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FROM INSTRUMENT TO CONTROLLER

While the popularisation of analog effects in the 1960s changed the electric guitar sound, the application of digital signal processing techniques has transformed the instrument into a controller. Arguably, this shift transcends the domains of hermeneutics and psychoacoustics. When faced with a new electric guitar sound, audiences might brush it off as just another effect. However, it is the effect itself that is the focus of their attention, which, in turn, minimises the electric guitar and its role as a sound producer. In a sense, the effect supersedes its source. This paper discusses how advancements in digital music technology have changed the ways listeners engage with the electric guitar.

INTRODUCTION

Since its invention in 1931 [START_REF] Wheeler | The Guitar Book : A Handbook for Electric & Acoustic Guitarists[END_REF], the electric guitar has undergone a transformation. Although the mechanics remain largely intact, a transducer converts string vibrations into electronic impulses that are then amplified, its use and sound have changed. Early on, jazz and pop musicians popularized its sound. For many, Jimi Hendrix's performance of The Star Spangled Banner at Woodstock in 1969 forever changed the perspective of the electric guitar, as he conjured the sound images of "bombs bursting in air" with his expert control of the instrument and feedback [START_REF] Turino | Signs of Imagination, Identity, and Experience : A Peircean Semiotic Theory for Music[END_REF]. Thereafter, modern guitarists were encouraged to explore how different technology -guitars, effect pedals, and amplifiers -could change and develop their sound. And while most might not know the differences in circuitry that distinguish, for example, a Gibson SG from a Fender Telecaster, many accept that these differences only affect sound quality.

Over the last decade, some musicians have been using digital music technology to aid their creative practice. Nowadays, electric guitarists can store, sequence, and process sounds in real-time by using and developing MIDI programs and audio programming languages, such as Max/MSP and SuperCollider [3][4]. They have in turn complicated the relationship between the instrument and its role as a sound producer.

For example, listeners might become suspicious if they recognise and identify audio samples as triggered by plucked strings. 1 In this case, is the electric guitar acting as a musical instrument or a controller ? When considering the latter scenario, what exactly does the electric guitar control and how ? If these questions cannot be adequately answered, then the electric guitar may be considered a mere prop for performance.

This paper examines the potential problems digitally enhanced electric guitars pose in the context of musical performance. The first part looks at how their use blurs aesthetic considerations of content and form. The second part discusses what constitutes electric guitar virtuosity in the digital age. The paper concludes with thoughts on the instrument's future in regards to a small, but emergent, trend of transforming acoustic instruments to sound like electronic versions of themselves.

CONTENT & FORM

Before considering how digital technology might affect a listener's expectation and perception of an electric guitar, clear definitions of content and form are necessary. In the context of a musical performance, the difference is an electric guitarist's actions in time (form) articulate that which is being performed (content). While abstract, these definitions serve as a basis for questioning how identity relates to content, and control to form.

Sound & Identity

A combination of techniques and technologies facilitates an electric guitarist's exploration for desired sounds. Because of its design, the sonic possibilities of the electric guitar are vast and (virtually) unrivalled. 2 Figure 1. Ibanez Tube Screamer circuit schematic says, one way to "defeat the characteristics of the instrument as they presented themselves" [START_REF] Frith | Output Festival workshop[END_REF], is to develop idiosyncratic techniques, and, if necessary, use technology to aid them. For some, technology is fundamental to the development of an electric guitarist's sound, which, in many ways, is a metonym for their identity as a performer [START_REF] Morris | Listening Awry : Lacan and the Electric Guitar at the Intersection of Music, Technology, and Identity[END_REF].

Rather than suggest a correlation between an electric guitarist's sound and their identity, one might consider the relationships between a sound's characteristics and the technology used to create the sound. First, how might digital technology be used to modify electric guitar sounds to invoke other guitar sounds ? The Boss AC-3 Acoustic Simulator, for example, transforms the electric guitar into an acoustic guitar [START_REF] Boss | [END_REF]. In this case, technology is being used to process electric guitar sounds to simulate acoustic guitar sounds. For some listeners, an interesting dissonance forms between what they hear and see. They hear strings vibrating over a resonating body, but see that the electric guitar does not have one. These observations may lead them to reevaluate the criteria used to distinguish an acoustic from an electric guitar.

In addition to using technology to model the sounds of other instruments, custom software can be written to recreate conventional effects. Given the circuit schematic of the Ibanez TS9 Tube Screamer Overdrive (Figure 1) [START_REF] Topaktas | Tube Screamer's Secret[END_REF], one could program its design in SuperCollider (Figure 2). The process of digitally implementing an analog effect reveals a desire to create sounds that comport with existing electric guitar sound identities. Although reasons for this are contingent on the electric guitarist, one might speculate that the presence and use of a computer, which has a capacity to do "anything," creates a need to reinforce sounds associated with the electric guitar.

So what happens when a computer is used to process and create sounds that are not directly associated with the electric guitar ? For example, some electric guitarists use cataRT, a concatenative sound synthesis 3 application developed at IRCAM [START_REF] Schwarz | Real-time corpus-based concatenative synthesis with catart[END_REF], to create rich, fragmented sonic textures that invoke the form of their playing, but retain the qualities of the source recordings. But selecting recordings that have little to no associations with an electric guitar creates a discontinuous listening experience ; there is a difference between what sounds listeners expect and perceive. At this point, some might decide the electric guitar is not being used to produce sound, but merely se- 

Gesture & Control

For some audience members, part of the dissonance comes from their lack of understanding the software used in conjunction with the electric guitar. Whereas a string might be manipulated to make a sound, software measures input data to process and generate sound [START_REF] Royal | The Performance of music using computers and its reconnection as play[END_REF]. While some types of input data, such as frequency or amplitude, could be discerned from informed audience members, most spectral analysis processing is less perceivable. Thus, audiences are unable to decode whether the electric guitarist's gestures relate to instrumental manipulation or measurement.

An interesting work that illustrates how an electric guitarist can use gesture to collapse distinctions between manipulation and measurement is Pat Metheny's Orchestrion Project [START_REF] Metheny | The Orchestrion Project[END_REF]. Metheny and a team of programmers and instrument builders built a sophisticated system that allows the guitarist to control autonomous musical robots with his guitar. During performances, audiences hear and see Metheny perform conventional jazz guitar music, but also sense he has some control over his robotic backing band. Thus, each gesture relates to both the making and measuring of sound. Of course, this work is quite complex -and extraordinary, which leaves some to consider the relationship between gesture and control in musical performance.

There are many theories on musical gesture. David Mc-Neil defines ancillary gesture as "not directly involved in the production of sound" [START_REF] Wanderley | The Musical Significance of Clarinetists' Ancillary Gestures : An Exploration of the Field[END_REF], whereas Claude Cadoz and Marcelo Wanderley write instrumental gesture is the "means of action on the physical world and a means of communication of information" [START_REF] Cadoz | Gesture-Music[END_REF]. Clearly the use of digital technology complicates an audience member's ability to distinguish whether a guitarist's actions are ancillary or instrumental. While causal changes might convey instrumental gestures, they might not understand how the action relates to sound generation. Of course, gestures are subject to the individual interpretation, as, for example, some might perceive and interpret an instrumental measurement action as ancillary. Some might view the electric guitarist's actions as contributing to the sound making process, but not its actual production. Although most have little to no knowledge of the specific sound generation processes involved with the Guitar Hero game series [14], for example, most understand that certain actions affect sound production. Of course this perspective emphasises the importance of good performance skills, while lessening those of a music-maker.

With this in mind, some believe that a performer's gestures do not reflect ideas, but rather underscore for the audience that they are spectating a performance [START_REF] Gadamer | Truth and Method 2 nd[END_REF]. From this perspective, one could radically propose that, because of the weak correlation between sounds expected and perceived, the electric guitar is a point of focus in which to control the audience's attention -nothing more ! It acts as a prop, which allows the performer to suggest her performance is "musical." This cynical outlook is substantiated by many examples of lip-syncing performances, including the Red Hot Chili Peppers 2014 Super Bowl halftime show [START_REF] Wood | Flea gives it away : Red Hot Chili Peppers were miming at Super Bowl[END_REF].

Clearly not all electric guitar performances are mimed. But given the aforementioned observations and examples and the increase in access and advancement in digital technologies, it has become quite difficult to assess and appraise an electric guitarist's skills as a music-maker or performer.

NO MORE VIRTUOSI

Does electric guitar virtuosity exist in the digital age ? In defining virtuosity, Bob Ostertag writes that it "happens when someone acquires facility with an instrument . . . that an intelligence and creativity is actually written into the artist's muscles and bones and blood and skin and hair" [START_REF] Ostertag | Human Bodies, Computer Music[END_REF]. Clearly, at a minimum, electric guitarists must create interesting and innovative sounds and perform them in exciting and engaging ways. But with the aid of digital technology, locating the mastery of these aspects is a problem.

One might begin by asking how is the electric guitar being used. What quickly becomes problematic is the need to distinguish its role as a sound producer or task performer ; instrument or controller. From there, it is about making these roles clear for an audience. Once more, the development of computer systems and their use in electric guitar performance are becoming increasingly idiosyncratic, which makes it hard to make such distinctions. This is certainly interesting, but also fragments the musical practice.

IN THE POST-DIGITAL AGE

So what's next for the electric guitar ? In closing, two observations might serve as a springboard for speculation. First, a recent trend in music re-imagines acoustic instruments as electronic versions of themselves. Two examples are KLAVIKON and Dawn of Midi, who perform acoustic instruments in real-time and, by using different techniques and amplification systems, create "classic" 70s and 80sera electronic music [18][19]. Obviously this approach is not immediately adaptable to the electric guitar, as it is already an electric instrument, but does bring up interesting issues of self-reference.

Second, after the Guitar Hero and Rock Star video game craze, some musicians and software designers began adapting their controllers to perform other functions. One example is MIDItar [START_REF]For more information on MIDItar[END_REF], which allows users to send MIDI messages to the Max/MSP audio programming language. Interestingly, some use these controllers to control classic electric guitar effects, like distortion, developed in audio programming environments. Thus, one might wonder why go through the process of using a game controller and developing classic guitar effects, if one can just use an electric guitar in a conventional way ? To many, this scenario is absurd. Yet it illustrates a perfect example of how the perspective of the electric guitar has changed to a controller of sounds.

CONCLUSION

In conclusion, speculations on the future of the electric guitar hinge on how one looks at the relationship between instruments and music. Does a composer write for an instrument to make a desired sound, or is new music a way of revealing an instrument's potential ? This distinction carries over when looking at an electric guitar that is being used to control -but not generate -sounds. The former perspective sees the electric guitar as ideal, since the actions upon it sequence sounds in a way that yield the composer's desires. This differs from the latter, where the demands of the music reveal a different perspective of the instrument : The electric guitar controls sound, but does not produce it. Thus, for some, this discussion is not about de-categorising the electric guitar as a (musical) instrument, but rather expanding its potential use.
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 2 Figure 2. SynthDef of Ibanez Tube Screamer written in SuperCollider
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 3 Concatenative sound synthesis segments and analyses a target sound and uses this analysis to select sections of audio material from a corpus of recordings.

	//SynthDefinition to model Ibanez Tube Screamer
	//var amp_arg scales values [0.01, 1.0] to represent 'pre-gain'
	SynthDef(\tubeScreamer, {|out = 0, gate = 1, amp_arg = 0.01|
	var sig, ts, env, amp_map;
	sig = SoundIn.ar(0);
	env = Linen.kr(gate, 0.1, 1, 0.1, 2);
	amp_map = ControlSpec(11.851, 118.234, \exp, 1.07);
	ts = RHPF.ar(sig, 720.484);
	ts = ts * amp_map.map(amp_map); //pre-gain
	ts = ts.softclip;
	ts = Mix.new([sig, ts]);
	ts = ts.clip;
	ts = RLPF.ar(ts, 723.431);
	sig = Limiter.ar(ts, 0.0));
	Out.ar(out, sig * env);
	}).store;

. For example, thinkplay has developed an audio application that, among other things, does exactly this. A demonstration is available on YouTube [Accessed 7 March

2016] 2 . Although not designed for the sole purpose of making music, the laptop computer is now arguably a more versatile musical instrument.