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Abstract

Contemporary pop music production is being profoundly transformed by digital
technology. Technological evolution and creative practice are intertwined, mutually
reinforcing each other, forming a dynamic, mutually empowering relationship.
Generation after generation of digital audio workstations (DAWs) have radically
transformed the production process—from tools once reserved for professional
recording studios to accessible creative platforms for the average person. Sampling
technology and virtual instruments have broken down the physical limitations of sound,
allowing for greater freedom in the integration of styles while also driving the gradual
improvement of copyright regulations. Cloud-based collaborative technology has
broken down geographical barriers and fostered new forms of collective creation. Al-
assisted tools have evolved from merely performing basic tasks to providing in-depth
creative assistance, improving efficiency and broadening the boundaries of expression.
Immersive audio technology has redefined the spatial narrative logic of music. This
article relies on real cases and industry data to clarify the five key stages of technological
evolution and analyze the impact of technological innovation on the entire chain from
creative conception, production execution to communication feedback. Ultimately, it
aims to explain the development law of contemporary pop music: "technology sets the
stage for creativity, and creativity leads technology", and serve as a reference for music
creation practice and industry research.
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1. Introduction

Since the 21st century, the rapid development of digital technology has completely transformed
the way pop music is produced. From the commercialization of Pro Tools in the 1990s, which
ushered in the era of digital recording, to the emergence of Al music models capable of
producing professional-grade works in 2025, the pace of technological advancement has
accelerated, impacting the realization of creative ideas ever more profoundly. The IFPI's "2025
Global Music Report” states that nearly 70% of global recorded music revenue comes from
digital channels; the rise of streaming platforms is driving production technology towards
greater portability, collaboration, and intelligence. In the past, creating pop music relied on
professional studio hardware and elite teams, with creative power confined to a select few. This
is no longer the case. A smartphone equipped with a cloud-based DAW can complete the entire
process from start to finish, from composition to arrangement to mixing. Platforms like
BandLab will already have 60 million creators by 2023, signaling the arrival of the era of
"democratized" creation. This transformation is not just a change at the tool level; it also
reconstructs the logic of creative generation. Sampling culture has gone from an underground
niche to the mainstream, Al technology has evolved from a simple auxiliary tool to a creative
partner who can work side by side, and panoramic sound technology has made "space" a new
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dimension of musical expression. However, for technology and creativity to truly adapt, there
have always been unavoidable difficulties: how to define the boundaries of sampling copyright,
where is the ethical bottom line of Al creation, and whether technological convergence will
cause the work to lose its individuality. This dilemma is steadily intensifying. This article
systematically reviews technological breakthroughs in five core areas: the evolution of digital
audio workstations (DAWs), sampling technology specifications, cloud collaboration, artificial
intelligence (Al)-assisted creation, and immersive audio. Combining real-world creative cases
with industry data, it explores how technology empowers creativity and how creators can
create works that embody their own personal style within technological frameworks. This
article, in turn, reveals the inherent developmental patterns of contemporary pop music
creation.

2. The Evolution of the Digital Audio Workstation (DAW): From Recording
Tool to Creative Hub

Digital audio workstations (DAWSs) are at the heart of the current technological revolution in
pop music production. Their gradual upgrades in functionality and shifting adoption have
directly impacted the way musical creativity is realized. In 1991, Avid launched Pro Tools,
laying the foundation for professional production with multi-track recording and precise
editing—but the early hardware was expensive, limiting its use to high-end studios. After 2000,
Pro Tools HD systems became the industry standard. Classic albums like Adele's "21" and
Beyoncé's "Lemonade" were produced with DAWSs, and most of the 50th Grammy Award-
winning works were recorded with DAWSs, demonstrating their industry-leading status. DAWSs
have become accessible to the general public thanks to simplified functionality and reduced
costs. In 2003, Image-Line's FL Studio, with its modular interface and loop-based arrangement
capabilities, broke through the professional barrier to entry and became the preferred choice
for EDM and hip-hop creators. Around the same time, Ableton Live revolutionized its operation,
introducing dual modes: "Session View" and "Arrangement View," allowing for a seamless
transition between improvisation and structured production. Martin Garrix relied on it to
create dynamic and spatial electronic sounds on "Scared to Be Lonely." In recent years, DAWs
have diverged in two directions: Pro Tools 2024 adds cloud collaboration and Al mixing,
capable of handling 128 tracks of audio and 64 tracks of MIDI; BandLab's web version is
compatible across devices, seamlessly connecting to phones, tablets, and computers. By 2023,
its user base will exceed 60 million, with over a million audio streams uploaded daily. This
advancement has revolutionized the production process: recording sequences has become a
matter of arranging and modifying clips; plug-and-play real-time effects and virtual
instruments have become the norm, making on-the-fly adjustments a reality; and automatic
saving and version rollback have reduced the cost of trial and error [1]. Real-time effects and
virtual instruments can be plugged in and used, making "adjusting as you go" a common
practice. Automatic file saving and the ability to rewind to previous versions have significantly
reduced the cost of trial and error. In fact, DAW iterations haven't just improved the tools; more
importantly, they've transformed the way we think about making music. From the early days
of "converting analog recordings to digital" to the current "rebuilding the production pipeline
based on data," new DAWs like FL Studio have shifted the creative focus from "recording sound
as it is" to "dynamically manipulating audio metadata." Producers can fine-tune the texture of
a sound by adjusting details like compression ratios and filter parameters. This shift in thinking
has directly led to new creative forms like EDM's "-drop" design and hip-hop's "sampling
splicing.”
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3. Sampling Technology and Virtual Instruments: A Double Variation of
Tone Innovation and Copyright Regulations

The development of sampling technology and virtual instruments has enabled pop music
production to transcend the limitations of physical instruments and live performances,
becoming a key driver of stylistic fusion and sonic innovation. Sampling practices in hip-hop in
the 1990s laid the technical foundation, but the 1991 case of Grand Upright Music Ltd v. Warner
Bros Records established strict copyright regulations, preventing producers from freely
appropriating material and forcing them to adopt compliant production practices [2]. This, in
turn, forced sampling technology to become standardized. After 2000, the commercialization
of virtual instrument libraries revolutionized the way we access sound. In 2005, Native
Instruments released the Komplete suite, integrating hundreds of virtual instruments and
effects, covering everything from classical orchestral music to electronic synthesizers. This
suite allowed independent musicians to achieve professional-grade sounds without having to
purchase expensive hardware. This widespread adoption of technology directly fostered
creative fusion: in "Chained to the Rhythm," Katy Perry used the suite's Massive synthesizer to
simulate African drums, combining it with electronic beats to create a unique, cross-cultural
sound. Controversy surrounding sampling technology has always shaped creative practice. In
2008, amateur musician Dirty Circuit used a sample of Deadmau5's "Faxing Berlin" built into
FL Studio. This lack of copyright permission led to a lawsuit, and ultimately, FL Studio removed
the sample in an update, exposing copyright loopholes in early DAW sample libraries. In recent
years, industry regulations have gradually emerged. Yamaha explicitly states that "music
created using built-in samples can be freely distributed, but copying of sample files is
prohibited." Teenage Engineering's EP-1320 drum machine requires that samples undergo
"substantially original modification" for commercial use, protecting copyright without
restricting creative freedom. Technological breakthroughs in virtual instruments continue to
expand the boundaries of creativity. Kunlun Wanwei's Murekah 01 music model, launched in
2025, supports lyric generation and multi-part arrangements in 10 languages. Its virtual
instrument library simulates sounds from guzheng instruments to synthesizers, allowing
independent musicians to create complex orchestrations with a simple command. This also
makes "customized sound" possible. Electronic musicians can sample their own everyday
sounds and process them through Murekah into unique materials, avoiding copyright issues
while enhancing their work's identity. Ultimately, the evolution of sampling and virtual
instrument technology is shifting popular music production from "using ready-made sounds"
to "creating their own sounds." Improved copyright regulations are also building a solid
institutional foundation for the sustainable development of this creative practice.

4. Cloud Collaboration Technology: Reshaping the Space and Innovating
the Model of Pop Music Creation

Cloud technology has completely rewritten the spatial rules of pop music creation, making
"real-time cross-regional collaboration" a reality and fostering a new form of collective co-
creation and fan participation. Since 2017, BandLab has incorporated Amazon S3 cloud storage
technology, overcoming the bandwidth bottlenecks and latency challenges of audio file
transmission. By the end of 2020, the platform's user base had surged from 15 million to 26
million, with an average of 40,000 new creators joining daily, demonstrating the feasibility of
cloud-based collaboration with real-world data. During the 2020 pandemic, cloud technology
became a lifeline for music creation. Snow Patrol frontman Gary Lightbody launched a
"Songwriting Saturday" event, connecting over 5,000 fans via Instagram Live. Fans directly
participated in lyric writing and chord selection, while band members used BandLab to
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remotely record and mix the tracks, ultimately resulting in the EP "The Fireside Sessions." This
not only enables "crowdfunding” of creative ideas but also delivers social value through
donations of proceeds, completely breaking the traditional closed-door creative model and
transforming fans from passive listeners into active creative participants. As the technology
matures, a transnational creative network is gradually taking shape. In 2023, a Korean
producer, a Brazilian singer, and an American arranger collaborated on "Luz do Sol" without
meeting in person. BandLab was the sole tool for exchanging materials, iterating on versions,
and mixing the final piece. The platform's real-time commenting and timeline marking features
facilitate efficient feedback: arrangers can adjust instrumental volume based on singers' voice
annotations, and producers can modify chord progressions directly at timeline markers. This
shortened the original three-month production cycle to 45 days [3]. Behind this, optimization
of the technical architecture provides substantial support. BandLab leverages Lambda@Edge
and CloudFront to reduce audio loading latency for users worldwide to under 200 milliseconds,
while also supporting real-time editing in 16-bit WAV lossless format. When Ed Sheeran
created the 10th anniversary edition of his album in 2024, he specifically recruited engineers
in Los Angeles and London to collaborate in the cloud, leveraging this technology to adjust the
spatial positioning parameters of instruments in real time, ultimately creating a detailed Dolby
Atmos immersive effect. Ultimately, cloud-based collaboration isn't just about changing
production tools; it's also fundamentally shifting the power dynamics of music creation: from a
centralized process dominated by producers to a distributed collaboration involving a core
team and global participants. This shift not only enriches creative sources but also creates a
truly useful technological bridge for the integration of music from diverse cultures.

5. Al-Assisted Tools: From Functional Replacement to Creative
Collaboration

Generative Al is truly revolutionizing pop music production. While it initially provided
automated sound adjustments, it now serves as a powerful creative partner—helping with the
entire process, from composition and arrangement to mixing, enabling rapid and dynamic
creativity. By 2025, this technology has reached a critical juncture: the Suno V5 achieves 90%
accuracy following prompts, producing vocals that sound natural and emotive, reaching
professional standards and ready for monetization via Spotify. Kunlun Wanwei's Murekao 01
incorporates Chain of Thought (CoT) technology, enabling it to independently optimize its
creations, resulting in significantly improved mixing and instrumentation compared to
previous versions. Furthermore, Al tools offer layered support tailored to the needs of
individual creators. For professional musicians, Al is a true "inspiration engine." Electronic
musician Alva Noto uses Al to generate basic audio samples, which he then tweaks and
incorporates into his work, maintaining creative control while broadening the possibilities for
sonic expression. For independent creators, Al handles basic production. By inputting
commands such as "Chinese-style electronic music with guzheng elements" into Tunee Al,
multiple arrangements can be generated, allowing creators to focus solely on melody and
emotion, reducing production costs by over 70%, effectively avoiding the misconception of
"technology replacement” and achieving human-machine collaborative optimization. Ethical
and copyrightissues surrounding Al technology are also driving the implementation of industry
standards [4]. In 2025, the Murek platform launched a "Copyright Certificate" service to
authenticate the ownership of Al-generated works, clarifying that "users who provide core
creative ideas own the copyright,"” thus removing legal barriers to commercial use. Companies
like Disney established an "Al Material Traceability System" to ensure that Al clips used in
soundtracks do not infringe copyright, providing sustainable protection for Al creative
practices. The value of Al-assisted creation is evident in practice. In 2025, D] Squeeze adapted
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the hit single "Digital Dreams" using a melody motif generated by MagicScore Al and his own
experience. The multi-style harmonies provided by Al were a highlight of the work. AIVA
created background music for advertising, generated by Al based on audience listening
preferences, with an emotional relevance 40% higher than traditional creations. These
examples demonstrate that Al does not replace human creativity, but rather uses data
processing capabilities to compensate for cognitive limitations, forming a new creative model
of "human tone setting + Al expansion.”

6. Immersive Audio Technology: Spatial Storytelling and Revolutionizing
the Auditory Experience

Immersive audio technology is reshaping the spatial expression of pop music, upgrading
traditional "flat mixing" to "three-dimensional spatial storytelling," making space a core
creative force alongside melody and rhythm. Dolby Atmos, a mainstream standard, uses multi-
channel layout and object-based mixing to precisely position instruments and vocals in three-
dimensional space. By 2024, it had become the production standard for mainstream European
and American artists. Albums like Taylor Swift's "THE TORTURED POETS DEPARTMENT" and
Camila Cabello's "C,XOX0" have released Atmos versions, creating exclusive playlists on
platforms like QQ Music and experiencing user growth rates three times that of traditional
versions. Electronic musician Anyma has even stated that Dolby Atmos accurately captures
musical details, allowing his creative vision to fully materialize. This technological
breakthrough is shifting mixing creativity from "volume balancing" to "spatial design."
Traditional mixing focuses on the volume adaptation of each part, while panoramic sound
mixing requires the construction of a complete spatial narrative: in Billie Eilish's work, the
producer places the whisper behind the listener's ears, and the climax drum set surrounds from
all sides, forming a double impact of "emotional progression + spatial oppression”; after Ed
Sheeran's "One" was adapted into panoramic sound, the guitar sound was positioned ata "15-
degree angle in front" and the vocals were placed right in front, accurately restoring the
auditory texture of the live performance. At the same time, the popularization of technology is
constantly lowering the threshold for immersive creation. In the past, it required millions of
dollars in equipment to support it [5].Supporting production is now possible with DAW plug-
ins: Logic Pro's "Spatial Audio" feature and Pro Tools' Dolby Atmos suite allow independent
musicians to create basic mixes using standard monitor headphones. BandLab's cloud-based
Atmos feature, launched in 2024, supports drag-and-drop adjustments for sound placement,
and paired with preset templates like "Concert Scene" and "Bedroom Ambience," further
lowers the creative barrier. However, the path to widespread immersive creation isn't smooth
sailing. By 2025, the penetration rate of Atmos-capable headphones was only approximately
45%, and limited device compatibility limited some creative expression. However,
technological advancements have already provided new solutions. Al-assisted mixing tools can
automatically adjust the sound quality based on the listener's device, ensuring excellent sound
quality for everything from mobile speakers to professional speakers. In the future, "visualized
spatial creation” coupled with AR is even more promising. Producers will be able to directly
draw the direction of sound, allowing for greater flexibility in spatial creative expression.

7. Conclusion

The development path of contemporary pop music production technology is clear: Digital Audio
Workstations (DAWSs) laid the foundation for digital production, sampling technology
expanded the range of tones, cloud collaboration broke down geographical barriers, Al
transformed musical thinking, and finally, immersive audio transformed the listening
experience. This path follows the principle of "easy-to-use tools, improved efficiency, and more
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vibrant creativity." Throughout this process, technology and creativity are closely intertwined:
Pro Tools' precise editing capabilities enable the realization of finely tuned sound creations;
BandLab's cloud-based functionality facilitates collaborative music creation; Al's ability to
analyze and analyze expands the boundaries of creativity; and the desire for immersive
listening, in turn, drives technology to achieve more accurate spatial positioning. Real-world
examples and data also demonstrate the impact of technology on creativity: Snow Patrol
leveraged cloud crowdfunding to bring together diverse ideas; Al tools like Suno and Murek
facilitate smoother collaboration between humans and Al; and Taylor Swift's Atmos album fully
demonstrates the expressive potential of spatial technology. At the same time, the industry
continues to address issues arising from this technology: sampling copyright issues are
evolving from controversy to regulation, and the ownership of Al creations is shifting from
ambiguity to clarity, ensuring a virtuous cycle of technology and innovation. Technological
evolution has not eroded the humanistic core of creation, but rather enriched the dimensions
of creative expression. Whether amateur musicians rely on FL Studio to realize their creative
dreams or professional producers use Al to break through the limitations of their thinking,
technology remains a tool for creativity, not a substitute. As Foo Fighters producer Gil Norton
said, "Pro Tools holds countless possibilities, but it's human creativity that brings music to life."
This sentiment applies to all contemporary production technologies. The future of pop music
production will move towards "deep integration of technology + a return to a human-centered
approach to creativity": Al and immersive technology may give rise to "personalized spatial
music," and cloud-based collaboration will build a more efficient creative network. However,
the emotional resonance of melody and the humanistic expression of lyrics remain the core of
creativity. For creators, mastering technical principles and upholding creative subjectivity are
key to success. For the industry, improving technical standards and building enabling platforms
will promote the sustainable and coordinated development of technology and innovation.
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