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Abstract
Gugak, the traditional music of Korea, is defined by its distinc-
tive musical characteristics, including flexible tuning, non-metric
rhythms, and intricate ornamentation. These unique features,
while artistically rich, pose significant challenges for novice
learners, particularly when approached through conventional,
textbook-based methods. To bridge this gap, we introduce the
Audiation Development System for Gugak, an interactive plat-
form that leverages algorithmic analysis to support both learning
and teaching. Central to this system is the development of signal
processing functions for rhythmic guidance, pitch detection, and
additive harmonic synthesis—algorithms specifically designed
to capture the expressive nuances of Gugak. These functions
generate real-time auditory and visual feedback, providing a re-
sponsive learning environment aligned with the updated Korean
music curriculum. The system not only enables student-centred
exploration of Gugak’s fluid structures but also supports edu-
cators through dynamic, visualized feedback tools. Beyond its
technical foundation, this research sets the stage for future de-
velopment of user interfaces and investigates the educational
efficacy of computer-driven learning compared to traditional
methods. By integrating music technology and pedagogy, this
work contributes to both the accessibility and sustainability of
Korea’s musical heritage.
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1 INTRODUCTION
Traditional Korean music, known as Gugak, encompasses a rich
cultural and musical heritage that is both intricate and nuanced.
Our research focuses on creating an interactive educational plat-
form designed for both local and international novice learners.
This platform aims to facilitate an accurate understanding of
traditional Korean musical features while ensuring the preser-
vation of its cultural and musical essence. In consideration of
the recently revised nationally regulated Korean music curricu-
lum, which is scheduled for full implementation across all South
Korean public primary, middle, and high schools by 2026 [1, 2],
alongside the historical foundations of viva voce education in
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Figure 1: Five stages of audiation development

Gugak, we explore effective methodologies for providing real-
time digital feedback. This approach detailed in this paper is
intended to enhance the individual learning experience by foster-
ing a deeper practical comprehension of Gugak’s flexible tuning,
rhythm, and ornamentation parameters, ultimately contributing
to lasting embodied learning effects.

Various related works by Pardue et al., Percival et al., Dyer et
al., Suzuki, Kreitman, Kantoski, and Dai et al. demonstrate the
effectiveness of providing audio stimuli to strengthen audiation
and prevent intonation drift for beginner instrumentalists [3–9].
Audiation, a term coined by Edwin Gordon in the late 1970s, is
defined as hearing music in one’s mind when the sound is not
physically present, distinct from aural perception [10]. The five
stages of audiation, as outlined in Figure 1, are hierarchical and
likely occur concurrently, involving patterns of notes, tonality,
meter, and prediction. However, the last stage represents the
point in development when the student musician can predict
patterns of essential notes based on tonality, meter, and retained
patterns, with accuracy affecting musical understanding. In set-
tings characterized by a lack of instrumental accompaniment, the
initial tonal reference may gradually be neglected. According to
Dai et al. [9], unaccompanied intonation errors can be mitigated
by instructing performers to internally model the commonly
utilized tonal references through training that incorporates ac-
companying audio stimuli.

The findings from Pardue et al.’s user testing indicate that
real-time auditory feedback is qualitatively more effective than
real-time visual feedback [3]. Despite the ongoing discourse sur-
rounding audio and visual feedback systems, it is argued that
visual feedback is not a correction modality commonly utilized
in performance contexts and may serve as a limiting habitual
crutch that warrants significant consideration [4]. Pardue et al.
asserts that among the school-age participants, the need for ac-
tive allocation of visual attention between the feedback display
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and the score was beneficial in instances where the score was
not critically essential (such as scales) [3]. Still, the challenge of
dividing attention during practice sessions often resulted in sen-
sory overload, particularly when visual cues changed at a pace
too rapid for effective processing. Quantitative investigations
reveal that humans process auditory stimuli more rapidly, at 40
milliseconds, compared to visual stimuli, which is processed at
50 milliseconds [3]. Consequently, it is easier for a learner to
process auditory feedback in real -time than to process visual
information.

Figure 2: Kreitman’s listening loop for intonation based
on Adam’s Closed-loop system for motor learning

The implementation of Adam’s Closed-Loop Theory, a frame-
work for motor learning that significantly relies on the avail-
ability of feedback to facilitate the acquisition of motor skills, is
proposed [11]. Figure 2 illustrates Kreitman’s listening loop devel-
oped for the aural perceptive pitch closed-loop theory process.
Initially, this theory involves the development of motor mem-
ory traces, which are essential for the selection and initiation of
a specific movement plan. Subsequently, through the advance-
ment of the perceptual trace stage, the learner is afforded the
opportunity to compare the ongoing movement with an accurate
memory of the intended movement [7]. This process enables the
learner to identify and rectify errors autonomously, thereby fos-
tering a comparable long-term learning effect that is transferable
across various levels of advancement and disciplines, including
audiation.

The following sections of this paper clarify our system’s re-
quirements andmethodology, share initial findings from user test-
ing, and propose future work plans. We discuss key parameters
that are essential for accurately representing the characteristics
of Gugak and for the implementation of the revised curriculum
regulations of 2022. Moreover, we will explain the mechanics of
our system, detailing its initialization phase and the three stages
of audiation development, including the audio and visual feed-
back stimuli involved. Lastly, a brief overview of the preliminary
user testing carried out in our pilot study will provide insights
for our upcoming initiatives.

2 ADJUSTMENTS REQUIRED FOR Gugak
CLOSED-LOOP THEORY APPLICATION

Drawing upon prior research, our objective is to augment these
findings to develop a feedback system specifically centred on
Gugak. This system will take into account the fluid pitch pa-
rameters inherent to the genre, established musical frameworks,

educational methodologies, and contemporary educational re-
quirements necessary for implementation within public schools.

2.1 Revised Nationally Regulated Korean
Music Curriculum

The General Music Education (GME) curriculum in South Korea
has undergone ten revisions. It aims to foster a musical culture,
nurture talent, and enhance educational outcomes through mu-
sic for individuals aged six and older, while developing social-
emotional skills. The 2022 Revised Music Curriculum marks a
significant shift, wherein the focus transitions from goal-oriented
achievement and prescriptive teaching strategies to a selection
of core ideas and contents, thereby fostering an autonomous,
student-centredmusic learning environment [1, 2, 12]. This aligns
closely with Gordon’s Music Learning Theory (MLT), which em-
phasizes the learning process of students, with teachers serving
as guides who provide supportive environments and appropriate
tools, all while adapting to the individual aptitudes of students
[10]. One of the key transformations of this 2022 curriculum is
the promotion of self-initiated learning, emphasizing application
and performance while permitting the expression of creativity,
emotions, and reflective thinking. This approach extends beyond
traditional musical systems to embrace integrative and innova-
tive creations that amalgamate various subjects.

Per the outlined guidelines pertaining to the 2022 revised
music curriculum educational methodologies, we propose inte-
grating innovative and creative digital technologies that impose
minimal constraints on students’ expression of Gugak music.
Furthermore, this platform enables students to identify their er-
rors autonomously and use reflective thinking to self-correct,
enhancing their auditory and motor memory skills. While this
system is primarily designed for novice Gugak students, due to
the general lack of familiarity with nuanced Gugak practices
resulting from a deficit of fully trained experts, this interactive
feedback mechanism also aims to promote collaborative teaching,
thereby enriching the comprehension of the subject matter for
both students and instructors. The system primarily emphasizes
the Gugak scale, tuning system, and sound characteristics. How-
ever, the interval intonation exercises and fundamental concepts
developed through the study of Gugak can also enhance other
non-Gugak music curriculum units, providing valuable insights
and techniques that benefit a broader range of musical education.

2.2 Fluid Gugak Tuning
To effectively implement our Gugak audiation development sys-
tem, our research has strategically selected a specific instrument
that is widely utilized and plays a significant role in Gugak per-
formances. However, this instrument presents educational chal-
lenges due to its physical attributes and performance techniques.

The haegeum, a vertical two-stringed bowed zither used in
Gugak, is depicted in Figure 3. The arrangement of its strings
and pegs, along with a fingering technique that requires the per-
former to apply and release tension from two strings affixed to
wooden tension-held pegs, often results in tuning discrepancies
during performances. However, professional haegeum players
possess the ability to maintain accurate pitch despite these tuning
variations by adjusting the pressure they apply to the strings.
The absence of a fingerboard permits a broader spectrum of pitch
control, as demonstrated in Figure 4. Nonetheless, this greater
flexibility demands significant aural ear-training and refined mo-
tor skills to adapt to slight variations in intonation. Consequently,
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