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ABSTRACT:
This study involved playing and listening (using recorded sounds) experiments to investigate how changes in

soundpost length (for a fixed soundpost position) affect the perceptual qualities of the violin and what the threshold

of change is below which players and luthiers do not perceive differences. A length-adjustable carbon fiber sound-

post was employed. During the playing experiment, subjects played a provided violin on which the soundpost length

was modified by the experimenter to find their optimal soundpost lengths. Then the experimenter varied the sound-

post length randomly in ten trials within 60.11 mm around their optimal lengths and asked subjects to always com-

pare with the previous setting. The results showed that subjects’ optimal soundpost lengths varied from 0.132 to

0.616 mm relative to the original length (53 mm), but subjects could not recognize length variation of 0.11 mm or

less at above chance levels. During the listening experiment, subjects listened to 16 pairs of recordings through a

computer interface and were asked, for each pair, whether the violin setup was the same or different. The results

showed that subjects could differentiate soundpost lengths with a difference of about 0.198 mm at better than chance

level. VC 2021 Acoustical Society of America. https://doi.org/10.1121/10.0005587

(Received 3 December 2020; revised 18 May 2021; accepted 20 June 2021; published online 22 July 2021)

[Editor: Psyche Loui] Pages: 540–550

I. INTRODUCTION

The soundpost (SP) of a violin is an essential compo-

nent of the instrument, providing structural support between

the top and back plates and also a means of adjustment in

the assembled instrument. According to luthiers, subtle

changes to the SP dimensions or position can result in sig-

nificant variations in the violin sound and playing qualities.

The SP is typically made of the same wood as the top plate,

and it is a cylinder of approximately 0.7 g, 6 mm diameter,

and a bit longer than 50 mm (Bissinger, 1995). As stated by

Savart (1840), the SP can help transmit the vibrations from

the top plate to the back plate. Through experiments, he also

proved that the first acoustical purpose of the SP is to intro-

duce asymmetry to the violin.

Nadarajah (2018) summarized three factors that luthiers

consider when setting up a SP and ordered them in terms of

acoustical importance as “tightness,” “position,” and “fit.”

Makers all agree that the SP should be fit for full wood-to-

wood contact with the plates, such that the post ends are uni-

formly in contact with the plates across their entire diameter.

Also, everyone agrees that the SP must be tight enough to

stay in place but not “too tight” (e.g., Johnson and

Courtnall, 1999), even if this is hard to quantify, so as not

to damage the plates. But all three aspects are co-dependent

in several ways. For example, makers commonly adjust SP

position to address perceived tone quality issues, but this

may also affect tightness and fit because the violin plates are

generally not parallel. It is expected that varying any of

these three factors will influence the coupling between the

SP and the plates. That said, the process of adjusting the SP

in response to player preferences remains largely based on

empirical experience. This paper focuses on the perception

of SP tightness variations while keeping position and fit

constant.

Many researchers have studied the function of the SP

through comparison between the violin with SP and without

SP (no-SP). For instance, Jansson et al. (1970) employed

hologram interferometry to study the resonances of the vio-

lin plates and fully assembled body. They found that a nodal

line or a nodal area appeared on the interferograms of the

plates around the position of the SP when the SP was in

place and that the plate resonance frequencies increased

with a SP compared to no-SP. Schelleng (1971) approxi-

mated the violin body as a closed cigar box and the SP as

immovable to explain the effect of the SP in enhancing the

sound radiation through top plate asymmetry. He also con-

sidered the case with a movable post to show that significant

motion of the back plate can be attributed to the ribs, rather

than the SP. Using a modal analysis method, Bissinger

(1995) calculated the radiation efficiency of the violin. He

observed a very considerable radiation efficiency enhance-

ment of SP over no-SP in the region of 500–800 Hz, in

which there are some very important peaks in the response

or radiativity curves. Overall, the average radiation effi-

ciency increased by 17% with the SP installed. Saldner et al.a)Electronic mail: lei.fu2@mail.mcgill.ca
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(1996) studied the action of the SP by employing a
TV-holography technique to visualize the modal patterns of
an unvarnished violin in real time. Compared to the no-SP
condition, they found that the main vibrations in the top
plates are shifted to the opposite side of the SP, with only
small vibrations or a nodal line at the SP position. In this
way, the SP makes it possible for the symmetric vibration
modes to be excited by the bridge. Jansson (2004) compared
the violin with SP and without SP using measured bridge
admittances. He found that the magnitude of the “bridge
hill” is the highest with SP, while the magnitude of a peak at
approximately 550 Hz is the highest without the SP.

More recently, scholars have employed computational

violin models to study the influence of the SP on the violin.

Nadarajah (2018) developed a simplified theoretical model

of the violin and the SP, which he used to examine aspects

of the setup (e.g., tightness, fit, and position). The results

demonstrated that increasing the tightness of the SP led to

an increase in the resonance frequencies of the model. The

author concluded that the slightly off-centre position of the

SP maximized the net volume change of the violin body.

Gough (2017, 2018) studied the function of the SP using

COMSOL shell structure finite element analysis computations.

He found that both the SP and bassbar can break the symme-

try of the empty violin body shell and introduce asymmetric

coupled modes. Thus, between them, there is a symmetry-

breaking competition. The SP and bassbar influence the

tonal balance of the violin over the whole playing range and

the intensity of the radiated sound.

Most of the previous studies on violin SPs focused on

physical or acoustical aspects and were concerned with the

role of the SP (installed vs removed) or general trends in its

positioning. How the SP affects the perceptual qualities of

the violin, however, has not been rigorously investigated,

despite the fact that luthiers consider it to be an important

means of setup adjustment. In designing a perceptual study

to evaluate the influence of the SP, several practical con-

straints had to be addressed. First, it is not possible for a vio-

lin to be played under full tension without a SP, as it would

likely be damaged. Second, it is extremely difficult to spec-

ify repeated position changes of a traditional SP with suffi-

cient accuracy and speed during a playing experiment.

Therefore, this study was designed to investigate correla-

tions between a change in length (or tightness) of the SP and

variations of the perceived quality of the violin through both

playing and listening tests with skilled violinists and luth-

iers, using an easily adjustable carbon fiber SP.

This paper is divided in two main sections, Sec. II

reporting the playing tests and Sec. III the listening tests. In

each section, the methodology is presented first, followed by

the results. The paper ends with a conclusion and a discus-

sion of the results (Sec. IV).

II. PLAYING EXPERIMENT

Our initial interest for a perceptual study was to investi-

gate changes in SP position. However, results of a pilot

study (conducted at the 2018 Oberlin Violin Acoustics

Workshop organized by the Violin Society of America)

demonstrated difficulties in accurate and reasonably fast

repeated positioning at specific locations inside the violin

soundbox, as well as the need for an experienced luthier to

be present for the duration of the experiment. The availabil-

ity of a commercial length-adjustable carbon fiber SP

instead offered the ability to study the perception of SP

length changes. With a bit of practice, it was found that the

length adjustments could be accomplished by one of the

experimenters within a minute or less, thus obviating

the need (and cost) for a luthier to be present throughout the

experiments.

A. Materials and methods

1. General design

This experiment explores how changes in SP length

affect the perceptual qualities of the violin and whether

there is a threshold of change below which players do not

perceive differences. A violin installed with a length-

adjustable carbon fiber SP was employed. The experiment

was designed as a sequence of playing tests. An experi-

menter was present to change the SP length. Violinists and

luthiers were invited to participate. The experiment involved

two phases. During the first phase, subjects played and

described their feelings about the violin with different SP

settings in order to find their optimal SP length. During the

second phase, the experimenter randomly increased,

decreased, or did not change the SP length in ten trials

around their optimal length. For each trial, subjects were

asked to play the violin, comparing it with the previous set-

ting, and to decide whether they were the same or different.

Players were asked to use their own bows to play and

evaluate the violin, as they typically use their own bows

when testing violins in real life. Luthiers were given the

option of either using their own bow or using a provided

bow. This experiment took place in a room free of strong

resonances and a relatively low reverberation time. The area

of the experiment room was approximately 26.7 m2.

2. Soundpost and violin

A length-adjustable carbon fiber SP (Anima Nova,

Rastatt, Germany) was employed for this study, as shown in

Fig. 1. The upper cylinder shell of the SP possessing a scale

on its bottom is sheathed with the lower cylinder through an

internal thread, and one can increase or decrease the SP length

by turning the upper cylinder shell anticlockwise or clock-

wise. A vertical line indicated on the surface of the lower cyl-

inder acts as the pointer of the scale, which has five numbers

from 0 to 4. Between adjacent numbers, there are eight gradu-

ations, each of which corresponds to a length change of

0.022 mm. One complete revolution of the SP (0–4.4 on the

scale or 36 graduations) results in a length variation of

0.8 mm. A setting of 2.4, for example, in subsequent reporting

refers to four smaller graduations above scale number 2.

Using the special tools provided by Anima Nova, one can

change the SP length without taking it out of the violin body.
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The violin used in this experiment is a performance-

level violin borrowed from Schulich School of Music,

McGill University. We asked a local luthier to help replace

the original wooden SP (around 53.77 mm high) with the

Anima Nova length-adjustable SP, though subsequent

adjustments were made by the experimenters. The length-

adjustable SP was placed about 3.5–4 mm below the bridge

and centered with the treble foot of the bridge according to

the SP manufacturer’s instruction. The SP was set initially

at the minimum length necessary to maintain its position,

approximately 53 mm.

3. Participants

Thirteen experienced violinists and six skilled luthiers

participated in this experiment. Among the players, there

were eight females, five males; seven native English speak-

ers, three native Chinese speakers, and three other native

speakers. Their average age was 30 years [standard devia-

tion (SD) ¼ 9 years, range ¼ 21–54 years]. They had at least

16 years of playing experience (mean ¼ 23 years, SD ¼ 7

years, range ¼ 16–40 years) and at least eight years of train-

ing (mean ¼ 18 years, SD ¼ 4 years, range ¼ 8–26 years).

They reported playing 23 h per week on average (SD ¼ 10 h,

range ¼ 6–37.5 h). Eleven players described themselves as

professional violinists. One of the players was a doctoral

candidate in music performance, two had master’s degrees

in music performance, four were master students in music

performance, three had bachelor’s degrees in music perfor-

mance, one had a bachelor’s degree in arts, and two were

currently undergraduate students in music. They reported

playing various types of music. Among the luthiers, there

were four males, two females; three native English speakers

and three native French speakers. Their average age was

48.5 years (SD ¼ 11 years, range ¼ 36–61 years). They had

at least 15 years of experience being a violin maker. Five

luthiers played violin; among them there were one profes-

sional violinist, two advanced players, and two beginners.

All subjects were paid for their participation.

4. Detailed procedure

This experiment consisted of two phases and lasted

about 1 h. Subjects were scheduled individually. Two

experimenters were present during the experiment. One

experimenter, who made adjustments to the SP, sat behind a

table, with a screen in front to prevent subjects from observ-

ing the adjustments. The other experimenter helped with

facilitating the experiment and taking notes for the subjects.

a. Phase 1: Optimal SP length. During the first phase,

the SP was initially set at a length of 53 mm (the minimum

necessary to hold its position). Subjects were then asked to

play the violin with this initial setting and describe their

feelings. Then the experimenter increased the SP length by

8 graduations (about 0.176 mm), and the subjects repeated

the playing and evaluation process. Subjects were informed

that the experiment was about SP length modification using

a length-adjustable SP before the experiment; however, they

were not told in which direction the experimenter was

adjusting the SP length. Subjects were asked whether the

modification made the violin better or worse compared to

the previous setting and to provide a verbal description of

their perception of the change. If the subjects felt the setup

was better or the same, the experimenter would continue to

increase the SP length for a few graduations: 8 graduations

or 4 graduations. If the subjects stated that the setup was

worse, the experimenter would decrease the SP length for a

few graduations: a decrease in 2–4 graduations to some-

where in between the two previous SP lengths. Then the

subjects were asked to repeat the playing and evaluation

procedure again. This process was repeated several times to

find their most preferred length, with the number of gradua-

tions increased or decreased becoming smaller as the experi-

ment continued. The whole process of searching for the

most preferred length usually required 5–9 trials. During

the SP length adjustment, the experimenter made sure that

the SP length did not exceed 53.66 mm (30 graduations

higher based on the original SP length of 53 mm), beyond

which it was feared the violin might be damaged. Each SP

length adjustment took about a minute or less to complete.

There was a 5-min break between phase 1 and phase 2.

b. Phase 2: Soundpost length difference

threshold. During the second phase, the experimenter ran-

domly increased, decreased. or did not change the SP length

in ten trials within a range of approximately 60.11 mm (65

graduations) around each violinist’s optimal length. In this

way, the biggest length difference being tested was 0.11 mm

(5 graduations). This range of length differences was chosen

FIG. 1. (Color online) Anima Nova length-adjustable SP.
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based on several pilot studies and feedback from luthiers

and was expected to be beyond the perceptual threshold for

length changes. The procedures used in the pilot studies

were similar to those used for the listening test recordings

(see Sec. III A 2 for details). Subjects were asked to play the

violin during each trial and compare it with the previous

setting, to decide whether they were the same or different.

At the beginning of phase 2, subjects were asked to play the

violin with their optimal SP lengths again. Then the experi-

menter increased, decreased, or did not change the SP length

by different graduations over ten trials according to a plan

determined in advance, which was unknown to subjects. The

length variations were DL ¼ 0, 0, 2, –2, 3, –3, 4, –4, 5, –5

graduations (actual length of DL ¼ 0, 0, 0.044, –0.044, 0.066,

–0.066, 0.088, –0.088, 0.11, –0.11 mm). They were random-

ized differently for each subject, while keeping the variations

within 60.11 mm around the subjects’ optimal length. To

minimize subject fatigue, there was a 5-min break after five

trials.

There were fewer “same” trials (DL¼ 0) than

“different” trials (DL 6¼ 0), though the number of “same” tri-

als was equal to the number of “different” trials for a given

non-zero jDL j (see Sec. II B 2). This was decided based on

the detection theory model that was used to analyze the data

(see the Appendix). Just noticeable differences are normally

obtained by comparing a series of stimuli to the same refer-

ence stimulus. In this experiment, it would have been too

tedious and tiring to always come back to the optimal SP

length. The differences being small, we decided it was more

practical to modify the length within a small range (65

graduations) around the optimal length and ask players

whether there was a difference between this new length and

the previous one. This constrained to some extent the order

of the length differences (which was therefore only pseudo-

random): for instance, a difference of þ4 graduations could

not follow a difference of þ2 graduations, as this would

have led to a length that was too far from the optimal length.

B. Results

1. Optimal SP lengths

During the first phase of the experiment, we found an

optimal SP length for each subject. The optimal SP lengths of

all subjects are represented relative to the original SP length

(around 53 mm) in Fig. 2, sorted from smallest (0.132 mm) to

largest (0.616 mm). The minimum and maximum SP length

variations that subjects evaluated were 0 and 0.66 mm rela-

tive to the original SP length (53 mm), respectively. The

interquartile ranges of the relative optimal SP length for all

subjects, players, and makers were, respectively, 0.33, 0.352,

and 0.2805 mm. The interquartile range for makers was

smaller than for players, meaning that the optimal SP lengths

for makers were more concentrated, which is also seen in

Fig. 2. This could be due to the small number of maker par-

ticipants. The median relative optimal SP length for makers

(0.308 mm) was lower than for players (0.396 mm).

Figure 2 also displays the mean optimal SP length rela-

tive to the original SP length for all subjects, players, and

makers separately. Error bars of the two-sided 95% confi-

dence interval of the means are also displayed. The mean

relative optimal SP length and SD for all subjects were

0.371 and 0.171 mm. The corresponding mean and SD for

players and makers were 0.391 and 0.18 mm and 0.326 and

0.158 mm, respectively. Players had a higher mean relative

optimal SP length than makers. The confidence interval

error bar of the means for makers was very large, which

again might be partially due to the small number of maker

participants. We compared the relative optimal SP length

for players and makers by performing the independent-

samples Mann–Whitney U test (not employing independent-

samples t test for the violation of normal distribution

assumption). The results showed that the null hypothesis

that the distribution of the relative SP length was the same

across players and makers could not be rejected, U ¼ 28,

z ¼ –0.969, p ¼ 0.368.

In addition to the perceptual experiment, we also con-

ducted bridge admittance measurements for each SP length

that had been evaluated while finding the optimal SP length

for each subject. The results will be presented in a subse-

quent publication under development.

2. Perceptual threshold of SP length differences

As explained in the Appendix, the different responses

to the two classes of stimuli can be classified in four catego-

ries, which are provided in Table I. Based on this

FIG. 2. (Color online) Optimal SP length relative to original length for

every subject sorted from smallest to largest and mean optimal SP length

relative to original length for all subjects, players, and makers (error bar

¼ 95% confidence interval of the mean).

TABLE I. Different responses for different stimulus classes for the playing

test.

Stimulus class

Response

“Different” “Same”

Different SP lengths (S2) Hits Misses

Same SP length (S1) False alarms Correct rejections
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classification, we can estimate the threshold of the SP length

differences by calculating a sensitivity measure d0 for each

DL (see Appendix for details). During phase 2 of this experi-

ment, positive DL and negative DL were counterbalanced by

randomizing the presentation of positive DL and correspond-

ing negative DL for subjects. In addition, to increase the

number of test trials (sample size) and estimate the threshold

more precisely, we calculated d0 for each jDLj instead of

each DL. Thus, the number of trials for stimulus class S1

was equal to the number of trials for each case of stimulus

class S2, as there were two zero-length variations among the

ten length variations during phase 2 for each subject.

Figure 3(a) shows the probabilities that subjects consid-

ered the two SP lengths with a length difference of jDLj as

“different.” We can see that the false alarm rate, which cor-

responds to P (“different”) for DL ¼ 0 was very high: 0.71.

It was even higher than the hit rate for jDLj ¼ 3 graduations:

0.68. The highest hit rate was for jDLj ¼ 4 graduations:

0.84. Players had a slightly lower false alarm rate (0.69)

than makers (0.75). The d0 for each jDLj is shown in

Fig. 3(b). Error bars of 95% confidence interval around the

d0 are also displayed. We can see that the lower limits of the

confidence intervals for all jDLj were smaller than 0, imply-

ing that subjects could not recognize the SP length change

of 0.11 mm (5 graduations) or less at better than chance lev-

els. When analyzed separately for players and makers, the

results were similar: neither players nor makers could recog-

nize the SP length variation of 0.11 mm or less at better than

chance levels.

C. Discussion

In this experiment, we explored violinists’ and luthiers’

perception of violin SP length differences through a playing

test. By employing a length-adjustable SP, we were able to

find the optimal SP length for each subject and investigate

the perceptual sensitivity to SP length differences around

each subject’s optimal SP length.

The results showed that the subjects’ optimal SP lengths

varied from 0.132 to 0.616 mm relative to the original SP

length (53 mm), reasonably well inside the extreme SP

lengths that were tested (0 and 0.66 mm). This shows that

perceived violin quality first increased as the SP length

increased and started to decrease after a certain length range,

which is a phenomenon well known by makers. Also, the

optimal SP lengths for subjects varied within an interquartile

range of 0.33 mm. The interquartile range was bigger for

players (0.352 mm) than for makers (0.2805 mm). The mean

optimal SP length relative to the original SP length (about

53 mm) was also higher for players (0.391 mm) than for

makers (0.326 mm). Statistical analysis showed that the dif-

ferences of the relative optimal SP length for players and

makers were not significant. Indeed, the fact that there was

such a large range of optimal lengths showed that subjects

did not agree on a “best” setting (even when only one

parameter was changed). However, this range has to be

interpreted with respect to the detection thresholds of play-

ers and makers. During the second phase of the experiment,

the perceptual threshold of the SP length differences around

each subject’s optimal SP length was estimated by calculat-

ing a perceptual sensitivity measure of d0. The results for all

subjects showed that subjects could not recognize length

changes of 0.11 mm or less at better than chance level.

Overall, the false alarm rate in evaluating the SP length

differences was very high, i.e., subjects tended to say

“different” even though there was no change at all in the SP

length. That might partly be due to the sequential nature of

the trials (they could not compare the different settings at

the same time, and thus they might forget what the previous

setting was like, though it only took a minute or less to

make the SP changes). As well, there was a significant

amount of variation in their approach to violin evaluation.

Some subjects used a very consistent set of playing materi-

als for each trial, while others used either very limited or

changing materials between trials. Additionally, the

FIG. 3. (Color online) (a) Probabilities subjects considered the two SP

lengths with a length difference of jDLj as “different”; (b) perceptual sensi-

tivity d0 for each jDLj (error bar ¼ 95% confidence interval around d0).
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variation of SP length was quite small (�0.11 mm), which

made the task very difficult and could have contributed to

player fatigue. The results indicate that the true perceptual

threshold is beyond that range, even though initial pilot

studies and discussions with makers seemed to suggest dif-

ferently. Finally, there was some imprecision in SP adjust-

ments, with an absolute average error of 0.007 mm. All

these factors could have had an effect on our results.

A playing test was initially chosen because it offers the

advantage that participants could explore the violin with dif-

ferent SP lengths by themselves and would thus be able to

evaluate the violin sound quality as well as playability.

They could play freely in different registers of the violin and

try various playing techniques to assess the violin’s

response. However, the disadvantage is that participants

could not compare two different SP length settings in quick

succession, and thus they might have forgotten what the pre-

vious setting was like. Moreover, variations in the way they

played for the different length settings could also influence

their judgment. For these reasons, we decided to conduct a

listening test using recordings made on a violin with differ-

ent SP lengths to further examine the perceptual threshold

of violin SP length differences. This also afforded the oppor-

tunity to test a greater range of SP length differences.

III. LISTENING EXPERIMENT

A. Materials and methods

1. General design

The same length-adjustable carbon fiber SP used in the

playing test was employed in this experiment. We recorded

a soloist playing the same musical excerpt on a violin with

different SP lengths. Violinists and luthiers were invited to

listen to the recordings and provide perceptual feedback

using a computer interface. Tasks included “same” or

“different” pairwise comparisons.

2. Recordings

Recordings were made in an acoustically dry room to

avoid having reverberant effects mask the violin sound. The

surface area of the room was approximately 20 m2. A Sony

(Tokyo, Japan) PCM-D100 was used for the recording. The

recorder was placed on a 1-m high table facing the violinist.

The table was approximately 1.5 m away from the violinist.

The recordings were saved in 16-bit WAV format. The

recording position was chosen to produce a natural quality

of sound.

The violin used for the recordings was not the same as

the one used in the previously described playing experiment.

Before the recording, a violin maker helped replace the orig-

inal wooden SP (around 54.88 mm high) with the Anima

Nova length-adjustable SP. The length-adjustable SP was

placed about 3.5 mm below the bridge and 2 mm inside the

right end of the treble bridge foot according to the SP manu-

facturer’s instructions. It was set initially at a relatively low

length (around 54.11 mm, reading on SP was 2.0). A profes-

sional violinist was invited to help make the recordings. The

recorded violin was made and provided by a luthier, who

was also present to adjust the length of the SP. The record-

ing excerpt was based on the Max Bruch violin concerto and

was an “abridged” version specifically for the listening test

(see Fig. 4). The particular excerpt was chosen by the player

because it incorporated the main register of the violin.

During the recording, the SP length was first increased

in increments of 3 graduations (0.066 mm) over four itera-

tions, up to a setting (reading 3.4 equivalent to 54.374 mm)

that was considered “tight” (see details in Table II).1 Then

the SP was lowered to a reading of 2.2 (54.154 mm), below

the length that the player preferred in the first procedure (2.3

or 54.176 mm), and subsequently increased by increments of

1 graduation (0.022 mm) up to a setting of 2.5 (54.220 mm).

Larger increments were used during the first SP length

increasing procedure to search for the range that was consid-

ered “good,” and smaller increments were used during the

second SP length increasing procedure to find the closest

“best” SP length. The player’s most preferred SP length was

2.4 or 54.198 mm during the second SP length increasing

procedure.

FIG. 4. Notated violin excerpt used for recording.

TABLE II. Recording process and recorded SP lengths (represented by the

reading on SP, sorted by SP length); stimuli that were chosen for subse-

quent pairwise comparisons are designated by a recording number, which is

shown in parentheses after the corresponding SP length, and they are avail-

able for listening in the supplemental material (see footnote 1).

Soundpost length increasing procedure

Actual length (mm)1st 2nd

2.0 (R1) 54.110

2.2 (R2; R3)a 54.154

2.3 (R4) 2.3 (R5) 54.176

2.4 (R6) 54.198

2.5 54.220

2.6 (R7) 54.242

3.1 (R8) 54.308

3.4 (R9) 54.374

aTwo different recordings on SP length 2.2 were chosen as two different

stimuli.
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3. Participants

Thirteen experienced violinists and eight skilled luthiers

participated in this experiment. Twelve of the subjects had

participated in the playing test reported in Sec. II.

Among the players, there were eight females, five

males; four native English speakers, four native Chinese

speakers, three native French speakers, one native English

and French speaker, and one native Italian speaker. Their

average age was 32 years (SD ¼ 9.7 years, range

¼ 22–54 years). They had at least 16 years of playing experi-

ence (mean ¼ 26 years, SD ¼ 8.8 years, range ¼ 16–40 years)

and at least eight years of training (mean ¼ 18 years, SD

¼ 4.6 years, range ¼ 8–23 years). They reported playing 27 h

per week on average (SD ¼ 12 h, range ¼ 5–50 h). Eleven

players described themselves as professional violinists.

One player had a soloist diploma, one had a doctoral

degree, two were doctoral students in music performance,

three had master’s degrees in music performance, one was

a master student in music performance, two had bachelor’s

degrees in music performance, one had a bachelor’s degree

in arts, and two were currently 4th-year undergraduate stu-

dents in music performance. They reported playing various

types of music.

Among the luthiers, there were six males, two females;

four native English speakers, four native French speakers.

Their average age was 45.7 years (SD ¼ 13, range ¼ 29–61).

They had at least 10 years of experience as a violin maker

(mean ¼ 23.7, SD ¼ 11, range ¼ 10–40). Six luthiers played

the violin, and among them there were one professional violin-

ist, three advanced players, and two beginners. All subjects

were paid for their participation.

4. Stimuli

The stimuli were created based on each recording made

at each SP length. The mean stimulus exposure duration was

around 4.66 s. They were presented on a laptop in a rela-

tively quiet environment using Sennheiser (Wedemark,

Germany) HD 280 pro headphones and an external Apogee

Duet (Santa Monica, USA) audio interface.

5. Detailed procedure

We selected nine recordings as stimuli, shown in Table I,

eliminating the recordings with more obvious unintended

playing artifacts in order not to affect the comparison.

Ten pairs were then chosen for comparisons as displayed

in Table III. P1 and P2 were two pairs of identical recordings.

P3 and P4 were two pairs of different recordings of the same

SP lengths. We can see that the two recordings in P3 were

made during the same SP increasing procedure, while the two

recordings in P4 were made during the two different SP

increasing processes (see Table II and Sec. III A 2 for details

of the recording process). There were two tests for each sub-

ject with a 5-min break in between. Subjects listened to eight

pairs of stimuli in each test. Pairs P5–P10 existed in both tests

with stimuli order in each pair switched for the two tests. P1

and P2 existed in two different tests separately and randomly,

and this was the same case for P3 and P4. The presentation

order of the pairs in each test and the stimuli in each pair were

randomized for each subject.

Subjects were given instructions before the listening

test as follows:

In this listening test, you will be presented with two tests;
each consists of eight pairs of recordings.
Each pair of recordings will be played twice in the order of
A-B-A-B, and you will only be able to click each pair a
total of two times.
Please indicate whether you think the violin setup in each
of the two recordings is the same setup or a different
setup. If you think it is different, please describe the
differences.
These recordings were made by one player on the same
violin. Different adjustments were made to the violin
between recordings, and the player was asked to perform
the excerpt as similarly as possible each time, but there still
may be slight changes in his playing (tempo, articulation,
dampening of the strings…). Please ignore the differences
in his playing and decide whether the setup is the same or
different.

Subjects who had participated in the playing test were

aware that the “setup” indicated in the instructions meant SP

length. For consistency, we told subjects who did not take

part in the playing test that “different setup” meant

“different SP length” and showed the Anima Nova SP leaflet

to them and explained the SP working principle.

Before the formal listening test, we played all the stim-

uli to the subjects so that they could get an initial impression

of the recordings. The differences were quite subtle and dif-

ficult to hear according to several pilot studies we had previ-

ously conducted. This was also the reason we put two trials

together (A-B-A-B), as two iterations of each pair seemed

necessary. The formal listening test of pair comparisons of

the stimuli was then performed through a computer interface

created in MATLAB. Further details about the test process

through the interface are available in Fu (2020).

The perceptual sensitivity was estimated with the same

method as in the playing experiment. However, in this case,

TABLE III. Pairs of stimuli used in the listening test.

Pair

Length difference

(No. of graduations)

Stimulus number and the corresponding

SP length with recording procedurea

P1 0 R6 (2.4, 2nd) R6 (2.4, 2nd)

P2 0 R7 (2.6) R7 (2.6)

P3 0 R2 (2.2, 2nd) R3 (2.2, 2nd)

P4 0 R4 (2.3) R5 (2.3, 2nd)

P5 2 R3 (2.2, 2nd) R6 (2.4, 2nd)

P6 3 R1 (2.0) R4 (2.3)

P7 4 R1 (2.0) R6 (2.4, 2nd)

P8 6 R4 (2.3) R8 (3.1)

P9 9 R4 (2.3) R9 (3.4)

P10 12 R1 (2.0) R9 (3.4)

aStimuli come from the first recording procedure unless specified as “2nd.”
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there were two different types of reference stimulus classes

(S1a and S1b), as shown in Table IV, and for each type of the

reference stimulus class, we employed two reference pairs,

which were shown in Table III. An additional type of refer-

ence stimulus class, S1b (“different recordings of the same

SP length”), was added to estimate the effects of possible

slight variations in playing technique. That is, even though

subjects were told that they should ignore variations in play-

ing technique, there was still the possibility that slight play-

ing variations could be interpreted as different SP lengths.

The S1a class consisted of pairs P1 and P2, while S1b

included P3 and P4. The reason why we selected two differ-

ent pairs in the S1a class was for variety, while the reason

for S1b was to illustrate various differences that could be

caused by playing technique variations.

B. Results

As in the playing experiment, the threshold of the SP

length differences in this experiment was estimated through

the calculation of a sensitivity measure d0 for each jDLj.
Figure 5 shows the probabilities (also known as hit rates)

that subjects considered the two SP lengths with a difference

of 2, 3, 4, 6, 9, or 12 graduations as “different,” respectively.

We can see a trend that the hit rate increases as the SP

length difference increases except that the hit rate for 3

graduations was extraordinarily higher than its adjacent

intervals. Figure 5 also displays the probabilities (also

known as false alarm rates) that subjects considered the first

type of reference pairs (S1a) that consisted of identical

recordings (P1 [R6, R6] and P2 [R7, R7]) and the second

type of reference pairs (S1b) that consisted of different

recordings of the same SP lengths (P3 [R2, R3] and P4 [R4,

R5]) as “different,” respectively. We can see that the false

alarm rates of the reference pairs S1a were much lower than

the false alarm rates of the reference pairs S1b. Among the

two reference pairs of S1b, the false alarm rate of P4 [R4,

R5] (p ¼ 0.619) was much higher than P3 [R2, R3]

(p ¼ 0.381). Looking back to Table II, we can see that stim-

uli R2 and R3 were recorded during the same SP increasing

process, while stimuli R4 and R5 were recorded at different

phases of the SP length adjustment procedure and thus at

significantly different times. Thus, it appears likely that var-

iations in the timing of recordings and/or slight variations in

playing technique contributed to inaccuracies in the evalua-

tion of SP length.

Figure 6 shows the perceptual sensitivity measure d0 for

each jDLj calculated based on the two types of reference

pairs, respectively. In addition, we also calculated the per-

ceptual sensitivity of reference pairs S1b (i.e., jDLj ¼ 0)

based on the reference pairs S1a. Error bars of the two-sided

95% confidence interval around d0 are also displayed. We

can see that all d0 that were calculated based on the refer-

ence pairs S1a were greater than 0, including the d0 for the

reference pairs S1b. It implies that subjects could differenti-

ate all different stimuli we presented at above chance levels.

However, we could not conclude that they could recognize

all SP length differences because they did not manage to

distinguish the differences caused by SP length from those

FIG. 5. (Color online) Probabilities that subjects considered each pair of

stimuli as different, when the pairs consisted of recordings made at two dif-

ferent lengths or at the same length.

FIG. 6. (Color online) Perceptual sensitivity d0 for each jDLj calculated

using two sets of references: the upper line represents the d0 calculated

based on reference pairs S1a, and the lower line represents the d0 calculated

based on reference pairs S1b.

TABLE IV. Different responses for different stimulus classes for the listen-

ing test.

Stimulus class

Response

“Different” “Same”

Different SP length

recordings (S2)

Hits Misses

Identical recording (S1a) False alarms Correct rejections

Different recordings of the

same SP length (S1b)

False alarms Correct rejections
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by playing technique. For d0 that was calculated based on

the reference pairs S1b, we can see that only d0 values for SP

length differences of 9 and 12 graduations were a bit greater

than 0. This means that subjects could only differentiate dif-

ferent SP lengths with a difference of 0.198 and 0.264 mm

at above chance level based on the reference pairs S1b.

During the listening test, subjects were asked to

describe the differences they heard if they thought the violin

setup in each of the two recordings was different. By exam-

ining the verbal descriptions provided by the subjects, we

found that subjects were generally consistent across the two

tests in determining whether the two stimuli in each pair

were the same or different as well as in describing the differ-

ences between them. Also, listeners in general agreed with

the player’s opinion during the recording, i.e., subjects

agreed that the violin sound quality increased as the SP

length increased up to a point where it then began to deterio-

rate. For instance, stimulus R6 (2.4, 2nd) in P5, stimulus R4

(2.3) in P6, and stimulus R4 (2.3) in P9 had more positive

comments and fewer negative comments compared to stim-

ulus R3 (2.2, 2nd), stimulus R1 (2.0), and stimulus R9 (3.4)

in the respective pair. Neither stimulus R1 (2.0) nor stimulus

R9 (3.4) in P10 had more positive or negative comments

than the other, which is also in agreement with an optimal

length that is between the two extremes. Only P7 and P8

had slightly contradictory results to this general tendency.

Those two pairs included one recording that was among the

player’s most preferred recordings (one in each recording

procedure); however, the difference between the number of

positive and negative comments about the two recordings in

any of the two pairs was not that large. For the reference

pairs S1b of P3 and P4, we found that subjects showed pref-

erence toward one of the two recordings made at the same

SP length, which again implies that listeners could not dif-

ferentiate the differences caused by different SP lengths

from those caused by variations of the player’s technique.

Also, for P4, the two recordings were made at the same SP

length but in different recording procedures; the slight inac-

curacy of the adjustable SP could also contribute to the dif-

ferences between the two recordings.

C. Discussion

In this experiment, we explored players and makers’

perception of different SP lengths through a listening test

(using recorded sounds) with a computer interface. A violin

installed with a length-adjustable SP was used to make the

recordings. A concert violinist was invited to repeatedly per-

form a musical excerpt for different SP lengths. Subjects

then compared six pairs of recordings at different SP lengths

as well as two reference pairs of identical recordings and

two reference pairs of different recordings at the same SP

lengths.

The perceptual threshold of the SP length differences

was estimated by calculating a perceptual sensitivity mea-

sure of d0. The results showed that based on the two refer-

ence pairs S1a of identical recordings, subjects could

differentiate all different stimuli we presented at above

chance levels, including the stimuli in the reference pairs

S1b of different recordings made at the same SP lengths.

However, based on the reference pairs S1b of different

recordings at the same SP lengths, subjects could only dif-

ferentiate SP lengths with a difference of 9 or 12 graduations

(i.e., 0.198 or 0.264 mm) at above chance level.

Comparing the results of the listening test and the play-

ing test in Sec. II, we found that the false alarm rates were

much lower in the listening test than the playing test, with

even the highest false alarm rate (p ¼ 0.619) of the reference

pair P4 [R4, R5] in the listening test lower than the false

alarm rate (p ¼ 0.711) in the playing test. The reasons may

be that there were fewer variables in the listening test than

in the playing test, which we have discussed in Sec. II C,

and that subjects could compare two stimuli in quick succes-

sion. In the listening test, we managed to test bigger SP

length differences that we did not include in the playing test

(6, 9, and 12 graduations) and found that subjects were able

to recognize SP length differences of 9 and 12 graduations

at better than chance level in the listening test.

The verbal descriptions in the listening test revealed

that listeners generally agreed with the player’s opinions

during the recording: the violin sound quality increased as

the SP length increased up to a point where it then began to

deteriorate.

Analyses of the reference pairs S1b of different record-

ings at the same SP lengths imply that listeners could not

differentiate the differences caused by different SP lengths

from those caused by inadvertent variations of the player’s

technique. This is the primary disadvantage of the listening

test.

IV. CONCLUSIONS

In this study, we explored the perceptual influences of

the SP length on the violin from the perspective of players

and luthiers through a playing test and a listening test. A

length-adjustable SP was employed for the experiments.

During the playing test, subjects were asked to play a

violin with different SP lengths to find their optimal SP

length, and then we explored subjects’ perceptual sensitivity

to SP length variations around each subject’s optimal length.

The results showed that subjects’ optimal SP length varied

from 0.132 to 0.616 mm relative to the original SP length

(53 mm). Such a large range of optimal lengths implies a

lack of agreement among players for a “best” setting, even

when only the SP length is changed. This finding is consis-

tent with a previous study (Saitis, 2012): a large amount of

inter-individual variability existed in the preference rankings

of violins. During the second phase of the playing experiment,

we found that subjects could not recognize length changes of

0.11 mm or less at better than chance levels.

The true perceptual threshold of violin SP length varia-

tions may be difficult to find through a playing experiment

because of the existence of a large number of variables and

the sequential presentation of the trials. For these reasons,
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we conducted a listening test (using recorded sounds made

by a soloist) investigating subjects’ perceptual threshold as

well. The results showed that subjects could differentiate

SP lengths with a difference of 0.198 or 0.264 mm at a bit

above chance level based on the reference pairs of different

recordings at the same SP lengths. The false alarm rate in

the listening test was much lower than in the playing test,

which could be explained by the fact that the listening test

had fewer variables than the playing test. The main disad-

vantage of the listening test was that listeners could not dis-

tinguish the differences caused by different SP lengths from

those caused by inadvertent variations of the player’s

technique.

The playing experiment provided an experience similar

to that of a violinist evaluating adjustments of an instrument

when at a luthier shop. The length differences that were

tested by subjects were decided based on several pilot stud-

ies and discussions with makers. However, the results indi-

cate that the range of length variations used in the playing

test were below the true perceptual threshold. Also, the fact

that subjects tended to think a change had been made, even

though they were told that changes would not always occur,

demonstrates a certain bias in the mindset of players that

they should be able to notice even very slight adjustments to

their instruments. That said, in the listening test, we found

that subjects could differentiate SP lengths with a difference

of 0.198 and 0.264 mm at a bit above chance level based on

the reference pairs of different recordings at the same SP

lengths. These length differences are quite small, which sup-

ports the statements of luthiers that SP tightness is impor-

tant. However, our findings do not seem to support their

extreme belief that removing “just a shaving” from the SP

can make a big difference.

The fact that small length differences can be detected

will increase the difficulty of conducting an experiment to

address another SP parameter, its position, which has cer-

tainly an equal or greater influence on the playing qualities.

It is, however, extremely hard to control very precisely

the position, and a small change in position will lead to a

small change in tightness, which we now know can be per-

ceived. It will thus be crucial to control both parameters

independently.

More generally, this study shows once more that explor-

ing luthiers’ and players’ beliefs in a scientific way is rather

tricky. Designing a controlled experiment without “throwing

the baby out with the bath water” is difficult. For instance,

listening tests allow greater control but remove a large num-

ber of cues that are usually available to players when evalu-

ating a violin and force the evaluation on just the sound

quality. In addition, a lot of trials are usually needed to

derive robust and statistically significant conclusions, but

this implies a long duration of the experiment that will cause

fatigue and therefore make participants less sensitive and

reliable. Finally, the inter-individual variability, in terms of

perception, preference, expertise, and verbal descriptions, is

always very large, making the interpretation of the results

rather complex.
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APPENDIX

Thresholds were estimated using detection theory

(Macmillan and Creelman, 2005). We have two stimulus

classes: length variations of DL ¼ 0 are class S1, and DL ¼
2, –2, 3, –3, 4, –4, 5, –5 graduations are different cases of

the S2 class. A “hit” is defined as a correct identification of

an S2 class element (participants recognize a length

change); failing to identify it is a “miss.” A “false alarm” is

defined as an incorrect identification of an S1 class element

(they thought the length changed when no variation of the

SP length was made); correctly responding “same” is a

“correct rejection.” Table I summarizes the four possible

cases. The hit rate (H) is the proportion of different SP

lengths (S2) to which the subject responds “different,” and

the false alarm rate (F) is the proportion of the same SP

length (S1) similarly (but incorrectly) assessed. The hit and

false alarm rates can be written as the following condi-

tional probabilities:

H ¼ Pð00different00 S2Þ;
�
� (A1)

F ¼ Pð00different00 S1Þ:
�
� (A2)

The perceptual sensitivity is estimated using the d0 mea-

sure: d0 is defined in terms of the inverse of the normal dis-

tribution function z

d0 ¼ z Hð Þ � z Fð Þ: (A3)

The hit or false alarm rate was thus converted to a z
score (i.e., to SD units) by the z transformation. The z trans-

formation converts a proportion of 0.5 into a z score of 0,

larger proportions into positive z scores, and smaller propor-

tions into negative z scores. Thus, when H¼F, d0 ¼ 0, and

the performance is at chance; when H>F, d0 > 0, which

means that subjects are able to recognize a difference in
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length. The sensitivity of detection increases as d0 increases.

By calculating d0 for each DL, we can estimate the sensitiv-

ity of the subjects in SP length variation.

The standard error of d0 was calculated according to

Gourevitch and Galanter (1967). The variance (square of the

standard error) of d0 is the sum of the variances of the two

(independent) transformed proportions: z(H) and z(F).

Gourevitch and Galanter showed that observed z scores are

approximately normally distributed, with variance

var z pð Þ½ � ¼
p 1� pð Þ
N½1 pð Þ�2

; (A4)

where 1(p) is the height of the normal density function at

z(p) and N is the number of trials. Consequently,

var d0ð Þ ¼ H 1� Hð Þ
N2½1 Hð Þ�2

þ F 1� Fð Þ
N1½1 Fð Þ�2

; (A5)

where N2 and N1 are the number of trials in stimulus class S2

and S1, respectively.

Values of the function 1 can be computed

1 pð Þ ¼
2
ffiffiffiffiffiffi

2p
p e�

1
2
z pð Þ2 : (A6)

By extending 1.96 standard errors (arithmetic square

root of the variance) above and below observed d0, we can

obtain a 95% confidence interval around d0.

1See supplementary material at https://www.scitation.org/doi/suppl/

10.1121/10.0005587 to listen to the recordings that were used in the

listening test.
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