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how it functions and develops. However, with advances in technology, researchers 
have been able to theorise how the brain works and evolves into the marvel that 
it is. One of the most interesting findings in contemporary brain research focuses 
on how the brain communicates with itself and the rest of the human body. Wolfe 
(2001), a leading researcher and theorist in the area of neurology and education, 
believes that the foundation of human behaviour is built on the communication 
that exists between neurons.

Neurons are a type of brain cell that resemble bulbs, with sprouting roots 
called dendrites and a tail-like structure known as the axon. The dendrites are 
like antennae that receive information from other neurons and/or from the 
environment (Diamond & Hopson 1999; Berninger & Richards 2002; Hardiman 
2003). The passing of information between neurons occurs via an electrical impulse 
through the axon, across a small gap known as a synapse and with the assistance of 
neurotransmitters (chemical messengers) (LeDoux 1996; Hardiman 2003; Sylwester 
2003). Synapses are electrochemical connections that occur when neurons are 
influenced by social and environmental stimuli (Wolfe 2001). Humans are born with 
over 100 billion brain cells that communicate through synapses. These structures 
let us become who we are, and will be, due to the fact that synapses continue to 
develop after birth as a result of environmental stimuli (Diamond & Hopson 1999; 
see also Wolfe 2001; Sylwester 1995,2003; Strauch 2003). It is vitally important for all 
educators to be familiar with this neurological act of synaptic transmission, as the 
research suggests that it is this process which lies at the heart of learning.

Mirroring much of current pedagogical and didactic discourse, the importance 
of making connections between teachers, learners and content provides an 
interesting parallel to the brain’s process of connecting and communicating. The 
educational act of connecting, often characterised as interpersonal, can now be 
seen to have a neurological foundation in that ‘when axons send signals that are 
received by dendrites, learning takes place’ (Hardiman 2003, p. 10), and many of 
these signals are sent as an individual responds to the environment around them 
through anyone of their senses. The interpersonal connections that are significant 
for positive and stimulating educational environments also serve to enhance neural 
connections. In addition, the more that these types of connections are made, the 
faster and more efficiently the signals move and the more permanent they become 
(Wolfe 1998,2001; Hardiman 2003). Many neuroscientists also believe that aspects 
of memory are enhanced when brain cells fire together, in that continued synaptic 
transmissions that are used over and over again ‘get accustomed to firing together 
and eventually become hardwired’ (Wolfe 1998, p. 63). An interesting factor 
adding to the importance of this hardwiring of neural circuitry is that the chemical 
responses that facilitate new learning also create new synaptic pathways, causing 
the growth of more dendrites. 

With the advent of neurological research it is apparent that relevance can act to 
stimulate the brain’s innate drive to learn and find meaning, while experiences can 
assist in wiring the architecture of the brain (Bransford et al. 1999; Caine & Caine 
2001). In this sense enhancing middle school learning environments with the brain 
in mind becomes very important. This is emphasised further when we look at the 
neurochemical processes and structures of the brain, which indicate that emotion 
has a significant influence on the teaching of middle school students. 

In order for neurons to ‘talk’ to each other, a number of neurochemicals or 
neurotransmitters must also be present. Neurotransmitters are chemicals secreted 
at the synapses that have an impact on the activity, maintenance and longevity 
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of the synapses and neurons themselves. Among many others, examples of 
these chemical messengers include serotonin and dopamine. Each of these 
sends excitatory or inhibitory messages and fluctuates in levels depending on 
environmental stimuli (Carlson 2000). In other words, an individual’s response to 
the environment and the experiences around them will affect the levels of various 
neurotransmitters, which in turn can have an effect on their brain and, in the 
context of schooling, can either enhance or hinder learning.

The structures of the brain and the maturation of those structures offer further 
important insights into the world of adolescent neurological development. The 
human brain is generally described as having three regions or layers: the cerebrum 
at the top, the limbic system in the middle and the brain stem, connected to the 
spinal cord at the bottom (Hardiman 2003). The brain stem, the region closest to 
the spine, is where fight-or-flight and survival responses are activated and where 
functions not under conscious control take place. The limbic system or central 
part of the brain harbours our memories and processes emotions and is home 
to two very important structures, the amygdala and hippocampus. Finally, the 
uppermost area, the cerebrum, which contains the occipital, parietal, temporal 
and frontal lobes, has a number of regions where thinking, consciousness and 
responses to environmental stimuli take place (Gurian 2001; Berninger & Richards 
2002; Hardiman 2003; Sylwester 2003). In the context of middle school education 
and adolescence, a couple of very important new insights have emerged regarding 
these areas and brain function.

First, neuroscience has shown us that many aspects of brain maturation occur 
throughout childhood and well into the late teens and ‘the most advanced parts 
of the brain don’t complete their development until adolescence is pretty much 
over’ (Bradley 2003, p. 6; see also Levitt 2003). We also know that during this time of 
maturation and development the brain goes through a number of stages whereby 
it constantly remodels and restructures itself, with most of this occurring during 
adolescence. Terms such as ‘pruning’ and ‘plasticity’ are often used to describe how 
the brain matures and evolves along a road towards improved efficiency (Diamond 
& Hopson 1999; Strauch 2003). For middle school students this process can be 
very profound in that the ‘adolescent brain undergoes a massive remodelling of its 
basic structure, in areas that affect everything from logic and language to impulses 
and intuition’ (Strauch 2003, p. 13). We also know that when this remodelling of 
the brain occurs, unused synaptic connections are discarded as the brain works 
towards becoming more efficient (Giedd et al. 1999; Siskf & Foster 2004). More 
accurately referred to as pruning, this period of discarding unused synapses is an 
important consideration for educators in recognising that adolescent development 
is a time of experience-dependent brain reorganisation; the adage of ‘use it or lose 
it’ is highly appropriate (Bruer 1999; Spear 2000a; Andersen 2003). Theoretically 
speaking, then, the educational environments middle school students are 
immersed in can have a direct impact on how the brain reworks its architecture.

Amid all this restructuring, it also appears that the brain actually matures from the 
bottom up and around to the front, which indicates that the brain stem and limbic 
system ,reach maturity sooner than areas of the cerebrum above them (Giedd et 
al. 1999; Gurian 2001; Sylwester 2003; Giedd 2004). Moreover, this entire process 
appears to occur at a different rate for males and females (Giedd et al. 1996; Blum 
1997; Strauch 2003). This is very important, for educators and parents alike, for it 
suggests that the regions of the brain responsible for survival and emotion are in 
full swing before the regions responsible for logical and moral reasoning can follow 
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suit. This helps to explain how middle school students are often at an interesting 
and paradoxical juncture in their lives - they can confront us with the physical and 
intellectual stature of an adult one minute, and act like a defiant and stubborn 
infant the next. The amygdala appears to play a role in this paradox. 

The amygdala, a part of the brain’s limbic system, has been described as the neural 
basis of emotion and has been the object of growing interest in most brain-
referenced theories of emotion (LeDoux 1998; Berridge 2003). Shaped like an 
almond, the amygdala is a critical component in responding to danger as it receives 
information about the outside world from the thalamus and sets in motion a 
variety of bodily mechanisms (Conlan 1999). If, for example, the brain senses fear or 
stress, the amygdala acts to ensure that the endocrine system responds by sending 
out the appropriate hormones to raise the heart rate, blood pressure and prepare 
the muscles for activity (LeDoux 1998; Hardiman 2003). The amygdala is thus a very 
important mechanism in ensuring survival; however, it is also a neural structure 
that during adolescence appears to have higher levels of activity than the frontal 
lobes. Moreover, because the amygdala responds to stress, the research suggests 
that memory and learning can actually be impeded by stress. Therefore, another 
ramification of working with the developing adolescent brain is the realisation that 
a middle school student may be hotwired for emotional and risky behaviour but 
unable to think through the consequences of their actions. This also suggests that 
perhaps the most effective method of working with middle school students lies in 
tapping into those very emotions that are having such a profound influence on all 
aspects of their brain.

High on emotion 
Education is not the filling of a pail, but the lighting of the fire.

(William Butler Yeats, 1865-1939).

At the risk of stating the obvious, most parents and teachers know that every 
child is a complex mix of emotions. For many years, however, it was believed by 
a large proportion of researchers that emotion and cognition worked in isolation 
from one another and that an individual was able to learn because understanding 
and feeling were separate (Caine & Caine 2001). Current research suggests that 
emotions play an integral role in a student’s ability to learn, whereby emotion and 
cognition are ‘separate but interacting mental functions mediated by separate 
but interacting brain systems’ (LeDoux 1996, p. 69). There is also evidence that 
the whole process of learning and coming to understand something is actually 
driven by emotion (Goleman 1995; Damasio 1999; Caine & Caine 2001). It is also the 
driving force of emotion that can shut down learning for middle school students. 
There is a growing body of research indicating that stress, fear, anxiety and other 
emotional responses to environmental stimuli can directly impact upon many 
students’ neurological capacities to learn (Spear 2000a; Gurian 2001; Arnsten & 
Shansky 2004; Goswami 2004). Thus understanding aspects of the limbic system 
becomes a vitally important component of working with middle school students.

As noted earlier, the areas of the brain responsible for emotive and survival 
responses (the limbic system and areas of the brain stem) mature and develop 
sooner than the areas responsible for thought processes and logic. Specifically, the 
prefrontal cortex, the area of the brain implicated in behavioural inhibition and the 
ability to control emotions and impulses, is the last area to mature. It undergoes 
major changes throughout puberty and is the most important neural region 
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for thinking through the results of one’s actions or the responsibilities attached 
to those actions (Lewis 1997; Giedd et al. 1999; Casey et al. 2000; Spear 2000b; 
Giedd 2004). Simply stated, the prefrontal cortex sits just behind the forehead 
and acts like the brain’s chief executive officer. As this area matures, the ability to 
reason better, develop more control over impulses and make better judgments 
also matures. Furthermore, this pathway of neurological maturation is also why, 
at times, educators may need to act as their middle school student’s prefrontal 
cortices and carefully monitor the ‘freedom’ that these students tend to move 
towards; too much responsibility and independence may not necessarily be in the 
best interests of the adolescent brain or the student. 

A second important factor, which may appear somewhat contradictory to the 
points and suggestions made above, is that while the adolescent brain may 
not be able to weigh up certain consequences before acting, there is also some 
neurological merit in allowing for risk-taking and risky behaviour. Ponton (1997) 
suggests that risk-taking provides middle school students with an opportunity 
to shape their identity and acts as a natural impulse needing to be channelled in 
a positive fashion. Neurologically speaking, research suggests that a link exists 
between risk-taking behaviour and levels of dopamine in the brain. 

Dopamine, as noted earlier, is a type of neurotransmitter between synapses. 
Dopamine also seems to play a role in an individual’s novelty and reward seeking, 
motivation and feelings of ‘well-being’ (Kalivas et al. 1993; Dellu et al. 1996; Strauch 
2003). New experiences, especially those with some element of risk, thrill or degree 
of danger, may actually influence dopamine levels which in turn can produce 
feelings of intense pleasure. Berridge (2003) signals the euphoric properties of 
dopamine by stating that ‘dopamine has often been referred to as the brain’s 
pleasure neurotransmitter’. Sylwester (2003) notes that Parkinson’s disease and 
difficulties with maintaining attention on tasks have been linked with low levels of 
dopamine, while exceedingly high levels are evident in those individuals who suffer 
from schizophrenia, Tourette’s syndrome and obsessive-compulsive disorder. For 
those working with middle school students, it is significant to note that the amount 
of dopamine present in the brain appears to rise during adolescence and begins to 
decline as adulthood approaches (Lewis 1997; Koepp et al. 1998; Spear, 2000b).

Furthermore, for the developing middle school brain, risk-taking appears to 
facilitate further increases in dopamine levels, which in a cyclical fashion may 
predispose middle school students to further risk-taking due to the sense of 
pleasure associated with thrill seeking (Strauch 2003). This is not to say that all 
middle school students will indulge in exceedingly risky behaviour. The roles of 
hormones and other neurotransmitters such as serotonin also influence risk-taking.

Serotonin, like dopamine, has received a great deal of research and experimental 
attention over the last decade. Serotonin plays a role in the control of eating, sleep 
and arousal, as well as the regulation of pain and various moods (Carlson 2000). 
Serotonin has also been recognised as an important chemical in the processing 
of emotions and can act as a calming mechanism (Gurian 2001; The Society for 
Neuroscience 2002; Nagel 2003). Researchers associate high levels of serotonin 
with high self-esteem and social status (Sylwester 1997). Conversely, low levels of 
serotonin have been linked with impulsivity, risky behaviour, anger, hostility and 
suicidal tendencies (Mann 1997; McEwen & Seeman 2003). A key point for middle 
school educators to consider regarding serotonin is that stress, especially chronic 
stress, can inhibit the brain’s production of serotonin and simultaneously impair 
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the cognitive function of the prefrontal cortex (Hardiman 2003; Arnsten & Shansky 
2004). Moreover, it appears that levels of serotonin in the brain decline temporarily 
during adolescence. From a purely scholastic standpoint, this suggests that a 
middle school student who is stressed is a student whose ability to learn may be 
impeded. There is increasing recognition that efficient and constructive learning 
cannot take place when a learner is experiencing fear and/or stress (Goswami 
2004). This is an important point for all middle school stakeholders to consider 
when looking at school discipline and behaviour management strategies, the 
relationships that exist between teachers and students, and how even seemingly 
benign practices like unclear directions for performance might escalate stress 
levels in the already emotionally charged mind of a middle school student. Add 
the influences of a pubescent hormonal tidal wave and the emotions once again 
surface as pivotal considerations in working with middle school students.

There are a number of hormones that influence and are influenced by the brain. 
There is also evidence to suggest that hormones take on a more powerful role in 
parts of the brain, with greater activity occurring in the limbic regions than other 
areas (Strauch 2003). Moreover, the amygdala and hippocampus have a very 
strong connection and influence on the prefrontal cortex (Goswami 2004). The 
amygdala in particular, and as noted earlier, plays an important role in processing 
emotion and influencing the prefrontal cortex. In a stressful situation, the amygdala 
sends a signal for a wave of hormones, predominantly cortisol, to surge through 
the body; once secreted into the bloodstream these hormones can last for hours 
(Hardiman 2003). In a middle school context, the impact of this is that when 
students become stressed they are unable to use the higher, thinking part of the 
brain and revert to using those areas of the lower brain responsible for coping and 
surviving. Only after a stressful period diminishes and students feel secure again 
can learning occur. Research also suggests that exposure to too much cortisol 
and other stress-related hormones for too long can impair factual memory and, in 
extreme cases, damage parts of the brain (Goleman 1998; Sapolsky 1999; Sylwester 
1994, 2003). Furthermore, the developmental passageway middle school students 
find themselves travelling en route to adulthood is also marked by how the brain 
reconstructs itself during adolescence.

From birth, the brain is busy setting up connections or synapses that seem to 
develop in fits and starts followed by periods of consolidation (Diamond & Hopson 
1999). Early in life the neural connections of a child come to outnumber those of 
an adult, then around the age of seven the brain starts to discard or prune synaptic 
regions that are seldom used. This allows the brain to refine itself and become 
more specialised and efficient. The important point here is that the greatest 
influence on what the brain maintains and what it decides to discard is found in 
an individual’s own life experiences and environment (Diamond & Hopson 1999; 
Strauch 2003). As a result, the experiences that are provided throughout childhood 
are very important, but arguably become increasingly so during adolescence, 
when synaptic pruning may cut back as much as 10 per cent of the brain’s grey 
matter, with some smaller regions losing as much as 50 per cent (Sowell et al. 
1999). Thus a middle school student who is constantly dealing with stress may 
find learning anything very difficult. Neurological researchers refer to continued 
diminished capacity to learn due to sustained stress as ‘downshifting’, and some 
suggest that students are often locked into this mode of thinking due to standard 
educational practices that repeatedly, and quite often inadvertently, raise stress 
levels (Caine & Caine 2001; Hardiman 2003). Synaptic pruning set in a middle school 
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context therefore suggests that curriculum, learning experiences and educational 
environments would do well to ensure that they are well structured, positive, 
current, relevant, stimulating, safe and emotionally appealing.

Finally, if we add all the neurological insights noted above to the wealth of 
environmental stimuli available during puberty, it is little wonder that middle 
school students are prone to be highly charged emotionally and unable to explain 
their actions when their behaviour appears inappropriate. In other words, there 
are very good reasons why middle school students might be engaged in activities 
deemed questionable by the adults around them. This is also a very good reason 
why middle schools should offer pedagogy which maintains a high degree of 
relevance within environments founded on emotional well-being.

Educating with emotions in mind 
There can be no knowledge without emotion. To the cognition of the brain must be 
added the experience of the soul (Arnold Bennett, 1867-1931)

There is little denying the role emotions play in the learning process. Some 
researchers and authors even suggest that emotions are actually the ‘gatekeepers’ 
to learning and that they drive the learning process, aspects of memory and 
attitudes towards tasks (Damasio 1994; Sylwester 1995; McGeehan 2001). Arguably 
then, in the social milieu that exists in any school setting there should be a 
concerted effort to ensure that the emotional environment enhances rather than 
inhibits the learning environment. A fundamental consideration in any desire to 
enhance the emotional climate of a classroom or school exists in the relationships 
that exist between students and teachers. This is not to say that relationships have 
not been given due consideration in the past, but it is now possible to link science 
to something which has generally been taken for granted as a commonsense 
approach to working with young people.

Much of what is attributable to emotional well-being in a middle school context 
focuses on the provision of a safe and supportive learning environment. A key 
consideration of such an environment is founded on the notion that students 
appear to thrive when they feel that the teachers care about them personally 
(McGeehan 2001). This is very difficult to achieve if, for example, the teacher-
student relationship is frequently adversarial or confrontational. In such scenarios 
the limbic system and the brain stem initiate the types of emotional triggers 
and/or fight-or-flight responses outlined earlier in the chapter. Often the end 
result is misbehaviour or withdrawal, but it most certainly is not learning (Jensen 
1998; Tomlinson & Kalbfleish 1998). In order to foster positive relationships, 
middle school educators should look to plan activities that build team spirit and 
mutual understanding while providing clear procedures in order to eliminate 
embarrassment resulting from unintended misbehaviour. Class meetings, posting 
of agendas and assessment criteria, as well as developing strategies for conflict 
resolution assist in facilitating team spirit and a sense of community (Gurian 2001; 
McGeehan 2001). 

Another important consideration regarding emotion and learning focuses on the 
use of experiential or active learning and the significance of content that is relevant 
to the learner. In this sense, emotions can be used to enhance learning. Experiential 
and active learning experiences, especially those that are novel, can physically 
change the brain’s architecture by causing the brain cells involved with cognition 
to sprout new dendrites and consequently increase synaptic communication 
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between neurons (Bruer 1999; Diamond & Hopson 1999; McGeehan 2001; 
Hardiman 2003). When these pathways are used repeatedly they become more 
efficient and we can identify that learning has occurred. Moreover, experiences 
that are rich in sensory input and are relevant to the interests of the students offer 
greater opportunities for sparking dendritic growth and memory retention than 
experiences derived from a reliance on worksheets and textbooks (Brandt 1999). 
In their separate, yet complimentary work on emotion and neurology, Damasio 
(1994, 1999) and Schacter (1996) provide detailed elaboration on the connection 
between experience, relevance, emotion and memory. In laypersons’ terms, the 
more intense and interesting an experience, the more students will attend to it 
and the more it becomes embedded in memory. Furthermore, if the information 
received by students is deemed as irrelevant and showing no useful purpose in life, 
the less likely is it that it will become encoded in their neural circuitry. Wolfe (2001) 
comments succinctly on this point: ‘sustained attention on something that you 
can’t figure out or that makes no sense is not only boring, it’s almost impossible’ (p. 
84). In a middle school context, tasks and activities that students see as relevant will 
engage their emotions in a positive sense which, in turn, will enrich their learning. 

There is ample research to suggest that positive emotions can contribute to 
higher order thinking and long-term memory. Howard (2000) and Glenn (2002) 
note how laughter produces chemical changes in the brain resulting in increased 
production of neurotransmitters that enhance memory and alertness, and boost 
the body’s immune system. Researchers have also found that music, visual arts, 
drama and movement act as key contributors to shifts in brain wave patterns 
and the release of various neurochemicals, resulting in a more activated and 
stimulated brain (Campbell 1997; Sylwester 1997; Wolfe 2001; Hardiman 2003). 
Understanding that both negative and positive emotional experiences impact on 
the neural networking which is arguably at the foundation of learning provides 
middle school educators with a sound foundation for examining their own practice 
and facilitating a lively, safe and supportive environment that connects with the 
real world of the students. This type of understanding can act as an impetus in 
reforming middle school didactics and pedagogy towards eliminating that sense 
of being ‘boxed in’ and ‘bored’. Finally, designing learning experiences that are 
premised on relevance and a capacity for students to form personal and emotional 
connections can ultimately increase opportunities for enriched neural activity, 
long-term memory and work to eliminate a perception of being ‘brain dead’. 
Indeed, in coming to terms with contemporary neurological research, middle 
school educators are well placed to re-invigorate and re-engage the young minds 
they work with.

Questions
1.	 Much of brain research shows the consequences of extremely poor or often 

atypical environments and stimulation on brain development. It also appears 
that sensory-enriched environments stimulate positive neural development. 
With that in mind, how might middle schools invigorate their practice to ensure 
a continually stimulating learning environment?

2.	 When middle school students are stressed, fearful or insecure, the limbic 
system’s response can prevent the brain from learning. The daily events or 
encounters in unsympathetic school environments might push students into 
a survival or emotive response superseding their ability to effectively engage 
with learning. How might structures and/or situations that spark stress or fear 
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be overcome in a middle school context? How do middle school educators go 
about identifying and alleviating these factors?

3.	 In relation to the question above, how might middle schools design their 
pedagogical experiences to ensure that emotions and brain stimulation might 
be engaged in a positive sense? 

	 Between session tasks 
Bring three examples of texts that students are required to 
read in your classroom as part of their learning.

These texts will be shared with other teachers at the next 
session.
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Workshop 1: Literacy teaching and the four resources framework

Prior to workshop At the end of the workshop

Low High Low High

1 2 3 4 5 1 2 3 4 5

Understanding of physical, 
social and intellectual 
development of students 
in the middle years, as well 
as exceptions to general 
patterns.

Understanding of the State 
Literacy Plan 2006–2008 and 
the Literacy K–12 Policy and 
application in schools.

What useful ideas/strategies/understandings are you leaving with? What changes will you 
make to your teaching/programming/assessing?

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

What challenges do you foresee in implementing the changes?

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

What other professional learning or support do you need to seek out to support you with 
literacy teaching?

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

____________________________________________________________

____________________________________________________________

____________________________________________________________

____________________________________________________________
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