


 

 

Chapter 3 

How the Brain Works 

 

Learning is dependent on attention. To learn, a child’s brain must focus on 

relevant stimuli long enough to assimilate the new information into existing patterns—to 

make meaning out of it. For many children with prenatal exposure to substances of abuse, 

however, the brain has difficulty focusing on what is important and is easily 

overwhelmed by an endless stream of extraneous sensory information. This lack of focus 

is related to structural changes in the brain as well as to a variety of physiological, and 

psychological factors. Physiological states such as illness, hunger, sleep deprivation, or 

pain, or psychological states such as anxiety, depression, or anger, can divert cognitive 

resources away from the learning centers of the brain to the survival centers. When this 

happens, attention, concentration, and rational, logical thought is blocked, and learning 

becomes impossible. All of us have experienced times, for example, when we are too 

tired to think, or too upset to make good choices. When this happens, we take steps to 

address our needs so that we can return to our best selves as quickly as possible. We get 

some rest. We take a deep breath or go for a long walk. And soon, we feel better again. 

The key to learning success, then, is self-regulation. But for children with prenatal 

substance exposure or for children who have experienced trauma, the regulatory centers 

of the brain are compromised, and self-regulation of emotion is a continuous challenge. 

When a child is unable to self-regulate, the presence of a calm and supportive adult is 

helpful to serve as the rational, logical, “outside brain” to help the child return to a state 

of calm so that learning is possible. Within the classroom setting, the teacher and support 
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staff must serve in this capacity. As a partner in the co-regulation of the child’s emotional 

state, the teacher must be continuously mindful of the affective state of all children in the 

classroom in order to intervene at the first sign of emotional dysregulation. Being 

proactive at the first sign of agitations is much more effective than expecting a child to 

return to a state of calm after a full-blown melt-down has occurred. 

Deloris entered her 10th grade science classroom quietly. She 

slipped into her chair, planted her forehead against her desktop and pulled 

tightly on the strings to the hood of her sweatshirt, closing off the world 

around her. She didn’t move. Mrs. Brown, noticing this unusual behavior, 

worked her way steadily through the stream of students as they entered the 

class. Crouching beside Deloris’s desk, Mrs. Brown spoke softly, “Hey, 

what’s going on?’ she asked. “Where’s my smile?”  

Deloris rolled her head to make eye contact. “I’m tired,” she 

droned. “I don’t want to work today.”  

“You look tired,” her teacher acknowledged. “Were you up late?”  

“All night,” came a muffled response from beneath the hood. 

“All night?” Mrs. Brown exclaimed in a tone of mock incredulity. 

“All night?” She pitched her body backward as she clasped her hand over 

her heart in an exaggerated melodramatic gesture. 

 “All night?” 
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Deloris raised her head to look at Mrs. Brown in her fake swoon 

position, now blocking the aisle. “Get up!” she whispered. “It’s 

embarrassing!” Deloris sat up straight and then slumped against the back 

of her chair. A faint smile appeared from under the hood.  

“There’s my smile,” Mrs. Brown said, as she regained her footing 

and her dignity. She placed her hand lightly on Deloris’s shoulder and 

leaned over to maintain eye contact. “Are you OK?” she asked. 

Deloris looked into her teacher’s eyes and nodded as if to say, 

There’s more to this story. But we’ll talk later. 

Mrs. Brown smiled, raised her eyebrows, and looked over the top 

of her glasses while maintaining eye contact. “Umm Humm,” she intoned, 

lingering for just a moment more to absorb every possible cue that would 

assure her Deloris was indeed “OK,” before returning to the front of the 

class to begin the day’s lesson.   

The relationship between Deloris and her teacher is unique in public schools 

today. Long before this day, Mrs. Brown had worked to ensure that every child in her 

class knew that she genuinely cared about them. She would routinely greet each child as 

they entered her classroom. She made eye contact when they talked and took an interest 

in their lives outside of school. She found ways to make each child feel that they were 

precious and special in her eyes and she took personal responsibility to ensure that 

somehow, over the course of the year, she would make a personal connection with each 

of her students. Her students responded positively to this nurturing environment and 
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classroom misbehavior was rare. Her students knew that she genuinely cared for them 

and they did not want to disappoint her. 

Unlike Mrs. Brown, however, some teachers may not view building relations with 

their students to be a necessity. One teacher opined, “I am here to be their teacher, not 

their friend.” That teacher might have ignored Deloris’s behavior altogether, rationalizing 

that sleeping through class and missing out on core concepts was Deloris’s choice.  And 

if Deloris failed because she did not know the material that had been taught, then that was 

a natural consequence of her personal choices and her own behavior. After all, the 

thinking goes, she is almost an adult. She needs to accept responsibility for her actions. 

The real world will not allow her to sleep on the job without consequences.  

Still other teachers might have approached Deloris’s behavior as a threat to their 

authority in the classroom. Such teachers might take a more autocratic approach to her 

behavior and attempt to use power and coercion to change Deloris’s behavior. Towering 

beside her desk, they would demand that she “sit up” and “pay attention” and if such 

demands were not met with swift compliance, then Deloris would have been sent to the 

office with a disciplinary referral. 

 The problem, however, with both of the latter approaches is that no learning takes 

place. Mrs. Brown’s approach, however, is different. She doesn’t use punitive measures 

of classroom discipline. Neither does she use public humiliation nor reactive measures to 

respond to student misbehavior. Rather, she is consistent and predictable, and students 

trust her to keep them physically, emotionally, and socially safe in her classroom. It is not 

surprising, then, that Mrs. Brown is well-liked by her students. Students respond 

positively when they believe that a teacher truly cares for them. Mrs. Brown, however, 
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doesn’t purposefully cultivate caring and supportive relationships with her students 

because she wants to be liked. Rather, Mrs. Brown’s primary motivation for focusing on 

building strong connections with her students is because she wants them to learn. And by 

building strong relational connections with her students, her students are motivated to 

behave. They follow the classroom rules because they want to, not because they must. 

Mrs. Brown’s approach, however, is not merely a difference in pedagogic philosophy 

from her peers. It is science.  

As a science teacher, Mrs. Brown is aware of the overwhelming body of scientific 

evidence that shows that learning is highly correlated with the social and emotional 

contexts in which the learning occurs. She is familiar with both the neuroscience that 

indicates there is no learning without emotional engagement and the evidence that clearly 

demonstrates an agitated emotional state can block the essential elements of all learning: 

attention, decision-making, and memory. She is familiar with studies that show that 

human beings interpret the intentions of others through facial expressions and that we 

judge the extent of perceived threat through vocal intonations and through nonconscious 

recognition of brain waves. And she is aware of the research that demonstrates that if we 

are anxious or fearful, long term memory problems can result. Given this scientific 

evidence, if she had responded to Deloris by using harsh reprimand or by ordering her to 

“sit up straight and pay attention” she would have run the risk of triggering an emotional 

cascade of fear or anxiety. Research shows memories linked to fear trigger memory 

consolidation which creates mental models that are hard to break. Emotional memories 

that are generated in this way are more permanent and influential than other types of 

memory, specifically overriding semantic memory, which is the exact form of memory 
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utilized for our knowledge of concepts. Since scientific knowledge depends upon the 

memorization of concepts, then responding to Deloris in a harsh, authoritative manner 

that generates a fear response, would have linked the fear response to both the science 

content as well as to the classroom context. Such a response might very well have 

sabotaged any hope that Deloris had for doing well in her class even if she had complied 

with the directive to “Sit up straight!”   

Because Mrs. Brown is familiar with the way the brain works, she is thoughtful 

about the way she instructs to maximize the probability that learning can take place. The 

science behind learning is clear: Learning is dependent upon both the physical and 

emotional state of the whole child and involves not only the way the brain processes new 

information from the external world, but also the way that the brain processes internal 

states as well. The relationship between the teacher and the child plays a significant role 

in fostering an internal state that allows learning to occur. Immordino-Yang in his book 

Emotions, Learning and the Brain (2016) observes, “Learning is both a cognitive and an 

emotional process…To learn, students empathically recognize the teacher’s actions, 

thoughts and goals.”  

Because emotion plays such an important aspect of learning, the environment for 

every student in the class is going to be different.  Even though students may be 

participating in the same lesson in the same classroom at the same time, their unique 

internal state processes information in completely different ways. Learning is not simply 

about the content or the instructional strategies that are used to convey the content. 

Learning is also dependent upon the environment of the classroom and the quality of the 

relationship between the teacher and the student. To understand how this works, then, we 
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need to understand how the brain works, how memories are formed, and how the brain 

processes sensory information from both the internal world of the child as well as the 

external world concerned with its primary purpose of ensuring our survival. 

The Structure of the Brain 

The human brain begins to form within the first few weeks following conception. 

Composed of approximately 100 billion nerve cells called neurons, the brain uses over 

20% of all the oxygen and energy of the body--roughly about the same amount of energy 

expended by walking four miles. Within the first three weeks of gestation, the brain starts 

to control the functions of the body and by eight weeks, most of the structural 

components of the brain have begun to appear. As these structural features develop, they 

take on highly specialized functions which will shape the ways that we interact with our 

environment for the rest of our lives. Brain cells multiply by dividing themselves 

repeatedly. Growing exponentially inside of the fixed space of the skull, the brain forms 

folds (gyri) and grooves (sulci) to maximize the amount of surface area that can fit into 

the confined space.  At birth, the brain weighs about 12 ounces and has a surface area that 

is between 233 and 465 square inches, or about the size of two pages of the morning 

newspaper, scrunched up into the small four-inch-wide cranial cavity of a newborn’s 

head. The brain consists of four lobes that are divided along the midline of the body into 

right and left hemispheres (Figure 1).   
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Figure 1 

 

Figure 1. An image of the brain’s four lobes.  Reprinted from Wikimedia Commons,  
by Sebastian023, 2018, from http://commons.wikimedia.org/wiki/File:LobesCaptsLateral.png.   
 

The four lobes (frontal, parietal, temporal and occipital), together with 

components of the limbic system, work in an incredibly complex and integrated fashion. 

And although the brain will continue to grow and develop into early adulthood, already, 

at birth, the brain is organized into structures that are highly specialized to enable us to 

learn from experience, to problem-solve, and to provide information that is critical to the 

modification of behavior so that we can adapt to the uncertainty of our environment long 

enough to pass along our genetic code to a subsequent generation.  

Although the brain is highly specialized to carry out the complex functions 

essential to our survival, individual brain cells do not start out as highly specialized. Over 

the course of fetal development, brain cells begin as stem cells that are generated along 

the midline of the brain and then migrate outwardly, assuming their distinct cognitive 
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functions once they reach their specialized locations. A stem cell, for example, that 

migrates toward the back of the brain, takes on the functions of the occipital lobe and 

becomes highly specialized to process visual information. Whereas, a stem cell that 

migrates to the temporal lobe becomes highly specialized to process auditory information 

and a stem cell that migrates to the parietal lobe specializes in the integration of sensory 

information.  

Brain cells are extremely small—so small that thousands of neurons could fit 

within the circumference of the period at the end of this sentence. In order to 

communicate among themselves, neurons grow projections that extend out from the cell 

body until, eventually, each individual neuron looks somewhat like a tree. The base of the 

neuron consists of the cell body and the trunk, or axon, protrudes outwardly from the cell 

body forming branch-like extensions called dendrites. The dendrites protrude from both 

the axon as well as from the cell body much like branches and roots extend from either 

end of the trunk of a tree. These dendrites, then, intertwine with the dendrites of adjoining 

neurons to form a dense forest of connections. Communication among neurons occurs as 

a result of electrical charges that course down the length of the axon resulting in the 

release of chemical messengers from the ends of the dendrites. These chemical 

messengers are called neurotransmitters. The neurotransmitters are then picked up by 

receptor sites on adjacent dendrites triggering the release of another electrical charge in 

the receiving neuron. Through successive electrical impulses, neurons communicate with 

each other (Figure 2).  
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Figure 2 

 

Figure 2. An image of a neuron. Reprinted from Wikimedia Commons, by B. Blausen, 2013, from 
https://commons.wikimedia.org/wiki/File:Blausen_0657_MultipolarNeuron.png. 
 

Different neurotransmitters communicate different messages and thus activate 

different neural networks within the brain. Since each neuron has multiple dendrites, each 

neuron can communicate with many other neurons forming multiple networks, like super 

highways, to different destinations within the brain. As these multiple neural networks 

interweave and overlap, they form hierarchies to handle complex tasks, and as the 

hierarchies become more abstract they organize into modules that become highly 

specialized for various functions. Through repeated activation, the modules themselves 

become interconnected, broadly distributed, and overlapping, forming functionally 

integrated systems capable of highly complex interactions.  
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This complex teeming mass of interconnected neural modules, each consisting of 

thousands of individual neural networks, is the physical substance of memory. Memory is 

not a place. It does not reside in a single location within the brain. Memory, rather, is 

distributed across the brain, drawing upon the resources of multiple brain structures, each 

adding its own unique contribution to the memory trace. The “Happy Birthday” song, or 

Mendelssohn’s “Wedding March,” for example, tap into this extensive multi-layer array 

of neural networks to invoke a memory of a specific place and time complete with the 

sights, smells, and emotional sensations associated with the initial experience that 

generated the memory. And since these integrated neural modules are so extensively 

distributed across the brain, they produce the opportunity for complex and novel 

associations among neural networks, generating multiple possible outcomes. This process 

thus becomes both the source for predictability of response as well as provides the 

opportunity for unexpected and creative insights. Scientists estimate that about one 

million billion connections exist among the cells in the brain--100 billion times the 

number of stars visible in the night sky. And although the brain will continue to grow and 

develop throughout our lives, reaching the weight of about three pounds in adulthood, the 

extensive nature of these well-developed neural networks and functionally integrated 

systems is already evident at birth. 

Setting the Stage for Learning 

At birth, the brain has developed the capacity to recognize and respond to threats 

from the environment even though the ability of the infant to act upon these signals in its 

own defense is limited. After all, newborns are helpless. They have no teeth or sharp 

claws to defend themselves. Their muscles are weak, and they are incapable of running 
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away or fighting off an attacker. Since infants have not yet developed language, they 

cannot call for help nor feed themselves or protect themselves from the elements of 

nature. Newborn infants are both defenseless and immobile. Left on their own, an infant’s 

longevity would range from minutes to days, but not weeks. And yet, by the time an 

infant is born, the brain has already developed neural circuits that dramatically increase 

the likelihood of the infant’s survival.  

Studies show, for example, that during the last trimester of pregnancy, the 

auditory circuits of the brain are fully developed and the right brain, the hemisphere 

responsible for connection and empathy, begins a period of rapid growth. As a result, at 

birth, the baby’s brain has already learned to recognize the voice of the mother as well as 

the sounds of the physical environment that will become the infant’s new home. If the 

physical environment has been calm and loving, the infant’s endocrine system and stress 

response system will have already developed to accommodate this expectation and the 

neural networks that facilitate the release of dopamine, serotonin, and oxytocin will speed 

these essential neurotransmitters to key centers of the brain that are essential for learning, 

attunement, and attachment. In contrast, if the prenatal environment has been 

characterized by high stress, deprivation, or threat of violence, then the neurological 

systems of the infant will have adapted in such a way as to create the highest probability 

for survival.  

Studies conducted on infants born to mothers who experienced domestic violence 

during their pregnancy revealed that at birth, the babies displayed behavior consistent 

with hypervigilance to visual and auditory stimuli. From the first day of life, a baby’s 

senses are primed to process every stimulus through a survival filter. As a result, 
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corticosteroid stress hormones are locked in at an ambient level commensurate with 

heightened alert. At this level, the critical threshold necessary for full activation of a fight 

or flight response is lowered. How does this happen?  

During the final months of pregnancy, as the brain develops, the fetus responds 

not only to the mother’s voice, but to the mother’s moods and temperament as well. 

Throughout the course of formation in the womb, the fetus has shared every aspect of the 

mother’s environment and experience. The baby is nourished by the same nutrients (and 

toxins) that the mother ingests and reacts neurologically to the hormonal and 

neurotransmitter secretions associated with the mother’s emotional state in the same way 

as the mother. Affective states of stress or peacefulness resulting from chemical changes 

in the mother’s body, are passed through the placenta to affect the fetus as well. As the 

baby’s sensory systems develop, the baby can also experience aspects of the environment 

they are about to enter through sound and touch. Because of this prenatal experience, an 

infant is born with knowledge of their world and their neurochemical response to threat 

or safety has been preprogrammed to increase the likelihood of their survival.  Research 

shows, for example, that a newborn will turn its head toward the sound of its mother’s 

voice and will calm in response to contact with the mother’s skin. A newborn will also 

respond emotionally to conditions of its environment that were experienced prior to birth. 

A British study demonstrated, for example, that infants born to mothers who had watched 

a popular comedy television program during the course of their pregnancy, showed 

delight by flapping their arms and smiling when they heard the theme music of the 

program. In contrast, babies born to mothers who had not watched the program during 

their pregnancy showed an interest when they heard the music, but then quickly 
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reoriented to other stimuli in their environment, thereby demonstrating unfamiliarity with 

the music. In another study conducted at University of Denver, researchers showed that 

babies who had been subjected to high levels of stress during pregnancy, demonstrated 

elevated levels of cortisol in response to stressful conditions in the first day of life and, as 

a result, they were more difficult to soothe. Research at University of Edinburgh revealed 

that exposure to toxic levels of stress during pregnancy caused an architectural change to 

the stress response system of the developing brain resulting in the child being more prone 

to anxiety and behavior problems as they grew up.  

What is striking about these studies is not only that early life experiences change 

the ways that the brain processes stressful information, but that these changes can last a 

lifetime. A body of literature on the impact of stress on the developing child affirms that 

the stress response system of the infant is highly correlated to the degree of stress 

experienced by the child’s mother during the final months of pregnancy as well as the 

extent of stress experienced by the child in the first few years of life. Studies have also 

shown that the relationship between the mother and the infant in the first year of life has a 

profound effect on the ability of the child to regulate emotional reactions to stressful 

events. Since the ability to regulate emotional distress is essential for rational thought, the 

nature of the mother/child relationship in the first years of life sets the stage for the 

activation of the primary learning centers of the brain, with subsequent implications for 

how well a child does in school.  The early development of the right hemisphere of the 

brain and its role as the center for emotional connection and empathy and as the primary 

location of “mirror neurons” is responsible for the association between the mother and 

child in the first years of life and for learning during the school-age years. 
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Mirror neurons activate portions of the brain that allow us to experience the 

emotions of others. At birth, this capacity is essential for eliciting compassion and 

empathy from the primary caregiver upon whom the infant is completely dependent.  If 

compassion and empathy are established between the mother and the infant, then that 

loving connection greatly increases the likelihood that the infant will be protected and 

cared for within a safe and supportive environment. Research shows that this secure 

attachment between the infant and caregiver is a critical foundation that sets the stage for 

healthy cognitive development. When a mother smiles and coos at her baby, the infant 

will smile and coo back. Studies show that within the first couple of weeks of life, a baby 

can mimic facial expressions of loving caregivers in the home. This interaction facilitates 

the formation of a secure bond between the baby and the mother and sets up a 

chemically-induced reward system that reinforces the maternal/infant interaction in a 

mutually beneficial way through the synchronous release of neurotransmitters like 

dopamine, endorphins, and oxytocin, which promote feelings of pleasure, a sense of well-

being and close relational connection. The nonconscious mimicry of facial expressions, 

vocal inflections, posture, and behavioral mannerisms that is characteristic of 

infant/caregiver interaction in the first weeks of life activate the formation of neural 

networks that foster affiliation and positive social engagement that remain throughout our 

lifetime. Research psychologists from the University of New York, for example, 

demonstrated that in social interaction, adults unconsciously match the behavioral 

mannerisms of each other. They also noted that individuals who matched the behavioral 

cues of others expressed greater feelings of likability and cooperation toward one 

another. Colorfully, they labeled this phenomenon “the chameleon effect” and it is now 
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well established that matching body language serves as an important signal that 

subliminally builds trust and rapport between individuals across the age span.  

The point is that the brain is hardwired for relational connection with others and is 

particularly sensitive to biobehavioral cues that might indicate when we are not safe in 

the presence of others. Studies show that the infant and caregiver automatically match not 

only their behavioral movements, postures, and expressions, but come into synchrony in 

heart rhythm, hormone levels, and brainwave activity as well. If the mother is 

consistently responsive to the distress of the infant, the infant learns that adults are safe 

and can be trusted to meet the infant’s physiological and emotional needs. In response to 

the mother’s face, touch, and voice the infant’s brain establishes neural connections that 

result in the release of chemical messengers that create a sense of calm, pleasure, and a 

sense of connection to the primary caregiver. These neural networks are established 

through the quality of the interaction between the infant and mother in the first years of 

life and remain intact as an internal working model of relationships into adulthood. This 

amazing, non-conscious interaction between the infant and the mother establishes the 

neural architecture that is the basis of secure attachment in which the infant feels safe and 

learns to trust the loving adult in her life. As a result, the bond between the mother and 

the baby is strengthened and the chances that positive interactions between the mother 

and the child will be repeated is increased. 

The Chemistry of Attachment 

The bond of trust and safety that is established between the mother and infant 

through these early interactions activates neural networks that serve as the foundation for 

learning and success throughout life. Relational connections create a neurobiology that 
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promotes memory, impulse control, and attention through the release of neurochemicals--

primarily, dopamine, endorphins and oxytocin. Because these neurochemical signals play 

such an important role in learning, they warrant a closer examination.  

Dopamine is a neurotransmitter that plays a key role in the reward and pleasure 

centers of the brain. When dopamine is released, it facilitates communication among 

nerve cells and signals a pleasurable experience. By doing so, dopamine creates a 

reinforcing effect through the formation of neural circuits that increase the likelihood that 

similar positive interactions will reoccur. Dopamine also plays a major role in impulse 

control and maintaining attention by helping the brain to stay focused on a task and to 

persist in the face of difficulty. These are important attributes to have for survival as well 

as for human bonding. In emotionally-charged circumstances, for example, dopamine is 

released into the system by the amygdala—the fear center of the brain. Dopamine 

increases attention and facilitates information processing and memory of both the events 

and the environmental context that surrounds the formation of the strong emotion. 

Similarly, when a child and caregiver engage in playful interaction, dopamine is released 

giving a feeling of immediate pleasure and encoding the event into memory to ensure 

future replication of the interaction. Dopamine, however, does not act alone to reinforce 

the reward of playful interactions. Substantial help is also provided by the release of 

endorphins. 

Endorphins are the body’s natural opioids.  As neurotransmitters, they are 

released in times of stress, pain, or fear to signal surrounding nerve cells to block the 

body’s sensation of pain. In addition to blocking pain, however, endorphins also function 

to generate a strong feeling of overall well-being and it is this capacity that serves a 
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primary role in fostering secure attachment between the infant and caregiver. In addition 

to being triggered by stressful or painful situations, endorphins are also released in large 

quantities through laughter and playful situations. The resulting feeling of euphoria that 

accompanies humorous interactions, then, becomes a powerful reinforcer of engagement 

in playful situations with trusted adults. Like super-bonding glue, laughter and playful 

situations increase the likelihood that the child will find pleasure in social interaction and 

will view engagement with adults in a positive manner. Through social interaction and 

playful engagement, the child learns that he is valued just the way he is and that adults 

enjoy being with him. These interactions result in the creation of neural networks that 

strengthen the feeling of safety and the bonds of trust between the infant and loving 

caregivers. Because of these early life experiences, the child enters school less fearful to 

explore their new surroundings and more willing to engage in different experiences with 

others. They are also more trusting of their teachers who take on the role of trusted 

caregiver during the time that the child is at school.   

Oxytocin is the human bonding and relationship hormone that also serves as a 

chemical messenger in the brain. Oxytocin is released whenever people interact with one 

another in a relationship that is characterized by kindness and trust. It is released in large 

quantities during lactation and childbirth and functions as a catalyst to the strong feelings 

of attachment, compassion, and empathy that the new mother expresses toward her infant 

child. Because of this, researchers believe that oxytocin may be the primary 

neurochemical responsible for the development of empathy and compassion.  

Taken in combination, then, dopamine, endorphins, and oxytocin, work together 

to strengthen the caregiver role of the parent and the feelings of safety and trust that the 
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child has toward the parent. As a parent soothes and comforts a distressed child, 

dopamine and endorphins go to work to create feelings of pleasure and well-being. At the 

same time, oxytocin augments the work of dopamine and endorphins to build a deep 

sense of attachment and connection between the parent and the child. As a result, the 

pleasurable sensations, together with the strong emotional connection that the parent feels 

for the child are linked in a self-reinforcing combination that creates resilience to future 

stressful life events.    

Use It or Lose It 

So far, we have seen how memory is dependent upon the formation of robust 

neural networks that link new experiences with past learning. These networks, however, 

can only be established if the brain is in a calm state since stress and emotional 

dysregulation turn off the thinking centers of the brain. We have also seen how 

supportive adults in a child’s life can serve as a buffer to stressful events by creating 

conditions that help the child to regulate their emotional state so that learning can occur. 

By connecting with children on a relational level that reinforces a sense of safety, care, 

and support for the child, adults can foster the formation of neural connections that 

establish the neurological foundation for willingness, motivation, impulse control and 

attention to task—the necessary and essential components of successful learning. How 

does the brain, then, process information from the environment in such a way as to 

differentiate between connections that are caring and supportive versus those that are not 

safe?  

The more often that neurons communicate with each other, the stronger and faster 

the connections become. As Donald Hebb observed, “Neurons that fire together, wire 
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together” and thus form robust neural networks. In contrast, neural networks that are 

rarely activated, die out. So, is there a critical period in brain development that is optimal 

for the creation of neural networks after which the window of opportunity is closed? The 

answer to this question seems to be both “yes” and “no”.  

Scientists used to believe, for example, that in terms of behavioral regulation, the 

critical period was the first nine years of a child’s life. Dodge (1993) suggested that when 

aggressive and antisocial behavior has persisted to age 9, further intervention has a poor 

chance of success.  But recent studies have concluded that the brain is much more 

malleable than was first thought and neural networks continue to develop and adapt 

throughout our lifespan. There are, however, limitations to this development and change 

becomes more difficult once initial patterns are established. As Bruce Perry (2012) noted, 

“To change the brain structure and develop new neurons, the matter of frequency, 

intensity, and the use of repetition is key.”  

Research has shown, for example, that at birth, the brain is equipped to recognize 

and produce every speech sound, or phoneme, from every language on earth. However, 

within the first year of life, infants lose the capacity to distinguish phonemes that are not 

produced within their native language. Japanese adults, for example, are unable to 

reliably distinguish between the English language sounds of /l/ and /r/ because these 

sounds do not exist in their native language. Japanese infants at 4-months, however, can 

distinguish the difference between /l/ and /r/ sounds as reliably as 4-month-old infants in 

the United Kingdom. By 6-months of age, however, infants begin to show a preference 

for those sounds that are common to their native language over those phonemes of a 

foreign language. And by 1-year of age, infants no longer respond to phonemes of a non-
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native language. With repeated exposure, however, the ability to recognize and produce 

non-native phonemes persists until about 7-years of age, which explains the reason that 

children growing up in multilingual cultures are able to speak multiple languages without 

an accent. But after this critical period, the brain purges non-essential neural networks 

and adults lose the capacity to distinguish non-native language phonemes altogether.  

Understanding the broadly distributed nature of neural networks and their 

specialized modules provides insight, then, into the nature of memory and forgetting. The 

more networks that are activated in the learning of new material, the greater the number 

of connections that become part of the memory trace. For this reason, memory is 

enhanced when new material is linked to previous knowledge through association and 

elaboration. The more elaborate the connections with previous knowledge, the more 

networks are created to allow for retrieval of the information.  Every time a child 

remembers a fact, concept, or process, the neural networks that lead to the modules that 

store the memory are reactivated and strengthened. The opposite effect, however, is also 

true. When neural networks are not reactivated through multiple rehearsal opportunities 

repeated over time, the link to the memory trace is not maintained and the information is 

forgotten. The challenge, then, for educators is to present new material in ways that 

actively engage the problem-solving center of the brain in order to link new information 

to as many novel existing networks as possible. One way to make this associative process 

explicit is through group brainstorming:  

Mrs. Castillo is conducting a lesson on behavioral expectations in her first-

grade classroom. One of the expectations is to “Be safe.”  

“What does “Be Safe” look like in the classroom?” she asks. 
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Her students begin actively generating responses.  

“No hitting,” comes one response. 

“No running,” adds another. 

“No running with scissors,” elaborates a third. 

“No stabbing with a pencil,” replies another. 

As the generation of ideas about the nature of safety in the classroom 

continues, the associative nature of the meaning-making activity of the 

brain comes clearly into view as one idea builds upon another. The 

response of “No running with scissors” is an elaboration of the previous 

response of “No running.” The fourth response of “No stabbing with a 

pencil” is built upon the concept of “No hitting” as well as “No running 

with scissors” as the child thoughtfully processes the horrifying 

implications of running with scissors and behaving in a way that would 

result in a similar outcome.  

Conscious thought is required for the children to generate extrapolated responses 

in this way. They must hold multiple actions in mind simultaneously and then mentally 

connect each action with a consequence that is potentially unsafe. This highly 

sophisticated mental process takes place in the medial prefrontal cortex of the brain.    

The Rational, Logical Brain 

The medial prefrontal cortex is located in the middle of the frontal lobe directly 

behind the forehead. It is the problem-solving center of the brain, responsible for the 
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executive functions of rational, logical thought, for impulse control, and for sustained 

attention to a task. It is also the location of working memory, the mental sketchpad of the 

brain. Working memory is capable of holding multiple pieces of new information in 

conscious thought long enough to compare and contrast it with existing information so 

that the new input can be integrated with current knowledge.  These processes are 

essential for learning to occur. To encode information into memory, the medial prefrontal 

cortex must focus on selective stimuli from the environment, organize the new 

information into meaningful clusters or patterns, problem solve to determine what to do 

with the information, generalize the information to known concepts, and then apply 

strategies to the new information so that it can be utilized again in the future. If the 

selected strategies for processing and retaining the information are unsuccessful, then the 

medial prefrontal cortex is also responsible for recognizing this inefficiency and 

stimulating the search for new strategies that can be applied to the task.  

As a meaning-making structure, the medial prefrontal cortex is a highly complex 

and effective system of neural networks. To operate efficiently, however, the medial 

prefrontal cortex can only operate efficiently when the body is in a state of calm. Much 

like a modern super computer that must be kept in a climate-controlled, dust-free, 

environment to operate efficiently, the medial prefrontal cortex must be kept in an 

environment free of stress.  Otherwise, it shuts down when the body is in a state of terror 

or heightened emotional arousal. Under either condition, the body begins the preparatory 

steps to ensure survival by signaling the release of corticosteroid hormones. These stress 

hormones, while wonderfully adapted to ensure our survival through the mechanisms of 
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flight, fight, or freeze, turn the power switch off on the thinking brain, making rational, 

logical, problem-solving thought impossible.  

The Emotional Brain 

When stressful conditions shut down the rational-logical brain, the highly 

unpredictable and irrational brain, the limbic system, takes over. The limbic system 

consists of a combination of structures whose primary purpose relates to the processing 

of emotional information and regulation, motivation, impulse control, and memory. The 

principal structures of the limbic system are the cingulate gyrus, corpus callosum, 

thalamus, amygdala, hippocampus, and the hypothalamus. These structures are located 

beneath the cerebral cortex bridging between the left and right hemispheres of the brain 

(Figure 3). 
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Figure 3 

 

Figure 3. Image of the limbic system. Reprinted from Wikimedia Commons, by OpenStax College, 2013, 
from commons.wikimedia.org/wiki/File:1511_The_Limbic_Lobe.jpg. 

 

 Stressful conditions affect concentration and negatively impact our ability to 

generalize or adapt information to new circumstances. Studies show that stressed adults 

perform 50% worse on tests of explicit memory as well as on tests of problem solving 

and self-control. This same effect can be seen in children as well, as the physiological 

stress response shuts down the ability of the child to learn and sets up a pernicious cycle 

of stress-induced failure experiences in school.  For children who have experienced 

repeated failure and lack sufficient adult supports to encourage them in the face of 

failure, the stress response can seriously affect the ability of the child to pay attention, 

control impulsive behaviors, and to learn. In a heightened state of stress, the child will 

often act out (fight) or check out (flight) to avoid the source of the upset. Unfortunately, 
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rather than offer supports necessary to restore the child to a sense of safety, these 

responses are frequently misinterpreted in the classroom as a lack of motivation, willful 

defiance, or laziness. Over time, repeated failure experiences will result in self-

attributions like “I can’t do this” or “I’m dumb.” These attributions then become a self-

fulfilling prophecy as the child begins to believe that the reason they are unable to 

concentrate or remember from one day to the next is because they truly are “dumb,” 

“unmotivated,” or “lazy.”   

And herein lies the problem. All learning is dependent upon sensory input, but for 

children who have learned that the world is not a safe place, the sensory information that 

is essential for learning is crowded out by sensory messages that are interpreted as 

threatening, and their behavioral responses become controlled by the emotional brain. 

Understanding how this process works becomes the first step toward regaining control 

over the uncontrolled emotional triggers that block the powerful learning centers of the 

brain (Figure 4).  
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Figure 4 

 

 

As we go about our daily tasks, the brain constantly receives signals from the 

world around us in a simultaneous and continuous stream of sensory messages. 

Fortunately for the sake of our sanity, our brain filters out most of these signals and never 

brings them to our conscious awareness. But whether we are consciously aware of them 

or not, the brain continuously monitors our external world as well as our internal world, 

gathering data points not only from the five senses of sight, sound, touch, taste, and 

smell, but also from our proprioceptive and vestibular senses as well.  Proprioceptive 

sensations relate to large muscle and joint pressure and the position of our body in space 

while vestibular information is related to our sense of balance and equilibrium. This 

continuous stream of sensory information from all sources travels to the central sensory 

processing center of the brain called the thalamus.  The thalamus acts like a giant mixing 

bowl, consolidating all the sensory information into an integrated message. This message 



Guided Growth: Educational Interventions for Children with Fetal Alcohol Spectrum Disorders – Chapter 3  
 

 

© 2018, NTI Upstream | www.ntiupstream.com | info@ntiupstream.com 
 

Document may not be copied, shared, posted, or distributed without written consent from NTI Upstream. Contact us for 
licensing information about chapter-sharing and distribution rights. 

28 

is then transmitted simultaneously through two distinct neural networks. The faster of 

these two networks leads directly to the fear center of the brain called the amygdala. The 

amygdala is an almond-shaped structure that is located in close connection with two other 

midbrain structures: the hypothalamus and the hippocampus. The amygdala acts like an 

emergency call center and triages the sensory input for emotional significance and 

relevance to our survival—Can I eat it? Can it eat me? The amygdala is closely located to 

the hippocampus, which serves as the gateway to long term memory. As new information 

is received by the amygdala, it quickly checks with the hippocampus to determine if this 

new input matches patterns related to our past experiences. Then, given the current 

sensory information and informed by past experiences, the amygdala determines if the 

sensory input constitutes an existential threat. If it does, then an electrical signal is 

instantly relayed to the hypothalamus and to the brain stem to trigger the release of stress 

hormones and engage the autonomic nervous system in preparation for survival. These 

corticosteroid hormones consist primarily of cortisol and adrenalin. Together, these 

chemicals increase blood pressure, heart rate, and respiration rate to prepare our bodies to 

either run away from the danger or fight for our survival. If we must defend ourselves, 

the stress hormones also constrict blood vessels to constrain blood loss in the case of 

injury, relax the muscles of the bladder to release extra water weight so that we can run 

faster, and send chemical signals throughout the body that serve to block pain. Our stress 

response system served a highly functional purpose during the early history of 

humankind when we had to regularly fight for our lives against wild beasts. Over 

thousands of years, the fastest and strongest of our ancestors survived and as a result, the 

stress response system became highly specialized and efficient.  
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Simultaneous to the transfer of information to the amygdala, the thalamus also 

sends the combined sensory message to the prefrontal cortex of the brain for a conscious, 

logical, and rational analysis of the data. But since the neural networks to the prefrontal 

cortex are further removed from the thalamus than the amygdala, the signals reach the 

amygdala first and are processed for relevance to survival prior to the information even 

reaching a state of conscious awareness. For example, imagine that you are enjoying a 

quiet evening, comfortably relaxed in your favorite chair with the latest best-seller. 

Suddenly, a darting movement is captured out of the corner of your eye. Your body 

automatically recoils away from the movement in a heightened startle reflex as your 

hippocampus draws upon experience to offer a preliminary analysis—a mouse! A second 

later your prefrontal cortex offers a more reasoned explanation to the movement—a wisp 

of dust propelled along the baseboard by a floor vent. As you focus your gaze more 

intensely in the direction of the movement, your hippocampus draws upon previous 

experience to confirm: It is dust, not a mouse. The prefrontal cortex sends the “all clear” 

signal to the hypothalamus to stop producing stress hormones. The crisis passes, and the 

body begins to return to a normal state. But, even though the perceived threat has been 

replaced by a rational explanation, the body remains on heightened alert as the flood of 

corticosteroid hormones have already been released and the body has no choice but to 

wait until a normal hormonal balance returns. In a typically developing child, this 

rebalancing of stress hormone levels takes about eight minutes. But for a child that has 

been hyper-sensitized to threats in the environment, the body remains in a near constant 

state of alert. In this state, the ambient level of cortisol in the system is persistently higher 
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resulting in a faster response time to threat, but also a longer delay in returning to a state 

of calm where rational, logical thought is accessible.  

Because the primary job of the amygdala is to detect danger and ensure our 

survival, the amygdala has evolved into a highly efficient and specialized brain structure. 

There are some types of sensory information, for example, that our amygdala is 

preprogrammed to interpret as threatening and are therefore more likely to trigger the 

instantaneous release of stress hormones. Objects that are large, emerge from behind us, 

come out of the dark, or are loud, seem to universally generate an automatic fight or 

flight response. Over time, however, previous experience stored by the hippocampus 

helps the amygdala to fine-tune its response. And depending on our experiences, the 

amygdala becomes desensitized to some types of stimuli while becoming hyper-vigilant 

to others. For a child raised in the country or inner city, for example, the amygdala learns 

to distinguish between the backfire of a truck and the sound of a gunshot. For the child in 

the country, both sounds are common and neither sound is threatening. As a result, the 

country boy does not react to either sound when it naturally occurs in the environment. 

But for the child raised in the inner city, the prevalence of the sounds of gunshots 

heightens the sensitivity of the amygdala to this threatening sound. In this heightened 

state of sensitivity, the child develops a startle reflex that instantly triggers the release of 

a flood of stress chemicals to prepare the child for survival. And in this heightened state 

of vigilance, the child loses control over rational behavior and remains persistently in a 

state of alert in the emotional brain.  

The over sensitization of the stress response system is common among children 

with a trauma history as well as with children who have been prenatally exposed to 
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alcohol. For a child who has experienced abuse or has witnessed intimate partner 

violence, for example, the need for the body to remain vigilant results in a near constant 

state of alert. As a result, the early-warning systems of the brain that are designed to keep 

the child safe become unreliable. Even small provocations are interpreted as threats. This 

results in the child jumping to conclusions or misinterpreting the intentions of others. 

Under these conditions, eye contact, words, or even accidental and non-intrusive touch 

can all be viewed as a dangerous threat and trigger a disproportionate survival response. 

Once triggered, the filtering systems of the rational brain become overridden by the 

intense fear response signaled by the amygdala. We call these disproportionate behavioral 

responses “out-of-control” precisely because they are out of the control of the logical and 

rational problem-solving center of the brain. Interested in nothing else than survival, the 

lower parts of the brain, the limbic system, and the brain stem, become saturated in a 

toxic bath of stress hormones that chemically block the neural networks to the higher 

thinking centers of the brain. Because the early experiences of trauma have created a 

higher ambient level of stress hormones in the system, there is less margin before the 

child reaches a critical trigger point. We say that a child has a “short-fuse” because they 

escalate quickly and disproportionately to even slight provocations. In addition, once 

triggered, the child subsequently experiences great difficulty regulating the emotional 

response because even though the threat is past, the corticosteroid hormone level takes 

much longer to recede to a point where a state of calm can be restored.  

The critical task, then, becomes to intervene before the child emotionally 

collapses into survival mode.  Interventions designed to restore a sense of safety in the 

child help the child to return to a regulated emotional state more quickly. The ultimate 
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goal of teachers and caregivers, of course, is to teach the child to recognize the symptoms 

of emotional dysregulation early so that the child can take action to control her own 

emotional response and reengage her rational conscious mind. But until the child 

develops a set of skills that will assist her in the task of self-regulation, the child will 

continue to need the support of caring adults, like Mrs. Brown, to help her to regain 

control over her emotional brain. Strategies and interventions that assist the child to self-

regulate behavior are discussed in a later chapter.  
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