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In the brain of primates, the auditory cortex connects with the frontal lobe via the temporal
pole (auditory ventral stream; AVS) and via the inferior parietal lobe (auditory dorsal stream;
ADS). The AVS is responsible for sound recognition, and the ADS for sound-localization,
voice detection and integration of calls with faces. I propose that the primary role of the ADS
in non-human primates is the detection and response to contact calls. These calls are
exchanged between tribe members (e.g., mother-offspring) and are used for monitoring
location. Detection of contact calls occurs by the ADS identifying a voice, localizing it, and
verifying that the corresponding face is out of sight. Once a contact call is detected, the
primate produces a contact call in return via descending connections from the frontal lobe to
brainstem motor nuclei. Because the ADS of present day humans also performs speech
production and repetition, I further propose an evolutionary course for the transition from
contact call exchange to an early form of speech. In accordance with this model, structural
changes to the ADS endowed early members of the genus Homo with partial vocal control.
This development was beneficial as it enabled offspring to modify their contact calls with
intonations for signaling high or low levels of distress to their mother. Eventually, individuals
were capable of participating in yes-no question-answer conversations. In these conversations
the offspring emitted a low-level distress call for inquiring about the safety of objects (e.g.,
food), and the mother responded with a high- or low-level distress call to signal approval or
disapproval of the interaction. Gradually, the ADS and its connections with brainstem motor
regions became more robust and vocal control became more volitional. Speech emerged once
vocal control was sufficient for inventing novel calls.

1. Introduction

In the past five decades, gorillas, orangutans, chimpanzees and bonobos were shown
capable of learning sign language (Blake, 2004; Gibson, 2011). An important
cognitive distinction between the language used by humans and the language used
by other apes is with the ability to ask questions. This was first noted by (Premack &
Premack, 1984) who reported that, although their chimpanzee, Sarah, showed no
difficulty answering questions or repeating questions before answering them, she
never used the question signs for inquiring about her own environment. Jordania
(2006), in his review of the literature, noted that other signing apes did not utilize
questions and that their initiation of conversations was limited to commands (e.g.,

“me more eat”) and observational statements (e.g., “bird there”). This absence of a
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questioning mind is in direct contrast to human toddlers and children, who are
renown for their incessant use of questions. My interpretation of this human-ape
distinction is that during human evolution, we transitioned from the display of
curiosity toward items that are present in our environment (i.e., observational
statements) to curiosity toward items that are absent in our environment (i.e., WH
questions). Developing curiosity about out of sight events and objects could thus
explain the rapid migration of humans across the globe. Furthermore, this curiosity
toward the unknown is the driving force behind scientific exploration and
technological development. One could hence argue that it is the ability to ask that
separates us from other animals and makes the human species unique.

Although no non-human primate has been reported to ask questions, they
were reported to exchange calls for monitoring location (i.e., contact calls). For
example, when a mother and her infant are physically separated, each emits in turn a
call to signal the other their location. This emission of contact calls could therefore
be interpreted as akin in meaning to the question “where are you?”. If human
communication and contact calls are related, it suggests that the preliminary urge to
learn about the unknown is derived from infants and mothers seeking to reunite.
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Figure 1. Dual stream connectivity between the auditory cortex and frontal lobe of monkeys and humans.
The brain of the monkey (left) and human (right) is schematically depicted and displayed from the side.
On the left panel of each species, the auditory cortex is schematically depicted on the supratemporal plane
(orange frame in the right panel) and observed from above (with the parieto-frontal operculi removed).

Blue colors mark regions affiliated with the ADS, and red colors mark regions affiliated with the AVS.
2. Two pathways of auditory processing

In the brains of primates, two pathways connect the auditory cortex with the frontal
lobe (Figure 1): In the auditory ventral stream (AVS), the anterior superior temporal
gyrus/sulcus connects with the middle temporal gyrus/temporal pole, which further
connects with the inferior frontal gyrus (IFG). This pathway is well known for its
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role in recognizing speech and sounds in both hemispheres (Dronkers et al., 2004;
Hickok et al., 2007; Gow, 2012), and damage to its structures has been associated
with the disorders auditory agnosia (Poliva et al., 2015) and semantic dementia
(Noppeney et al., 2007). The auditory dorsal stream (ADS) connects the posterior
auditory cortex (pSTG) with the Sylvian parietal-temporal junction (Spt) and inferior
parietal lobe (IPL)/intra-parietal sulcus (IPS), which also connects with the IFG. As
will be detailed below, in non-human primates this pathway is involved in sound
localization, speaker identification and integration of calls with faces. In the left
hemisphere of the human brain, this pathway is also responsible for speech
production and repetition, perception and production of prosody and integration of
spoken words with their facial movements. Herein, I argue that the ADS original
role was for exchanging contact calls and that it was modification of this pathway
that first enabled early members of the species homo (i.e., Hominans) to be able to
ask questions, and later develop language.

3. The role of the ADS with the detection of contact calls

Direct evidence for involvement of the ADS in the detection and response to contact
calls is demonstrated in a study that sacrificed marmoset monkeys and measured
genomic expression of cFos protein. Activation was reported only in the ADS (areas
CM-CL and IFG) while hearing and responding to contact calls (phee calls; Miller et
al., 2010). Monkeys sacrificed after only hearing contact calls or only emitting them
showed neural activity in the same regions but to a much smaller degree (See also
Simdes et al., 2010 for similar results in a study using the protein Egr-1).

The detection of contact calls likely occurs in 3 stages: 1. Identify the speaker
2. localize the direction of the call 3. Confirm that the face of the speaker is not
present in that direction. Consistent with a role of the ADS in the detection of
contact calls, the ADS has been implicated with all these functions. Recordings of
neural activity from the auditory cortex of monkeys showed selectivity in the
posterior, but not anterior auditory cortex, of sound localization (Benson et al., 1981;
Miller & Recanzone, 2009; Rauschecker et al., 1995; Tian et al., 2001; Woods et al.,
2006). Functional imaging studies in humans also correlated ADS’ regions (IPL,
IFG) with sound localization (Ahveninen ef al., 2006; Barrett & Hall, 2006; Brunetti
et al., 2005; De Santis et al., 2007; Hart et al., 2004; Krumbholz et al., 2005; Warren
& Griffiths, 2003). A role of the ADS in speaker identification was shown in an
intra-cortical recording study of epileptic patients that associated activation in the
pSTG with speaker discrimination (Lachaux et al., 2007). Recording from the
posterior insula (near pSTG) of monkeys also reported of activity during speaker
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discrimination (Remedios et al., 2009). Functional imaging of third trimester human
fetuses demonstrated activation in area Spt when the hearing of voices was
contrasted to pure tones, and of a sub-region of area Spt that is more selective to
maternal voice than unfamiliar female voices (Jardri et al., 2012). The role of the
ADS in face-call integration is evident in an fMRI monkey study that reported
activation only in the posterior auditory cortex during audio-visual stimuli
integration (Kayser et al., 2009). A study that recorded from neurons in Al also
showed that the activation is weaker while hearing contact calls than social calls
(grunt call; Ghazanfar et al., 2005). In humans, the neighboring pSTS is responsible
integrating speech with lip-movements (McGurk effect; Beauchamp et al., 2010;
Nath et al., 2010; Campbell, 2008).

In contrast to most calls, which are produced in limbic regions (Holstege et
al., 2015), the IFG appears involved in the emission of contact calls. A study that
recorded neural activity from the IFG of macaques reported of neural discharge prior
to cued or spontaneous contact call production (coo calls), but not prior to
production of vocalizations-like facial movements (i.e., silent vocalizations; Coudé
et al., 2011; see also Gemba et al., 1999 for similar results). A tracing study in
monkeys also reported of connections between IFG and brainstem motor nuclei
(Jirgens & Alipour, 2002), which potentially could endow the animal with partial
vocal control. Accordingly, behavioral studies of monkeys reported of ability to
modify contact calls with intonations (Biben et al., 1986; Sugiura, 1998) or of
learning to use them in order to request objects (Hihara et al., 2003). Anecdotal
reports of more generalized volitional vocal control, albeit rudimentary, were also
reported in apes (Hayes & Hayes, 1952; Hopkins et al., 2007; Koda et al., 2007,
Koda et al., 2012; Lameira et al., 2015; Laporte & Zuberbiihler, 2010; Perlman &
Clark, 2015; Taglialatela ef al., 2003; Wich et al., 2008).

4. The ADS and the emergence of speech

A role for the ADS in the emergence of human speech is implied in the fossil record.
A study that reconstructed the endocranium of early Hominins noted that Homo
habilis, but not any of its Australopith ancestors, is characterized by enlargement of
the IPL and IFG, whereas the rest of the endocranium remains extremely similar to
the endocranium of modern apes (Tobias, 1987). A diffusion tensor imaging study
that compared the white matter of humans and chimpanzees also reported of
significant strengthening in ADS connectivity, but not AVS connectivity (Rilling et
al., 2012). Evidence for a role of the ADS in the transition from mediating contact
calls into mediating human speech also includes genetic studies that focused on
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mutation to the protein SRPX2 and its regulator protein FOXP2 (Roll ef al., 2010).
In mice, blockage of SRPX2 or FOXP2 genes resulted in pups not emitting distress
calls when separated from their mothers (Shu et al., 2005; Sia et al., 2013). In
humans, however, individuals afflicted with a mutated SRPX2 or FOXP2 were
reported with speech dyspraxia (Roll et al., 2006; Watkins et al., 2002). A PET
imaging study of an individual with a mutated SRPX2 gene correlated this patient’s
disorder with abnormal activation (hyper-metabolism) along the ADS (pSTG-Spt-
IPL; Roll et al., 2006). Similarly, an MRI study that scanned individuals with
mutated FOXP2 reported increased grey matter density in the pSTG-Spt and reduced
density in the IFG, thus further demonstrating abnormality in ADS® structures
(Belton et al., 2003). A role for the ADS in mediating speech production in humans
has also been demonstrated in studies that correlated a more severe variant of this
disorder, apraxia of speech, with IPL and IFG lesions (Deutsch, 1984; Edmonds &
Marquardt, 2004; Hillis et al., 2004; Josephs et al., 2006; Kimura & Watson, 1989;
Square et al., 1997). The role of the ADS in speech production is also demonstrated
via a series of studies that directly stimulated sub-cortical fibers during surgical
operations (Duffau, 2008-review), and reported that interference in the left pSTG
and IPL resulted in an increase in speech production errors, and interference in the
left IFG resulted in speech arrest (see also Acheson ef al., 2011; Stewart et al., 2001
for similar results using magnetic interference in healthy individuals). Damage to
Spt-IPL was also correlated with impaired ability to repeat sentences and unfamiliar
words (conduction aphasia; Selnes et al., 1985; Axer et al., 2001; Bartha and Benke,
2003; Dronkers et al., 2004; Baldo et al., 2008, 2012; Fridriksson et al., 2010;
Buchsbaum et al., 2011). One study even reported that stimulation of the left IPL
resulted with patients believing that they spoke, when they didn’t, and IFG
stimulation resulted with the patients unconsciously moving their lips (Desmurget et
al., 2009).

Further support for the transition from contact call exchange to human speech
are provided by studies of hemispheric lateralization (Petersen et al., 1978). In one
study, Japanese macaques and other old world monkeys were trained to discriminate
contact calls of Japanese macaques, which were presented to the right or left ear.
Although all the monkeys were capable of completing the task, only the Japanese
macaques were noted with right ear advantage, thus indicating left hemispheric
processing of contact calls. In a study replicating the same paradigm, Japanese
macaques had an impaired ability to discriminate contact calls after suffering
unilateral damage to the auditory cortex of the left, but not right, hemisphere
(Heffner & Heffner, 1984). This leftward lateralization of contact call detection is
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similar to the long established role of the human left hemisphere in the processing
human language (Geschwind, 1965).

5. From vocal control to the first conversation

A possible route for the transition from contact call exchange to proto-speech was
proposed by Dean Falk (2004). She argued that due to bipedal locomotion and the
loss of hair in early Hominins, mothers were not capable of carrying their infants
while foraging. As a result, the mothers maintained contact with their infant through
a vocal exchange of calls that resembles contemporary “motherese” (the unique set
of intonations that caregivers use when addressing infants). As previously suggested
by another researcher (Masataka, 2009), such intermediate prosodic phase in the
development of speech is consistent with evidence presented above that monkeys, to
a limited extent, are capable of modifying their contact calls with intonations, and
that apes are endowed with slightly more versatile vocal control. In the opening
paragraph of this paper, I described the inability of apes to ask questions, and
proposed that the ability to ask questions emerged from contact calls. Because the
ability to modify calls with prosodic intonations likely further developed as we
began conversing with questions, I expand Falk’s and Masataka’s views regarding
the prosodic origins of vocal language, and propose that the transition from contact
calls to prosodic intonations could have emerged as a means of enabling infants to
express different levels of distress. In such a scenario, the modification of a call with
intonations designed to express a high level of distress is akin in meaning to the
sentence “mommy, come here now!”. Hence, the modification of calls with
intonations could have served as a precursor for the development of prosody in
contemporary vocal commands. On the other hand, the use of intonations for
expressing a low-level of distress is akin in meaning to the sentence “mommy, where
are you?”. Therefore, this use of prosody for asking the first question could have
served as the precursor for pragmatically converting calls into questions by using
prosody as well. This transition could be related to the ability of present-day infants
of using intonations for changing the pragmatic utilization of a word from a
statement to a command/demand (“MOMMY!”) or a question (“mommy?”). This
view is consistent with a longitudinal developmental study of toddlers, which
reported of the toddlers utilizing prosodic intonations in their speech prior to
construction of sentences (Snow, 1994). A study of speech perception in adults also
demonstrated that our ability to discriminate questions sentences from statement
sentences is dependent on analysis of prosodic intonations (Srinivasan et al., 2003).
Evidence of the relationship between asking questions and processing in the ADS is
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demonstrated in a diffused tensor imaging and fMRI study (Sammler et al., 2015),
which reported the participation of both the ADS and AVS in the discrimination of
mono-syllabic words into questions or statements. The researchers further showed
that this discrimination was impaired while interference was induced with TMS in
the pre-motor cortex of the ADS. Supporting the role of the ADS in the
discrimination of questions and statements is the finding that patients with
phonological dementia, who are known to suffer from degeneration along the ADS
(Gorno-Tempini et al., 2008; Rohrer et al., 2010), were impaired in distinguishing
whether a spoken word was a question or a statement (Rohrer et al., 2012).

A possible route for the transition from emitting low-level distress calls to
asking questions is by individuals starting to utilize the former to signal interest
about objects in their environment. Given that both contact call exchange and
contemporary speech are characterized with turn taking, early Hominans could have
responded to the low-level distress calls with either high- or low-level distress calls.
For example, when an infant expressed a low-level distress call prior to eating
berries, his/her mother could have responded with a high-level distress call that
indicated the food is dangerous or a low-level distress call that indicated the food is
safe. Eventually, the infant emitted the question call and waited for an appropriate
answer from their mother before proceeding with their intended action. This vocal
exchange was most likely the precursor to yes-no question-answer conversations.
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