A Comparison of Input Devices in anISEE Direct Timbre Manipulation TaskRoel VertegaalDepartment of ErgonomicsUniversity of TwenteP.O. Box 2177500 AE Enschede, The NetherlandsE-mail: R.Vertegaal@wmw.utwente.nlBarry EaglestoneDepartment of ComputingUniversity of BradfordBradford BD7 1DP, United KingdomE-mail: B.Eaglestone@comp.brad.ac.ukAbstractThe representation and manipulation of sound within multimedia systems is an important, currently under-researched area. This paper gives an overview of our work on the direct manipulation of audio information,and describes a solution based upon the navigation of four-dimensional scaled timbre spaces. Weexperimentally evaluated three hardware input devices for use in a timbre space navigation task: the AppleStandard Mouse, Gravis Advanced Mousestick II joystick (absolute and relative) and the Nintendo PowerGlove. Results show that the usability of these devices significantly affected the efficacy of the system, andthat conventional low-cost, low-dimensional devices provided better performance than the low-cost,multidimensional dataglove.Keywords: Empirical Research, Direct Manipulation, Human-Synthesizer Interaction, Auditory Perception,Timbre Space, Input Devices, Information Retrieval.IntroductionThe audio dimension of multimedia technology has attracted relatively little attention from HCI researchers[11]. This is in spite of its importance as a medium for human communication and a commodity in a numberof specialist applications. Audio-intensive applications exist in the arts and the music, television, cine andvideo sound industries, and often require large databases of sounds [7, 16]. This paper addresses a particularaspect of this area, the design of interfaces for the manipulation of sound. The first part presents our researchinto direct manipulation of the timbre of sound. After reviewing related work, mainly in computer music, wedescribe our development of a specific candidate solution involving the use of a presentation model basedupon scaled timbre spaces, with direct manipulation by relocation of sounds within the spaces. Timbre spaceis a multidimensional space of sounds where each dimension models the variability of sounds with respect tosome perceived characteristic. This solution has been implemented for musical application in the IntuitiveSound Editing Environment (ISEE) system [27].

ISEE allows musicians to manipulate the timbre of synthesized sounds by navigating a hierarchy of four-dimensional scaled timbre spaces, effectively integrating expert synthesis design methodology with aperceptual organization of sounds. Two important factors which affect the usability of this type of interfaceare the visual representation of the timbre spaces, and the hardware interface by which users interact. Thesecond part of the paper describes our research into the second of these factors. Results from an experimentalevaluation of input devices for this form of timbre manipulation are presented. Conclusions on the efficacyof the ISEE interface and of each of the devices are drawn from an analysis of the integration of movement,accuracy and movement times.Direct Manipulation of TimbreTimbre is best defined as the quality of sound that enables one to discriminate two static tones with equalpitch and loudness. Each natural sound consists of a combination of sine waves with different frequencies,amplitudes and phases. It is the pattern of these so called overtones or harmonics, relative to the perceivedpitch and loudness of the sound, that constitutes the timbre of a sound. The interactive control of timbre hasalways played an important role in our everyday lives. Our speech communication depends on it as a meansof conveying information. In western classical music, however, timbre control has traditionally played asomewhat less important role, since much of the musical information is conveyed by pitch using complexharmony. For musicians, the control of complex harmony typically requires a different modality than therefined control of timbre. Some musical instruments (e.g., our voice, the violin) provide the musician withconsiderable timbre control but can only generate a limited number of notes simultaneously. Otherinstruments, most notably the piano, offer great polyphonic capability at a loss of timbre control. It is for thisreason that the piano keyboard has become the most prominent input device for compositional purposes inthe classical tradition.In computer synthesized music, timbre control plays a much more important role than in classical music.Digital sound synthesis technology has provided musicians with an almost unlimited number of timbralpossibilities. Nonetheless, the piano keyboard remained the most prominent input device in soundsynthesizers. Synthesizer user interface standards for timbre modification have not kept up with recentadvances in HCI. With the advent of graphical user interfaces in sound synthesis systems, one would expectthe notion of direct manipulation of timbre to have gained ground. An important aspect of directmanipulation is the principle of transparency, where attention shifts from issuing commands to observingresults conveyed by feedback [22]. This requires feedback to be consistent with the user�s expectations of thetask�s results. Shneiderman [24] argues that with direct manipulation systems, there may be substantial task-related semantic knowledge, but users need to acquire only a modest amount of computer-related semanticand syntactic knowledge. Task-related semantics should dominate the users� concerns, reducing thedistraction of dealing with the computer semantics and syntax. Current synthesis user interfaces, however, arebased on the direct use of synthesis model (i.e., sound generating process) parameters, which need notnecessarily behave in a perceptually linear or consistent fashion. For example, to change the brightness of atone digitally synthesized using the Frequency Modulation (FM) synthesis model [6], one would change the modulation index. Though most of the time this seems to affect the brightness of the sound, whenmodulation feedback is active the sound can suddenly turn into noise, resulting in a loss of correspondencebetween the task-related semantics and synthesizer-related semantics. This has led many novice users to theimpression that creating sounds on an FM synthesizer is in fact a stochastic process. A more direct mappingbetween task-related semantics (I want to make a sound brighter) and synthesizer-related semantics (then Ineed to change the modulation index or the modulation feedback level or both) could easily be achieved ifcontrol would operate at a higher level of abstraction, using a perceptually-based, hardware-independentinterface.Perceptually-based Timbre ControlBuxton, Patel et al. [3] recognized early-on that the manipulation of on-screen sliders representing synthesishardware parameters is no more than a substitute for the direct manipulation of timbre, and that timbreshould ideally be controlled according to perceptual rather than acoustical attributes. They also emphasizedthe importance of minimizing non-musical problems of the sound synthesis task and permitting thecomposer to understand the perceptual consequences of their actions. The following paragraphs will reviewrecent advances towards achieving that goal.Timbre SpaceWessel [29], Grey [12] and Plomp [21] proved it possible to explain differences in musical timbre with farfewer degrees of freedom than are needed by most synthesis algorithms. Grey [12] investigated theperception of musical instrument timbres using multidimensional scaling techniques [23]. Wessel addressedthe timbre control problem by implementing a simple control structure based on a perceptual mappingproduced with the same technique [30]. In this approach, a timbre space is derived from a matrix of timbredissimilarity judgements made by humans comparing all pairs of a set of timbres. In such a space timbresthat are close sound similar, and timbres that are far apart sound different. To use a timbre space as asynthesis control structure one specifies a coordinate in the space using an input device. Synthesis parametersare then generated for that particular point in space. This involves interpolation between the differentoriginally judged timbres. Lee and Wessel [18, 19] have demonstrated how a Mattel Power Glove was used incombination with a neural network to produce this real-time interpolation during performances. Thisapproach elegantly features all constraints for achieving a direct manipulation of timbre, including a well-based formalism for the real-time mapping of low-dimensional perceptual parameters to high-dimensionalsynthesis model parameters. However, Plomp [21] indicated that when constructing timbre spaces, thedimensions proliferate with the variance in the assessed timbres. This makes it difficult to derive a generalizedsynthesis model from this strategy. When trying to construct two low-dimensional timbre spaces for twodifferent sets of instruments the dimensions defining these two spaces might vary considerably, which couldcause usability problems in generic user interface applications. Generic use of timbre space is also inhibitedby the need to use existing sound examples judged by a human panel. How could a musician construct hisown timbre spaces? What if he wants to generate totally new sounds?

Grey [12] theorized about the semantics of the dimensions of the 3-D timbre space he derived from anexperiment in which 16 closely related instrumental stimulus tones (varying from wind instruments to strings)were compared on timbral similarity. He indicated that one dimension could express instrument familypartitioning, another dimension could relate to the brightness of the tones, and a third dimension could relateto the temporal pattern of timbral development at the start of the tones (e.g., noise patterns). Though theseconclusions cannot simply be generalized, they do give us an indication of the nature of appropriateparameters to be used when generalizing timbre space as a synthesis model.The Intuitive Sound Editing EnvironmentThe practicality of using timbre space as a basis for a sound design system is demonstrated by the IntuitiveSound Editing Environment (ISEE) [27]. ISEE is a synthesizer and synthesis model independent userinterface designed for sound synthesis applications in both composition and performance1. The followingdescription of ISEE omits technical details�those interested should refer to [27].

the development of the overtones at the start of the sound and the behaviour of noise throughout the sound;and the Envelope parameter controls the speed of the temporal development of the sound. The first threeparameters find their origins in the semantics of timbre space as identified by Grey [12], with the Envelopeparameter adding generic control of envelope models other the sustained sound used in Grey�s research.Our application of high-level semantics derived from timbre space research can prevent Plomp�sproliferation of timbre space dimensions [21] and allows the number of parameters presented to the user tobe kept to a consistent minimum. The problem is one of defining functions which map from timbre spacedimensions to synthesis parameters, and is simplified by decomposition of the timbre space into a hierarchyof spaces, each of which defines sub-classes of related timbres (see figure 2). Separate mapping functions arethen defined for each sub-class (see the section below and appendix A for a description of these mappings).The actual implementation of the ISEE timbre parameters thus depends on the required refinement ofsynthesis control. The high level of abstraction of the ISEE timbre parameters allows them to be applied todifferent sub-classes in ways relevant to the behaviour of specific instruments within that sub-class. Forexample, the Envelope parameter controls the duration of the rise of the sound (attack speed) in theSustaining instruments sub-classes, but the duration of the decay of the sound (decay speed) in the Decayinginstruments sub-classes.

Zoom˚InInstrumentsInstruments(andInstrumentsWindBowed

BowedViolinDecayingInharmonicInstrumentsmodelling).

GAMSSustaining

2yz˚a˚3 trial.x

CIx,˚ymovement:(1) = 45� = 0�-1-1

dy = 0dx = 1dy = 0dx = -1dy = 1dx = 1dy = 1dx = -1dy = 1dx = 0dy = -1dx = 0dy = -1dx = -1dy = -1dx = 1

�pn(2)

ResultsDevice:MouseAbsoluteJoystickRelativeJoystickPowerGlove

MT:4,9177,13910,30824,950

1.351.612.048.97

MouseAbsoluteJoystickRelativeJoystickPowerGlove

x¥y14.19.521.6 a¥z12.113.78.43.7 z¥y0.50.815.9 z¥x0.50.716.4 a¥y0.50.82.7 a¥x0.60.72.9

(x=Brightness;y=Overtones; a=Envelope;z=Articulation)

x ¥ y a ¥ z x ¥ y a ¥ x x ¥ y x ¥ y z ¥ y x ¥ y z ¥ x z ¥ x M T : C I : Screen:Off

15.669.22

a n d

Discussion a n d O v e r t o n e s

Conclusions

AcknowledgementsReferences1. . 2 4 . 2 . 3 . . Journal 6(2), 1982.4. 5 . 6 . . 7 . 2 1 . 8 . 9 . 1 0 . 1 1 . 1 2 . 1 3 . 1 4 . 1 5 . . A C M TransactionsonComputer-HumanInteraction 1(1), 1994.16. 1 7 . 1 8 . 1 9 . 2 0 . 2 1 . 2 2 . B Y T E 23. . P s y c h o m e t r i c a 4 2 1 .

24. Addison Wesley, 1987.2 5 . 39-45.2 6 . 2 7 . . 21-29.2 8 . 2 9 . 3 0 . M u s i c .S u s t a i n i n g