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Commentary/Ackermann et al.: Brain mechanisms of acoustic communication in humans and nonhuman primates

pcontrolled
vocalizations di
»physiological ;:a%t;;gizy

responses

Acc -

premporal
sequencing

»micro
adjustments

Figure 1 (Frithholz et al.). Suggested extension (black regions
and arrows) of Ackermann et al’s original model (gray regions)
beyond the affective (i.e., amygdala) and motor systems. Based
on the paradigm of affective vocalizations and emotional speech,
we suggest adding the AC and anterior IFC (aIFC), which serve
auditory-motor feedback processing and vocal monitoring; the
CDbII, which serves online micro and macro adjustments of vocal
motor output; and the ACC, which appears to be directly
involved in controlling vocal output and physiological responses.

Recent neuroimaging evidence also points to two brain struc-
tures active during human vocalizations, which are not yet (explic-
itly) included in the model. As mentioned above, vocalizations
strongly depend on auditory feedback for online adjustments
and corrections. Accordingly, studies consistently report activity
in low- and high-level regions of the auditory cortex (AC) (Aziz-
Zadeh et al. 2010; Pichon & Kell 2013), and in the cerebellum
(Laukka et al. 2011; Pichon & Kell 2013; Wattendorf et al.
2013). While the AC together with the IFC is thought to serve au-
ditory feedback processing and vocal monitoring, the cerebellum
mainly supports online macro- (Pichon & Kell 2013) and micro-
adjustments (Wattendorf et al. 2013) of vocal motor behavior.

Concerning the AC feedback-related activity, the online valida-
tion of the vocal performance seems critical for vocal expressions.
Affective vocalizations for successful social communication
depend on a proper vocal production, especially in terms of
temporo-dynamic features (Patel et al. 2011). The temporal
slow prosodic modulations of emotional speech, in particular,
seem to rely on feedback processing in the AC (Aziz-Zadeh
et al. 2010; Pichon & Kell 201.3). A major part of the slow prosodic
modulations is determined by temporal variations of the funda-
mental frequency, which mainly contribute to the perception
of pitch variations. This perceived temporal pitch variations of
one’s own vocalizations considerably activates the AC, and,
surprisingly, also the cerebellum (Pichon & Kell 2013).

Although the cerebellum was a core element in a former model
proposed by Ackermann (2008), in the present article Ackermann
et al. note that it is not relevant here. However, given the above-
mentioned evidence that the cerebellum is related to slow tempo-
ral modulations in affective speech (Pichon & Kell 2013), and
given the general observation that non-speech (primate-general)
and speech-based affective vocalizations (human-specific) consid-
erably activate the cerebellum (Laukka et al. 2011; Wattendorf
et al. 2013), we propose that the cerebellum should be an integral
part of a neural model of vocal communication. It seems that for
emotional vocalizations, the cerebellum supports the online micro

adjustment of ongoing motor responses (Wattendorf et al. 2013)
and provides a macro temporal event structure (Kotz & Schwartze
2010) for the temporal dynamics embedded in emotional speech.
Both are important ingredients for valid affective vocalizations in
terms of vocal motor responses (Patel et al. 2011).

Overall, from the perspective of affective vocalizations and
emotional speech, neuroimaging evidence supports the neural
model of Ackermann et al., but also suggests that the model
might be extended to include auditory-motor feedback loops
and online adjustment of vocal behavior (Fig. 1). The paradigm
of human affective vocalizations thus might be a valid example
for a cross-validation of the model proposed by Ackermann
et al., because affective vocalizations are an essential ingredient
of human communication.
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Abstract: We support Ackermann et al.’s proposal that the cortico-basal
ganglia circuits may play essential roles in the evolution of spoken
language. Here we discuss further evidence indicating that the cortico-
basal ganglia circuits may contribute to various aspects of spoken
language including planning, learning, and controlling of speech in
adulthood.

Ackermann et al. have proposed a two-stage neural control model
underlying phylogenetic and ontogenetic evolutions of spoken
language. Neural machinery at one stage depends upon the devel-
opment of monosynaptic projections from the motor cortex to
cranial nerve nuclei in the brainstem and the other one involves
functions of the cortico-basal ganglia circuits. We appreciate this
proposal because we have been interested in the contribution of
the cortico-basal ganglia circuits to language and associated abili-
ties in humans. Here we want to extend the authors’ view, by
arguing for potential roles of the cortico-basal ganglia circuits in
various aspects of spoken language in adults.

Accumulating evidence indicates that the basal ganglia partici-
pate in speech control in humans. However, the roles of the
basal ganglia in language control are still unclear. The functional-
ity of the basal ganglia for spoken language perhaps extends
beyond the modulation of laryngeal and orofacial movements.
We previously showed basal ganglia activity during a cognitive
task involving verbal motor imagery, or “inner speech,” in
healthy adults (Hanakawa et al. 2002). This basal ganglia activity
was accompanied by activity in other speech-related brain
regions such as supplementary motor area and frontal opercular
regions. Moreover, we reported that performance of this verbal
imagery task was impaired in patients with basal ganglia dysfunc-
tions (Parkinson’s disease) in comparison with matched control
participants (Sawamoto et al. 2002). A neuroimaging experiment
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