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We present an interactive, real-time system called the 
Sight Reading Tutor (SRT) that motivates beginning 

musicians to systematically practice their sight-reading. 

The system displays an animated score, “listens" to the 
player's instrument, and provides instant visual feedback 
distinguishing correctly versus incorrectly played notes. 

The back-end of this system operates in real-time to 
determine which notes have been correctly played by 

the user. We use NMF to learn nonnegative basis 
templates for each note and to evaluate whether the 
sound from the user's musical instrument matches the 

notes on a given musical score. 

2 HOW CAN COMPUTERS HELP?

To become a proficient sight-reader requires the constant practice of 
sight-reading. Unfortunately, the beginning musician struggles 
without the help of a teacher who provides immediate feedback. 
Here, we have designed a prototype software system that facilitates 
sight-reading practice following pedagogical guidelines:

2. The user begins by choosing a sight-reading exercise 
at the appropriate level and tempo. 

3. The user hits “start” and the note to be played turns 
pink, indicating the current position in the score. Four 

count-in rests are given for the user to prepare.  

4. When the user plays a note correctly, points are 
given, and the note turns blue permanently. 
Otherwise, the color of the note stays white. 

1. The user runs the software on a laptop, and sets the 
laptop near/on top of a console piano. Notice that no 

digital hook-ups are needed.

1 WHAT IS SIGHT-READING?

Sight-reading is the ability to perform music from a score with no 
preparation or previous acquaintance with the music score. The goal 
of the sight-reader is to play the piece from beginning to end with 
reasonable accuracy, while keeping tempo. This skill is often needed 
for activities like:

• collaborating with other musicians in an ensemble
• accompanying choral ensembles
• reading through a large amount of music quickly 
• gauging musical ability at music competitions
• performing at social settings on the fly!

5 ONLINE & OFFLINE EVALUATION

Offline Evaluation 
Real-time environment 
is simulated by 
recording notes and 
chords from a laptop 
microphone on top of a 
console piano. Each 
test sample was 1.5 
sec in duration, 
generating 60 frames 
to be analyzed by NMF. 
(Top) Experimental 
results for single notes. 
(Bottom) Experimental 
results for major triad 
chords.

Online Evaluation 
To evaluate the accuracy of feedback in our 
real-time system, we randomly selected ten 
sight-reading exercises of varying difficulty 
and used music software to generate three 
audio files for each exercise, testing different 
conditions. 

Exercised played 
one octave higher

98.2% of notes 
successfully 

rejected

Exercise played 
in wrong key

96% of notes 
recognized 
correctly 

Exercise played 
correctly

3 MUSICAL ANALYSIS BY NMF
Given a nonnegative matrix Y, 
non-negative matrix 
factorization (NMF) derives a 
low-rank approximation Y ≈Ŷ, 
where Ŷ =WX. The Kullback-
Leibler (KL) divergence is used 
as the cost function:

NMF can learn representations of 
musical notes based on their 
magnitude power spectra in the 
frequency domain. We have:

Y = power spectra of single notes 

W = basis templates for magnitude 
power spectra of notes

X = coefficients for reconstructing 
observations in Y from learned 
templates

4 NOTE & CHORD VERIFICATION

During training, NMF is used to 
learn basis templates in W for 
60 single notes spanning 5 
octaves on the piano. These 
templates are then used to 
determine if the user is playing 
the desired note(s) on the 
musical score by trying to 
reconstruct the power spectra of

[Top] The left histogram shows 
the costs-of-fit when middle C is 
reconstructed from (matched) 
templates for middle C; the right 
shows C# reconstructed from 
(mismatched) templates for 
middle C. The histograms are 
well-separated; choosing the 
appropriate threshold can detect 
notes off by a half-step and reject 
them as errors. [Bottom] 
Analogous histograms when the 
chords CEG and DbFAb are 
considered as potential matches 
to the desired notes CEG.

[Top] Costs-of-fit when a 
note one octave above 
middle C is matched to 
templates for the same 
note (red) and one octave 
below (blue). [Bottom] 
Costs-of-fit when a triad 
one octave above middle 
C is matched to templates 
for the same notes (red) 
and one octave below it 
(blue). The octave error is 
revealed by computing 
both costs-of-fit and 
comparing them directly

the played note(s). The decision-making process is shown at left.

The optimal reconstruction is obtained by minimizing the generalized 
KL divergence (see Section 3). To obtain the overall cost-of-fit at time 
t, we normalize the reconstruction error by the total power in the 
window:

[Above] The decision-making 
process for note & chord 
verification


