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Review of Puschmann et al.

A long-standing debate centers on whether
the specialized skills acquired by music
experts transfer to other cognitive domains.
Musical training is a multisensory experience, and long-term practice has been
found to be associated with neuroanatomic
and neurofunctional changes (Criscuolo et
al., 2021), as well as enhanced high-order
cognitive functions (Criscuolo et al., 2019).
This, together with the substantial overlap
between the neural resources engaged for
music and speech processing (Peretz et al.,
2015), led to the hypothesis that music practice can foster the neural encoding of speech
(Patel, 2011).
In a recent article published in The
Journal of Neuroscience, Puschmann et al.
(2021) provided support for this hypothesis by showing a link between the length
of musical training and speech-related
neural activity within a bilateral network. Twenty young participants with
different musical backgrounds participated in a naturalistic listening experiment. Brain activity was recorded with
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magnetoencephalography (MEG) and
then coregistered to subjects’ individual anatomic brain maps acquired with
MRI. After reconstructing which brain
areas contribute to the MEG signal, the
authors used one area as a seed for neural activity in another area and analyzed how strongly the second area
aligns its oscillations with the first one
[phase-locking value (PLV)], while the
subjects were listening to speech. The
intersubject PLV is a metric that allows
researchers to isolate neural activity related
to the processing of speech signals across a
group of individuals. Analyses were then
extended to quantify inter-regional communication within bilateral speech networks and to correlate the PLV with the
duration of musical training.
In line with previous evidence (Park
et al., 2015), the study by Puschmann et
al. (2021) showed that speech processing
engages widely distributed bilateral neural
activity, which dynamically tracks distinct
linguistic components at multiple spatial and
temporal scales (Poeppel, 2003). The results
highlighted robust patterns of speech-driven
brain synchronization between bilateral auditory regions and frontotemporal and premotor networks, with oscillations in the
alpha (8–13 Hz), theta (4–8 Hz), and delta
(1–4 Hz) frequency bands. Moreover, the
duration of musical training was found to be
positively associated with inter-regional
PLV in the alpha band. Accordingly, the
authors support the hypothesis that musical practice can augment fine-grained

auditory-processing abilities that transfer
to speech processing (Patel, 2011; Peretz
et al., 2015).
It is possible that brain dynamics in the
alpha, theta, and delta ranges described by
Puschmann et al. (2021) reflect the tracking of linguistic components at multiple
time scales (Poeppel, 2003; BornkesselSchlesewsky et al., 2015; Kandylaki, 2015),
ranging from phoneme (in this study:
11.2 Hz; range, 9.8–12.8 Hz), to syllable
(4.5 Hz; range, 3.7 frequency 4.9 Hz), and
to word (3.4 Hz; range, 2.8–3.9 Hz) rates.
The results reveal fine-grained auditoryprocessing mechanisms and support the
earlier formulation of the “asymmetrical
sampling in time” theory (Poeppel, 2003),
which states that symmetrical brain regions
engage in asymmetrical processing of
acoustic features (by means of highand low-frequency oscillatory components). In this view, linguistic and
acoustic components may drive a hierarchical organization featuring fast
events at the bottom (e.g., phonemes;
alpha–beta activity) and slower events
at the top (e.g., words, sentences; delta
activity) of the hierarchy.
In opposition to the asymmetrical
sampling in time theory, when analyzing the directionality of inter-regional
interplay within the speech network, a
reversed hierarchical functional organization emerged (Park et al., 2015). This organization features the interaction between
bottom-up sensory processing (from auditory-to-frontal regions) traveling along
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delta/theta frequency bands, and top-down
modulatory influences (from frontal and
motor regions) mediated via beta oscillations (13–30 Hz). Hence, according
to this hypothesis, slower components
(delta/theta) are at the bottom of the hierarchy, while beta is at the top. Park et
al. (2015) further showed that synchronization between speech components
and auditory cortex activity was associated with speech intelligibility and was
significantly modulated by top-down
signals. Similarly, a separate series of
studies demonstrated that speech intelligibility was modulated by speech–brain
entrainment in the delta/theta frequency
band (Riecke et al., 2015a,b, 2018).
How can we reconcile these contrasting views and interpret the results from
Puschmann et al. (2021)? The PLV metric used by the authors may reflect the
neural tracking of speech, yet the results
on the inter-regional communication
are difficult to interpret in the absence
of information about directionality.
It is therefore still unclear whether the
observed effects stem from a bottom-up
process (i.e., signals traveling from auditory to frontal and motor regions) or
whether they also involve top-down
influences (e.g., high-order modulatory
effects on auditory regions by frontal
cortex)? Puschmann et al. (2021) interpret the positive association between
musical training and inter-regional
alpha band PLV in the study as an
enhanced ability to process fine-grained
auditory information. By doing so, however, one risks limiting the current
understanding of speech processing to a
bottom-up process while downplaying
the complexity of the underlying cognitive
processes. Instead, future investigations
should also account for top-down modulations in speech processing.
In this regard, there is a paucity of
research investigating the representational
nature of top-down influences on speech
comprehension. Some authors associate
top-down information with predictions,
but it still remains unclear how, when, and
what they predict (Heilbron et al., 2020).
If the brain is an ecological system that
optimizes the dynamic allocation of
resources while processing speech, it
may exploit learned regularities to predict linguistic components, acoustic
features, and the timing of sensory events,
in parallel. These processes would engage
at least three networks: the speech and
language network (Hickok and Poeppel,
2007; Bornkessel-Schlesewsky et al., 2015),
which processes acoustic and articulatory
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components; the sensorimotor network
(Hickok et al., 2011), which features sensorimotor predictions from motor centers;
and the rhythm and speech networks
(Kotz and Schwartze, 2010; Kotz et al.,
2018), which subserve temporal processing
in speech and music. Finally, predictions
may travel along parallel top-down streams
in the beta/alpha frequency range (Park et
al., 2015) and interact with bottom-up signals featured in slower rhythms (delta,
theta). By doing so, these predictions modulate the neural tracking of speech (Park et
al., 2015) and, in turn, speech intelligibility
(Riecke et al., 2015a,b, 2018). Such a comprehensive view, however, requires future
investigations.
Finally, how does musical training influence speech processing? Puschmann et al.
(2021) interpreted their findings in relation
to music-induced neuroanatomical and
functional changes (Criscuolo et al., 2021)
and similarities in speech and music networks (Peretz et al., 2015). Here, we would
like to extend this argument, highlighting
that specific brain regions may play a pivotal role for the observed transfer effects,
and that these regions are not necessarily
left lateralized.
In the article by Puschmann et al. (2021),
the musicians’ neural activity showed a significant degree of right lateralization originating from both the left and the right
auditory cortices in the alpha band (8–12
Hz) compared with the neural activity of
nonmusicians. The authors acknowledged
that the effects of musical training extended
beyond the predominantly left-lateralized
sensorimotor network of speech processing
(Hickok and Poeppel, 2007) and interpret
the right lateralization as musician expertise
in the processing of spectral cues (e.g., pitch,
timbre). In our opinion, the influence of musical training extends beyond an enhanced
ability to process acoustic information.
Rather, we suggest that the bilateral involvement of the sensorimotor and rhythm
networks in combination with the hierarchical processing architecture of the dorsal
stream may play a pivotal role in the musician’s speech processing.
The dorsal stream for language comprehension (Bornkessel-Schlesewsky et al.,
2015), the sensorimotor network (Hickok
et al., 2011), and the rhythm network
(Kotz et al., 2018) overlap anatomically in
the premotor cortex, the supplementary
motor area, and the left inferior parietal
cortex. These regions are implicated in the
processing of music and speech rhythms
and in predicting the beat in music, and
they further allow dynamic action synchronization (Kotz et al., 2018). Additionally,

they exhibit anatomic and functional
differences between expert musicians
and nonmusicians (Criscuolo et al.,
2021), pointing toward mechanisms of
functional specialization. In this view,
rhythm processing and sensorimotor
predictions (Kotz and Schwartze, 2010),
which are strongly involved during
musical training, may be exploited to
support speech processing in the musician brain. This hypothesis, however,
requires further investigation.
In conclusion, the results from the
study by Puschmann et al. (2021) reveal
that the neural tracking of speech is
instantiated in a bilateral network and can
be modulated by musical training. This
work stimulates new and vibrant research
questions regarding the potential hierarchical functional organization of speech
processing, the role of bottom-up and
top-down dynamic interactions, and
the role of specific neural oscillations
during speech comprehension. Last, it
remains largely unclear how speech
processing may benefit from music
training. We suggest that a potential
answer may lie in internetwork interactions among bilateral speech, sensorimotor, and rhythm networks. To
answer these questions, multimodal
investigations addressing the causal
role of a hierarchical functional organization of speech processing may prove
critical.
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