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ABSTRACT 

Computer graphics are used to provide visual feedback about two different aspects of 
keyboard performance: the accuracy of cross-rhythms and the independence of finger 
velocity. The system is centered around an LSI 11/02 microcomputer and uses a cheap, 
cursor-addressable text terminal for real-time visual feedback. A microprocessor
based organ keyboard linked (via the LSI 11/02) to a synthesizer provides real-time 
acoustic feedback about finger velocity. The system is designed to be used by 
musicians with little previous knowledge about computers. 

Two skills often required of profession
a l keyboard players are the ability to 
perform cross-rhythms and the abi.li ty to 
intentionally play simultaneously with 
one hand, two or more notes of different 
loudness. A cross-rhythm occurs when 
one hand plays a melody of n notes of 
equal duration while the other hand 
plays a melody of m notes of equal 
duration, where m a~d n are coprime. For 
example - playing 4 notes in one hand 
while playing 3 notes in the other. 

A good pianist will need to play s ome 
notes louder than others, when playing 
contrapuntal music (i.e. music in which 
several tunes are happening at the same 
time), such as a Fugue by J.S. Bach. 
(In a Bach Fugue it is not uncommon for 
one hand to play 3 notes at a time, each 
note being part of a different tune.) 
This difference in loudness helps to 
bring into focus the tune that the 
performer wishes the audience to hear. 
One way of doing this is to have each 
finger descend with a different velocity 
- faster . for notes with prominence, 
slower for notes of less importance. 

Both of the above skills are acknowledged 
by musicians as being difficult to 
acquire . Part of this difficulty can be 
attributed to a rather intriguing 
phenomenon: music students tend to hear 
the sounds that they intend to prodUce, 
rather than what is actually played. 
This self delusion is an occupational 
hazard aptly described by Maazel (1980). 

At present, the only available aids for 
overcoming the "wishful thinking" problem 
are the discerning teacher and the tape
recorder (or videotape recorder). It is 
impractical (and perhaps inhibiting) to 
have a teacher listen to one's practice . 
Unfortunately , recording devices do not 
always solve the problem , since the same 
bias may be present in the ear of the 
listener as when practising (the author 
has observed this with incredulity ). 

The use of graphics to provide feedback 
about aspects of performanc~ effective ly 
clarifies any confusion about those 
aspects in the aural dimension. Lamb 
(1979) describes the use of such feedback 
for teaching keyboard skills such as 
trilling and articulation. However, 
Lamb' s (1979) computerized teaching aid 
(see also Lamb, 1978, and Tucker et al., 
1977) only provides feedback after the 
musician has played the music~ 
contrast, the aid presented here provide s 
feedback during performance . In general, 
feedback about a skill is more effective 
the sooner it is received after the 
performance of the task (Fitts and Posner, 
1967). By providing real-time feedback, 
the aid presented here also allows the 
performer to more quickly experiment with 
different strategies for acquiring 
cross-rhythm and finger-independence 
skills. 

The feedback about cross -rhy thms is pro 
vided as follows. The s creen is divided 
in two - the upper half contains a "comb" 
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with its "tee th" pointing downwards; the 
lowe r ha lf conta ins a comb with its tee th 
po inting u pward s . The upper comb con
tains e q ua l- s ized gaps , the numbe r of 
gaps be ing the same as the number of 
notes in the right hand ' s rhythm pattern . 
Similarly the number of equal sized gaps 
in the lowe r comb i s the same as the 
number of notes in the left hand's rhythm 
pattern . Because the combs are the same 
length, the relative positions (in time) 
of the note s in the cross-rhythm can be 
clearly seen . Figure 1 shows how the 
screen would appear for 3 notes in the 
right hand being played against 2 notes 
in the left hand. The vertical "teeth" 
of the combs represent the ideal positions 
in time of the notes. At the tip of each 
tooth is an arrow pointing to it , 
representing the actual pos ition in time 
of that note. Thus , if a note occurs too 
soon in the cross - rhythm, its arrow will 
be displaced to the left by an amount 
proportional to the timing error . Figure 
2 depicts the feedback about such an 
error . 

The p rogra m s tarts by a s king the user to 
t ype the numbe rs of notes in the right
hand and left-hand parts of the cro s s
rhythm (the maximum numb e r of notes in 
any one part is seven - a constraint 
imposed by the resolutio n of the screen). 
The "combs" are then displayed on the 
scree n (see Figure 1). Fe edback starts 
after the use r has p layed once through 
the cross - rhythm on the organ keyboard 
(the music is audible during the playing). 
Feedback continues as the user repeats 
the cross-rhythm over and over again, 
each hand playing one note (any note) at 
a time. The program automatically takes 
into account any changes in the overall 
spe ed. The sensitivity o f the fe e dback 
is a d justed by stroking an Allison slider 
(Alli s on sliders are described in detail 
by Bae cker, 1979). 

Feedba c k is p r o v i ded about f i nger velocity 
as follows. The organ keyboard (Fe dorkow 
et al., 1980) is represe nte d on the display 
as a row of sixty minus signs - one for 
each note . Wh e n a key i s de p ressed, the 
corresponding minus sign is erase d and 
redisplayed at a position directly 
beneath the initial positi on. The faster 
the k e y is depre s sed, the furth e r down 
the screen t he minus sign is d i sp laye d , 
and the louder the note i s sounded b y the 
s ynthesizer (Buxton et al., 1978). 
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FIGURE 1 The screen display 
as the user is about to play 
3 notes of equal duration with 
the right hand while playing 
2 notes of equal duration with 
the left hand. Figure 2 shows 
what happens next. 
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FIGURE 2 While playing a 
3-again s t-2 cross -rhythm, the 
stude nt sees from the posit
ions of the arrows that the 
2nd note of the group of 2 is 
being played too soon, and 
the 3rd note of the group of 
3 is being played too late. 
(The words "early" and "late" 
have been added to the 
f igur e. ) 
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This is how t he screen looks when two 
notes (on e quiet and one loud) are being 
p layed: 

(q uiet) 

(loud} 

(The words have been added , and not all 
the 60 minus signs are shown here , 
because of space . ) The range of the 
loudness response of the synthesizer is 
adjusted b y stroking an Allison slider 
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(see Baecker, 1979). The greater the 
loudness range of the synthe~lze r the 
more audible is any variation in key 
ve locity i . e . a series of notes with 
uneven key veloci ties will sound most 
uneven. In this way , the acousti c feed
back exaggerates irregularities in the 
player ' s touch. 

By "magnify ing " the errors in tasks which 
require fine adjustments, both of the 
above programs can increase the precision 
of a musician ' s per forman ce (cf. He l son, 
1964) . 
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FIGURE 3 The MOD notation for the start of the theme from Beethoven' s Fifth 
Symphony is displayed on the colour screen, i mmediately after b e ing played on 
the computer ' s organ keyboard. The height of the b lock beneath a note ind i
cates its loudness. When more than one note is played at once, the s horte r 
blo cks (disp layed here in solid black beneath the music) are d jsplayed in t he 
foreground. (As explained in the text, each note a nd its block beneath h ave 
the same colour, coded according to the ke y velocity . Abov e t he cl e f s , the 
colours are displayed in order of increasing "loudne ss" , as a memory aid . ) 
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In order to compare the relative loudness 
of successive notes, music which is per
formed on the keyboard is then displayed 
on a screen. This colour screen is 
attached to an adjacent POP 11/45 computer 
which is connected to the LSI 11/02. The 
notes are displayed in a modern notation 
(called MOD, for short) and are coloured 
according to key-velocity. In this 
notation (see Figure 3), each note is 
represented by a block whose length is 
directly proportional to the duration of 
the performed note. Pitch is indicated 
by position on the staves. Typed 
commands may also be used to cause the 
music to be played back slowly. This has 
the effect of "magnifying" details of 
rhythm in the musician's performance. 
Lamb (1979) documents the use of (mono
chrome) MOD notation together with 
slowed-down playback, for improving the 
articulation, synchronization and rhythm 
of piano students. 

The addition of colour to MOD notation 
allows one to "see" the loudness of notes. 
However, since only 16 colours are 
available, only a qualitative estimate of 
key velocity is obtained from the 
notation. For a quantitative indication 
of key velocity, a block of the same 
colour and length as the performed note 
is displayed vertically below it on the 
screen. The height of the block encodes 
key velocit~ with blocks of lesser height 
being displayed in the foreground (see 
Figure 3). This display allows the 
musician to see what was performed, while 
hearing it played back by the programs. 

ACKNOWLEDGEMENTS 

The author is indebted to W. Buxton and 
K.C. Smith for many stimulating discus
sions, and to R. Outerbridge for his 
programming. This research is being 
undertaken as part of the Structured 
Sound Synthesis Project (SSSP) at the 
University of Toronto. The financial 
support of the Social Sciences and 
Humanities Research Council of Canada and 
the National Science and Engineering 
Research Council of Canada is gratefully 
acknowledged. 

106 

REFERENCES 

Baecker, R. Human-computer interactive 
systems: A state of the art review. 
Proceedings of the Second International 
Conference on Processing of Visible 
Language, Niagara-on-the Lake, Canada, 
1979. 

Buxton, W., Fogels, A., Fedorkow, G., 
Sasaki, L. and Smith, K.C. Anintro
ducti on to the SSSP digital synthesizer. 
Computer Music Journal, Vol. 2, no. 4, 
1978: 28-38. 

Fedorkow, G., Buxton, W., Patel, S. and 
Smith, K.C. An inexpensive clavier. 
Proceedings of the Fourth International 
Conference on Computer Music. Queen's 
College, New York, 1980. 

Fitts, P.M., and Posner, M.I. Human 
Performance. Prentice Hall International 
Inc., London, U.K., 1967. 

Helson (1964) Adaption-level theory. 
Harper, New York. Cited by Fitts and 
Posner (1967). 

Lamb, M.R. Andre Tchaikovsky meets the 
computer: a concert pianist's impromptu 
encounter with a musicianship teaching 
aid. International Journal of Man
Machine Studies, vol. 10, 1978: 593-602. 

Lamb, M.R. The Computer as a Musician
ship Teaching Aid. Ph.D. thesis 
(Electrical Engineering), University of 
Canterbury, Christchurch, New Zealand, 
1979. 

Maazel, L. Speech made to an inter
national youth orchestra, recorded in 
London, U.K., 1980. 

TUcker, W.H., Bates, R.H.T., Frykberg, 
S.D., Howarth, J.R., Kennedy, W.K., 
Lamb, M.R. and Vaughan, R.G. An Inter
active Aid for Musicians. International 
Journal of Man-Machine Studies, vol. 9 , 
no. 6, 1977: 635-651 

Graphics Interface '82 


