
 

 

NEUROSCIENCE RESEARCH NOTES 

 
 

Brain regions involved in speech production, mechanism and 
development 
Mohammad Jahanaray *, Ali Jahanaray and Zahra Zohoorian 

 
Department of English, Mashhad Branch, Islamic Azad University, Mashhad, Iran. 
*Correspondence: Mohammadjahanaray@outlook.com; Tel.: +98-936-467-7428 
 
Received: 29 August 2022; Accepted: 18 October 2022; Published: 25 November 2022          
Edited by: Pike See Cheah (Universiti Putra Malaysia, Malaysia) 
Reviewed by: Hui Ying Jong (University Sains Malaysia, Malaysia);  
Siti Fadziyah Mohamad Asri (Universiti Putra Malaysia, Malaysia);  
Zaitunnatakhin Zamli (International Islamic University Malaysia, Malaysia) 
https://doi.org/10.31117/neuroscirn.v5i4.178  
 

Abstract:  Speech might be one of the best inventions of human beings due to its critical 
communicative role in individuals' daily lives. Hence any study about it is valuable. To our 
knowledge, merely three studies focused on brain regions' associations with speech production 
were published more than eighteen years ago; furthermore, research on the brain areas 
associated with speech production is currently insufficient. The present review aims to provide 
information about all brain areas contributing to speech production to update the knowledge of 
brain areas related to speech production. The current study confirms earlier claims about 
activating some brain areas in the process; however, the previous studies were not 
comprehensive, and not all brain areas were mentioned. Three cerebral lobes are involved in the 
process, namely, the frontal, parietal and temporal lobes. The regions involved include the left 
superior parietal lobe, Wernicke's area, Heschl's gyri, primary auditory cortex, left posterior 
superior temporal gyrus (pSTG), Broca's area, and premotor cortex. In addition, regions of the 
lateral sulcus (anterior insula and posterior superior temporal sulcus), basal ganglia (putamen), 
and forebrain (thalamus) showed participation in the process. However, there was a different 
brain activation of overt and covert or silent speech (Broca's and Wernicke's areas). Moreover, 
mouth position and breathing style showed a difference in speech mechanism. In terms of speech 
development, the early postnatal years are important for speech development, as well as 
identifying three crucial stages of speech development: the pre-verbal stage, transition to active 
speech, and refinement of speech. In addition, during the early years of speech development, 
auditory and motor brain regions showed involvement in the process. 
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1. INTRODUCTION 
Human beings use speech to communicate, which is a 
natural way of communication (Honda, 2003). In other 
words, Kurdiukova and Suntsova (2020) believed that 

speech could be used as an interactive way with 
others, as an instrument of thinking, as a means to 
control behaviours and activities, and as a way of 
volitional regulation. 
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The crucial role of speech in human beings' lives is an 
undebatable matter. However, the importance of 
speech casts doubts on whether its process is well-
understood. In addition, all research papers focused on 
one specific brain area in speech production. To our 
knowledge, there is merely one review and two 
research papers on brain areas associated with speech 
production that was carried out by Wise et al. (1999), 
Dronkers & Ogar (2004), and Nota (2004) which were 
published more than eighteen years ago. Therefore, 
this review aimed to fill this gap by gathering all new 
findings on brain regions associated with speech 
production. 
 
The present review paper also addresses the following 
questions: 

• Is a specific brain lobe associated with speech 
production? 

• Which brain regions within the superior temporal 
gyrus (STG) are responsible for speech production? 

• Are STG areas activated in other aspects of speech? 

• What regions outside the STG participate in speech 
production? 

• How is speech produced (the mechanism)? 

• What are the important stages in the development 
of speech? 

• Which brain regions are activated during speech 
development? 

 
Speech does not start from the lungs, as many assume. 
Instead, the brain is where speech begins, a process 
studied by psycholinguists (Belinchón et al., 1994). 
Hence, the knowledge about brain regions linked with 
speech production can be prioritised to fully 
understand the process of speech production, which 
can be used as base knowledge in various experiments 
and studies related to speech production. The current 
review paper aimed to gather an overview of all 
available scientific data related to brain regions 
associated with speech production to assist future 
researchers in the field of speech production to what 
brain regions contribute to speech production and 
their roles. Additionally, speech development and 
mechanism were also addressed. It needs to be 
maintained that the focus was mainly on the left pSTG 
since there has been little research on this region and 
its relation to speech production. This approach has 
not been used in any other review paper on speech 
production. Other scholars either focused on brain 
activation of one specific brain region or speech 
mechanism, but having them all reviewed would leave 
no gaps in understanding speech production. 
 

Humans' auditory responses allow them to 
continuously monitor and adjust their voices while 
speaking (Behroozmand et al., 2016). Integration of 
motor and sensory information in speech is one of the 
most important abilities in human beings. This vital 
function has, however, been poorly understood in 
terms of neural processes (Behroozmand et al., 2016). 
However, the superior temporal gyrus cortex has long 
been known to play a role in hearing, speech, and 
language. Still, the function of the brain while 
producing speech is just so basically understood, and 
our understanding of the function is inadequate 
(Howard et al., 2000). Additionally, the previous 
studies on brain regions' associations with speech 
production indicated participation of the anterior 
insula, Broca's area, the motor cortex, putamen, 
thalamus, midbrain and cerebellum (Dronkers & Ogar, 
2004; Nota, 2004; Wise et al. 1999). 
 
Furthermore, some perspectives from which speech 
production can be approached, including linguistics, 
psychology, acoustics, neurophysiology, neurology, 
electronic engineering, clinical linguistics, and others. 
So, specialists or experts in these fields might have 
reasons for conducting research or studying speech 
production (Tatham & Morton, 2011). According to 
Palmer et al. (2001), traditionally, the most commonly 
used tasks in neurology and cognitive psychology study 
of language have been dependent on verbal responses. 
  
Fortunately, the investigation of brain activities or 
neural mechanisms of speech motor control, speech 
motor disorders, and speech motor have become 
much more straightforward compared to the last 
century owing to the new neuroimaging methods such 
as functional magnetic resonance imaging and positron 
emission tomography (Gracco et al., 2005). Moreover, 
during tasks requiring a spoken output, research on 
language processing conducted using fMRI has proven 
to be so valuable that it can provide high-quality 
images of brain activities (Palmer et al., 2001).  
 
The speech production process includes compound 
stages in which the acoustic signals get produced from 
conceptual ideas that are comprehensible to others 
(Price et al., 2011). Speech production involves various 
stages, from the vocal organs' movement to sound 
production (Honda, 2003). Another essential issue in 
speech   production  is  its  development;  according  to  
Kurdiukova and Suntsova (2020), the ability to speak is 
not something humans are born with. Instead, speech 
develops and gets formed.  
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In addition, the inability of researchers to access or 
observe the spoken responses has made it difficult for 
them to determine whether subjects are following 
instructions as expected and, indeed, whether subjects 
are doing the tasks as expected (Barch et al., 1999). 
What makes the knowledge of different regions 
responsible for speech production so advantageous is 
that this knowledge can be used in various research 
fields. 
 
2.0  METHODOLOGY 
2.1  Methodology approach 
A literature review approach was used to achieve our 
goal. The authors in the current review paper sought 
advice from over 100 articles and books. The scholarly 
works included experimental research, systematic and 
technical reviews, fMRI studies on speech production, 
and a few books on speech production.  
 
2.2  Search strategy  
In this literature review, the following databases were 
used: primarily Google Scholar, ResearchGate, Science 
Direct, and Frontiers. We used the following keywords 
and terms: "Brain regions related to speech 
production," "Brain regions activity in speech 
production," "Speech production," "STG," "Left pSTG," 
"Wernicke area," and "Role of STG in speech 
production," Broca's area role in speech production," 
"Anterior insular," "Right pSTS," "Auditory cortex," 
"Thalamus role in speech," "Putamen role in speech," 
Partial lobe role in speech," "Heschl's gyri," "Covert 
speech brain activity," Silent speech," "Speech 
mechanism," "Speech development."  
 
2.3  Selection criteria 
All articles and books used in this review paper were 
written in English and were published in verified 
publications. Articles on brain activities from the past 
decades were not easy to find; hence, the data 
collected on brain activities are from 2000 to 2022.  
 
2.4  Data collection 
All data, including the study aim, methodology, 
research title, author's names, and major findings of 
each article, was extracted for data comparison, 
finding trends, and gathering an overview for each 
section of this literature review. 
 
3.0  BRAIN REGIONS ASSOCIATED WITH SPEECH 
PRODUCTION 
3.1  Superior temporal gyrus 
The STG lies in the temporal lobe, above the lateral 
sulcus and below the superior temporal sulcus. It starts 

from the temporal pole and extends posteriorly until it 
meets the temporoparietal junction, where it blends 
with the angular gyrus and supramarginal gyrus of the 
inferior part of the parietal lobe (Figure 1A) (Loh and 
Bell, 2022). 
 
STG is heterogeneous in its functionality. Anterior STG 
lateral to transverse temporal gyrus (Heschl's gyrus) is 
categorised as a unisensory auditory association cortex 
(Rauschecker, 2015). Likewise, based on a suggestion, 
auditory speech is represented in the anterior STG; 
visual speech representations reside in extrastriate 
visual areas (Bernstein and Liebenthal, 2014; Nath and 
Beauchamp, 2011). 
 
Several studies have shown that the pSTG and STS 
(superior temporal sulcus) are multisensory regions. 
These regions respond to auditory and visual stimuli 
such as faces and voices, letters and voices, and 
recordings and videos of objects (Atteveldt et al., 2004; 
Beauchamp et al., 2004; Calvert et al., 2000; Foxe et 
al., 2002; Miller & D'Esposito, 2005; Reale et al., 2007). 
 
In 2009, Zevin claimed that STG, or superior temporal 
gyrus is a site of multisensory integration (Zevin, 2009). 
He also indicated that this region takes part in 
recognising spoken words. Yamamoto et al. (2019) 
found that the STG is associated with extracting 
meaningful linguistic information from the speech 
input. Moreover, it has been stated that written words 
can also activate the left posterior temporal gyrus 
(Zaidel, 2001). 
 
According to Bhaya-Grossman & Chang (2022) STG 
might have other functions such as forecasting hearing 
reports. Additionally, activation in different parts of 
STG revealed that pSTG has a role in error monitoring 
and feedback control (Meekings & Scott, 2021). 
However, this review paper only presents functions 
linked with speech production. 
 
3.1.2  Regions within the superior temporal gyrus 
3.1.2.1  The left pSTG role in speech production 
Hickok et al. (2000) used the fMRI approach to indicate 
the left pSTG activation in an object naming task. 
Participants were asked to name the things sub-vocally 
during the production task (i.e., without overt 
articulation) to eliminate the risk that their brain 
activity is not due to hearing their voices. As a result of 
their experiment, they observed an activation of the 
left pSTG in speech production.  

https://en.wikipedia.org/wiki/Superior_temporal_sulcus
https://www.sciencedirect.com/science/article/pii/S105381191930775X#!
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Figure 1. Location of (A) superior temporal gyrus, (B) 
Wernicke's area and Heschl's gyri, (C) primary auditory 
cortex, (D) Broca's area, (E) premotor cortex, (F) insular 
cortex, (G) posterior superior temporal sulcus, (H) putamen,  
(I) left superior parietal lobe and (J) thalamus.  

 
Based on a recent study, left pSTG showed 
participation in verbal recognition processes and visual 
word recognition (Rivera-Urbina et al., 2022). 
 

Graves et al. (2011) claimed that the damage to the 
left pSTG had been linked with impairments in 
phonological processing, but the degree to which it 
enables phonological processing, independently from 
semantic processing, remained uncertain. Hence, using 
fMRI experiments, the researchers employed 
repetition priming and suppression of neural repetition 

to describe phonological access during the lexical 
(whole-word) onset of lexical (phrase) repetition. 
Furthermore, they found that the left pSTG changes 
activity under conditions eliciting phonological 
processing. These changes seemed governed by similar 
processes across tasks requiring overt production and 
differing only in terms of the lexical status and 
presentation type of the stimuli. In this area, access to 
lexical phonology is specifically focused on. 
 
Although language perception and speech production 
seem to be bilaterally mediated by the left pSTG 
(Buchsbaum et al., 2001), language processing and 
auditory short-term memory were also associated with 
the left pSTG (Leff et al., 2009). During speech 
production, the left pSTG was studied using 
magnetoencephalography (MEG) (Levet et al., 1998) 
and showed that it was activated during speech 
production. 
 
Role of the left pSTG in speech perception 
The question is whether the left pSTG activation is 
specific to speech production or activated during other 
aspects of speech. Several researches revealed that the 
left pSTG gets activated during speech production and 
perception. The relationship between speech 
perception and production processes, and their neural 
basis, comes from the hypothesis by Wernicke 
(1874/1977). Wernicke emphasised the crucial role of 
the left superior temporal gyrus (left STP) in speech 
perception and production. He also insisted that 
similar "auditory word images" are activated during 
speech production and perception (Buchsbaum et al., 
2001). Based on a recent study, the pSTG showed 
involvement in syntactic processes (Chen et al., 2021) 
 
According to research results, regions in the left pSTG 
and dorsal areas get activated during speech 
production tasks where verbal auditory input is absent. 
As well as observation of the association of the 
auditory cortex with the pSTG while speech perception 
increases the possibility that this region takes part in 
phonemic-level processes during speech perception 
and production (Buchsbaum et al., 2001;  Coleman, 
1998; Coleman et al., 2000; Hickok & Poeppel, 2000; 
Hickok et al., 2000). According to the observations and 
findings of Buchsbaum et al. (2001), it is proposed that 
while left pSTG is damaged, the phonemic perception 
is not entirely stopped. The isolated right hemisphere 
precisely does the process of phonemic information. 
The physiological indexes illustrated bilateral and 
symmetric pSTG activations when a speech is auditorily 
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presented. Accordingly, speech perception does not 
rely exclusively on the left pSTG for perception. 
 
The neural substrates of audio-visual speech 
perception were examined by Ozker et al. (2017) using 
electrocorticography and direct recordings of neural 
activity. They implanted electrodes on the cortical 
surface of their experiment's subjects. They also used 
Bayesian models of multisensory integration to 
examine and study the computational roles of both 
regions (anterior and posterior superior temporal 
gyrus). They assumed that in the speech stimulus, 
noise might variously impact responses in posterior 
and anterior electrodes. According to Ozker et al. 
(2017), pSTG is crucial for integrating multisets of 
visual and noisy auditory speech. Besides visual and 
noisy speech, it is clear that the left pSTG has a role in 
speech perception, as Mesgarani et al. (2014) and 
Binder et al. (2000) claimed STG is a critical area for 
speech perception. 
 
However, speech perception and speech production 
are connected and correlated; according to a recent 
study by Berti et al. (2021), children with speech sound 
disorder face perceptual difficulties (phonological 
contrasts) and experience difficulty in producing those 
phonological contrasts at the same time. 
 
Phonological systems of speech perception and 
production 
The fact that the left pSTG takes part in speech 
perception raises the question of whether the 
phonological systems for perception and production 
are discrete phonological systems (Dell et al., 1997; 
Levelt et al., 1999) or whether there is only one system 
involved, in the phonological process (Allport, 1984; 
Coleman, 1998; MacKay, 1987). Buchsbaum et al. 
(2001) aimed to answer this question by investigating 
the left pSTG function in phonological processing for 
speech perception and production. They used an 
event-related fMRI experiment whereby the subjects 
were requested to listen to and then produce a 
speech. Buchsbaum et al. (2001) suggested that the 
activation of the left pSTG during speech production 
and speech perception depicts the activity of cortical 
systems during some aspects of the phonological 
process. Based on the observation, it can be concluded 
that the phonological input and output systems 
overlap, which supports psycholinguistic models. 
 
Based on the discussion, it has been made clear that 
the left pSTG activates speech production and 
perception (Allport, 1984; Buchsbaum et al., 2001; 

Coleman, 1998; MacKay, 1987; Ozker et al., 2017). 
Buchsbaum et al. (2001) highlight that subfields in the 
left pSTG take part in speech perception and 
production regarding phonological aspects. Hence, the 
result illustrates a limited overlap between 
phonological input and output systems. Hickok and 
Poeppel (2000) claimed that the difference in dorsal 
and ventral processing streams in speech and language 
might be related to the functional distinctions between 
pSTG regions. Hence, more knowledge about the STG 
regions can clarify the understanding of brain 
activations during speech production. 
 
3.1.2.2  Wernicke's area 
The first region to focus on is the Wernicke area in the 
pSTG (Figure 1B). Moini and Piran (2020) claim the 
same for the location of the Wernicke area. It is 
through this area that sensory information is received; 
hence, as a result of the integration of sensory 
information, it facilitates access to auditory and visual 
memories. In addition, language comprehension and 
speech perception are assumed to be impacted by this 
area (Mesulam et al., 2018). 
 
As mentioned earlier, this region contributes to 
language comprehension in conventional thinking. 
However, with the emergence of modern imaging 
techniques and neuropsychological research, this 
region has been shown to take a significant part in the 
production of speech (Binder, 2015). Binder also 
claimed that this area is involved in phonologic 
retrieval during speech production, which is activating 
knowledge of vowels and sounds to prepare words for 
speech. 
 
However, Mesulam et al. (2018) claimed that this area 
has an ancillary role rather than a critical role in 
language comprehension, suggesting that this area is 
involved in both speech production and speech 
perception. Recent research revealed that learning 
words both semantically and lexically could be 
improved by direct stimulation (Anodal tDCS) of the 
Wernicke's area (Kurmakaeva et al., 2021). 
 
3.1.2.3  Heschl's gyri (primary auditory cortex) 
The transverse temporal gyrus (Heschl's gyrus, HG) 
refers to the gyrus that runs from the upper surface of 
the temporal lobe (Hassanzadeh & Gaillard, 2014) 
(Figure 1B). According to Wong et al. (2007), the HG 
has a role in auditory learning abilities and pitch 
processing. In other words, they have concluded that 
the left HG has a crucial role in pitch information 
integration that is phonetically/lexically relevant. 
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According to Schonwiesner et al. (2006), another 
function that HG has a role in is detecting sound 
change. Their research about Heschl's gyrus, Posterior 
superior temporal gyrus, and mid-ventrolateral 
prefrontal cortex discovered that these areas have 
distinct parts in detecting acoustic changes. Several 
modalities have been claimed, such as seeing 
someone's face moving without producing any 
auditory speech, activate some lateral aspects of TTG 
or Heschl's gyri that was recorded from an experiment 
with subjects having normal hearing abilities (Calvert & 
Campbell, 2003;  Calvert et al., 1997). In addition, 
according to MacSweeney (2002), this region also 
activates in deaf individuals in the same circumstances. 
So, sign language activates this part in both cases 
(MacSweeney, 2002). Recently, this area showed 
participation in processing acoustic features 
(Khalighinejad et al., 2021). 
 
Primary auditory cortex 
According to Yang et al. (2020), the primary auditory 
cortex, referred to as area A1, is situated on the Heschl 
gyrus (Figure 1C). This area is also connected with 
Brodmann area 41. There is a general agreement about 
the location of the auditory cortex, which is situated in 
the superior temporal gyrus (Campbell, 1905; 
Galaburda and Sanides, 1980; Kaas & Hackett, 1998; 
Hopf, 1964; Seldon, 1981). Yang et al. (2021) also 
claimed that the primary auditory cortex participates in 
language comprehension functions, such as integrating 
and processing complex auditory signals. 
 
In other words, the auditory cortex is where many 
representations of speech characteristics, namely, 
voice onset time and articulatory features, can be 
observed (Mesgarani et al. 2008). Based on this claim, 
it can be postulated that the required mechanism for 
robust speech encoding is available in the mammalian 
auditory systems independent of learning (Mesgarani 
et al., 2014). According to Houde et al. (2002), the 
auditory cortex has two activities in speech production: 
reducing its sensitivity and providing acoustic feedback 
and modulating its activity. In addition, this area also 
plays a role in stuttering (Max et al., 2004). 
 
By analysing Heschl's gyrus, posterior superior 
temporal gyrus, and mid-ventrolateral prefrontal 
cortex, Schonwiesner et al. (2007) investigated their 
role in detecting acoustic changes. They found out 
from the study that while the process of acoustic 
changes, three regions of the cerebral cortex are 
involved: the primary auditory cortex, the posterior 
superior temporal gyrus, the planum temporale, and 

the midventrolateral prefrontal cortex. It has been 
identified that these three specific regions are involved 
in detecting acoustic changes, analysing them in-depth, 
and judging whether they are sufficiently novel for 
allocating attentional resources. 
 
3.2  Other brain areas associated with speech 
production 
Hence, overall knowledge of the STG parts (Wernicke 
area, Heschl's gyri, and primary auditory cortex) has 
been gathered. However, other brain regions not 
located on the STG, called Broca's area, putamen, left 
parietal lobule, the anterior insula, and the right pSTS 
showed participation in speech production. 
 
3.2.1  Broca's area 
This area lies within the inferior frontal gyrus near the 
motor cortex (Figure 1D). The motor speech area, also 
known as Broca's, contributes to speech production. 
Moreover, this region plays a part in modulating the 
breathing patterns in speech production (speaking and 
vocalisations) to make a typical speech. It has been 
claimed that when Broca's area is damaged, the person 
suffering from this condition is not capable of forming 
words. However, individuals can make sounds (Moini 
and Piran, 2020). 
 
Buchsbaum et al. (2001) found an activation pattern in 
their experiments in which a high correlation between 
Broca's area and the pSTG/PO activation time course 
was uncovered. This pattern postulates that PST 
regions and Broca's area have a closer functional 
association than the relation between posterior 
temporal regions and the premotor cortex. 
 
3.2.1.1  Premotor cortex 
According to Sira and Mateer (2014), the anterior to 
the primary motor cortex is the location of the 
premotor cortex. Therefore, this area plays a role in 
planning and organising movements and actions. In 
addition, the two left frontal regions (Broca's area and 
a premotor region) regularly showed combined 
perceptual-motor responses. These two left frontal 
regions are illustrated to have different activation 
patterns. However, the premotor region (Figure 1E)  
depicted a slow response during auditory stimulation, 
while the rehearsal phase showed a more robust 
response. (Buchsbaum et al., 2001). 
 
The left frontal regions have been known to have a 
more critical role in speech production than speech 
perception. For instance, Broca's area has been 
conventionally assumed to be linked with output 
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processes, and likely this area plays a less critical role in 
phonemic aspects of speech perception (Hickok & 
Poeppel, 2000). 
 
By studying Granger's causal interactions between 
cortical neuronal populations and the evolution of 
activity, Flinker et al. (2015) sought to understand the 
development of neural activity in the cortex. They 
found that Broca's area plays a coordinating role in 
converting information across large-scale cortical 
networks involved in speech production. In addition, 
the motor cortex implements a proper articulatory 
code formulated by Broca's area. 
 
3.2.2  Anterior insula 
The anterior insula is another part of the human brain 
that is not located in the STG, and it was found to be 
linked with speech production. The following reviews 
provide proof of this fact. Augustine (1996) states that 
the brain's lateral sulcus is the insular cortex's location 
(Figure 1F). However, Johann Christian Reil, in 1809, 
discovered the location of this region for the first time 
(Uddin et al., 2017). Moreover, this area is also 
referred to as the 'Island of Reil'. In addition, this 
region is traditionally known as a paralimbic or limbic 
integration cortex. This cortex takes part in different 
human functions ranging from sensory and affective 
processing to high-level cognition (Uddin et al., 2017). 
Based on the results from studies on lesions (Dronkers, 
1996) and functional imaging studies (Wise et al., 
1999), the anterior insula is claimed to have a link with 
the speech production process, and phonological 
aspects might be involved. 
 
Recently, Tomaiuolo et al. (2021) investigated the brain 
areas of four patients suffering from speech apraxia. 
There was neither any damage caused to the Broca's 
area and STG nor any signs of aphasia. Tomaiuolo et al. 
(2021) located the brain lesions, and they found lesions 
at the insular cortex (precentral gyrus of the insula) 
inferior part of the central sulcus. Furthermore, these 
areas are involved with sequential articulatory 
movements for speech production (Tomaiuolo et al., 

2021). 
 
3.2.3  Posterior superior temporal sulcus (pSTS) 
The STS is situated in the lateral fissure, separating the 
temporal lobe from the parietal lobe from the frontal 
lobe (Bui & Das, 2021). In research by Leroy et al. 
(2015), left and right hemispheres of the STS have 
asymmetric structures: The STS is longer in the left 
hemisphere, but it is deeper in the right hemisphere 
(Figure 1G). In observations by Allison et al. (2000), it 

was discovered that the right pSTS has crucial 
participation in detecting, predicting, and reasoning 
about social actions. Besides these functions, this 
particular area showed activation in speech production 
based on the following review. 
 
Yamamoto et al. (2019) aimed to investigate the right 
pSTS and other auditory processing regions' 
association with speech production. They hypothesised 
that the mentioned areas are more activated in speech 
production by the subjects' speech than another's 
speech. However, their hypothesis was based 
on Christoffels et al. (2007) and Agnew et al. 
(2013) studies. Nevertheless, based on their 
experiment, it can be clarified that the right pSTS gets 
more activated during speech production, and by 
hearing another's speech, the right pSTG and left pSTG 
get activated more while listening to another's speech. 
However, their experiment illustrated that the right 
pSTS activates during speech production. Additionally, 
according to a recent multi-factorial fMRI study, left 
pSTS contributes to speech production, while its 
activity was higher with non-semantic stimuli than 
semantic stimuli (Ekert et al., 2021). 
 
Another recent study by Yamamoto et al. (2019) 
explored right-lateralised response in pSTS during 
speech production. Based on their findings, this 
specific region participated in auditory feedback and 
internal representation of speech and was involved in 
bottom-up auditory feedback. Additionally, they 
depicted that pSTS was more activated in speech 
production than hearing an audio stimulus, whereas 
for pSTG, listening to audio stimuli activated the region 
more than speech production. 
 
3.2.4  Putamen 
The putamen is located in the forebrain, forming the 
dorsal striatum combined with the globus pallidus 
(Figure 1H). Additionally, this area is associated with 
learning and movement (Ghandili & Munakomi, 2021; 
Hanlon et al., 2016). The putamen is involved with 
functions such as speech articulation and language 
functions. However, this area is associated with other 
tasks that are not involved in learning, such as reward, 
cognitive functioning, and addiction (Ghandili & 
Munakomi, 2021). 
 
In 2019, Wang et al. investigated putamen in children 
with dyslexia disorder, in which they found that low 
activity of the left putamen is associated with 
phonological deficits (Wang et al., 2019). 
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3.2.5  Left Superior Parietal Lobule 
Above the lateral sulcus, posterior to the central 
sulcus, is the location of the partial lobe (Johns, 2014) 
(Figure1I). This region is known for its contribution to 
activities such as control of actions and attention. 
However, it is also known as the language area 
(Brownsett & Wise, 2009). In a recent study, Geva et al. 
(2022) tried to investigate patients with damaged 
putamen to observe which brain would contribute to 
speech production; they used tasks that were needed 
over speech production and semantic decision tasks. 
They found that the left superior parietal was activated 
during tasks that needed more speech production. 
 
3.2.6  Thalamus 
According to López-Bendito & Martini (2020), the 
thalamus is a big structure that is located between the 
midbrain and telencephalon (Figure 1J). This area is 
reported to involve functions such as consciousness, 
sleep, cognition, and language (Rangus et al., 2021). 
There were some contradictory claims about the 
association of this area with speech production. In 
2004, a study on brain regions involved in speech 
production by Dronkers & Ogar (2004) revealed that 
this region plays a role in speech production. However, 
this claim was rejected by a study by Klostermann et al. 
(2013) that depicted no activity of the region in any 
linguistic functions. 
 
In addition, Wang et al. (2022) investigated the 
possible role of the thalamus in spoken word 
production (Grapheme-to-phoneme conversions) in 
the reading-aloud task. They found brain activity in the 
thalamus, and the activation was higher than in Broca's 
area in their experiment.  
 
Overall, cerebral cortex regions, namely, parietal, 
frontal, and temporal lobes, showed participation in 
speech production, each with its specific role, as seen 
in Figure 2. Additionally, other brain areas were 
involved in speech production, such as the lateral 
sulcus, basal ganglia, and forebrain (Figure 3). 
 
4.0  BRAIN ACTIVATION OF DIFFERENT SPEECH TYPES 
Brain region activations and their role in speech 
production are already covered. However, speech 
production does not explicitly mean overt speech; 
there is also silent or covert speech. Hence, whether 
these speech production types activate the pSTG 
requires further knowledge. In addition, as Palmer et 
al. (2001) claimed, there is not enough knowledge 
about the distinctions between inner and overt speech 
processes, including their neural mechanisms. 

Topper et al. (1998) illustrated that some tasks 
involving speech production components (overt or 
covert) activate the left pSTG. They also stress that 
both types of speech production (overt or covert) 
activate the left pSTG through functional imaging 
studies. The left pSTG activates with cover and overt 
speech components during the following tasks. 
 

• Reading (Price et al., 1996) 

• Word Generation (Wise et al., 1991) 

• Object naming (Bookheirmer et al.,1995; Hickok et 
al., 1999) 

• Syllable rehearsal (Paus et al.,1996). 
 

However, based on other scholars, the network 
activated during overt speech will not activate during 
covert or silent speech. (Barch et al., 1999; Bookheimer 
et al., 1995; Huang et al., 2001; Price et al., 1994). Price 
et al. (2011) did a functional imaging study that 
analysed the activation of vocalisation, auditory 
feedback, and movement in the articulators under 
control. They aimed to investigate the brain's neural 
activities linked to the internal model of speech 
production. During the silent speech, Broca's area in 
the left dorsal pars opercularis and Wernicke's region 
in the left pSTS were activated. Furthermore, both 
Broca's and Wernicke's areas get activated in silent 
speech. 
 
5.0  SPEECH PRODUCTION MECHANISM 
5.1  Role of Neuro-motor planning 
In speech production, the articulatory movement 
creates an intermediate representation between 
neuro-motor planning (high level) and speech acoustics 
(low level) (Whiteside et al., 1993). Neuro-motor 
planning is in human brains, and its central role is to 
express linguistic information. This linguistic 
information  is  known  to  be   discrete  abstract   units  
(Singh et al., 2020). In addition, motor nerves act as a 
way that the data can be passed to activate vocal 
muscles. As a result of this activation, various 
momentarily overlapping gestures of speech 
articulators, such as lips, tongue tip, tongue body, 
tongue dorsum, velum, and larynx, occur. Each speech 
articulator modulates its constriction in various parts 
of the vocal tract (Goldstein & Fowler, 2003; Gomez-
Vilda et al., 2019). Thus, a speech sound wave is 
created by modulating the acoustic signal's spectrum, 
done by articulatory gestures. 
 
 

https://pubmed.ncbi.nlm.nih.gov/?term=Klostermann%20F%5BAuthor%5D
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Figure 2. The brain activity of the cerebral cortex regions during speech production 

 

 

Figure 3. The brain activity of other brain regions during speech production. 

 
 
5.2  Creation of sounds 
 Moreover, Honda (2003) describes speech production 
by claiming that the cyclic puffs make air sounds due to 
the airflow vibration, which passes through an opening 
in the vocal cords. However, this is not the case for the 

unvoiced sounds. According to Honda (2003), unvoiced 
sounds like the syllable "sa" are produced by a 
turbulent flow of air created because the airflow 
passes through a narrow space formed by the tongue 
inside the mouth. Human beings can control sound 
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resonance characteristics simply by changing the shape 
of the vocal tract, which can be done by changing the 
position of the mouth. The inhalation phase by mouth 
opening is a speech preparation stage (Rasskazova et 
al., 2019). Additionally, breathing through the mouth 
instead of nasal inhalation during speech production is 
more typical because it can cover more air volume, and 
coordination between inhalation and glottal aperture 
is another effective factor in creating audible noise 
(Werner et al., 2021). 
 
6.0  SPEECH DEVELOPMENT 
According to Kurdiukova and Suntsova (2020), speech 
is not an innate human skill, unlike expectations. In 
fact, during children's development, speech gets 
formed. Additionally, thought development and the 
development of speech are primarily associated. What 
is more, the early years of life are crucial to speech 
development, as motor adaptation abilities are formed 

during these years (Ohashi & Ostry, 2021). There are 
some critical stages involved in the development of 
speech. Here are the stages: 
 
6.1  Speech development stages 
6.1.1  The pre-verbal stage 
This stage is the most critical year in speech 
development (the infant's communicative stage), 
which takes place between 10 and 11 months up to 
two years (Baskaran, 2004). However, the stage's time 
occurrence might be described differently, as 
Kurdiukova and Suntsova (2020) claimed this stage 
takes place in the first year of a child's life. During this 
stage, the sounds or vocalisations can alter and are 
changeable (Baskaran, 2004). Based on the study by 
Kurdiukova and Suntsova (2020), the infant learns 
sounds from interacting with others. It has been 
postulated that some experience of the social role of 
speech is provided for the children at this stage due to 
the parent's responses to children's vocalisations. 
However, these vocalisations might not be coherent 
(Yule, 1994), as well as the actions that the children 
observe from others are caused by the sounds that 
children make (Sobirjonovich & Qizi, 2021). According 
to Bonte et al. (2016), the primary brain functions of 
voice and speech perception appear in the first year of 
children's lives. Hence, this first stage of development 
is crucial for speech development. 
 
6.1.2  The transition to active speech 
This stage happens in the second year of a child's life. 
During this stage, the child's first words and basic 
phrases get pronounced by the child, and the 
development of phonemic hearing occurs in this stage 

(Kurdiukova & Suntsova, 2020). In this stage, children 
can pronounce all vowel sounds, which might not be 
understandable sometimes, and some consonants 
could also be pronounced (Sobirjonovich & Qizi, 2021). 
 
However, the transition to active speech consists of 
two stages. The first stage occurs between 12 and 18 
months (one-word or holophrastic stage); children can 
produce recognisable single units of utterances and 
recognise objects in this stage (Yule, 1994). While the 
second stage (two-word stage) occurs between 18 to 
20 months, infants can manage to form combined 
words (Braine, 1976; Brown, 1973; Ingram, 1989; 
Pinker, 1984). 
 
6.1.3  Refinement of speech 
This stage arises in the third year of life when the child 
becomes familiar with the principal means of 
interaction. At this stage, the child can perfectly reflect 
his intentions through speech and convey the content 
and overall context of the events he is reflecting on. In 
addition, grammar, pronunciation, and vocabulary size 
grow in this stage (Kurdiukova & Suntsova, 2020). 
Additionally, each child doesn't develop speech at the 
same rate. Moreover, according to Brauer (2014), 
genetic conditions might influence the progress of 
language abilities. 
 
At birth, preconditions for certain language functions 
are not well-developed. These preconditions grow as  
the infant grows. Furthermore, the network of brain 
connections between the language regions is well-
established in 7-year-old children, compared to infants 
that have merely an essential connection within the 
language network (Brauer, 2014). As children and 
adolescents grow, fine-grained morphological and 
functional characteristics continue to evolve, while the 
rudimentary cortical networks for speech and voice 
perception are established early. (Bonte and Blomert, 
2004; Bonte et al., 2013; Giedd et al., 1999; Gogtay et 
al. 2004) 
 
6.2 Brain regions related to speech development 
In infants between 3 to 7 months, regions of the right 
ST cortex of their brain get activated while listening to 
voiced sounds compared to non-vocal sounds. These 
regions are also linked with part of voice-sensitive 
regions in adults. (Belin et al., 2000; Blasi et al., 2011; 
Grossmann et al., 2010). Imada et al. (2006) examined 
6-month-old and 12-month-old infants while they 
listened to nonspeech, harmonics, and syllables using 
the MEG (magnetoencephalography). Dehaene-
Lambertz et al. (2006) also studied 3-month- old 

https://kids.frontiersin.org/articles/10.3389/frym.2014.00014
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infants as they listened to t sentences. In addition, they 
used fMRI to scan their neural activities. Dehaene et al. 
(2006) observed activities in motor speech areas at 
three months in their experiment. 
 
In response to the speech and the auditory and motor 
cues, synchronised activities were reported at 6 and 12 
months of age (Imada et al., 2006). The newborn did 
not exhibit any activation in the motor speech area of 
the brain as a response to auditory speech when brain 
activity was recorded in auditory and motor brain 
areas. However, in 6-12-month-old infants, activity in 
the auditory and motor brain regions became more 
synchronised (Imada et al., 2006). In both experiments, 
the inferior frontal and Broca's area, which participate 
in speech production, showed activation in response to 
auditorily presented speech. 
 
7.0  CONCLUSIONS 
Communication might be one of the crucial elements 
of humans' survival; without it, individuals might 
encounter many obstacles in their lives, and speech 
may be the best way to communicate appropriately 
with others. Based on reviews, there is a clear 
understanding that speech production begins in the 
human brain, not the lungs. 
 
Dronkers & Ogar (2004) and Wise et al. (1999) 
investigated brain areas linked with speech production, 
in which they could only find Broca's area and anterior 
insula activation during speech production. 
Furthermore, this review paper confirms the previous 
studies (Dronkers & Ogar, 2004) and Wise et al. (1999) 
that Broca's area and anterior insula participate in 
speech production. In addition, the current review 
paper revealed that there are six other brain regions 
associated with speech production, namely the 
Wernicke's area, primary auditory cortex, Heschel's 
gyri, pSTS, putamen, and left parietal lobule. Hence, 
the study done by Dronkers & Ogar, (2004) seem 
incomprehensive.   
 
What is more, in 2004, Nota measured brain activities 
during speech production in an fMRI study. His study 
seemed more comprehensive than the study done by 
Dronkers & Ogar (2004), who claimed that the motor 
cortex, putamen, thalamus, midbrain and cerebellum 
are involved in articulation. Our review paper confirms 
that the motor cortex and putamen are involved in 
speech production based on studies by previous 
literature (Buchsbaum et al., 2001; Flinker et al., 2015; 
Hanlon et al., 2016; Ghandili & Munakom, 2021). There 
seems to be a significant lack of studies; furthermore, 

this review paper neither confirms nor denies that the 
midbrain has a role in speech production, as further 
studies need to be carried out. Participation of the 
thalamus was rejected by Klostermann et al. (2013), 
claiming that this area was not involved in any 
linguistic functions; however, our review paper 
rejected the claim by Klostermann et al. (2013), as in 
2022, Wang et al. illustrated that this region is involved 
with speech production. In addition, Nota (2004) also 
claimed that the anterior insula was not activated in 
articulation, whereas the current paper illustrated that 
the anterior insular is involved with speech production 
according to studies by previous literature (Dronkers, 
1996; Tomaiuolo et al. 2021; Wise et al., 1999) . 
 
This literature depicted that frontal, temporal, and 
parietal lobes are involved during speech production, 
suggesting that speech production is not supported 
merely by one lobe but three. Moreover, STG regions 
(Wernicke's area, Heschl's gyri, and primary auditory 
cortex) showed significant participation in speech 
production, especially the left pSTG. These regions also 
showed activations in speech perception. However, 
when the left pSTG was impaired in an experiment, the 
speech perception was not limited. Although other 
brain regions outside the STG were also involved in 
speech production, namely, Broca's area and anterior 
insula, posterior superior temporal sulcus (pSTS), 
putamen, and left parietal lobule, speech production is 
supported in other brain areas. This process is not 
specified and limited to the activation of one or two 
brain areas. However, different types of speech 
production had different brain activities, such as 
activation of the left pSTG in overt and covert speech 
and activation of Broca's area and Wernicke's area in 
silent speech. 
 
Regarding the speech mechanism, this review paper 
depicted that speech does not start from the lungs; it 
begins in the brain. Furthermore, motor nerves 
activate the vocal muscles that lead to different 
gestures of speech articulators. In addition, it was 
depicted that the way of breathing and the position of 
the mouth also affects the speech sounds. 
 
Childhood and early years are important for speech 
development as motor adaptation abilities are formed 
during these years, which involve three critical stages 
of development. In the pre-verbal stage, infants learn 
sounds; in this stage, the right superior temporal gets 
activated. The transition of active speech, as the 
second stage, occurs when the infant produces simple 
words. The last stage is the refinement of speech, in 

https://pubmed.ncbi.nlm.nih.gov/?term=Klostermann%20F%5BAuthor%5D
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which the infant uses better grammar and 
pronunciations. In the last two stages, the mentioned 
regions in the review related to speech production 
have a more significant role in speech development. 
During these stages, the inferior frontal and Broca's 
area showed activation. Additionally, speech 
development studies showed participation of the 
inferior frontal and Broca's area. 
 
This review has limitations, such as inadequate studies 
about the role of the midbrain in speech production 
and a lack of studies related to speech development 
and the involved brain areas. Studies comparing 
activation patterns of the different brain areas during 
speech production are lacking, and more investigations 
are needed. This review paper deliberated on which 
brain regions were linked with speech production and 

what were the roles of each specific area in speech 
production. It is helpful for cognitive neuroscience, 
neurolinguistics, and psycholinguistics researchers, 
who seek to investigate activities in different brain 
areas during speech production. 
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