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Abstract: This paper explores the systematic integration of Computer-Assisted Composition (CAC)
into composition teaching in colleges and universities, examining its profound impact on the
structure of traditional composition courses, students' creative thinking modes, and the mechanisms
of teaching evaluation. By designing a technology-enabled instructional framework, the study
illustrates how CAC can enhance students' creative efficiency, diversify the range of sonic
possibilities, and foster interdisciplinary collaboration across music, technology, and other creative
fields. Furthermore, the paper investigates how CAC tools influence pedagogical practices,
including individualized learning paths, real-time feedback, and iterative compositional
experimentation. The integration of CAC not only reshapes course content and teaching strategies
but also encourages students to explore innovative approaches to sound organization, timbral
experimentation, and compositional form. Finally, the study proposes a forward-looking
curriculum reform strategy aimed at cultivating versatile music talents capable of leveraging both
traditional skills and technological proficiency, thereby preparing students to meet the evolving
demands of contemporary music education and creative industries.
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1. The Technical Basis of Computer-Aided Music Creation and the Reconstruction of
Teaching Adaptability

1.1. The Function Expansion of Digital Audio Workstation (DAW) in Composition Teaching

As the core platform of Computer-Assisted Composition (CAC), the Digital Audio
Workstation (DAW) has evolved from a basic recording and post-processing tool into a
comprehensive creative environment that integrates composition, arrangement, timbre
design, structural analysis, and real-time performance within college composition courses.
Current mainstream DAWs, such as Ableton Live, Logic Pro, Cubase, and Reaper, offer
high-precision MIDI editing, multi-track audio recording, and seamless connectivity with
professional synthesizers, effectors, and notation software (e.g., Sibelius, Dorico) through
plug-in architectures such as VST and AU. This integration provides a robust technical
ecosystem that supports multifaceted composition instruction.

In classroom practice, instructors can guide students to explore nonlinear rhythmic
structures and differential sound systems using DAW's time-stretching and pitch-shifting
algorithms. Sound timbre can be precisely shaped by dynamically controlling filter cut-
off frequency, formant parameters, and reverberation dry-wet ratio through Automation
Envelopes. Moreover, MIDI controller mapping allows physical knobs, sliders, and
virtual parameters to modulate performance parameters, enhancing both the intuitiveness
and expressiveness of musical creation. DAWs also feature two-way synchronization
between the spectrum view and the MIDI event list, enabling students to establish
immediate feedback between auditory perception and visual notation, thereby
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strengthening multimodal cognition of harmony progression, counterpoint relationships,
and rhythmic density [1].

1.2. Curriculum Design of Algorithmic Composition Models and Music Generation Logic

Algorithmic Composition represents a frontier in CAC, where musical structures are
generated through mathematical models, formal rules, or machine learning algorithms.
In higher education, the introduction of algorithmic models does not replace the
composer's creative decision-making; instead, it acts as an intelligent collaborator that
expands creative boundaries.

A well-structured curriculum introduces methods such as Markov chains, L-systems,
cellular automata, and rule-based expert systems to help students understand the
probabilistic mechanisms underlying music sequence generation. For instance,
constructing first- or higher-order Markov models to analyze interval transition
probabilities in a fugue theme enables students to generate melodic fragments consistent
with Baroque style and to perform subsequent variation and reconstruction. Similarly, L-
systems can simulate recursive rules of plant growth, generating rhythm patterns or
harmonic progressions with fractal structures that balance self-similarity and variability.

Recent advancements in deep learning, including LSTM and Transformer networks,
have further expanded the possibilities of music generation. Open-source frameworks
such as Magenta and OpenAl Jukebox can be employed to guide students in training
personalized style models or experimenting with style transfer. The pedagogical focus
emphasizes "controlled generation" rather than passive acceptance of algorithmic output,
wherein constraints-such as tonal centers, rhythmic skeletons, and harmonic functions-
direct the algorithm to produce materials that align with the composer's creative intention.

1.3. The Application Mechanism of Interactive Music Systems in Real-Time Creation Feedback

Interactive Music Systems (IMS) enable real-time coupling between performers,
environments, and music generation processes through sensors, audio analysis, and
dynamic response algorithms. This provides a novel dimension of feedback and
improvisation for composition teaching. In college settings, IMS can be implemented
using visual programming environments such as Max/MSP, Pure Data, or SuperCollider
to construct customized interactive architectures.

For example, students can design systems that map real-time parameters from MIDI
controllers or motion sensors (e.g., Leap Motion, Myo armband) to continuous changes in
pitch, rhythm, or timbre, realizing "Embodied Composition." Audio feature extraction,
including spectral centroid, rhythmic entropy, and dynamic range, allows the system to
analyze performance signals and trigger pre-set musical events or algorithmic responses,
creating a responsive soundscape. Such systems are particularly valuable for "real-time
orchestration training": students can develop dynamic orchestration schemes for live
melodies, with the system adjusting accompaniment texture and timbral combinations in
real time according to performance intensity and tempo changes, thereby enhancing
perception of musical tension and structural balance [2].

2. Based on Computer-Aided Composition Thinking Transformation and Advanced
Creative Pathways

2.1. The Paradigm Shift from Linear Writing to Parametric Thinking

Traditional composition teaching has long focused on the construction of note
sequences along a linear time axis, emphasizing melodic development, the vertical
superposition and horizontal extension of harmony, and musical structural design. The
introduction of Computer-Assisted Composition (CAC) promotes a shift in compositional
thinking toward a parametric mode, where music is no longer treated as a linear
arrangement of discrete pitches but as a multi-dimensional space of quantifiable,
modifiable, and interrelated acoustic and structural parameters.
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In this paradigm, elements such as pitch, duration, intensity, timbre, spatial
positioning, and spectral envelope are abstracted as independent variables, which can
dynamically interact through algorithmic logic. For example, in environments such as
Max/MSP or Csound, a single note event can be defined as an object encompassing more
than ten parameters, including fundamental frequency, harmonic structure, onset/decay
time, and spatial diffusion angle. Functional relationships, such as sinusoidal modulation,
random perturbations, or fractal recursion, allow nonlinear coupling between parameters,
generating a 'Sound Object' with complex internal structures. This approach requires
students to transcend the symbolic limitations of traditional notation and develop a deep
understanding of the physical and perceptual properties of sound [3].

Teaching can include 'parameter mapping experiments,’ such as translating
geographic data (altitude, temperature) into pitch and texture density or mapping textual
semantic features (emotional polarity, word frequency) into rhythmic patterns and
harmonic tension, achieving cross-modal sonification. Parametric thinking also supports
'generative structural design,’ where initial parameters and evolution rules (e.g.,
neighborhood interactions in cellular automata or selection pressures in genetic
algorithms) allow musical structures to self-organize iteratively rather than rely on pre-
planned arrangements.

2.2. Multidimensional Collaborative Training of Sound Design and Structural Organization

In the CAC environment, sound design becomes a central creative tool, closely
integrated with macrostructural composition. College composition courses should move
beyond the traditional sequence of "score first, orchestration later" and develop
collaborative training systems that synchronize sound material generation with formal
structure design. Students are encouraged to master advanced sound synthesis
techniques, including spectral modeling, physical modeling, and granular synthesis, to
create a unique sound material library.

For instance, FFT (Fast Fourier Transform) can analyze the spectral trajectory of real
instrument recordings, while phase vocoding allows time stretching and timbre
transformation to generate soundscape elements bridging concrete and abstract sounds.
Physical modeling software (e.g., Modalys, Synful Orchestra) can simulate vibrations of
non-standard instruments, expanding timbral possibilities beyond conventional libraries.
These sound materials function as 'structural particles' within broader formal
organization.

Teaching projects, such as "timbre-structure mapping," can link specific timbral
features (e.g., high-frequency energy, transient sharpness, harmonic dissonance) to
structural roles, where the emergence of a spectral contour triggers section changes or
tonal shifts. Furthermore, DAW functionalities like audio-to-MIDI conversion and rhythm
extraction enable reverse engineering from 'sound intuition' to 'structural logic," allowing
dynamic sound features to inform compositional architecture.

2.3. Data-Driven Music Style Analysis and Innovative Practice

With the rise of big data and artificial intelligence, music style research has evolved
from qualitative description to quantitative analysis and pattern mining, providing
empirical pathways for composition teaching. Music Information Retrieval (MIR)
technologies can be integrated into college courses, enabling students to use Python
libraries (e.g., Librosa, Essentia) or specialized software (e.g., Sonic Visualiser, CASA) for
acoustic feature extraction and statistical modeling on large-scale music corpora.

Students can examine quantitative characteristics of diverse genres-Baroque
polyphony, jazz improvisation, electronic dance music-through metrics such as rhythmic
entropy, harmonic complexity, pitch range distribution, and dynamic envelopes,
constructing 'Style Fingerprint' databases [4]. For example, analyzing interval jumps and
harmonic function transitions in Beethoven's piano sonatas can quantify the generation of
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dramatic tension, while investigating polyrhythms and filter modulation in electronic
works uncovers mathematical patterns in rhythmic complexity.

These datasets serve not only for style recognition but also as constraints or seeds for
creative exploration. Students may conduct 'style-mixing' experiments, fusing classical
fugue counterpoint with hip-hop rhythmic segmentation, or applying principal
component analysis (PCA) to extract core acoustic dimensions of a composer's work,
performing nonlinear transformations to achieve stylistic variation. Advanced courses
may introduce Generative Adversarial Networks (GAN) or Variational Autoencoders
(VAE) for deep style transfer, such as mapping the tonal distribution of a painting or the
emotional trajectory of a text into musical expression [5].

3. The Structural Reform and Evaluation Mechanism Innovation of Composition
Curriculum System in Colleges and Universities

3.1. The Integrated Curriculum Architecture of Technical Modules and Traditional Composition
Courses

Traditional composition courses in colleges often follow a linear progression of
"harmony — counterpoint — musical form — orchestration — large-scale work writing,"
emphasizing diachronic accumulation of techniques. However, the deep integration of
Computer-Assisted Composition (CAC) requires a shift from "technical addition" to
"structural reconstruction,” creating an integrated curriculum that balances technical
proficiency with artistic accomplishment. This framework breaks the conventional
division of "basic course — professional course — technical course” and embeds CAC
technology modules as foundational support across all teaching units.

For example, in lower-grade harmony courses, DAW harmony analysis plug-ins (e.g.,
Harmony Assistant) can provide real-time chord visualization. When students play on a
keyboard, the system generates synchronized Roman numeral analysis, voice leading
paths, and tension curves, integrating auditory, visual, and theoretical cognition. In
counterpoint training, algorithmic tools can check traditional rules, such as voice
crossings and hidden octaves, while extending to modern counterpoint challenges in
electronic music, including spectral overlap and phase interference [6].

In intermediate and senior courses, traditional orchestration should evolve into
"comprehensive timbre design and spatial writing," incorporating physical modeling
synthesis, Ambisonics-based three-dimensional sound fields, and multi-channel diffusion
systems (e.g., Dolby Atmos). This enables students to master the full process from micro-
level timbre shaping to macro-level soundscape layout. Core creation courses should
adopt a "technology-art dual tutorial system," co-guided by composition professors and
computer music experts, ensuring rigorous standards in both musical logic and technical
realization. Course scheduling can follow a "module nesting + project-driven" approach-
for example, embedding Max/MSP in "20th Century Music Analysis" for spectral analysis
experiments, or implementing real-time voice processing and interactive accompaniment
in "Opera Writing." A standardized "technical workshop" mechanism should support
regular training in Csound programming, machine learning for music applications, and
hardware interface development to maintain student mastery of advanced tools [7].

3.2. The Implementation Path of Interdisciplinary Project-Based Learning in CAC Teaching

CAC inherently involves interdisciplinary collaboration. Teaching innovation must
transcend music discipline boundaries, establishing project-based learning (PBL)
collaborations with computer science, cognitive science, visual art, drama, and dance.
Universities can establish "CAC Interdisciplinary Innovation Laboratories" as platforms
for project incubation and resource integration, equipped with real-time motion capture,
EEG interfaces, multi-channel audio arrays, and virtual reality (VR) systems to support
complex interactive projects [8].

Typical projects include:
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1)  Neuro-Music Interface Creation: Music students collaborate with neuroscience
students to collect physiological data, such as alpha waves and heart rate
variability, decode emotional states through machine learning, and map them
to music parameters (e.g., tonal stability, texture density, reverberation time) for
biofeedback composition.

2) Dance-Sound Real-Time Interactive Systems: Kinect or IMU sensors capture
dancers' joint movements, triggering responsive electronic parts through
custom mapping algorithms. Composers must understand dance dynamics and
temporal perception to reconstruct musical rhythm organization.

3) Music Regeneration of Digital Cultural Heritage: Collaborating with
archaeology or historical teams, students reconstruct lost sounds based on
ancient instrument data (e.g., modal analysis of Zeng Houyi's bells) or historical
scores (e.g., Dunhuang music manuscripts), using physical modeling and Al to
enable creative dialogue between historical context and contemporary
aesthetics.

3.3. Construction of a Dynamic and Multi-Dimensional Evaluation System for Creative
Achievements

Traditional composition evaluation relies primarily on static score review and
auditory assessment, insufficient for capturing the complexity of creation processes and
technical implementation in CAC. A dynamic, multi-dimensional evaluation system is
needed, integrating the creative process, technical realization, artistic innovation, and
interdisciplinary value into a unified framework.

The system can adopt a triple mechanism: process archives + final review exhibition
+ peer review. Students manage their projects with version control systems (e.g., Git),
recording DAW project files, code scripts, parameter adjustment logs, and experimental
audio, forming traceable "digital creation files" to evaluate technical iteration and
problem-solving skills [9]. In final assessments, alongside traditional performances, a
"technical demonstration" requires students to present algorithm logic, working
principles, and real-time system performance, allowing evaluators to interact with
parameters to test robustness and artistic expressivity.

Evaluation dimensions include: technical originality (e.g., custom algorithm
complexity), system stability (e.g., low latency, interference resistance), artistic expression
integrity (e.g., concept-implementation consistency), human-computer interaction
intuitiveness (e.g., control mapping rationale), and interdisciplinary integration depth. A
peer code review mechanism can assess readability, efficiency, and modularity of
Max/MSP patches or Python scripts, ensuring technical proficiency. Additionally,
audience feedback channels-using physiological signals such as galvanic skin response or
eye-tracking, alongside surveys-provide quantitative measures of emotional arousal and
cognitive load, supporting objective evaluation of artistic effects.

4. Practical Applications and Case Studies of Computer-Assisted Composition in
Higher Education

4.1. Integration of CAC in Classroom Teaching

In recent years, the integration of Computer-Assisted Composition (CAC) into
college-level composition courses has enabled students to directly apply parametric
thinking and algorithmic tools in their creative projects. In practice, instructors combine
traditional composition tasks with DAW-based workshops, algorithmic composition
exercises, and interactive music system experiments to create a multi-layered learning
environment. For example, in a "Melody and Harmony Exploration" workshop, students
are required to use a combination of MIDI controllers, DAW automation, and spectral
analysis tools to generate harmonic progressions that evolve according to algorithmic
rules, while maintaining musical expressivity.
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The course structure encourages iterative creation, allowing students to experiment
with sound design, real-time performance, and multi-modal feedback. As a result,
learners develop both technical proficiency and aesthetic judgment, bridging the gap
between musical theory and computational application.

4.2. Representative Student Projects

Several exemplary projects demonstrate the pedagogical value of CAC integration:

1)  Parametric Sound Objects: Students created multi-dimensional sound events by
defining dozens of acoustic parameters and applying nonlinear interactions
such as fractal recursion and stochastic modulation. These projects show how
parametric thinking can transform abstract data (e.g., environmental
measurements or textual sentiment) into musical textures and forms.

2) Interactive Performance Systems: Using motion sensors and audio analysis tools,
students developed real-time music interfaces that respond dynamically to
performer gestures or audience feedback. Projects included dance-sound
interactive systems and biofeedback-based compositions, illustrating the
potential for cross-disciplinary collaboration and embodied creativity.

3) Algorithmic Style Fusion: Leveraging Markov chains, LSTM networks, and
generative models, students experimented with cross-genre style transfer,
combining elements of classical fugues with contemporary electronic music.
These projects reveal how CAC can facilitate innovative explorations beyond
traditional stylistic boundaries.

4.3. Evaluation and Reflection of Teaching Outcomes

Practical application highlights the need for adaptive evaluation systems that capture
both creative and technical achievements. Instructors assess students based on a
combination of project archives, real-time demonstrations, peer review, and audience
response data. These assessments not only measure final outputs but also track the
iterative development process, technical problem-solving, and interdisciplinary
collaboration skills.

Reflecting on the teaching outcomes, several insights emerge: first, students develop
stronger awareness of sound parameters and structural relationships, enhancing their
compositional creativity; second, integrating CAC fosters self-directed learning and
experimentation; third, challenges remain in balancing technological complexity with
musical expressivity, suggesting a need for ongoing refinement of curriculum design and
technical support [10].

4.4. Implications for Future Composition Teaching

The practical applications indicate that CAC is not merely a technical supplement but
a transformative tool for higher education composition training. It encourages a shift from
prescriptive teaching to student-centered, project-driven learning, promoting
interdisciplinary collaboration, innovation, and adaptive evaluation. Future teaching
frameworks should emphasize iterative experimentation, integration of emerging
technologies, and real-world project engagement to cultivate versatile composers
equipped with both artistic sensibility and computational skills.

5. Discussion and Future Directions of Computer-Assisted Composition in Higher
Education
5.1. Strengths and Challenges of CAC Integration

The integration of Computer-Assisted Composition (CAC) in college-level
composition courses has demonstrated several advantages. First, it enhances students'

parametric and algorithmic thinking, allowing them to explore musical structures beyond
linear notation. Second, CAC facilitates the fusion of sound design, interactive
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performance, and structural organization, promoting interdisciplinary creativity. Third,
data-driven analysis and algorithmic tools support empirical exploration of musical style,
enabling students to experiment with innovative forms and cross-genre synthesis.

However, challenges remain. Technical complexity can overwhelm students
unfamiliar with programming or digital audio tools, potentially hindering musical
expressivity. Balancing the dual demands of artistic creativity and algorithmic rigor
requires careful curriculum design and continuous guidance from instructors.
Furthermore, integrating CAC with traditional musical pedagogy and assessment
frameworks remains an ongoing task, requiring adaptive evaluation methods to capture
both process-oriented and outcome-based achievements.

5.2. Pedagogical Implications

The implementation of CAC indicates a shift toward student-centered, project-driven,
and interdisciplinary learning. Educators should focus on scaffolding technical skills
while fostering creative autonomy, encouraging experimentation with generative
algorithms, interactive systems, and data-driven composition. Collaborative projects
involving computer science, cognitive science, visual arts, and performance disciplines
can enhance students' problem-solving abilities and broaden their artistic perspectives.

5.3. Future Directions

Future development of CAC in higher education may focus on several aspects:

1) Curriculum Innovation: Expand integrated modules that combine algorithmic
composition, sound synthesis, interactive systems, and real-time performance,
ensuring continuous alignment with emerging technologies.

2) Technological Advancements: Explore the use of Al-based composition tools,
generative models, virtual reality, and biofeedback systems to enrich learning
experiences and expand creative possibilities.

3) Cross-Disciplinary Collaboration: Strengthen cooperation with other fields,
enabling students to translate insights from neuroscience, visual art, and dance
into musical innovation.

4) Evaluation and Assessment: Develop dynamic, multi-dimensional evaluation
systems that capture creative process, technical implementation,
interdisciplinary integration, and audience response, supporting both formative
and summative assessment.

By addressing these areas, CAC can evolve into a holistic framework for
contemporary music education, cultivating composers with both artistic sensitivity and
computational expertise, capable of navigating the complex creative landscape of the 21st
century.

6. Conclusion

This study explores the systematic integration of Computer-Assisted Composition
(CAC) into higher education composition teaching, highlighting its transformative impact
on traditional pedagogy, creative thinking, curriculum structure, and evaluation
mechanisms. By combining parametric and algorithmic approaches, interactive music
systems, and data-driven style analysis, CAC enables students to expand their
compositional horizons, enhance technical proficiency, and engage in interdisciplinary
creative practices.

The proposed integrated curriculum framework emphasizes the synergy of technical
skills and artistic sensibility, while the dynamic, multi-dimensional evaluation system
captures both creative processes and final outputs, ensuring a comprehensive assessment
of students' achievements. Practical applications and case studies demonstrate that CAC
fosters innovative thinking, embodied creativity, and the ability to navigate complex
compositional challenges.
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Looking forward, the continued development of Al-based tools, real-time interactive
systems, and cross-disciplinary collaborations will further enhance the potential of CAC
in music education. By embracing these advancements, educators can cultivate versatile
composers equipped with both artistic insight and computational expertise, capable of
addressing the evolving demands of contemporary music creation.
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