

Question

Instrument

Age

Gender

Use of a metronome for
musical training (more than
once a week)

Expertise
Years of Experience

performing the instrument

Playing technique

Current hours of practice
per week

Possible Answer

Name {owwoloa sS

Group:

Age: AR

1. Yes

Aprox. number of hours:

o

1. Professional Musician
(@)Music Student

Number of years: Y4

1. Plucked
2. Bowed o~
3. Strucked |~

Number of hours: _ /|

Performance on other 1. Yes
instruments Instrument: _Gday(e * E-RasS
— 2. No
10 Metronome preference 1. Visual _ 2. Audio éBoth _
1 Notes :
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Participant No. ‘ZB

Item

10

1

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Notes :

Possible Answer

Name /I/f-/d"

Group: (;L——v{/@/\—g

Age: de

“‘+Male—
2. Female

1. Yes

Aprox. number of hours: ]
2. No

T, Professiiat i
2. Music Student

Number of years: A2

1. Plucked __
2. Bowed %
3. Strucked

Number of hours: ft -S

1. Yes
Instrument: _ Gitayrre

2. No

1. Visual _ 2. Audio _/3 Both _




Participant No. \5 O

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Notes :

Possible Answer

Name [ Vh’-f’yé
Group: __/ d:,:’;z& ne

Age: /[g

1. Male _
2Female—

1. Yes
Aprox. number of hours: Z
2. No

1. Professional Musician
2. Music Student
‘_--'_’-—.—-'-"—-_.__—-'

Number of years:

1. Plucked
2. Bowed
3. Strucked

Number of hours: :%

1.Yes
Instrument:
2. No

REX"\O

1. Visual _ 2. Audio _ 3. Both
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Participant No. 22

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Notes :

“1. Pri

Possible Answer

Name Z “Or —qu
Group: %«J?&-&I
g
Age: Se
. Female
e z
prox. number of hours:

2. No

.-/ﬁ
/
ional Musician
2. Music Student

Number of years: ‘@

1. Plucked __
2.Bowed
3. Strucked

Number of hours: '4(5/_

1. Yes
Instrument:

Kprres™
2. No

1. Visual _ 2. Audiaﬁoth B
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Participant No. L(—_zf)

ltem Question Possible Answer
1 Instrument Name 7;'«.4 q,({
Group: Zd/% e s
2 Age Age: K@
3 Gender 1.Male -~
2. Female
4 Use of a metronome for 1. Yes ~ }
musical training (more than Aprox. number of hours: ..5
once a week) 2. No
5 Expertise 1. Professional Musician
2. Music Student —
6 Years of Experience Number of years: // &
performing the instrument
7 Playing technique 1. Plucked
2. Bowed
3. Strucked
8 Current hours of practice Number of hours: &
per week
9 Performance on other 1. Yes " o
. >
instruments Instrument: /) Jeno
2. No
10 Metronome preference 1.Visual _ 2.Audio _3.Both =

11 Notes : //,-q J)(,“,ées Z,, & j{% /énﬁcf
74’ el acd / 'H o M

Mb4



Participant No. 3.3 (+o )

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than
once a week)

5 Expertise

6 Years of Experience
performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

jd Metronome preference

,{‘f Notes :

Possible Answer

Name FLo'tc /Vw.s £

Group: /ilcﬂ/t) hory

Age: Zéﬂ

1. Male xC
2. Female

1. Yes

Aprox. number of hours:

2. No X

1. Professional Musician
2. Music StudentX’

Number of years: 2 o

1. Plucked
2. Bowed
3. Strucked

Number of hours: 4

1. Yes
Instrument:

2. No X

1. Visual _ 2. Audio _ 3. Both _
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Participant No. 3 2 (ZC)

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than
once a week)

5 Expertise

6 Years of Experience
performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

10 Metronome preference

1 Notes :

Possible Answer

Name ﬂanmba

Group: _ Jdo

Age: Sﬂ

1. Male
2-Eemate~

1. Yes

ZNa

Aprox. number of hours: 5

1. Professional Musician

-2>—Musie-Student—

Number of years: /’é

1. Plucked __

2. Bowed

3. Strucked

Number of hours: ’elO

1. Yes
Instrument:

2-N©B

1. Visual _ 2.

0’“)&1{/%%4‘?‘1{ P:chua

Audio 3 Both _
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Participant No. ﬁ‘e 7)

Item Question Possible Answer

1 Instrument Name HOR K
Group: __AEROPHONT

2 Age Age: 35
3 Gender 1. Male X
2. Female
& Use of a metronome for 1. Yes
musical training (more than Aprox. number of hours: >
once a week) 2. No
5 Expertise 1. Professional Musician X
2. Music Student
6 Years of Experience Number of years: p 2
performing the instrument
7 Playing technique 1. Plucked
2.Bowed
3. Strucked
8 Current hours of practice Number of hours: -7’ 5
per week
9 Performance on other 1. Yes
instruments Instrument:
2.No X
e p—
10 Metronome preference 1. Visual _ 2. Audiy(; 3. Both _
11 Notes : 7/€t-}p. wda%w* ?
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Participant No. ?‘Q (23’)

Item

10

11

Question

Instument KoV TRABASS

Age 3

Gender

Use of a metronome for
musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Notes :

Possible Answer

Name _A[FREA .
Group: A

Age: 33

1. Male
Female

1. Yes

Aprox. number of hours: 5-
2. No

@Professional Musician
. Music Student

Number of years: ‘QS

1.Plucked ___
2.Bowed —
3. Strucked

Number of hours: 4 O

1. Yes
Instrument:

No

1. Visual _ 2. Audio _ 3. Both _
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Participant No. 37

ltem Question Possible Answer
1 Instrument Name % P
Group: : !
2 Age Age: 35‘
3 Gender 1. Male
Female
4 Use of a metronome for 1. Yes
musical training (more than Aprox. number of hours: 8
once a week) 2. No
5 Expertise @Professional Musician
2. Music Student
6 Years of Experience Number of years: 25~
performing the instrument
7 Playing technique @Plucked -
2. Bowed
3. Strucked
8 Current hours of practice Number of hours: /15
per week
9 Performance on other 1. Yes
instruments Instrument:

(2)No

10 Metronome preference 1. Visual _ 2. Audio _ 3. Both _/

11 Notes :
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Participant No. 3&

Item

10

1

Question

Instrument

Age
Gender
Use of a metronome for

musical training (more than
once a week)

Expertise

Years of Experience
performing the instrument

Playing technique

Current hours of practice
per week

Performance on other
instruments

Metronome preference

Possible Answer

1. Yes

Aprox. number of hours:

@/Professional Musician

2. Music Student

Number of years: g

1. Plucked
2.Bowed
3. Strucked ____

Number of hours: «2«

Yes —
@ Instrument: 'M«\(‘ Ceaf S:Jt

2. No

1. Visual _ @Audio _ 3. Both _

Notes : %-\ q.c/ ou.-./ 7{ 7/‘\ *-'—')("»\-;M-k;

e oo

/1\11‘ ) /A‘u,

'/—Al. !'vts. o P~%~1 a/l/,f/’krr// /k

Copanqg “Md/Z_ACq
s J
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Participant No. 35

Item Question

1 Instrument

2 Age

3 Gender

4 Use of a metronome for

musical training (more than

once a week)

5 Expertise

6 Years of Experience

performing the instrument

7 Playing technique

8 Current hours of practice
per week

9 Performance on other
instruments

10 Metronome preference

11 Notes :

Possible Answer

Name Tewor cuxtehon,
Group: g coplap~

Age: ) 4

1. Male
2. Female

1. Yes

(Aq*prox. number of hours: gg‘gr
2. No

1. Professional Musician
2. Music Student

Number of years: 4/

1. Plucked
2. Bowed
3. Strucked

Number of hours: 1O
1. Yes

Instrument; AU’S;Q(’} %@r§Lah~
2. No Liex

1. Visual _ 2. Audio _ 3. Both «—
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Participant No. é/ (4

Item Question Possible Answer

1 Instrument Name 6:4#57_ V| ,/(4 )

3(09(/% V/(ﬁe:% GrOUPILZ.-é@_PM'
2 Age % Age: ﬁéﬁ

3 Gender 1. Male
ﬁ @Female
4 Use of a metronome for @es
musical training (more than Aprox. number of hours:
once a week) 2. No
5 Expertise @rofessional Musician
2. Music Student
6 Years of Experience Number of years: (? O
performing the instrument
7 Playing technique 1. Plucked
(2. Bowed <
3. Strucked
8 Current hours of practice Number of hours: AF
per week
9 Performance on other @es . . |
~~ instruments Instrument: (L, Mdga; WHh
2. No / '
s >)’\
10 Metronome preference 1. Visual _ Z.Qu_di)' 3. Both _
11 Notes : “/V/ e, bOeJo‘) Y /(v e o J Uff

,&C #/L- \[6 \‘LC\G Lt(;\(i O (34/ ?L{L /)’I’\L’/N’x/lsén,(
ol o A ey 4 1 rae s chegpen.
ol e W& s /’62/7&@3/—"/0%7[ Cihe

on Otece w2l 7)/7;21(3 ()/kﬂ’ﬁ
(Ohin of 7mf//&f W cornelme 70@.5 o, ool 80
07/ 2alf ooy — o poupoRe et e corbire Dl
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Appendix N

CIT Research Ethics Application

Form

N1



CIT Research Ethics Committee

CIT RESEARCH ETHICS APPLICATION FORM

Name of applicant(s) aLo»‘?& Wz]“‘ ..,7;‘76\ Date 30 17746

Contact Details Phone Email JOr gd,'m vicTera

79 776 €626 .... B h-dn. o

Department/Unit

/

é‘é@u/h caAt’ \’V‘ﬁ//"m/'"’?/

Title of Research b LA A /7,-;{”.4\&(_ ,C"az /w Mg crans _fo

Nen) — a%maﬁfg Per Formancts gna wa /G- n s, e A

Name of Supervisor

/,) X S e I
(Principal Investigator) Vo/ Jr //? r,,(,,1’ f"i.& cNevrm n. 4“/

CIT is committed to promoting and protecting ethics in research undertaken in CIT or by CIT staff and
students. Overleaf are a number of tables to indicate the primary ethical concerns that may apply to your
research. A rationale for points in all relevant sections should be submitted with this application.

Please note if your research involves Clinical Trials the ‘CIT- Clinical Trials Ethics Application Form’ will need
to be completed.

Intellectual Property Rights

Please refer to CIT IPR policy document - INTELLECTUAL PROPERTY POLICY, July 2011

Conflict of Interest Declaration

The CIT Research Conflict of Interest declaration needs to be signed. This refers to circumstances in which
personal interests (financial or other) may compromise, or have the appearance of compromising, your
professional competence as a researcher in undertaking or reporting the research.

I/We declare that I/We know of no conflict of interest pertaining to the research outlined in this proposal.

I/We agree to the above ]

I/We do not agree to the above [
(Please tick one box only)

Signed (,n/- < g/(  Date 30.0 ‘7 '7/0

Applicant

signed_ < %@LL@S N Jl od. o16

Superwsor/Prmé al | est/ tor

Signed w..r 3 Date I‘S"l ,l/ov ZD[}

Head of Departm‘!’nt/Funct/on

Note. A potential conflict of interest if it exists needs to be explained in a supplementary letter submitted with this application.
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Latency Tolerance Range for musicians in non-collaborative performances on western musical instruments

Applicant: Jorge Medina Victoria

DESCRIPTION OF THE RESEARCH

3.1 The objective of the research is to find the latency tolerance range. The range where musicians are able to cope
with latency (delay). For this purpose, a listening test is designed to find this tolerance range.

3.2 There is no ethical issues in connection with the designed listening test. The test satisfies every parameter
necessary to guarantee the safety of the participants. The general information sheet for participants and the
listening consent form are attached.

General information sheet for participants

Thank you for agreeing to take part in the listening test for the research on Latency
Tolerance Range for musicians.

The only action you are expected to do is to play your instrument. The guideline for your
performance is a musical score.

There is no right or wrong performance for this test. We are interested in the performance
development. We are not evaluating the quality of the performance in any form.

Test procedure

1. The first part of the test is an audiometry. You receive a set of headphones you will hear five different frequency
tones (beeps). Any time you hear one tone, play your instrument.

2. Your instrument will be miked (a microphone is placed in front of your instrument). You will listen to your
instrument signal through the headphones.

3. Play the score you see in the small screen. During the performance, a metronome is always active.

4. During the test. You play the score. Your instrument signal, which you hear through the headphones, will be
delayed until you are not able to perform any more. The metronome is a guide to help you regarding the musical
tempo of the performance.

5. For each of the three trials there is a different metronome. A visual metronome also in the small screen. An
aural metronome through headphones and both (visual and aural) combined. Each trial has five attempts with
different tempi in BPM from 90BPM to 210BPM in 30BPM steps.

Health and Safety

e The time duration of the listening test will not exceed 25 minutes. Average between 10 to 15 minutes.

e Sound reproduction levels (headphones) are controlled under safe limits as recommended by the European
Union legislation.

® You are free to withdrawn from the listening experiment at any time and without giving any reason.

If you still have any question, please do not hesitate to ask anything related to the experiment.

N3



3.4 Test subjects are professional musicians or music students. The recruitment will be achieved by word of mouth
and personal contacts.

3.5 See section 3.3 and attachments.

3.6 Data information, especially recordings will be kept in a safe place. There is no possibility to identify test subjects.
The name is not included in the questions.

3.7 The only investigator is the author.
3.8 Is not an issue, both question answered with No.
3.9 Additional insurance is not necessary.

3.10 In November 2017 will begin the test phase. First in the Cork Music School. Additional test subjects will be
interviewed in Germany.
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Listening test consent form

I the undersigned voluntarily agree to take part in the study: Latency Tolerance Range for musicians in non-
collaborative performances on western musical instruments.

I'have read and understood the information sheet provided. | have been given a full explanation by the researcher
about the purpose, duration of the listening test and what

I will be expected to do. Any question about any aspect of the test has been answered.

I understand that | am free to withdraw from the listening test at any time without any justification of my decision
and with no further consequences.

I confirm that my | am not under 18 years of age at the moment of presenting the listening test.
I confirm that | have read and understood the above and freely consent to participating in the listening test.

Name of test subject
Signed Date

3.3 Questionnaire

Item  Question Possible Answer
1 Instrument Name:
Group:
2 Age
3 Gender 1. Male
2. Female
4 Use of a metronome for musical 1. Yes

training (more than once a week)  Aprox. number of hours;
2. No

o

Expertise 1. Professional Musician
2. Music Student

] Years of Experience performing Number of years:
the instrument

Playing technique 1. Plucked
2. Bowed
3. Strucked

[

Current hours of practiee per Number of hours:

week
9 Performance on other instru- 1. Yes
ments Instrument:
2. No
10 Metronome preference 1. Visual
2. Audio
3. Both
11 Notes

Questions 1 to 9 will be asked previous the beginning of the listening test. Questions 10 and 11 after the
experiment.
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CIT Research Ethics Committee

Instructions to Investigators

Investigators should pay particular attention to their responsibilities especially those outlined below:

e Provide the Research Ethics Committee with the appropriate information on the research protocol by
filling the forms in detail. Notify the Committee of subsequent modifications, terminations, and
adverse reactions if significant, and if changes in focus or direction occur which may require ethical
approval.

e Ensure that all documentation is submitted electronically as a PDF.

e Ensure that no direct research, i.e. research involving ethical issues, will be initiated (except emergency
or compassionate) until Research Ethics Committee approval is received.

e QObtain appropriate informed consent from participant(s) where necessary.

e Carry out the protocol as approved; initiating modifications only after the Research Ethics Committee
has approved the amendment. (Exceptions only where necessary to eliminate apparent immediate
hazards to the participant(s)).

e Where the research results in any severe reaction or unforeseen injury, the research actions
responsible should be immediately suspended and the matter immediately reported to the Chair of the
Research Ethics Committee and any other relevant committee or officer of the Institute.

e Ensure that the research will be carried out only by the approved investigator and or co-investigators.

e Keep appropriate records, including names and access information for all research subjects, and
maintain confidentiality of all records.

Notes:
1. Please submit this form and any attachments electronically to Dr Ger Kelly (Email ger.kelly@cit.ie),

Chair, Research Ethics Committee, Department of Mechanical Biomedical and Manufacturing
Engineering, Cork Institute of Technology.
2. Guidelines on the design of an informed consent form (ICF) are attached as appendix 1.

This form is adopted from pp. 13-14 of “Guidelines for Minimum Standards of Ethical Approval in Psychological Research” (British
Psychological Society, July, 2004) and from the “Code of Professional Ethics” from the Psychological Society of Ireland — 2011.
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The CIT Research Ethics Committee (REC) has produced the following checklist to assist researchers whose
project involves the participation of humans and the associated ethical implications. If you answer YES to

any of these questions, you will need to complete and submit the CIT Ethics Application Form, which can be

CIT Research Ethics Committee

ETHICS CHECKLIST FOR RESEARCH INVOLVING HUMAN PARTICIPANTS

downloaded on the CIT website.

1. Research with Human Participants

YES

NO

1 | Will/did you obtain consent from any organisations /
involving/representing potential participants?
2 | Will you describe the main research procedures to participants in /
advance, so that they are informed about what to expect?
3 | Will participation be voluntary? /
4 | Will you obtain informed consent in writing from participants? /
5 | Will you tell participants that they may withdraw from the research at any
time and for any reason (without repercussions), and (where relevant) /
omit questionnaire items to which they do not wish to respond?
6 | Will your research involve the processing of genetic information or /
personal data (e.g., ethnicity, health, sexual lifestyle, political opinion, religious or
philosophical opinion)?
7 | Will data be treated with full confidentiality / anonymity (as appropriate)? ,/
8 | If results are published, will anonymity be maintained and participants not ot
identified?
9 | Will you debrief participants at the end of their participation? v
10 | Will your research involve the tracking or observation of people? —
11 | Will your project involve deliberately misleading participants in any way? o
12 | Is there a realistic risk of participants experiencing physical or /
psychological distress? (if yes, outline support measures to be put in place- short and
long-term in section 3.5)
14 | Will compensation be awarded to participants upon participation? (if yes, /

please describe).
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2. Research with Vulnerable Human Groups Yes

=
o

Will your participants include children (under 18 years of age)?

Will your participants include people with learning or communication
difficulties?

3 | Will your participants include patients?

Will your participants include people in custody?

5 | Will your participants include people known to be engaged in illegal
activities (e.g., drug taking; illegal Internet behaviour)?

6. | Will your research involve any other vulnerable groups? (if yes, please
identify).

7. | Will your research involve any benefit sharing with the vulnerable groups?
(if yes, please explain)

MR

8. | Could your research further stigmatise a population group? (if yes, please
explain how this will be addressed).

3. DESCRIPTION OF THE RESEARCH

Please provide a detailed description of the research to be undertaken addressing as a minimum the
headings below.

3.1 Objectives of the Research.
3.2 Concise statement of ethical issues raised by the research and how you intend to deal with them.

3.3 Description and justification of methodology to be followed. (Attach copy of questionnaire/ interview
protocol / discussion guide / etc.).

3.4 Sample explanation (number, composition, recruitment, exclusion/inclusion criteria; relevant licences,
approval or support letters should be attached).

3.5 Permission, informed consent/assent, support measures and debriefing procedures (where relevant) if
you answered YES to Question 12 section 1, give details here. State what you will advise participants to
do if they should experience problems (e.g., who to contact for help).

3.6 Data protection procedures (including access, retention, destruction).

3.7 Identify the research investigators or co-investigators covered by the application.

3.8 Measures to be taken to address any other ethical concerns raised by the research (in relation to the
points in sections 1 and 2).

3.9 Has additional insurance cover being taken out? (if yes, please attach a copy of same)

3.10 Please give an estimated start date and duration of the research study.
4. Additional Information

4.1 Is there anything else of an ethical nature you wish to disclose? Yes or
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Latency Tolerance Range for musicians in non-collaborative performances on western musical instruments

Applicant: Jorge Medina Victoria

DESCRIPTION OF THE RESEARCH

3.1 The objective of the research is to find the latency tolerance range. The range where musicians are able to cope
with latency (delay). For this purpose, a listening test is designed to find this tolerance range.

3.2 There is no ethical issues in connection with the designed listening test. The test satisfies every parameter
necessary to guarantee the safety of the participants. The general information sheet for participants and the
listening consent form are attached.

General information sheet for participants

Thank you for agreeing to take part in the listening test for the research on Latency
Tolerance Range for musicians.

The only action you are expected to do is to play your instrument. The guideline for your
performance is a musical score.

There is no right or wrong performance for this test. We are interested in the performance
development. We are not evaluating the quality of the performance in any form.

Test procedure

1. The first part of the test is an audiometry. You will hear 5 different frequency tones (beeps) .
Any time you hear one tone, play your instrument.

2. Your instrument will be miked. You receive a set of headphones. You will listen to your instrument
signal through the headphones.

3. Play the score you see in the small screen. During the performance a metronome is always active.

4. During the test. You play the score. Your instrument signal, which you hear through the headphones, will be
delayed until you are not able to perform any more. The metronome is a guide to help you with the
performance.

5. For each of the three trials there is a different metronome. A visual metronome also in the small screen. An
auditive metronome through headphones and both (visual and aural) combined. Each trial has 5 attempts with

different tempo in BPM from 90BPM to 210BPM in 30BPM steps.

Health and Safety
e The time duration of the listening test will not exceed 25 minutes. Average between 10 to 15 minutes.

e Sound reproduction levels (headphones) are controlled under safe limits as recommended by the European
Union legislation.

e You are free to withdrawn from the listening experiment at any time and without giving any reason.

If you still have any question, please do not hesitate to ask anything related to the experiment.
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Listening test consent form

| the undersigned voluntarily agree to take part in the study: Latency Tolerance Range for musicians in non-
collaborative performances on western musical instruments.

I have read and understood the information sheet provided. | have been given a full explanation by the researcher
about the purpose, duration of the listening test and what

I will be expected to do. Any question about any aspect of the test has been answered.

I'understand that | am free to withdraw from the listening test at any time without any justification of my decision
and with no further consequences.

I confirm that my | am not under 18 years of age at the moment of presenting the listening test.
I confirm that | have read and understood the above and freely consent to participating in the listening test.

Name of test subject
Signed Date

3.3 Questionnaire

Item Question Possible Answer
1 Instrument Name:
Group:
2 Age
3 Gender 1. Male
2. Female
4 Use of a metronome for musical 1. Yes

training (more than once a week) Aprox. number of hours:

2. No

e

Expertise 1. Professional Musician
2. Music Student

6 Years of Experience performing Number of vears:
the instrument

7 Playing technique 1. Plucked
2. Bowed
3. Strucked
8 Current hours of practice per Number of hours:
woek
9 Performance on other instru- 1. Yes
ments Instrument:
2. Na
10 Metronome preference 1. Visual
2. Audio
3. Both
11 Notes

Questions 1 to 9 will be asked previous the beginning of the listening test. Questions 10 and 11 after the
experiment.
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3.4 Test subjects are professional musicians or music students. The recruitment will be achieved by word of mouth
and personal contacts.

3.5 See section 3.3 and attachments.

3.6 Data information, especially recordings will be kept in a safe place. There is no possibility to identify test subjects.
The name is not included in the questions.

3.7 The only investigator is the author.
3.8 Is not an issue, both question answered with No.
3.9 Additional insurance is not necessary.

3.10 In November 2017 will begin the test phase. First in the Cork Music School. Additional test subjects will be
interviewed in Germany.
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(Please circle either yes or no. If your answer is ‘yes’ then please elaborate in the space provided)

SignedQ/ 4’ z/% Date 59,07, /6-

Apph'ca/ / /

e
Signed x . (\,—;&(92—1,%%3 ?'“G \O HZQS ll

Supervisor/Principat Investigator

Signed Date
Approval Head of Department/Function
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