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Atonal music is often characterized by low predictability stemming from the absence
of tonal or metrical hierarchies. In contrast, Western tonal music exhibits intrinsic
predictability due to its hierarchical structure and therefore, offers a directly accessible
predictive model to the listener. In consequence, a specific challenge of atonal music
is that listeners must generate a variety of new predictive models. Listeners must
not only refrain from applying available tonal models to the heard music, but they
must also search for statistical regularities and build new rules that may be related
to musical properties other than pitch, such as timbre or dynamics. In this article, we
propose that the generation of such new predictive models and the aesthetic experience
of atonal music are characterized by internal states related to exploration. This is a
behavior well characterized in behavioral neuroscience as fulfilling an innate drive to
reduce uncertainty but which has received little attention in empirical music research.
We support our proposal with emerging evidence that the hedonic value is associated
with the recognition of patterns in low-predictability sound sequences and that atonal
music elicits distinct behavioral responses in listeners. We end by outlining new research
avenues that might both deepen our understanding of the aesthetic experience of atonal
music in particular, and reveal core qualities of the aesthetic experience in general.
Keywords: new music, atonal music, exploratory behavior, predictive processing, aesthetic experience,
neuroaesthetics, musical pleasure

INTRODUCTION
Western art music from the twentieth and the twenty-first centuries is regarded as the continuation
of the earlier classic-romantic Western art music tradition and has been characterized by
transformation and innovation since its origins in Europe around 1910. The continuous invention
of novel compositional techniques and practices has ultimately led to the pluralism of music styles
and idioms seen today (Taruskin, 2010). One common element of twentieth/twenty-first century
Western art music is its aesthetic premise of creating and presenting something completely novel
if not merely experimental (Maletz, 2011; Hiekel, 2016; Mencke et al., 2019). In fact, these aesthetic
premises resemble the motivations for engaging with Western art music: one of our studies showed
that expert listener’s expectations revolve around the desire to experience both novelty and surprise
(Mencke et al., 2022) and similarly, the audience of contemporary art has been found to seek for
experiences in which they are presented with novelty and are able to engage with challenging and
difficult to understand materials (Gross and Pitts, 2016).
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the cadence in tonal music (Krumhansl and Cuddy, 2010),
it is no wonder that atonal music is widely recognized
as challenging (Utz, 2016). As early as in the dawn of
experimental psychology research, Wilhelm Wundt proposed
an inverted U-shaped relationship between stimulus intensity
and pleasure, known as the Wundt-curve (Wundt, 1896): a
stimulus is liked until a certain level of intensity, but if
intensity further increases, pleasure will decay. This theory
was extended by Daniel Berlyne, who proposed that each
stimulus has a certain potential for physiological arousal:
defined as “arousal potential” and referring to the excitement
of the nervous system in response to the stimulus (Berlyne,
1971). As a stimulus’ arousal potential is mostly modulated
by variables such as complexity, surprise, ambiguity and
novelty, atonal music has a high arousal potential that is
likely going beyond the pleasure peak for most listeners
(Berlyne, 1954, 1970; Marin et al., 2016; Marin, 2020). In
turn, listeners with a preference for atonal music might
particularly seek for this complexity and therefore potentially
have an increased need to engage in cognitive tasks (as can
be measured by the Need for Cognition—Scale; Cacioppo and
Petty, 1982; Cacioppo et al., 1996) in conjunction with a
particularly high degree of tolerance to ambiguity (McLain,
2009; for more hypotheses regarding the correlation between
preferences for atonal music and interindividual differences see
Mencke et al., 2019).
Atonal music typically also has a high degree of dissonance,
a key factor underlying the challenge it presents listeners.
Dissonant intervals lead to beating and roughness (Helmholtz,
1954) and are often experienced as sensorily unpleasant (Brattico,
2015). It is important to note that dissonance is a central
component in perhaps all styles of music and in the context
of tonal music, is an important means to generate moments
of tension and release (Juslin, 2013; Brincker, 2015; Lehne and
Koelsch, 2015; Brattico, 2021), both of which are experienced
as pleasurable by many listeners. However, works of atonal
music often are predominantly dissonant, which may be why
listeners might find this music less appealing. Here, the idea
that tolerance toward negative feelings or emotions increases in
the context of art perception and that such feelings or emotions
are used by artists to reinforce the intensity of an aesthetic
experience (Menninghaus et al., 2017) may explain why listeners
nevertheless choose to engage with this music. Acceptance of
high levels of dissonance in atonal music parallels the fact that
feelings of sadness are particularly appreciated in music (Taruffi
and Koelsch, 2014; Sachs et al., 2015; Brattico et al., 2016;
Eerola et al., 2018).

Fundamental Characteristics of Atonal
Music
Despite the tremendous variety of compositional creation in
the twentieth and twenty-first centuries, the focus of this article
relates to two specific characteristics of this period of music. First,
we focus on atonal music (Griffiths, 2001) which we define as
music that clearly lacks a tonal center and that suspends tonal
hierarchical relations between scale degrees (Bigand and PoulinCharronnat, 2016). Typically, all 12 tones of the chromatic scale
are treated as equal, leading to an abstract and non-hierarchical
tonal structure. Atonal music is used here as a style-independent
term as it is a description of a certain feature of the music that
appeared (and still appears) in various epochs of the twentieth
and twenty-first centuries. However, an exemplary compositional
style is serialism. It originated in the 12-tone technique developed
by Arnold Schoenberg in the early 1920s, and was further
developed in the 1950s by composers such as Karel Goeyvaerts,
Karlheinz Stockhausen, Pierre Boulez, and Luigi Nono (Dibelius,
1998; Taruskin, 2010). While a large number of pieces composed
in a serial manner are strictly atonal, non-serial music that is
atonal has been composed throughout the twentieth and twentyfirst centuries until today making Atonality a critical feature of
many compositions (Kostka and Santa, 2018).
Second, we focus on music that lacks a clear metrical structure.
In post-tonal music, perceived rhythms are often highly complex
and varied leading to an a-metric structure (Kostka and Santa,
2018). A number of pieces composed during serialism can serve
as examples, since the deterministic principles guiding pitch in
12-tone compositions was—among other features—transferred
to note duration. Critically, the irregular rhythmic structure and
free treatment of meter that results from this compositional
technique (Grant, 2001; Kostka and Santa, 2018) ultimately
prevents listeners from easily following and entraining with the
heard music (London, 2004).
Indeed, both atonal and ametrical musical structures strongly
lower the predictability of the music (Kramer, 1989). In
particular, serial pieces are, according to Lerdahl, “cognitively
opaque,” by which he is referring to the distance between the
composed and heard structure (Lerdahl, 1992, p. 115; Lerdahl,
2019). Thus, even though compositions were based on a certain
set of principles (e.g., re-presenting a given row of tones reversed
and/or turned upside down) for a listener this underlying nonhierarchical organization is barely perceivable. An exemplary
series of pieces that resemble or represent both the atonal and
the ametric aspects that the current article is targeting are the
piano pieces I-IV by Karlheinz Stockhausen, composed in the
early 1950s (Stockhausen, 1954; Wörner, 1973). These fall under
the category of pointillistic compositions, a technique that has
the tendency to “isolate the sounds into ‘points’ ” (Kostka and
Santa, 2018, p. 233) and that generate a “verticalize(d) [...] sense
of time” (Kramer, 1989, p. 202: for more exemplary pieces see
Mencke et al., 2019).

Roadmap
In the following, we are concerned with the internal states
and cognitive processes that occur while listening to atonal
music and argue that in the uncertain environment it
provides, neural and cognitive mechanisms associated with
exploratory behavior may become engaged. Further we suggest
that a focus on this exploratory behavior, may be helpful
when considering the predictive processes and hedonic values
underlying reception of atonal music. We first give a brief

The Challenge of Atonal Music
With the brain’s prioritization of auditory input containing
cognitive reference points (Rosch, 1975) such as the tonic or
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that we grew up with is the one that we internalize most (Kliuchko
et al., 2019) and for which we have the best predictive model.
Processes underlying musical expectancy are not only modulated
by cultural background but also by style-specific expertise and by
piece-specific knowledge (Huron, 2006).
These bottom-up and top-down expectations stemming from
both Gestalt principles and statistical learning have been shown
to work in parallel and be critical to the reception of tonal music
(Morgan et al., 2019). In atonal music, however, as we will argue
in later sections of the article, the difficulty of the listener to
apply clear top-down expectations may mean an upweighting of
bottom-up grouping effects.

summary of the perceptual and predictive mechanisms that
have been suggested to play a key role in music processing
and in music appreciation (section “Predictive Dynamics in
Music”), before summarizing empirical findings consistent with
our proposal that atonal music affords exploratory behavior
(section “Neural and Behavioral Levels of Predictive Processing
Under High Uncertainty”). In section “Building Predictions in
Atonal Music,” we elaborate on how predictive models might
emerge as a listener engages with atonal music and argue that
these specific model-building processes may be responsible for
a sustained exploratory internal state in a listener. Finally, we
present future research avenues addressing the role of exploration
as a crucial facet of the engagement with atonal music, as well as
with respect to aesthetic experience in general (section “Future
Research Avenues”).

Predictive Coding of Music
One theory that combines bottom-up and top-down processes is
the theory of predictive coding and having shown great success
in accounting for how we respond to tonal music, it is relevant to
consider it in the context of atonal music.
The predictive coding theory is based on the assumption that
the brain, as a prediction machine, continuously tries to predict
upcoming sensory input by means of generative cognitive models
on higher levels. These top–down predictions encounter bottomup sensory input and in cases where the model’s prediction
is incorrect, a prediction error signal occurs to update the
model (Friston and Kiebel, 2009; Clark, 2013). To measure
this prediction error signal, often times the mismatch-negativity
(MMN) is used, which is a brain response to deviating sounds in a
regular sound environment (Näätänen et al., 2007). The MMN is
suggested to index violations of predictions that are set up by the
statistics of an unfolding melody (Denham and Winkler, 2006)
and is therefore regarded as a neural marker of prediction error
in musical processing.
Critically, research shows that the brain effectively adapts
to the statistics of incoming input and thereby to the level of
predictability of the sensory input. In high uncertainty contexts,
predictions therefore become attenuated or imprecise and the
error minimization process is consequently reduced, if not
nullified (Garrido et al., 2013; Sohoglu and Chait, 2016; Heilbron
and Chait, 2018). Accordingly, it has been suggested that high
predictive uncertainty of a stimulus is reflected in a weak
predictive model (Vuust and Frith, 2008; Ross and Hansen, 2016;
Koelsch et al., 2019) and that in such high-uncertainty conditions
imprecise prediction errors have been suggested to be “effectively
ignored” (Koelsch et al., 2019).
Recently, the predictive coding framework has been used to
account for the enjoyment that humans derive from listening
to music (Vuust and Kringelbach, 2010; Koelsch et al., 2019;
Brattico, 2021). In particular, it was put forward that—since
music plays with a listeners’ expectations and predictions—
music provides the opportunity to constantly resolve uncertainty
(Koelsch et al., 2019). It has been suggested that the enjoyment
of music stems from the interplay between levels of predictability
that are typical for music, and how those unfold over time. In
some moments, music allows us to generate strong predictions,
and at other moments, our predictions are more uncertain,
with such changes in the precision of predictions relating to a
range of different musical properties such as to meter, melody,

PREDICTIVE DYNAMICS IN MUSIC
Musical Expectancy: Bottom-Up and
Top-Down
When listening to music, individuals constantly generate
expectations about future events and about how the music will
evolve. The interplay between the violation and confirmation
of these expectations is widely accepted to be a key underlying
mechanism for music-induced pleasure in tonal music (Meyer,
1956; Blood and Zatorre, 2001; Huron, 2006). However,
in the context of atonal music, where expectations and
predictions are more difficult to establish, it seems relevant to
have a closer look at the interplay between bottom-up and
top-down expectations and how their weighting may differ
in atonal music.
With regard to bottom-up expectations Gestalt principles
such as pitch and temporal proximity (Deutsch, 1999), rhythmic
grouping (Koelsch, 2012), and sound similarity (Bregman, 1990;
Deutsch, 1999) have been proposed to be central. According to
Lerdahl, grouping preference rules can additionally be based on
changes in intensity and articulation (Lerdahl and Jackendoff,
1983; Clarke, 1999). In other words the grouping of notes or
phrases into processable chunks can be carried out with regard
to a number of musical properties. Bottom-up grouping is
thought to happen in early processing stages, namely in shortterm memory comprising a time span of 250 ms–8 s (Snyder,
2008). Furthermore, grouping processes in music are related
to chunking which determines the memorability of sequences,
whereby the better a musical phrase can be chunked, both the
better it can be recalled (Lerdahl and Jackendoff, 1983; Bregman,
1990; Snyder, 2000) and the more efficiently it can be processed
(Deutsch, 2013).
While, on the one hand, our expectations are strongly shaped
by Gestalt-like principles, thanks to bottom-up grouping, musical
expectancy is similarly modulated, on the other hand, by topdown mechanisms that are linked to statistical learning (Loui and
Wessel, 2006; Pearce, 2018). Our brain is sensitive to auditory
regularities in the environment, internalizing and using them to
predict future events (Friston, 2009; Clark, 2013). In the case of
music, this means that the predictive model of the musical style(s)
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2019; Haumann et al., 2021). Consistent with research showing
that early evoked responses are dampened in unpredictable
contexts (Garrido et al., 2013; Hsu et al., 2015; Sohoglu and
Chait, 2016; Southwell and Chait, 2018), we provided evidence
that contextual uncertainty can attenuate a pre-attentive neural
response to deviating sounds known as the mismatch-negativity
(MMN) (Quiroga-Martinez et al., 2020a,b). However, in a yet
more recent study, we demonstrated that contextual uncertainty
may not always completely eliminate sensory sensitivity to
deviating events (Mencke et al., 2021). In contrast to previous
studies that largely used musical stimuli composed according
to Western tonal rules, we created atonal melodies based
on original 12-tone rows by Arnold Schoenberg and then
measured how the brain responded to deviants using the
MMN (Näätänen et al., 2007). In 20 non-musicians measured
with magnetoencephalography (MEG) and other 39 nonmusicians tested behaviorally, we found that, while the MMN
response to four types of deviants (pitch, timbre, intensity,
location) did not differ between tonal and atonal sequences, the
behavioral accuracy and confidence in pitch deviance detection
were nevertheless significantly lower in atonal sequences
(Mencke et al., 2021).
Taken together, our results show that subjective ratings,
which reflect processing stages in which conscious awareness
is engaged, are strongly affected by the atonal structure of the
stimuli even when earlier sensory processing stages addressed by
the MMN may remain relatively unaffected. We regard this as
evidence of a dissociation between sensory and cognitive musical
expectations, whereby the latter may be most affected in the
context of high uncertainty stimuli (see also: Neuloh and Curio,
2004). An interesting possibility is that the lack of accuracy and
confidence that accompanies listening to atonal music enhances
the adoption of searching or exploratory listening behaviors in
pre-disposed listeners.

rhythm of harmonic progressions (Pearce and Wiggins, 2012;
Koelsch et al., 2019).
In essence, the process of resolving uncertainty is proposed
to be an appealing element when listening to any music
that has some degree of regularity and crucially, resolving
uncertainty is typical for states of exploration (Friston, 2010;
Schwartenbeck et al., 2013). However, the extent to which a drive
to resolve uncertainty is important in atonal music has yet to
be fully explored.

NEURAL AND BEHAVIORAL LEVELS OF
PREDICTIVE PROCESSING UNDER
HIGH UNCERTAINTY
Generally, atonal music has indeed long been a fringe topic in
the literature of music cognition, with Western tonal music being
central to most studies. The atonal music studies that do exist
make explicit listeners’ everyday intuitions that atonal music
is more difficult to recognize and remember than tonal music
(see for instance: Cuddy et al., 1981; Dibben, 1994; Dowling
et al., 1995; Schulze et al., 2012). An interesting question is
what insights a predictive coding framework can offer the study
of atonal music. Indeed, as predictive coding frameworks have
predominantly dealt with Western tonal music, their application
to atonal music would seem to present a particular challenge:
this both when considering predictive processes in general and
when considering the role predictive dynamics might play in
music-induced pleasure.

Prediction in Atonal Music
Only a few studies have focused on the extent to which
listeners make or do not make predictions when listening.
In a series of experiments, Krumhansl et al. (1987) provided
data suggesting that tonal predictions are being made even
when individuals (from Western culture) listen to atonal
sequences. After hearing a 12-tone row, trained musicians
expected that the following tone would not have been heard
in the preceding row and would not suggest any sort of
tonal center. This is consistent with the interpretation of
another study (Ockelford and Sergeant, 2012) suggesting
that listeners’ expectations in response to atonal music may
follow an “anti-structure” and the claim that listeners of
atonal music adapt to the unpredictability of the music by
“expect(ing) the unexpected” (Huron, 2006, p. 331). In any
case, atonal contexts have been shown to behaviorally evoke
weaker expectancies than a major-minor tonal context with
higher false alarm rates for recognizing atonal unexpected
target notes (Vuvan et al., 2014). All of the above accord
with the idea that atonal contexts provide a more significant
challenge to a listener than a major-minor tonal context
even though studies could provide evidence that a listener
is implicitly internalizing other regularities than pitch as for
instance with regard to timbre (Tillmann and McAdams,
2004). In recent work, we asked how high-uncertainty musical
contexts affect brain activity, in particular the precision of
automatically generated predictions (Quiroga-Martinez et al.,
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The Phenomenal Level: Listening
Experts and the Experiential Dimension
Previous work shows that listeners’ predictions are weaker
for tonal than atonal music (Vuvan et al., 2014). Our recent
data further demonstrate that processes in which conscious
awareness is involved may be particularly affected by the lack
of a tonal hierarchy (Mencke et al., 2021). However, relatively
little is known about the phenomenal experience of atonal
music. Specifically, characterizations of the nature of aesthetic
experiences of atonal music, the key affective dimensions
underlying engagement with this music, and the sources of
enjoyment reported when listening to it, all remain largely absent.
To fill this gap, a series of interviews with experts specialized
in atonal music and, by way of comparison, listening experts
from the field of classic-romantic music, were conducted by the
first author (Mencke et al., 2022). The aim of the study was
to investigate a variety of experiential dimensions underlying
an aesthetic experience with atonal music as well as to explore
hedonic values, appreciation and pleasurable experiences with
this music. Sixteen interviews were conducted with 8 experts in
each group and the interview guide (for both groups) comprised
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predictable event in a high entropy context) can lead especially
engaged (atonal music) listeners to feel greater curiosity and
further inclinations to explore the heard music as it unfolds.
Taken together, recent empirical data suggest that the
complexity in atonal music may make listeners desire both
coherence and a decrease in complexity, a phenomenon that
is clearly in line with Berlyne’s arousal theory proposing an
inverted U-shaped relationship between hedonic value and the
complexity of a stimulus (Wundt, 1896; Berlyne, 1970, 1971)
and is further supported by other neuroscientific and behavioral
studies in the context of empirical music research (Cheung et al.,
2019; Gold et al., 2019). Critically, contrary to what was reported
by the atonal music experts in the interview study (Mencke
et al., 2022), a key role for pattern discovery was at no point
mentioned by the classical music group. Rather, these listeners
instead reported enjoying the clear structure of classical music, an
interesting harmony or rhythm, and the “thrill of an unfamiliar
interpretation” of a familiar piece (reports on the entire data see
Mencke et al., 2022).
In sum, we argue that the following interrelated processes
may be critical to the aesthetic experience of atonal music: The
exploratory stance, by promoting the identification of sensory
and perceptual features conveying coherence, may allow state
curiosity to emerge. In turn, state curiosity by encouraging
further engagement increases the opportunity for moments of
structural insights to emerge (Brattico, 2015). This oscillation
between exploring and moments of structural insights may
characterize the experience of atonal music.

questions about several aspects of a listening experience with
the corresponding style of expertise. Physiological, cognitive and
affective dimensions were covered. After the transcription of
audio-recorded interviews, the textual material was analyzed
qualitatively both following a deductive and an inductive step
(Mayring, 2014).
The analysis revealed striking differences between the expert
groups regarding how they described engagement as well as
pleasurable experiences with music from their style of expertise.
In the following we elaborate on a few findings of the analysis
of the reports of the atonal music group that were most
frequently mentioned.
First, the notion of exploration was prominent in many of the
resulting themes of the qualitative analysis. Participants from the
atonal music group repeatedly reported on their adoption of an
exploratory attitude and on the fact that they enjoyed the active
exploration of a piece of music. With regard to the latter, they
emphasized their appreciation of the opportunity to continuously
seek new ways of engaging with a piece of music by “probing it
through listening.”
Second, the results showed that pattern recognition, i.e.,
the perception of a memorable musical motive or phrase,
may be a large source of pleasure when listening to atonal
music. Specifically, when probed regarding experiences of beauty
and pleasure during listening, participants reported the joy
experienced when discovering a certain pattern in the music
(“joy of discovery”) and the high valuation of such moments of
perceptual insight. One participant called this insight a “listening
guide,” something that leads one through a piece of atonal music.
According to the participant’s descriptions, such patterns were,
for instance, related to a certain rhythmic structure that reoccurred from time to time. Thus, pleasurable moments were
shown to emerge from recognition of an underlying pattern or
structure in the music. Another finding supporting this notion
are reports that increasing coherence as well as the confirmation
of one’s own expectations was experienced as highly positive.
Third, participants from the atonal group emphasized their
adoption of an open stance and of their emergent feelings of
curiosity. Here it is important to note that, while it has frequently
been suggested that the curiosity and openness at a trait level
correlate with a preference for (particularly complex) art (Feist
and Brady, 2004; Silvia, 2008; Nusbaum and Silvia, 2011; Omigie,
2015), the relevance of state curiosity and openness during
engagement with music has received only very little attention
in empirical research. In one study employing a continuous
rating methodology, it was shown that the perception of change
while listening to music can lead to increases in feelings of
curiosity as to how the music will unfold (Omigie and Ricci,
2021). Interestingly, in another recent study (Omigie and Ricci,
2022) a difference in the way state curiosity emerges in highvs. low-uncertainty contexts was demonstrated, whereby while in
low uncertainty contexts, high information content notes tended
to induce curiosity, in high uncertainty contexts, both low and
high information content events were able to drive curiosity.
While that study did not focus on listeners that are experts in
atonal music, it is interesting to consider how it aligns with the
idea that the feeling of discovering a pattern (encountering a
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BUILDING PREDICTIONS IN ATONAL
MUSIC
Having considered the evidence for an exploratory stance during
atonal music listening, the current section elaborates on the
mechanisms underlying the interplay between this stance and
momentary phases of structural insight and on how predictive
processes may give rise to positive hedonic values during online
processing of atonal music.

Grouping and Gestalt Processes
As described above, memorable patterns can emerge in atonal
music, for instance, when a repetitive structure arises in a
piece based on pitch, rhythm, timbre, pitch, or loudness
similarities. Critically, the recognition of memorable patterns,
which constitutes moments of insight or a “listening guide,”
may indicate the cognitive process by which a Gestalt or
a grouping—and therefore a momentary predictive model—
has been developed.
Indeed, it is likely that model-building processes in the
context of atonal music are strongly related to grouping
principles and Gestalt heuristics (Bregman, 1990; Deutsch,
1999). That low-level predictive models are indeed present
in an atonal context (Mencke et al., 2021) supports the
assumption that low-level musical features may be used to
produce those moments of structural insight, even when they
do not reach conscious awareness. A listener of an atonal

5

June 2022 | Volume 16 | Article 793163

Mencke et al.

Atonal Music and Exploratory Behavior

phrases or parts within a piece and are therefore “extremely
fluid for the hearer” (Imberty, 1993, p. 331) inasmuch as they
do not have a fixed or a definite structure. Only temporarily
valid predictive models can be built: one chunk that was built
in a certain phrase of a musical work and that provided a
momentary stability and a momentary predictive model might
not be applicable in the next phrase of a work.
We therefore suspect that the generation of predictive models
in the context of listening to atonal music is a highly transitory
and fluid process, characterized by only temporary stability and
temporary moments of increased predictability. It requires a
high degree of adaptability of the listener and thus prompts the
continuous exploratory behavior that is typical for an aesthetic
experience with atonal music.

music work—more than a listener of tonal music—may have
to rely on such bottom-up and implicit perceptual principles
related to pitch proximity, rhythmic grouping or sound similarity
(Bregman, 1990; Deutsch, 1999; Koelsch, 2012), as well as neural
processes such as stimulus specific adaptation and forward
masking. Sound similarity, as an example, would provide the
listener an opportunity to perceive a certain instrumental group
in an ensemble piece as a single Gestalt or, in terms of
auditory scene analysis, as one sound stream. Another example—
for instance, considering one of the early piano pieces by
Stockhausen (1954)—would be a few subsequent notes that are
played in the high register while being preceded and succeeded by
melodies in a very low register: here a chunk or a Gestalt would
be perceived based on pitch proximity. When and how Gestalts
or chunks emerge and are recognized is modulated by a listener’s
musical and cultural background, their style-specific expertise,
their piece-specific knowledge, and by cognitive abilities such
as working memory capacity (Snyder, 2000; Tillmann and
McAdams, 2004; Huron, 2006). By influencing the ways in
which Gestalts, and thereby low-level and sensory predictions,
are generated, all of these may be expected to modulate the
experience of atonal music.
In sum, even though Gestalt elements are typically avoided
in atonal music, growing evidence suggests that Gestalt-related
processes of pattern identification and recognition should be
taken into account when considering how atonal music is
received. The lack of clear, familiar Gestalts in atonal music, and
the complex environment that it presents to a listener, results
in attention being enhanced in those moments in the music
when regularity increases (Jones, 2019) or when sound events are
particularly salient.

Exploration in Atonal Music
Taking into account the reports from dedicated and professional
atonal music listening experts about the adoption of
an exploratory state even after many years of exposure
(Mencke et al., 2022), and considering the deliberate goal
of avoiding predictability, particularly in serialist compositions
(Stockhausen, 1963; Boulez, 1972; Kramer, 1989; Lerdahl, 1992;
Hiekel, 2016), we suggest that atonal music is an artistic language
that, more than other musical styles, affords its listeners an
exploratory attitude.
Exploratory behavior is essential in environments that are
novel, have surprising elements, and are complex (van Lieshout
et al., 2020). Humans intrinsically seek knowledge (Berlyne,
1954; Perlovsky, 2010), have a drive for curiosity (Jepma et al.,
2012), and actively engage with novel environments (Kidd and
Hayden, 2015). Exploratory behavior can be seen as resulting
from a desire to reduce uncertainty, a mechanism that all
biological agents share (Friston, 2010; Schwartenbeck et al.,
2013). Some studies and theoretical proposals suggest that
uncertainty reduction is linked to positive affect and argue
that it allows an agent to either confirm or update their
existing predictive models (Van de Cruys, 2017; Koelsch et al.,
2019; Kraus, 2020). In the case of atonal music, this may be
particularly relevant since increased regularity in these uncertain
environments are reported to be particularly pleasant (Mencke
et al., 2022). A recent study using musical stimuli has shown
that this model update is linked to activity in the nucleus
accumbens (Gold et al., 2019), a central part of the dopaminergic
mesolimbic reward pathway (Koelsch, 2014) and known to
index pleasurable emotional peak experiences (Salimpoor et al.,
2011). The hedonic value underlying atonal music might be
closely linked to the positive affect stemming from a momentary
reduction of uncertainty.
While exploration can be defined as “learning about the
properties of an uncertain environment” (Gazzaniga et al., 2010,
p. 1,065), a complementary behavior termed “exploitation” refers
to a state in which an individual benefits from a familiar
environment in which they know where rewards can be obtained
(Kidd and Hayden, 2015). Arguably, Western tonality, with its
inherent tonal and metrical hierarchy, offers a (Western) listener
the opportunity for immediate exploitation (Meyer, 1956; Huron,
2006; Vuust and Frith, 2008; Rohrmeier and Koelsch, 2012;

Structures of Saliency
Gestalt-related processes may be linked to so-called salient
events in the context of listening to atonal music (Lerdahl,
1989). Lerdahl argued that listeners of atonal music “grab on to
what they can: relative salience becomes structurally important”
(Lerdahl, 1989, p. 84) and indeed, the relative salience of musical
events (indexing structural importance) has been shown to be
more relevant for listeners of atonal music than for those of tonal
music (Deliège and Mélen, 1997; Dibben, 1999).
It has been suggested that such salient musical features
function as cues, serving as “memory triggers” in situations in
which they are repeated (Daynes, 2011). Interestingly, listeners
have also been shown to remember and localize certain excerpts
in atonal pieces if they can relate them to a specific cue (Deliège,
1989). Thus, salient cues that elicit an increase in attention and
awareness could be the basis for building a memory trace of
an atonal piece thanks to the opportunity they provide for the
listener to form a perceptual chunk (Jones, 2015).
Salience can be generated in different ways (for instance
by rhythmic, timbral or dynamic means). These structures of
saliency could form so-called “event hierarchies” (Bharucha,
1984; Deutsch, 1984) and may conspicuously vary throughout a
single work of music so that only provisional musical hierarchies
can be generated (Imberty, 1993; Ordoñana and Laucirica, 2017).
Such momentary hierarchies may only be applicable to certain
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was accompanied by a sustained increase in the amplitude of
neural signals (Barascud et al., 2016; Sohoglu and Chait, 2016;
Southwell et al., 2017).
For this reason, it would be interesting to study whether such
moments of insight similarly emerge in the context of music
listening, particularly in the context of high-uncertainty music
such as atonal music. Here, such moments might potentially
emerge when an auditory object is perceived (Winkler et al.,
2009), which could lead to an increase in conscious auditory
perception or auditory awareness (Gutschalk et al., 2008; Dykstra
et al., 2017). In order to study this, a series of musical stimuli
could be created in which the complexity is gradually modified,
either with regard to pitch or meter. While simpler stimuli
would offer many ways to form chunks, the more complex
stimuli would hamper the formation of chunks or auditory
objects. Using magneto- or electroencephalography (MEG/EEG),
brain responses could be analyzed with the aim to see whether
neural activity evolves in comparable patterns such as those
found for verbal moments of insight. Complementary data
collection of ratings addressing (a range of) questions related
to liking or preferences would shed light on any relationships
to hedonic values.
Second, the predominance of exploration afforded by atonal
music opens up the opportunity to study effects that stem
from an aesthetic attitude—a state of mind that, according
to philosophical aesthetics, “is entered into, voluntarily and
consciously, by an individual, making that individual receptive
to having an aesthetic experience” (Fenner, 1998, p. 1954) and
thereby involves a certain intentional stance of the listener
(Fenner, 1996, 1998; Kemp, 1999; Levinson, 2009; Brattico and
Pearce, 2013; Hodges, 2016). Some scholars conceptualize this
stance as an attentional focus on the formal and perceptual
properties of an object in the context of an aesthetic experience
(Levinson, 2009; Juslin and Isaksson, 2014). This is in line
with the conceptualization of an aesthetic experience as a
person’s phenomenal state while consciously immersing and
interacting with the music and in which the attention is
directed to the music’s perceptual and formal properties as
well as its cognitive and affective interpretations (Brattico
and Pearce, 2013; Wald-Fuhrmann et al., 2021). It has been
proposed that an aesthetic attitude entails a focus on “sensory
impressions, based on low-level features of the music” (Juslin,
2013, p. 248), i.e., features of the music that potentially serve
as important cues in order to build Gestalts. Reybrouck (2015)
proposes that art contexts force an individual to explore the
content of an artwork, which may, in turn, cause this focus
on sensory or perceptual properties. One conception and
operationalization of the aesthetic attitude might therefore be
that it evokes a particular attentional focus on sensory and
perceptual properties of the music.
The empirical findings summarized in chapter three indeed
support the idea that a focus on perceptual properties is afforded
by atonal music, and thereby corroborates the proposal that
“some pieces of music will “invite” an aesthetic attitude to
a greater extent than other pieces (because of certain formal
features)” (Juslin, 2013, p. 247). Atonal music might therefore
be helpful when studying behavioral and neural correlates of an
aesthetic attitude. In an experiment, one could utilize different

Salimpoor et al., 2015; Koelsch et al., 2019). In contrast, for atonal
music, which lacks such a fundamental predictability there is no
structure to be gleaned —especially when we first listen—, and
accordingly no immediate exploitation to be afforded.
Rather, we argue, atonal music, by being minimally
predictable, affords a mode of exploration that allows brief
pleasurable moments of insight to emerge but these insights
may disappear as quickly as they emerge. This exploratory
state is likely to be highly relevant for a number of different
sorts of engagements with art, from abstract painting and
contemporary dance to modernist poetry (Saklofske, 1975;
Cupchik and Gebotys, 1990). It might additionally be relevant
for many other genres from twentieth to twenty-first century
art music that present listeners with unconventional musical
structures. Accordingly, the minority of individuals who are
willing to engage in atonal music are likely also willing to
engage with these kinds of artistic languages (Mencke et al.,
2019). Finally, an exploratory state might also be adopted if a
listener engages with music from an unfamiliar culture as for
instance when Western listeners encounter music based on the
pentatonic scale.

FUTURE RESEARCH AVENUES
The constant generation of new predictive models facilitated
by atonal music may provide unique insights, not only with
respect to how a psychological state of listening to atonal
music can be characterized, but also with respect to aesthetic
experiences more generally.
A first issue pertains to the role of pattern discovery in
music and other cross-modal aesthetic domains and its relation
to the hedonic value. The cognitive mechanism related to the
successful recognition of a musical pattern could be regarded
as the auditory analog of the “Aesthetic Aha” in the visual
(art) domain, which refers to a pleasurable moment stemming
from pattern recognition (Muth and Carbon, 2013; Graf and
Landwehr, 2017; Muth et al., 2018). It has been argued that the
pleasurable effect originates in the sudden increase of processing
fluency (Topolinski and Reber, 2010), a cognitive process that
has been associated with liking (Reber et al., 2004). This effect
is corroborated by studies showing that moments of insight
evoke intense positive feelings (Shen et al., 2016; Webb et al.,
2018). With regard to problem solving or verbal comprehension,
the cognitive process of insight is regarded as an unexpected
solution for a problem (Subramaniam et al., 2009) and a moment
of sudden comprehension (Bowden et al., 2005; Kounios and
Beeman, 2009). In one study investigating verbal problemsolving, insight moments were shown to be reflected in an
increase in synchronous gamma-band oscillatory brain activity
in the right anterior superior temporal gyrus, that was preceded
by an increase in alpha-band activity at the right occipital cortex
(Jung-Beeman et al., 2004). The authors suggested that these
electrophysiological signatures point to the transition from a
pre-attentive to an attentive state and reflect the “conscious
availability of a solution” (Jung-Beeman et al., 2004, p. 506).
In a more recent study that used auditory sequences, it was
shown that the shift from a random to a regular sequence
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musical stimuli with varying degrees of predictability and
complexity (for instance, classical music vs. jazz music vs. atonal
music). In order to investigate whether the attentional focus shifts
as a function of complexity, participants’ responses to questions
relating to a number of different low-, medium-, and high-level
features of the music could be collected. Based on what presented
above, we would predict a positive correlation between degree
of complexity and attentional focus on low-level properties of
the music. By contrast, in music that provides a certain structure
and clear anchor points, such as a tonal hierarchy, the attentional
focus on sensory properties would remain in the background, i.e.,
such basic properties would remain subconscious.
Here it is worth noting an interesting alternative strategy for
dealing with uncertainty that was described by the interviewed
participants: namely, the adoption of an attitude in which they
tried to avoid an analytic and structured listening mode and
instead switched to a more free, open-ended listening mode.
One respondent said: “If you go in without any expectation of
understanding and just let yourself be affected, then you end up
understanding more than if you had gone in already expecting
to acquire knowledge.” Thus, the acceptance or awareness of
not being able to fully predict and ultimately to exploit the
music for an open-ended exploratory listening experience might
be another, complementary strategy of how to deal with the
perceptual challenge present in this music. This might lead to the
generation of subjective meaning that goes beyond the positive
experience of successfully generating or refining predictive
models. Thus, how this particular aspect of “guidedness” can be
conceptualized, what it underlies and which effects it has, and
ultimately how this mode of open-ended exploration interacts
with a mode of active exploration, represent another novel
potential research avenue.

CONCLUSION
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