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Speaking often feels effortless. Most people can translate thoughts into words almost 

instantly. A myriad of networks in the brain interact with each other so that we can 

answer questions, tell stories, and introduce ourselves without consciously thinking 

about how speech is produced. Yet from a neuroscience perspective, speech is one of the 

most complex neural mechanisms that the human brain performs. 

 



 Producing even a short phrase requires precise coordination of the language system, 

motor planning networks, sensory feedback, and timing mechanisms distributed across 

multiple regions of the brain. Understanding how the brain produces speech serves as a 

foundation for understanding speech differences like stuttering. Over the past several 

decades, advances in neuroimaging and neuroscience have allowed researchers to study 

the brain networks involved in speech production with increasing precision. Studies 

reveal that speech is not controlled by a single “speech center”, but instead emerges 

from a network of interconnected brain regions working together in fractions of a 

second.  

 

The process begins when the brain formulates a linguistic message when we decide what 

we want to say. Regions within the left hemisphere of the brain play an especially crucial 

role in this development. One of the most widely studied brain regions connected to 

speech is Broca’s area, located in the left inferior frontal gyrus. Discovered in the 19th 

century as a major modulator in speech, Broca’s area is now understood to contribute to 

the planning and sequencing of speech movements. Modern-day neuroimaging research 

suggests that this region assists in translating linguistic information into motor 

programs that guide articulation (Hagoort, 2014). Essentially, before a word can be 

spoken, the brain first generates a detailed plan required for the movements required to 

produce that word. 

                                

 



Once a speech plan has been formulated, the brain converts this plan into coordinated 

muscle movements that physically produce the speech sounds. This process relies on the 

primary motor cortex, which sends signals via neurotransmitters  to muscles of the vocal 

tract including the tongue, lips, jaw, and larynx. The primary motor cortex, however, is 

not the only brain region needed to generate the physical movements of muscles for the 

production of speech. Speech requires extremely precise motor control. Even a single 

syllable involves multiple muscles activating in carefully timed patterns within fractions 

of a second. As evidenced by Bouchard et. al (2013),  neural activity during speech 

production has demonstrated that specific regions of the motor cortex correspond to 

movements of different articulatory structures. Bouchard and colleagues mapped neural 

activity in the sensorimotor cortex during speech and found that distinct patterns of 

neural activation correspond to specific articulatory gestures. These findings highlight 

the extraordinary level of coordination required to produce fluent speech. 

                              

 

Although the motor cortex controls the muscles of speech, other brain structures help 

regulate the timing and sequencing of these movements, which is arguably just as 

important as generating the motor signals themselves. The basal ganglia, a group of 

interconnected nuclei located deep within the brain, have been implicated in this role of 



initiating movements and regulating their timing. Speech places particularly high 

demands on this system as sounds must transition rapidly and smoothly from one to the 

next. Alm (2004) suggests that abnormalities in the basal ganglia pathways involved in 

motor timing could contribute to the speech disruptions observed in developmental 

stuttering. 

                         

 

 

Another structure involved in coordinating speech movements is the cerebellum which 

is located at the back of the brain. The cerebellum contributes to motor precision and 

learning via fine-tuning movements and correcting small errors in motor execution. 

During speech production, the cerebellum helps ensure that articulatory movements 

occur with the correct timing and coordination. Research by Ackermann (2008) 

suggests that cerebellar circuits play an important role in maintaining the smooth 

execution of speech movements and adapting speech motor patterns over time through 

motor learning. 



                                

Speech production also relies on continuous sensory monitoring. As we speak, the brain 

listens to our own voice and compares the sounds we produce with the sounds we 

intended to produce. This process involves the auditory cortex, which provides feedback 

that allows the brain to detect and correct errors during speech. The interaction between 

speech motor commands and auditory feedback has been described in the DIVA model 

of speech production, developed by Tourville and Guenther (2011). According to this 

model, fluent speech depends on continuous communication between motor planning 

systems and sensory feedback systems, allowing the brain to make rapid adjustments to 

speech movements as they occur. 

Taken together, these findings illustrate that speech emerges from a complex network of 

interacting brain systems. Language planning regions in the frontal cortex generate 

speech plans, motor cortex regions execute articulatory movements, basal ganglia 

circuits regulate timing and initiation, the cerebellum refines coordination, and auditory 

systems monitor the resulting speech sounds. Researcher Frank Guenther (2016) 

describes speech production as one of the most sophisticated sensorimotor behaviors 

performed by the human brain, requiring continuous coordination between multiple 

neural systems. 
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