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ABSTRACT
Background
Affectively-driven algorithmic composition (AAC) is an
emerging field combining computer music research and
psychological approaches to music cognition (Mattek,
2011; Williams et al., 2014). AAC systems attempt to
communicate or induce specific emotions in the listener by
creating novel music. Using biophysiological readings to
determine emotional induction in tandem with AAC
provides
a
possible
mechanism
for
reactive,
feedback-driven systems that might reliably induce
affective states in the listener in accordance to their own
preferences and physiological responses. Here we report
on a listener evaluation of one such system under
development.
Aims
• To evaluate the composition of novel, affectively-driven
music by an AAC system
• To investigate the inter-relationships between various
musical features and their subsequent influence on
listeners’ affective responses to music generated by the
AAC system
• To determine the widest range of affective responses
that might be targeted by the AAC system
Method
Music has been shown to induce physical responses on a
conscious, and unconscious level (Grewe, Nagel, Kopiez, &
Altenmüller, 2005, 2007). Such measurements can be used as
indicators of affective states. A prototype AAC system
designed to attempt to induce specific affective states in the
listener – the distinction between emotional communication
and emotional induction in listeners is well documented in
music psychology (Gabrielsson, 2002; Kallinen & Ravaja,
2006; Scherer, 2004) – was prototyped and evaluated in a
series of listening tests. A series of affective mappings
(musical features with emotional responses) were drawn from
literature and implemented in an artificial intelligence driven
AAC system. These mappings utilize sixteen ‘modes of
operation’ which correspond to a time series of musical
features with varying ratios, intended to evoke particular
affective states on the 2-Dimensional circumplex model of
affect (wherein valence represents positivity of the affective
state, as plotted on the horizontal axis, and arousal represents
the intensity of the state, plotted on the vertical axis) (Russell,
1980). The prototype AAC system uses these musical feature
mappings to inform the generation of new music as a

polyphonic piano score, aiming for a variety of affective
targets in the 2-D space. This new material is generated by
means of a 16-channel feed-forward artificial neural network
(ANN). The generated pool of material is then further
transformed according to the affective mapping, which gives
control over five musical sub-features: tempo, mode, pitch
range, timbre, and amplitude envelope. Specific variations in
each of these musical features are used to imply different
affective states in the generated material according to a 4x4
cartesian grid across the 2-D space. Co-ordinates with higher
arousal generally include a larger pitch spread (range of notes),
faster tempo, and harder timbres, whilst co-ordinates with
higher valence generally utilize a major key. In this system, a
cartesian coordinate of (arousal [1:4], valence [1:4]) is used
to refer to a given ratio of the five musical features. For
example a co-ordinate of (1, 1) would refer to the lowest
corner of the space (low valence and low arousal). This
co-ordinate would force the transformation algorithm to create
stimuli incorporating a slow tempo, a minor key, a soft timbre
(on a piano, the timbre of the performance can be manipulated
using dynamics markings, where perceptually harder sounds
are achieved with louder performance dynamics), an
amplitude envelope with considerable legato, and a spread of
pitch values which are comparatively lower than those of the
rest of the generated pool. The complete stimulus set is shown
in Table 1.
Table 1 Stimulus set showing musical feature matrix
Stimulus
#

Timbre

Key

Pitch
spread

Tempo

Envelope

1-16

Soft

Minor

Low

Slow

Legato

17-32

Soft

Chromatic

Medium

Slow

Legato

33-48

Soft

Major

High

Slow

Legato

49-64

Medium

Minor

Low

Medium

None

65-80

Medium

Chromatic

Medium

Medium

None

81-96

Medium

Major

High

Medium

None

97-112

Hard

Minor

Low

Fast

Staccato

113-128

Hard

Chromatic

Medium

Fast

Staccato

129-144

Hard

Major

High

Fast

Staccato

A tri-stage listener evaluation was then used to inform two
levels of subsequent adjustment to the feature mappings until
a broad spectrum of emotional responses was achieved.

Arousal (1-4)

Results
The size and spread of affective responses was gradually
increased by deliberate manipulation of the ratio of musical
features in the affective mappings, until the mean listener
responses showed a wide variety of affective states could be
achieved by the mappings, as indicated in Figure 1.

Valence (1-4)
Figure 1. Mean listener responses to final stimulus set after
selective manipulation of ratios of musical features in affect
transformation matrix. Note uniform spread with the exception
of the far left of the space (low arousal, low valence) and the top
right of the space (high arousal, high valence).

Conclusions
Listener evaluation of an AAC system confirmed that
affective targeting via novel musical material is possible by
means of an underlying matrix of musical features. Should
such a system be adaptable to real-time control by means of
biophysiological estimates of affective state, a feedback
driven AAC system could be created for continuous
monitoring and induction of target affective states in the
listener (e.g., for therapeutic means). In this work the
particular ratio of these features has been explored and
adjusted in response to listener evaluation but the complex
nature of the inter-relationship between these musical features,
and the subsequent affective responses remains the subject of
considerable further work.
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