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Abstract—In this paper the framework of Computer Music 
interfaces is convolved within the context of Human Com-
puter Interaction (HCI) to produce metaphors and para-
digms that engulf differential tunings within adaptable 
mobile device screens. A presentation of the basic concepts 
involved in the Computer Music world prevails the discus-
sion on the evaluation criteria for Computer Music virtual 
instruments and interfaces. New criteria are introduced, like 
knowledge representation of musical data and alternate 
musical interfaces materialization. A survey of various sys-
tems, based on the previously mentioned criteria is commit-
ted.  

Index Terms—Music Performance, Scales and Acoustics, 
Mobile Devices, Music Informatics    

I. INTRODUCTION 
Few people are yet overwhelmed by the advent of mo-

bile computing, which while being characterized by small 
size and portability may have the crude impact of popular-
izing a new revival for electronic sound synthesizers, i.e. 
instruments of awesome dimensions that had revolution-
ized the global music of the 60’s. 

Indeed, new species of music had evolved then, based 
on instruments like the one depicted in Figure 1.  

The instrument seen there was used to simulate the ad-
vent of new music styles and techniques, an idiom of the 
60’s, when musicians were able to handle sounds exceed-
ing the range and versatility of conventional instruments.     

Through the years, research in Human Computer Inter-
action (HCI) has clarified that interaction with complex 
systems does not take place in a merely physical level but 
in a much broader environmental context: in simple 
words, a simulating display interface is not enough, if not 
previously the metaphor and the paradigm of an alternate 
“world” are not comprehended. In our case the alternate 
system, is the varying world of global music that deviates 
from the well perceived Western music. It is true that 
Western music, the dominant music paradigm, permeates 
every society; however, ethnic music is inexorable due to 
the globalization of music streams flowing within the 
computing “cloud”. 

Music is a rich communication medium, and Computer 
Music is the amalgam of interface science and musical 
praxis forming a dynamic subset of Human Computer 
Interaction. 

There are structural similarities between the job of a 
music composer and that of a User Interface designer, 
albeit their objectives may be different: both seek to tame 
relentless streams of symbolic information. 

 
Figure 1.  One of the very first synthesizers, “SYNTHI Sequencer 

256”™, that the authors used as a paradigm generator  

As seen in Figure 2, the production of music involves 
handling switches, knobs and buttons, and that is where 
both the composer and the engineer move their creativity 
beyond limits: in spheres where symbols merely can de-
scribe the rich multimedia content [1]. 

Indeed, when the first synthesized sounds started circu-
lating around, there was difficulty for those using semiot-
ics to describe the new sounds of mixed overtones gig-
gling with harmonic-tone generators of “unnatural” sig-
nals, as then the sawtooth wave signals were perceived 
[2]. And yet, this is now the public hearing context for 
global pop music, received as the ordinary norm of most 
middle aged and younger audiences!  

Beyond that, a new class of musicians appeared, serv-
ing the new specimen for synthesized music, as is the case 
of the well known composers and performers Vangelis, 
Jean-Michel Jarre, Johannes Schmoelling, and Yanni, to 
mention some indicatively. 

The task accomplished by these well renowned artists is 
immense: In most cases sound had been used in general 
purpose interfaces as a primitive object, and its use had 
been deteriorated at a low level, that of signal-processing 
approach. Indeed, in the beginnings, the handlers of the 
first synthesizers dealt with voltage changes that con-
trolled pitch, timbre, attack – decay of tones, vibrato and 
several other low level aspects of sound (Figure 2).  

However, music composition and performance are 
highly abstract human activities involving a semantic and 
a symbolic mechanism of human intellectual activity. The 
aforementioned artists and many other alike managed to 
tame a new world of devices and demonstrated extraordi-
nary musical talent, opening the road ahead for exploring 
the possibilities of computer composed and synthesized 
music within the context of object oriented graphical user 
interfaces [3]. 
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Figure 2.  The evolution of species within five decades: The electro-mechanical interface of the  “SYNTHI Sequencer 256”™, and the stitching 

interface of Alchemy™ used on an iOS  tablet 

In this paper, we are dealing with subjects which lie 
partly within the province of science and partly within the 
province of art. Yet the boundary of these two disciplines 
is not always clear. However, the mistily borderland is not 
perpetrated by the peremptoriness of ongoing multidisci-
plinary research, but mainly due to our nebulous under-
standing of how the neurons of the auditory nervous sys-
tems respond to frequency tuning [4]. This is the case of 
complex wave shapes with asymmetric shapes for width 
modulated effects (Figure 2 revisited).  

II. MOVING BEYOND THE WELL-TEMPERED SCALES 

A. Background musical information 
For reasons of facilitating the reader, we use the con-

vention of the acoustic piano interface, which seems to be 
the global interface that most musicians use to accredit 
synthetic sounds with the semantics of music: the notes of 
the well tempered scale. 

Not to mesh up with such analyses below the aural sub-
strate, musicians are merely concerned with finding the 
most satisfying perceptual organizations that are con-
sistent with the musical surface [5]. Most theories for 
perceptual organizations unfold on two axes: 

The first axis relies on the likelihood principle of prefer-
ring the most probable interpretations, and gives a mathe-
matical approach for harmony. In 1738 Euler attempted an 
explanation on psychological lines, stating that the human 
mind delights in law and order, and therefore, it conceives 
as natural and more pleasant sounds that have frequencies 
whose ratio may be expressed with the smaller numbers 
possible. For instance, the frequency ratio of the common 
chord C E G C! is  4 : 5 : 6 : 8. Helmholtz in 1862 pro-
longed this theory of consonance and dissonance in terms 
of beats, and accordingly we have the example of C and G 
that sound well together, since only a few of their harmon-
ics beat badly 

C   C!    G!  C!!   E!!   G!! 
G   G!   D!! G!!  B!! D!!! 
 

This approach has evolved in our era as a statistical in-
terpretation for the harmonic and melodic structure analy-
sis of music.  

The second axis copes with the fundamentals of psy-
chology and in particular Gestalt psychology, as far as 
HCI is concerned. This axis evolves on the notion of 
grouping, which uses metrics based on the principles of 
proximity, similarity, symmetry, and continuation.  

By these principles rhythm, form and content are put in-
to taxonomy.  

These principles are considered weak [6] when it comes 
to contemporary music anticipation, and this is the point 
where recent research is focusing on the endless possibili-
ties of expression that new performing media have 
brought to the “whole mysterious world of sound” [7].     

Most importantly, the new hi-tech substrate acts as a 
technology enabler in music, since it is “also adding an 
unbelievable variety of new timbres to our musical store, 
but most important of all, it has freed music from the 
tempered system, which has prevented music from keep-
ing pace with the other arts and with science” [7]. Western 
music theory and practice is many times insufficient to 
explain the uniqueness and the richness of the melodic 
structures and the metric structures that have emerged in 
contemporary music scenes (like that of Eurovision) as an 
amalgam of traditional Eastern music. 

In musical mathematics these concepts are expressed as 
follows: Let a scale S be uniquely described by any list of 
intervals that amounts to an octave, and the modal group 
Gs of S as the set of all rotations of those intervals (that is, 
all permutations obtained by removing the i-st value and 
placing it at the end). For scale S to partake m notes means 
it comprises m intervals, i.e. it is an m - atonic scale. The 
notes in S are the numbers, commencing with zero, ob-
tained by adding each interval in turn. 

The key designation implemented in this paper will be 
given firstly formally and then, informally, by a rapid 
prototype visualization.  In the former case, let S be any 
m-atonic; then the n-spectrum of that scale is the set of all 
scales Z of n notes such that exactly one of the following 
criteria holds: 
 

m < n and some z !  GZ contains all the notes of S    (1) 
 

m  = n and some z !  GZ is identical to S                   (2) 
 

m  > n and some s !  GS contains all the notes of  cer-
tain scales Z                      (3) 
 

Some examples will highlight the musical consensus 
for these relations: the most trivial scale is the well tem-
pered scale, coming from the 8-spectrum of an octatonic 
scale. In terms of music commas it is expressed by the 
sequence in cents  

             [ 0 200 200 100 200 200 200 100 ]               (4)  
 

and comprises only the white keys of the piano roll.  
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Figure 3.  Tcl/Tk prototypes of microtonal distributions. Left, the standard piano layout, and right, a microtonal alteration of it 

The second example ceomes from a pentatonic chro-
matic scale that comes as a subset of an 8 - tonic scales, as 
expressed in echomoria (where 72 echomoria sum up for 
the octave) 

 

       [ 0  6  20  4  12 ]   !   [ 0  6  20  4  12  6  20  4  ]    (5) 
 

It is the scale for mode Second plagal in Byzantine mu-
sic, roughly approximating maqam Hijaz of Middle East 
music; however, if 5-tuplet [ 0  4  12  6  20 ]    (6)   was 
considered, then we have an different hearing, both in 
terms of hearing (it is more soft - chromatic) and note 
distribution [8]. Fortunately, both subsets stretch to the 
same number of echomoria, namely 42. However, it is 
reasonably obvious that these two pentatonic scales do not 
contain the same musical and pedagogic information.  

B. Rapid Prototyping of the Interface 
Diving into the musical and acoustic background of mi-

crotonism is really unusual to software engineers who 
need not necessarily plunge into the concepts of polyto-
nality or pandiatonicism to produce an adequate interface.  

Indeed, in Eastern music traditions performers come 
across with scales having various “structures”, as is the 
case of pentatonic scales containing a variable number of 
notes, from 4 up to 32!  

What increases that much the number of notes involved 
is the existence of many alterations between notes, partly 
due to speech inflexions, as is the case of vocal traditions 
in Eastern countries, or as a result of string instruments 
like santur, that indeed include adherent notes between 
mainstream ones. 

Practically, this means that the well known piano inter-
face of seven white and five black keys per octave is al-
tered as shown in Figure 3.   

Indeed, musicians refer to the “well tempered clavier” 
as the prevailing interface for Western music being shaped 
since the Bach era [9]. For most people this is equivalent 
to the easily recognizable piano Interface on the left of 
Figure 3. However, for many people outside the prevailing 
realm of Western societies, such an interface would be 
considered as a meager contribution and its contempt 
would be remedied by the interface on the right.  

What makes things worse, is the advent of chromati-
cism [10], that demands alterations not only in the number 
of notes per octave, but most importantly, in the intervals 
between main notes. Thus, a keyboard that could indulge 
polytonality stretches to an interface like the one seen in 
Figure 4.  

 
Figure 4.  Tcl/Tk prototype of a polytonal interface with profound 

chromaticism 

Needless to say of course, that the interfaces of Figures 
3 and 4 were not fully functional, since they were manipu-
lated with a mouse and lacked direct manipulation. Addi-
tionally, there was no way to play simultaneously two, 
three or more notes. 

III. MOBILE DEVICE INTERFACES TAXONOMY AND 
USER SUPPORT 

Although the leader in new technology penetration was 
desktop computing for more than a generation, neither its 
metaphor nor its paradigm seemed to overindulge the 
multifaceted mobile device interfaces [11]. 

It is well perceived in HCI literature that people use 
short term memory in conjunction with their long term 
working memory for processing information. In our re-
search, short-term memory processes the auditory input, 
whereas working memory rescinds knowledge and eluci-
dation. Therefore, Americans may not be successful in 
remembering Russian words, Chinese pictograms or 
Spanish sayings. Even further, most people cannot speak 
or understand more than handful of languages; when it 
comes, though, to the conception of an arrangement of 
sounds as harmonious or dissonant, then the human brain 
is stimulated to proceed with psychophysical and behav-
ioral masking that increases the sensitivity threshold of our 
aural perception [4].  

Theoretically in medicine, in agreement with the facts 
elaborated for somaesthetic synapses, the tuning curves of 
groups of neurons can be biased to elaborate increasing 
steepness specific within the frequency domain. 
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Figure 5.  Left, an Android app that inserts a redefined scale space inserted as a vector; on the right, the parametric playing area is shaped, with the 

distinguished chromatic second note implementing an incremental interval roughly of a diminished second 

Further research into the diverse musical cultures 
throughout the world has deepened our knowledge for 
universal versus genre-specific aspects of music, and has 
enabled us to truly evaluate the generality of various mod-
eling strategies [10]. Additionally, the advances in the 
HCI perspective for increased interaction with performing 
instruments illuminate the historical fades and theoretical 
jump cuts when confronting various cultures, promoting 
musical creativity, expressivity and interaction. 

The assessment of HCI elements for Computer Music 
under the prism of usability aims at the development of 
new graphical tools, new symbolic languages and finally 
better user interfaces. Technological advances in these 
fields challenge for increasing demands on the quality of 
the user interface and offer the potential to further pro-
gress the functionality of Computer Music devices. 

Under this prism, HCI becomes more central to the de-
sign and development of Computer Music systems inves-
tigating functionality that does not exist for the user or 
functionality that is not virtually usable [11]. 

A. Existing simulation standards 
For reasons of facilitating the reader, we use the neolo-

gism Mobile Computer Music interfaces when referring to 
software running on mobile devices aiming to produce 
melodic pieces. The instrument used in this case is a com-
puter program, this time not withstanding the hardwired 
via the MIDI IN and OUT ports usual keyboard. Produc-
ing melodic lines is a matter of inspiration and not an 
arbitrary or disciplined procedure. Therefore, in terms of 
HCI the touch-pad device used must have functionality 
and usability features that enable the user to record in 
symbolic form the music he has conceived [3]. Usually, 
five criteria are used in order to evaluate the usability of 
an interface according to the ISO/DIS 9241-11 directive: 

I. Learnability for using a new system 
II. Effectiveness, i.e. the extent to which the intended 

goals of musical synthesis and composition are 
achieved 

III. Efficiency, when used by experienced and trained 
users, i.e. the amount of resources that have to be 
expended to achieve the intended goals 

IV. Satisfaction, in the sense of the extent to which the 
user finds the use of the product acceptable and de-
sirable

V. Capability to use the system from users not familiar 
with its musical categories and predicates after a 
long time. 

 

Some of these criteria are more procedural than quanti-
tative. For instance, although most Westerners identify 
music semantics with the Common Music Notation 
(CMN) standard, a performer from the East would reason-
ably argue that in Figure 4, where the notion of parametric 
interfaces is presented, we need transcendence not only in 
semiotics but also on the concomitant events of the corre-
sponding User Interface.  

Nevertheless, in Table I according to [3],[6] and [11] a 
classification of the musical interfaces has been attempted 
based on the previously mentioned criteria  I, II, …,V.  

TABLE I.   
A MUSICAL TAXONOMY OF PERFORMING INTERFACES USING CRITERIA 

I,II, ... V 

 
Of course, the criteria of the ISO/DIS 9241-11 directive 

in Table I are tailored to the task of Computer Music sim-
ulations, and as a result they are slightly altered [12].  

In practice these criteria demonstrate that a fancy  piano 
interface for a mobile device, like the various ones readily 
available at the Android Play Store,   may seem more 
versatile, but its rigidness prevents from implementing a 
pentatonic, parametric scale with more than five acciden-
tals.  

B. Providing an augmented performance interface 
variPiano™ is an exemplar application for Android that 

incorporates a paradigm allowing the user to create keys 
of varying sizes, which are provided either at the begin-
ning or later via the apk settings. The vector describing the 
scale according to relations (1), (2) and (3) is provided by 
the end user, in a style similar to (4) or (6). 

The amount of keys entered is practically unbounded, 
and the scaling of the keyboard is based on inter-number 
ratios. The user may also provide scales encompassing 
part of an octave, as is the case with pentatonicism or 
tetraphonicism.  
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Figure 6.  Left, inserting a vector representing the accidentals between two notes; right, the user can toggle the visibility state of the tacit orange 
editing buttons and gain vertical space for the black keys. Also, he can hide interaction, moving to the performing surface, where he can produce 

melodies performing with the virtual keyboard 

The tacit points in the variPiano™ snap-
shot on the right of Figure 4 represent a second level of 
interaction. Indeed, as it has been demonstrated with the 
rapid prototypes of Figure 3, the model on the left lacks 
not only visualization for pentatonic intervallicism, but 
also it does not appear to signify any accidentals.  

Therefore, variPiano™ does not only encompass acci-
dentals by triggering the tacit keys, but, by clicking on a 
tacit key, an edit button appears allowing the user to input 
a secondary vector that ignites the insertion of a series of 
numbers. These numbers signify the arrangement of a 
number of accidentals between the basic notes the tacit 
key lies on.  

In terms of music theory, this is clearly a microtonal 
keyboard with in-situ interaction. On the popup that ap-
pears, as seen on the left screen of Figure 5, the user is 
prompted to insert a secondary vector, as space separated 
numbers, that mathematically denote how the interval 
between two consecutive notes is split in terms of fre-
quency between one, two, three or even more accidentals! 

For visualization purposes a vertical array of black keys 
appears, incorporating the accidentals. Their size and their 
position are relevant to their distribution: the key on the 
bottom of the screen is having the lower frequency, closer 
to the note of the white key on the left, while as we move 
to the top, higher in frequencies are denoted, closer to the 
white key frequency on the right of the tacit point. 

For visualization purposes, although we use the termi-
nology “white keys” as a delicate hint to the white keys of 
the piano roll representation for the unique notes of the 
octave, in the variPiano™ interface consecutive “white 
keys” appear with shades of gray, for the purpose  of 
visualizing the intervals between the major notes. A key 
that is wider than its consecutive ones denotes that the 
interval between these notes is in terms of frequency big-
ger than the 200 cents that compartmentalize most of the 
successive white piano keys.   

Of course, when the vector for accidentals is inserted, a 
primordial validation takes place, since the variPiano™ 
interface is not a prototyping tool, but primarily a per-
forming instrument.  

Once a valid input is set, the black keys will be generat-
ed and fill in the space between the white and grey keys. 
The careful observer will note that the tacit symbols in 
Figure 5 have changed to an editing symbol, pertaining a 
parametric alteration for accidentals, not only in tonality 
but also in number, indeed a unique feature of variP-
iano™!  

IV. CONCLUSION 
For the first time a multi touch software interface can 

depict visually scales alternate to the tempered scales of 
the Western music literature. Taking into advantage the 
highly interactive gadgets of Mobile Device Interfaces, it 
can also parametrically visualize two - or more! acciden-
tals in vertical serialization  and create the long awaited by 
the Computer Music industry software microtonal key-
boards.

Its main objective in near future is to promote alterna-
tives for hardware devices that not only cost significantly 
more but also bear interface shortcomings.  
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