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Introduction

The gugin, a seven-stringed zither with over 3,000 years of
history, is deeply rooted in Chinese philosophy and aesthet-
ics, symbolizing intellectual refinement [1]. Recognized by
UNESCO [2] as an intangible cultural heritage, it remains an
essential part of Chinese musical tradition. Despite its histor-
ical significance, guqin pedagogy still relies on the master-
apprentice model, where learning occurs through observa-
tion and imitation, with teachers providing qualitative feed-
back [3].

Gugqin’s unique acoustic properties, including its fretless
design, inharmonicities, and expressive pitch glides, make it
a compelling subject for scientific study [4]. However, re-
search has primarily focused on its physical structure, with
limited studies on the acoustic effects of playing techniques
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Figure 1: A Top-down View of Guqin.

As shown in Figure 1, the guqin has seven strings and thir-
teen Hui markers that serve as visual pitch references. The
right hand plucks the strings (San), generating the sound
source, while the left hand manipulates pitch and resonance
through pressing, sliding (An), and harmonic techniques
(Fan). According to the source-filter theory [7], guqin sound
production results from this interaction: plucking provides
the excitation (source), while left-hand movements and the
soundboard structure shape the final timbre (filter), similar
to the mechanism in string and wind instruments.

This study aims to bridge tradition and technology by quan-
tifying acoustic differences between expert teachers and
novice players. By correlating objective acoustic measures
with subjective teacher evaluations, this research proposes a
data-driven framework to enhance guqin pedagogy, ensuring
its relevance in modern education.

Methods

Participants

The study involved 2 expert guqin teachers and 2 novice
players:

398

Teachers were required to hold a guqin teaching
certificate from a recognized institution and have at
least five years of teaching experience at the tertiary
level. Additionally, they needed a minimum of ten
years of performance experience, including partici-
pation in recognized guqin performances or compe-
titions.

Novice players were selected based on specific cri-
teria to ensure a comparable skill level. They must
have less than one year of formal guqin training, no
prior professional music background, and no signif-
icant experience with other plucked string instru-
ments (e.g., pipa, guitar). This ensured that differ-
ences in performance were primarily due to guqin
expertise rather than general instrumental proficien-

cy.

Demographic data, including age, training history, and musi-
cal background, were recorded for all participants.

Materials

Participants played single note with technique of San three
times for each note as guqin exercise.

Data Collection

All recordings were made using the same guqin to ensure
consistency in sound quality. The instrument is constructed
by joining paulownia wood for the top board and Chinese fir
(Cunninghamia lanceolata) for the bottom board, and it was
strung with steel-core nylon strings. Recording took place in
a soundproof booth with an ambient noise at 35 dB SPL. A
professional condenser microphone (Shure SM48) and a
mobile preamp were used, with audio digitized at 44.1 kHz
and 16-bit resolution. The microphone was positioned 6 cm
away from the guqin’s edge, directly opposite the 4th mark-
er.

Each participant performed these exercises three times, fol-
lowing a silent visual metronome set to 120 BPM. Teachers
and novices followed the same protocol to ensure compara-
ble data. Recordings lasted approximately 15 minutes per
participant. Two independent guqin teachers, blinded to
performer identities, rated 2 x 3 x 3 acoustic samples using a
5-point Likert scale. Intra- and inter-rater reliability were
assessed using intraclass correlation coefficients (ICC), and
evaluators also provided qualitative feedback on strengths
and weaknesses.

Data Analysis



The five acoustic parameters—shimmer, Harmonics-to-
Noise Ratio (HNR), maximum intensity, T1, and T2—were
individually extracted using Praat. Specifically, shimmer
reflects amplitude perturbation and is commonly used to
measure voice stability; HNR represents the ratio between
the periodic and aperiodic components of a signal; maximum
intensity (i.e., peak sound pressure level) indicates the con-
trol of loudness during performance; T1 refers to the dura-
tion of one whole note played at 120 BPM, which is ex-
pected to be close to 2 seconds; and T2 denotes the time
from the onset of the sound signal to the peak of the first
periodic cycle. The mean values and standard deviations for
all five parameters across the four participants are detailed in
Table 1.

Table 1: The mean values and standard deviations for all
five parameters across the four participants.

Variance Subject
1 2 3 4
Shimmer (%) 4.68 4.67 6.94 8.58
(0.38) (0.31) (2.65) (2.17)
HNR (dB) 19.45 20.01 16.26 16.10
(0.67) (0.49) (3.45) (2.65)
Intensitymax 65.62 65.66 69.55 69.13
(dB) (1.33) (1.00) (2.14) (3.60)
T1 (s) 2.18 2.14 2.38 1.98
(0.06) (0.03) (0.38) (0.29)
T2 (ms) 29.67 30.51 94.33 58.67
(4.16) (2.18) (80.21) (32.04)
Results

In the comparison, it can be observed that the shimmer val-
ues for the teacher group were lower (4.68% and 4.67%)
with smaller standard deviations, indicating more stable tone
quality. In contrast, the shimmer values for the student group
were significantly higher (6.94% and 8.58%) and more vari-
able, suggesting greater amplitude fluctuation during per-
formance—possibly due to unsteady finger force or less
mature plucking techniques.

The HNR values for the teacher group were also higher
(19.45 dB and 20.01 dB), while those of the student group
were lower (16.26 dB and 16.10 dB), implying that the stu-
dents’ performances might contain more noise components,
which could be attributed to less stable plucking and weaker
control over tone quality.

Regarding maximum intensity, the teacher group exhibited
lower values (65.62 dB and 65.66 dB), whereas the student
group demonstrated higher values (69.55 dB and 69.13 dB),
suggesting that students may tend to exert excessive force
during performance or have less precise control over loud-
ness.

The T1 values for the teacher group were also more con-
sistent (2.18s and 2.14s, with standard deviations of 0.06 and
0.03, respectively), closely matching the expected tempo. On
the other hand, the student group showed more variation in
T1 (2.38s and 1.98s) with larger standard deviations, reflect-
ing less accurate rhythmic control and a tendency for tem-
poral deviations.
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As for T2, the teacher group exhibited smaller values (29.67
ms and 30.51 ms) with low variability (standard deviations
of 4.16 ms and 2.18 ms), indicating stable onset during
plucking. In contrast, the student group showed significantly
higher T2 values (94.33 ms and 58.67 ms), with much larger
standard deviations (80.21 ms and 32.04 ms), suggesting
lower initial stability during plucking and possibly a pro-
longed transient phase before the sound stabilizes.

Conclusion

This study quantified acoustic differences between expert
guqin teachers and novice players, revealing that teachers
exhibited lower shimmer, higher HNR, and more stable T1
and T2 values, indicating better control over tone quality,
loudness, and timing. In contrast, novices showed greater
variability and higher intensity, suggesting unstable plucking
and inconsistent tempo. These findings demonstrate the
potential of acoustic analysis in refining guqin pedagogy by
providing objective insights into performance techniques.
Integrating data-driven approaches with traditional teaching
methods can enhance learning efficiency while preserving
the guqin’s rich cultural heritage.
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