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  Abstract 
With the advancement of modern digital technology, the field of music creation has 
experienced remarkable transformations. The evolution of computer technology not 
only offers new tools and methods for music composition but also enables real-time 
music generation through human-computer interaction, fostering the integration of 
music and technology. The interaction and interdependence between interactive 
technology and music are particularly significant, as they collectively shape the fu-
ture of music development. This study conducts an in-depth analysis of case studies 
involving artists such as Cort Lippe, Liu Jian, and JoAnn Kuchera-Morin, exploring 
the latest advancements in interactive music technology and the application of in-
teractive platforms like Max/MSP. It also examines the profound impact of techno-
logical innovations on the music creation process. This paper aims to reveal how 
technology promotes the development of music creation, and at the same time pre-
dict the possible direction of music creation in the future, to provide a new perspec-
tive and thinking for the combination of music and technology. 
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1. Literature Review 

1.1 The Conception of Interactive Music 

The essence of interactive music is the characteristic of interaction. As can be seen from the composition of the word 
"Interact", the word consists of "inter" and "act". The dictionary definition of the word interactive states: "capable of 
acting on or influencing each other" (Lippe, Cort, 2002). For interaction, the bidirectional concept is indispensable. 
In electroacoustic music, interactivity already exists in the relationship between the performer and the machine. “For 
most electroacoustic composers, ‘interactivity’ refers to technology that responds to input from a performer.” 
(McNutt, Elizabeth. 2003) Ultimately there are multiple elements of interaction with the performer that are considered 
when creating, including interactions with common technologies such as sensors, speakers, and microphones; inter-
actions with musical instruments; and communication with listeners and composers. “With the advent of the electro-
acoustic and telecommunication technologies, electrophone instruments and new musical forms are born.” (Canazza, 
Sergio, & Alvise Vidolin, 2001). These aspects are becoming increasingly important in art. 

1.1.1 Improvisation and Ability to Perform 
Interactive music is a "performance-oriented” computer music category. "Interaction has two aspects: either the per-
former's actions affect the computer's output or the computer's actions affect the performer's output." (Rowe, Robert. 
1999) In interactive composition, music and performance are inseparable; consequently, the final expression of music 
depends heavily on the performer's behaviours. “Interactive composing redefines composing and performing” 
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(Robert Rowe, 2009). It creates a new mode of functioning for computer systems and performers, forming a new 
specific structure in each performance. 

1.1.2 Relationship Between Interaction and Control 
Interactive computer music pioneer, George Lewis, stated that much of what passes for interactive music today is in 
reality just simple event “triggering” (Lippe, Cort, 2002), which means that many artists are not aware of the nature 
of interactive music. The resulting music from these artists has become predictable, with them often using set param-
eters from the computer to control the expression and structure of the final pieces. The biggest difference between 
interactive music and traditional music is that interaction exceeds the control of music by composers, which is the 
extension of the former conception of improvisation (Wang W., 2024). 

1.1.3 The Role of Computers in Interactive Music 
“A composer can assign a variety of roles to a computer in an interactive music environment” (Lippe, Cort, 2002). 
The computer is able to house, as well as continuously and simultaneously interchange the roles of traditional music, 
such as composers, players, conductors, and instruments. Within musical interactivity, computers are used to simulate 
the relationships between musicians during performances. Conceptually, as a kind of individual existence with "mu-
sical characteristic", the computer is defined as more of an anthropomorphic concept, tasked with performance and 
traditionally human input jobs. 

1.2 Composition of Interactive Electronic Music 

1.2.1 Interactive Music System 
“The computer provides many possibilities as an interactive musical instrument” (Collins, Nicholas M., 2007). As a 
type of interactive musical instrument, the interactive music system proposed by Rowe provides the most representa-
tive history and commentary. 

1.2.2 Accompaniment Systems 
In addition to Rowe's interactive system, there are also Accompaniment Systems, which are systems with interactive 
technology functions for interactive music creation. Nicholas Collins commented: “There are systems which it might 
be argued are not interactive at all, but whose technical achievements are often related to the capabilities desired of 
interactive music systems. 

These systems have been devised to tackle the problem of an automatic accompanist” (Collins, Nicholas M., 2007). 
The accompaniment system can be considered as interactive, interacting with the main human performer. 

1.3 Interactive Music Tools 

1.3.1 Analogue to Digital 
The development of interactive electronic music has been accompanied by the advancement of technology, allowing 
for interactive music tools to undergo a variety of innovations. These changes have brought about a widespread reach 
for current interactive multi-media music, as well as demonstrating technology artistically (Zhao Yixuan, 2023). In 
1971, “Joel Chadabe was the first to actually interact with musical automata. In 1971, he designed a complex analogue 
system, built by Robert Moog, called the CEMS” (Lippe, Cort, 2002). This was the earliest example of his interactive 
composition. There is no one-to-one relationship between the music output of the CEMS analogue computer and its 
control input, which establishes the substance for interactive music. Meanwhile, “Sal Martirano built his SalMar 
Construction, a similar analogue synthesizer controlled by discrete-component digital circuitry and performed by 
touching a large number of touch-sensitive switches” (Eigenfeldt, Arne, 2007). In 1978, David Behrman composed 
his work “On the Other Ocean”, where “pitch-sensing circuits were connected to a Kim-1 microcomputer that con-
trolled oscillator frequencies on a hand-made analogue synthesiser” (Eigenfeldt, Arne, 2007). Composers are able to 
interact with these three systems. In 1982, the League of Automatic Composers appeared, consisting of three users, 
each of whom had their own KIM-1 microcomputer. The setup enabled individuals to produce music by themselves, 
while also being able to receive or send data to the other users, allowing for either individual or collaborative outputs, 
marking the dawn of network music. 

Since analogue machines were in their prime, the digital age has emerged. Chadabe began composing for digital 
synthesizers in 1977. Until the early 1980s, electronic music had undergone two generations of analogue and digital 
technologies. Until the third generation of technological changes in the mid-1980s, the emergence of MIDI, and its 
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development, composers had focused attention on the software rather than creating their own systems. 

1.3.2 MAX 
“The IRCAM Musical Workstation (IMW) is designed to facilitate experimentation with real-time signal processing 
and event processing. The main focus is on interactive musical composition and performance algorithms.” (Linde-
mann et al., 1991). In the 1990s, IRCAM released a new "MAX/ISPW" system with real-time audio processing. In 
1996, the "Pure Data" (PD) software system was published, which inherited a part of the ISPW design concept and 
made up for the shortcomings of MAX in the management of dynamic data structures. In 1997, David Zicarelli used 
the audio processing part of PD to develop Max's extended system Max Signal Processing (MSP), which fulfilled 
real-time audio synthesis and audio signal processing functions within Apple's Macintosh platform. 

1.3.3 Multimedia Interactive Music and Platform 
New MAX software has evolved into a highly accessible platform, including "MSP" which has real-time audio pro-
cessing capabilities, "Jitter" which can process video signals in real-time, and "AbletonLive" which allows for live 
performance and real-time control. 

2. Methodology 

2.1 Case Study 

The case study analyses the application of music scores and interactive music technology by reviewing specific ex-
amples and practices. In particular, this seeks to explore the first level of interactive technology, interactive music-
specific interactive techniques, continuously updated interactive technology, different interactive platforms, and the 
impact on interactive music. 

3. Results, Analysis, and Discussion 

3.1 Case Study Results, Analysis, and Discussion 

3.1.1 Case Study: Cort Lippe 
Lippe developed a system that combined the IRCAM signal processing workstation (ISPW) and MAX software to 
create an interactive musical work, A Composition for Clarinet and Real-Time Signal Processing. To do so, over 40 
objects for most standard signal processing tasks were included in MAX, including “filtering, sampling, pitch track-
ing, threshold detection, direct-to-disk, delay lines, FFTs, etc.” 

Cort Lippe’s Previous Example 
A Composition for Clarinet and Real-Time Signal Processing (1992) is taken as the first example. At the beginning 
of the score, the performer is provided with a performance note. In addition to the performance marks required by 
traditional musical scores, a detailed indication of the interactive position is also provided in a note or certain section 
to detail things such as performance intensity information. During the performance, the computer’s score follower 
tracks the sound material information of the clarinet, “such as pitch, amplitude, continuous pitch change, rests, artic-
ulation, tempi, etc.” (Lippe, Cort, 1992). The score follower is triggered by the performer, while the computer controls 
the digital synthesis algorithm in real time so that the clarinet sound materials can be converted into electronic music 
parts. 

The second line of Figure 1 explains that “all notes should be played percussively and ff”. This technology uses 
an envelope follower to detect real-time performance changes to obtain relevant information. This data is then used 
to trigger the preset sound through the volume threshold in order to generate the music of the computer part. 

In Figure 2, Lippe designed a specific multiphonic technique performance using a monophonic instrument. A clear 
rectangle implies no multiphonic, half-filled is medium strength, and an entirely filled-in rectangle indicates mul-
tiphonic with maximum strength. The arrows are used to show slowly moving between multiphonic when holding a 
notated pitch. In both places, the instantaneous volume change is formed by ff velocity. When the playing volume 
exceeds the preset volume threshold, the preset sound is triggered. It is important that the performer plays according 
to the notation. 

Figure 3 includes instructions for specific interaction points in the score to trigger harmony signal processing. This 
is used to prompt the computer to produce a chord of high-octave overtones of these specific pitches. 
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Figure 1. An interactive music score from page 3, section “Music for Clarinet & ISPW (IRCAM Signal Processing Work-

station)” by Cort Lippe. 

 
Figure 2. An interactive music score on page 3, section “Music for Clarinet & ISPW (IRCAM Signal Processing Workstation”) 

by Cort Lippe. 

 
Figure 3. An interactive music score in part B, section "Music for Cello & computer" by Cort Lippe. 

The above two technologies in Figures 2 and 3 are technologies that utilize the following sequence: triggering by 
the performer; score follower tracking; the computer processes the audio signal; the computer outputs sound; and the 
performer interacts with the computer. This was the primary creation method utilized by Cort Lippe between 1992 
and 1999. If the computer is regarded as a performer, they are in the form of "counterpoint" or "polyphony" in tradi-
tional composition. At this time, the human-computer relationship is a “duet”, with parts that are played together and 
parts that are played alone, and with parts that have the same or different timbre. 
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Cort Lippe’s Third Example 
In "Music for Marimba and Computer" by Cort Lippe (2004), the computer tracks sound information of the marimba 
via real-time control of digital synthesis and computer algorithms to transform the sound materials of the marimba 
into computer electronic music. The digital synthesis algorithms focus on the frequency domain, including interpo-
lation of spectral snapshots, cross-synthesis, noise reduction/enhancement, re-ordering of spectral components, and 
various non-standard spectral techniques. In addition to standard time-based signal processing, digital synthesis tech-
nology focuses on the frequency domain algorithm. 

Cort Lippe’s Recent Examples 
This section explores Duo for Cajon and Computer (2011), Music for septet and Computer (2013), and Duo for 
vibraphone and computer (2015). To track timbre material in musical instruments, it includes larger scale rhythmic 
and phrase tracking, playing style tracking, and micro-level frequency band tracking of individual strikes. Therefore, 
accuracy and genre similarly provide the computer with its anthropomorphic element. In human-computer interaction, 
the computer’s sound is more akin to an independent performer which further realizes the human-computer interac-
tion (Zhao Yixuan, 2023). 

3.1.2 Case Study: Liu Jian 
In 2009, Shanghai Conservatory of Music International Electronic Music Week composer, Liu Jian, created "Dedi-
cation-Passacaglia for Cello and Max/MSP", an interactive music work in which interactive technology was realized 
by the Max/MSP platform of. Max/MSP had three primary roles in the work, first to record and play the cello sound, 
second to trigger and control plug-in effects, and third to automatically generate music clips. 

In the first segment, from the first to the eighth variations, the computer’s bass theme gradually changes in the 
repetition, achieved by the superimposition of the reverb effect. Recording and playback technology is mainly used 
in this interaction section. 

In the second segment, during the ninth and eleventh variations, the GRM Shufing (stirring) effector and Enigma 
effector process the cello overtone sound concurrently. During this time, the timbre is closer to a bell-like timbre with 
a modulation effect. 

From Figure 5, in the eleventh variation, the single tone played by the cello is processed by the Harmony Engine 
and becomes five parts, which include the cello itself. 

 
Figure 4. An interactive music score in the first segment of "Dedication-Passacaglia for Cello and Max/MSP" composed by Liu 

Jian. 

 
Figure 5. An interactive music score in the second segment of "Dedication-Passacaglia for Cello and Max/MSP" composed by 

Liu Jian. 



Danrui Cheng 
 

 

DOI: 10.26855/jhass.2024.08.006 1848 Journal of Humanities, Arts and Social Science 
 

The third segment is the computer-generated music segment, in which the cello-plucking sound of the EdirolOr-
chestral software synthesiser is processed by the GRM Reson8 (resonance) effect. This adjustment is achieved by the 
“drunk” component in Max/MSP to control the changes in low and high-frequency parameters in the effector. 

 
Figure 6. An interactive music score in the third segment of "Dedication-Passacaglia for Cello and Max/MSP" composed by 

Liu Jian. 

3.1.3 Case Study: JoAnn Kuchera-Morin 
The following case is a piece of music composed by JoAnn Kuchera-Morin for the flute. A multi-modal system was 
used in the work via audio analysis, computer vision, and electric-field sensing in order to recognize the gestures and 
sounds of consecutive performers in the performance for human-computer interaction. The system was designed to 
allow performers to interact in a natural way with the automatic digital system by only making use of natural cues 
and body language gestures, just like they would with other human performers. 

This interaction method is distinct by directly triggering existing presets of Max/MSP, while it also does not require 
another computer controller to control and interact. Moreover, this inductive multi-mode interactive system is better 
able to realize human-computer communication and dialogue modes in interactive music (Ma Shihua, 2023). The 
sound material is directly transmitted to the computer through the induction device and the computer gives feedback 
on it. Real-time performance and improvisation in human-computer interaction are achieved to a greater extent. 

They are used as part of a multi-mode gesture detection system as well as an input source to control continuously 
variable music parameters such as sound brightness and density. 

               
Figure 7. A Multimodal interface system model. 

The multimodal detection layer integrates audio and visual classification results (pitch and audio amplitude esti-
mates, face detections, and angle estimates) in addition to the performer’s proximity to the electric field sensors using 
for gesture detection. GUI allows composers to define the types of gestures that occur during the piece, both asyn-
chronously (occurring at any time in the piece) or synchronously (ordered by timing). 

Finally, the integrated server receives any command or signal and takes action on it and the interaction mode is 
discrete or continuous. 
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Figure 8. Software in Max/MSP/jitter to receive, filter, and process electric-field sensor data before sending it via OSC. 

Using sensors, the MMSS means that it is not necessary for the performer to switch instruments or physically 
interact with the system to prompt the interactive music system, instead, this is achieved using sensors that allow the 
performer to use natural, simple gestures. This is different from the interactive music mode that requires a second 
computer controller, meaning that MMSS allows for the most direct human-computer interaction mode. 

4. Conclusions 

The case study results included specific interactive music technology, continually updating interactive technology, 
and different interactive platforms, positive driving, and the creative impact of interactive music. Moreover, the case 
study highlighted the creation of interactive music in timbre materials, sound structure, and music presentation. 

The results suggest that updating interactive technologies and platforms allows for a variety of creative forms for 
interactive music which closely rely on and influence each other. 

Furthermore, interactive music includes computer technology, and the development of computer technology has 
opened new directions for music creation. Regardless of the development of computer technology, the final music 
creation and expression are intimately controlled by the composer (ZHANG Rui, 2023). 
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