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ABSTRACT

In the context of a general research question about the ef-
fectiveness of computer-based technologies applied to early
music-harmony learning, this paper proposes a web-based
tool to foster and quantitatively measure harmonic aware-
ness in children. To this end, we have developed a web
interface where young learners can listen to the leading
voice of well-known music pieces and associate chords
to it. During the activity, their actions can be monitored,
recorded, and analyzed. An early experimentation involved
45 school teachers, whose performances have been mea-
sured in order to get user-acceptance opinions from domain
experts and to determine the most suitable metrics to con-
duct automated performance analysis. This paper focuses
on the latter aspect and proposes a set of candidate metrics
to be used for future experimentation with children.

1. INTRODUCTION

Tonal harmony can be defined as an idiom, or system of
rules, which “. . . governs how melodies and chords are or-
ganized throughout the duration of a tonal musical compo-
sition” [1, p.194]. Systematically defined by Rameau [2],
tonal harmony has been employed in various musical styles,
spanning from the Baroque period to contemporary popu-
lar songs [1,3]. It has been demonstrated that both children
and adults who are not musicians have a strong feeling for
harmony and are able to recognize the tonic chord [4], im-
plicit harmonies [5], and chord progressions [6]. In this
sense, the development of a harmony awareness extends
beyond the boundaries of formal music education.

Many treatises and handbooks [7–11] describe the tonal
system in terms of keys, chords and scales. Even though
these concepts represent useful tools for analysis and the-
oretical pedagogy, they fail to explain the perceptual qual-
ities of chord relationships that are peculiar to the tonal
system [1]. Such a formal pedagogical approach has been
severely criticized by some scholars [12], and it has been
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held responsible for failure and disaffection towards har-
mony studies. Eberlein, in particular, complains about the
use of rules that are in contrast with practice and percep-
tion and about the absence of explicit stylistic references in
tonal harmony treatises [13]. Therefore, it is not surprising
that pedagogical approaches to tonal harmony have devel-
oped little outside professional music curricula, and that
little attention has been paid to harmony education pro-
grams for children, high school students, and amateurs.

The work presented in this paper is part of an ongoing re-
search on computer-based technologies applied to music-
harmony learning. We have recently proposed a web-based
tool that implements a set of experiences focused on har-
monic skills and awareness form primary and middle school
students [14]. Particularly for primary school children the
use of the web interface should be complemented with a
series of perceptual and physical activities - i.e. musical
games - which focus on some fundamental concepts re-
lated to tonal harmony. The games, thoroughly described
in [15] constitute the basis for understanding the tasks re-
quired in the various groups of experiences presented in
the web interface. However in this context the current goal
is to devise suitable metrics for objectively assessing chil-
dren performance in the experiences, based on the record-
ings and analysis of their actions.

Objectively assessing musical abilities is a much studied
– and controversial – problem. Musical aptitude batteries
proposed in the second half of 20th century are now con-
sidered obsolete in several respects [16]. The concept of
musical ability is multifaceted and includes various types
of musical capacity (e.g., tempo, pitch, rhythm, timbre,
melody perception) that are not easily separated. Build-
ing on previous research such as [17] and [18], more re-
cent music games for education [19] have been developed.
Commercial systems such as Smart Music 1 and Yousi-
cian 2 offer gamified approaches to music instrument learn-
ing, and academic research focuses on the development
of objective descriptors for assessing music performances
[20]. Although these works are mainly concerned with mu-
sical instrument performance rather than theoretical mu-
sic abilities, they share some common traits with the ex-
eperiences proposed in our web tool, namely a performa-
tive dimension and a gamified approach. As far as con-

1 https://www.smartmusic.com/
2 https://www.yousician.com/
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Figure 1. Chart of the relationships of the three tonal
functions, also known as primary chords; picture adapted
from [25, p. 7].

Figure 2. Chart of the relationships of the three parallel
chords; picture adapted from [25, p. 7].

cerns the study of tonal harmony many computer interfaces
and systems have been designed to help the understand-
ing of musical chords and harmonic progressions [21–24],
included Mapping Tonal Harmony, an innovative tool for
visualizing the various shifts through harmonic regions in
real time. 3 However all these systems are rather complex
to use and are not finalized for use in primary or middle
schools.

2. THEORETICAL BACKGROUND

Following Riemann’s theory of tonal harmony [25], we di-
vide the tonal space into primary and parallel chords. The
primary chords are tonic (T), dominant (D) and subdomi-
nant (SD); the parallel chords are parallel tonic (Tp), par-
allel dominant (Dp) and parallel subdominant (SDp). Fig-
ure 1 depicts the three tonal functions T, D, and SD (pri-
mary chords, namely I, V, and IV degree). The Pythagorean
relationships reported below the pitches show the origin of
the major harmonic functions and chords starting from c
(tonic).

Riemann considered the minor chords as the product of
the inversion of the harmonic series. Thus, he derived the
remaining chords (II, III, and VI degree) from the reversed
harmonic series starting from e (marked with an asterisk
in Figure 2). This is an abstract scheme from which much
more complex harmonies can be derived. However, it can
fit a number of popular songs as well as classic music har-
monization patterns which can be a good starting point for
understanding harmonic functions.

Building on this theoretical background, we designed a
simple activity to be conducted with primary school chil-
dren in order to assess and possibly improve their aware-

3 https://mdecks.com/mapharmony.phtml

ness towards tonal harmony. In general terms, we ask stu-
dents to complete a number of tasks consisting in associat-
ing a single chord to each music tune. Chords are selected
from the Riemann’s scheme. Tunes are chosen (and some-
times modified) to best fit a single chord, typically the tonic
one; this implies that all the notes of the leading voice oc-
curring on beats belong to the pitches forming that chord.

But is there one right choice and five wrong options? Ba-
sically, the answer is: no. There is a more plausible chord
in terms of tonal harmony, since the proposed music tunes
are built on the notes forming the tonic chord. Besides,
the themes selected for the experience are well known to
listeners who are used to link them to a given harmonic
accompaniment. Nevertheless, other options are possible.
First, some of the proposed chords share one or more notes
with the expected one (e.g., the minor triad on the VI grade
has two notes in common with the major triad on the I
grade), so a music tune insisting on the I and III grade of
a major scale could be harmonized by a VI-grade triad as
well, with no conflicting notes among the leading voice
and the accompaniment. Moreover, chords forming sev-
enth, ninth and even more complex intervals are common
in many musical genres, so accompanying a tonal music
tune through unconventional chords would be perfectly ac-
ceptable, and arguably also more interesting to some listen-
ers.

To ease the navigation of the harmonic space and to en-
hance the perceptual differences between the primary chord
zone (all major chords) and the parallel chord zone (all mi-
nor chords), we propose to place the chords along a circle
with the tonic, dominant and subdominant in the lower part
of the circle and the parallels in front of their relatives, as
depicted in Figure 3 (white arrows).

3. THE WEB TOOL

Harmonic Touch is a Web platform for the study and prac-
tice of tonal harmony. 4 This application is conceived as a
step-by-step wizard that leads users through three experi-
ences towards the discovery of important features of tonal
harmony by leveraging on chord perception, gestural inter-
action and gamification techniques.

4 http://didacta18.lim.di.unimi.it/eng/

Figure 3. The spatial arrangement of primary and parallel
chords with the route of three common chord progressions
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