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Maria Carvallho was a young graduate of one of the leading pastry schools in New York. She
experienced no difficulty in securing employment and became the head pastry chef in one of the
biggest bakeries on the East side. Hers was the task to build and expand the brand by
introducing a new line of breakfast pastry. She welcomed the idea, but her joy was short lived as
each batch of mouth watering delicacy delivered disappointment they just would not rise.

She tried everything as she was taught but again all fell flat. Becoming frustrated with not
getting it right she related her dilemma to her family in Italy.

The advice she received offered no change. She was now facing not only demotion but dismissal.

Her uncle who was head of the Physics department at the local university decided that he would
visit her to test the humidity levels in the environment and to offer advice himself. He quickly
identified the cause. There was too much moisture trapped within the building and the yeast not
only would not, but could not rise.  Maria made the switch to use dry yeast and additional
ventilations were installed and the crowd kept rolling.

Introduction

‘The world’s most ruthless killer and the greatest cause of suffering on earth is extreme poverty.’-
The World Health Organization (1995)

In looking at The Socio-Economic inequality and its impact on brain development and
learning we are confronted with two challenges just as Maria was, one of not knowing the cause
of the challenge with which we are confronted, and the subsequent inability to address that cause
or challenge - the what and the how.

The second challenge is having now applied science to ability to identify characterize and
address strategic weaknesses in identifying affected neural functions lies outside of boundaries of
our training and within the medical community pointing the way for collaboration and
partnership. In Maria’s case her solution lay within the construction field.

Applying science and neuroscience in particular to understand disparities in socioeconomic
status (SES), and neural development, the determinants or cause which adversely affect language
and the executive functions occur more frequently among person with the highest levels of
poverty.
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Howdoesthe brain learn?“Neuroscience defines learning as a process by which the brain reacts to stimuli, by making neural connections that
act as an information processing circuit and provides informationstorage”

Koizumi (2003)

Far beyond learning, the brain controls our existence ashumans, enabling us to think, directs everything we do,
controls voluntary actions, regulates involuntary actions  suchasbody temperature and heartbeat, stores memories

LTP
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and emotions and produces our  personality capabilities which develop at the pre-natal stage onto and through to
critical periods of sensitive  growth  periods into adulthood.

A vast network of over 100 billion neuron and glial
cells sends and receive electro-chemical signals to and
from specialized domains in the brain which controls
different actions and functions. The neurons consist of
a cell body with an axon (signal conductor) and
branching dendrites (signal receivers).

The frontal lobe is responsible for executive
functioning, planning, judgment memory problem
solving and behavior.

The parietal lobe is associated with mathematics
learning, integrates sensory information and visuo-
spatial processing.

The temporal lobe is related to auditory processing
hearing, speech comprehension, and recognition.

The occipital lobe is associated with visual
processing, colour discrimination and movement
discrimination.

Figure 1. The brain can be subdivided into two
Hemispheres left and right; four lobes; frontal lobe,
the temporal lobe,  the occipital lobe  and the parietal
lobe

The learning process is embedded in interconnecting
neurons.

Dendrites receive chemical signals from other cells and
relay signals to the cell body. Electrical signals travel
along the axon and into its terminals through which the
chemical signals are released to transmit the
information to the dendrites of other cells

This facilitates the movement of information.

Learning must engage the retention and application of
this new skill or information through a process called
long Term Potentiation.

Long Term Potentiation produces changes in the
connections (synapses) between the brain cells
(neurons) that are necessary to acquire and store
information memory.

Learning and memory occur through long term
potentiation
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Factors which may affect learning

Learning is a biological/physiological process common to all humans.

Not all humans benefit from the process equally as there are several factors which can and does
modify the process.

The changes in the network of neurons are shaped in response to experience and the environment
and accounts for differences in the brains from one person to the next.
Genetic makeup and experience garnered from the environment are critical factors that bring
about structural changes in functions such as language, reasoning and consciousness, cognitive
function, and emotional development

How does the brain learn mathematics?

Mathematics can best be described as an abstract study which seeks out patterns and
formulate conjecture to resolve truth or falsity by deduction and mathematical proof.

As a discipline it can be divided into areas weighted toward skills and towards
content/knowledge with each skill or content processed by a different neural network.

As with all learning, it is the transmitted signals across the neural network which will eventually
lead to learning. This is not quite as simple a task, nor is the learning of mathematics as simple or
predictable or as straightforward as one might perceive.

Mathematics learning progresses along different structured pathways along complex cerebral
domains, with each cumulative skill dependent on the other.

Five relatively independent neuro-cognitive systems support a total of 16 functions are
engaged in the learning of mathematics, each of which must build upon the previous

Key

(1) Left perisylvian-Language

(2) Prefrontal/ Executive-reasoning

(3) Medial temporal-Memory

(4) Parietal-Spatial cognition

(5) Occipito-temporal-Visual

cognition
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Neural structure in the learning of Mathematics

SKILL

Math Skill Neural  Domain
Problem solving Prefrontal Exec cortex
Communication Left persylvian /language
Reasoning Prefrontal Exec. cortex
Addition Prefrontal Exec. Cortex
Multiplication Prefrontal Exec. Cortex

CONTENT
Math content                                                                 Neural Domain

Number sense Parietal/Spatial Cognition
numeration Parietal/Spatial Cognition
Numeration name Left persylvian /language
Pattern Parietal/Spatial Cognition
Geometry Prefrontal Exec. Cortex
Spatial sense Parietal/Spatial Cognition
Measurement Prefrontal Exec. Cortex
Fractions Parietal/Spatial Cognition
Estimation Parietal/Spatial Cognition
Statistics Prefrontal Exec. Function
probability Prefrontal Exec. Function

As a precursor to building upon intuitive capacity, the following seven skills learned
early forms the foundation for higher order skills.

1. Follow sequential directions
2. Recognize patterns
3. Estimate by forming a reasonable guess about quantity, size, magnitude, and amount
4. Visualize pictures in one’s mind and manipulate them
5. Have a good sense of spatial orientation and space organization, including telling left

from right, compass directions, horizontal and vertical directions
6. Do deductive reasoning, that is, reason from a general principle to a particular instance,

or from a stated premise to a logical conclusion
7. Do inductive reasoning, that is, come to a natural understanding that is not the result of

conscious attention or reasoning, easily detecting the patterns in different situations and
the interrelationships between procedures and concepts

Conditions for learning

Findings from Neurobiological research, confirm that gene characteristic and function are subject
to the environment and experience of the individual. As a result of the plastic nature of the brain
these differences will shape and result in each brain performing and learning differently.
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Nutrition
The importance of nutrition to health and learning is extensively documented.

Social interactions
Social interaction influences the brain and its ability to optimal learning.
Social factors shaping the emotional context are critical for learning to take place.

Regulation of emotions
From a neural perspective emotions goes beyond the simple expression of emotions but rather
affects a complex network which supports the ability to focus attention, solve problems, and
support relationships self regulate to express compassion and co-operate.

Motivation
Motivation can be described as the expression of emotion to act in a focused manner physically
and mentally.

Sleep and learning
Whilst sleep is generally accepted as a necessary biological function From a neuro-
psychological point of view, sleep offers the only opportunity for the functions of the brain’s
cortex to restore its function.

Sound pressure level

The effect of community noise levels in classroom and environment is outlined in World Health
Organization’s (WHO) Guidelines for Community Noise as having significant impact on
speech interference impaired comprehension and speech interference.

How does poverty affect brain development and learning?

Poverty’s link to learning has traditionally  been percieved mainly as socioeconomic, with much
activity and policy directed towards alliviating deficits and adverse related conditions.- The Path
Programme but the story is incomplete

Technological developments in neuroscience  research confirm  that the brain is influenced by
the environment and cultural context resulting in individual differences and achievemrnt of a
social construct on the neural bilogical function of the brain.

Two studies, undertaken in 2008 and 2009 respectively will be presented to demonstrate the
physical characteristics of a  socioeconomic construct on brain function.

1. Study- University of California, Berkeley- EEGs show brain differences between
poor and rich kids (02 December 2008)

Researchers from the University of California, Berkeley have shown for the first time (2008) that
the brains of low-income children function differently from the brains of high-income kids.
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The researchers were interested in the brain's very early response - within as little as 200
milliseconds, or a fifth of a second - after a novel picture was flashed on the screen, such as a
photo of a puppy or of Mickey and Minnie Mouse.

Normal 9- and 10-year-olds differing only in socioeconomic status have detectable differences in
the response of their prefrontal cortex, the part of the brain that is critical for problem solving
and creativity.

For each child, the researchers measured brain activity while he or she was engaged in a simple
task: watching a sequence of triangles projected on a screen. The subjects were instructed to
click a button when a slightly skewed triangle flashed on the screen.

Dramatic difference in the response of the prefrontal cortex not only when an unexpected image
flashed on the screen, but also when children were merely watching the upright triangles waiting
for a skewed triangle to appear. Those from low socioeconomic environments showed a lower
response to the unexpected novel stimuli in the prefrontal cortex that was similar, Kishiyama
said, to the response of people who have had a portion of their frontal lobe destroyed by a stroke.
They were not getting that extra boost from the prefrontal cortex."

But the fact that we see functional differences in prefrontal cortex response in lower socioeconomic
status kids is definitive."

2. Study- University of Pennsylvania- Center for Cognitive Neuroscience-Childhood
Poverty: Specific associations with neuroscience development- 2009.

Building upon established findings, researchers at the Center for Cognitive Neuroscience-
University of Pennsylvania in a bid to identify specific neuro-cognitive systems affected by
poverty, administered a battery of tasks of healthy low and middle socioeconomic status children
across three samples Kindergarten, first graders of varying ethnicities low and middle income

Children of high socioecnomic status (SES) show more
activity(daark green) in the prefrontal cortex

Children of low SES show less activity (light green) in the prefrontal
cortex when confronted with a novel or unexpected stimulus.
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status, and middle school students divided equally between low and middle income status
children.

The tests were designed-
 To characterize the neuro-cognitive profile of performance among children of lower

socioeconomic status within the sample.
 To test if SES contribute to brain development and the trans generational poverty.
 To test the hypothesis of about causal mechanisms

Seven neuro-cognitive systems were assessed using behavioural task, -

 Prefrontal /Executive systems-
 Lateral Prefrontal Cortex/Working memory-
 Anterior Cingulated Cortex/Cognitive Control System –
 The Ventro medial Prefrontal Cortex/Reward processing System-
 The Occipito temporal/Pattern Vision System -,
 Parietal/Spatial Cognition System-
 Left Persylvian /Language System and -Medial Temporary/Memory system.

Conclusion
Neuro-scientific analysis proves convincingly that SES status produces biological changes to
brain structure and function of children from lower socioeconomic group, resulting in neuro-
biological consequences of poor academic achievement and generational poverty.

If poverty produces stroke-like response, how do some poor children become high
achievers?

Poverty

Results

SES disparities were found in working
memory, cognitive control and language-
the executive functions.

Reward processing and visual cognition
were not significantly different between
middle and low status groups.

Ample evidence was deduced to conclude
that SES/poverty does affect cognitive
development.
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Poverty is not simply the absence of financial resources. Poverty is the lack of capability
to function effectively in society. Amartya Sen

Poverty means different things to different people.

Situational poverty- generally caused by sudden crisis or loss and is generally temporary.

Generational poverty-occurs when two or more generations have been born in poverty.
Families are often not equipped to remove themselves from such conditions.

Over 1.1 million Jamaicans live below the poverty line.

360.000 students are beneficiaries of the path progamme.

15% of adults have health insurance or any insurance, the majority dependant on the National
Insurance Scheme.

70% of the high school graduates leave school with 5 or more subjects inclusive of Mathematics
and English language-The hidden majority, hidden from this group is the -psycho-social
response of the brain towards learning and poverty

Hidden from them also, are the opportunities for cognitive training made possible through
neuroscience.

Hidden and shut out from a system intended to educate them, but in which they and their
teachers cannot participate effectively, a system which despite being hundreds of years old,
effectively serves only the minority who have been cognitively prepared.

Hidden abused and five times victimized by the persons and the state that must protect them. For
how long will they remain hidden? The need is tragic and urgent.

Can Cognitive Neuroscience bridge the gaps between research and practice to provide the
increase in performance and achievement for our children?

a) Theory- How accurately do contemporary educational theories fit the recent research
findings from Cognitive Neuroscience?

b) Policy- Are neuroscience research findings applied to or influence policy decisions and
implementation?

c) Practice – How effectively has neuroscience been applied to indentify and
developmental differences that can affect performance and achievement levels?
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Implications

Every child can learn and every child must learn.

The mantra of the Ministry of Education expresses an imperative for all students to learn. From a
neural perspective, what is it that will cause the child to learn?

If learning is a biological function which is encouraged and protected by the Ministry of

education; what accounts for the high levels of under achievers? Is the imperative (must learn)

at odds with the policy and practice (can learn)? How is the duty of care juxtaposed against the

responsibility and or the knowledge of how to care?

- The legal implication nixes accountability with causation?
- Has the state provided the know-how, the training and or the resources to its agents and

stakeholders, to cause learning to take place? And if not. As indeed it is. Would this not
be a breach of the fundamental rights of the child?

- Has the state protected the child or enforced the laws and safeguarded the conditions
necessary for learning to take place?

- Is the policy directive for mixed ability classroom grouping hampering or facilitating
learning?

- Is capacity being confused with ability?
- Are the theories of learning currently influencing pedagogy outdated?

The findings and advantages of the new science of learning- Educational Neuroscience to
shape the learning process has not been applied nor will the majority of students in the
majority of schools in Jamaica benefit from such gains.

- Neuroscience challenges personal responsibility, culpability and mens rea, how do
establish personal responsibility to teachers when they cannot be held accountable for
learning.

- As a consequence the next fifty years in the nation’s history will be marked by:
- Increased poverty,
- Democracy will be threatened
- Pressure on state resource will increase
- Continued fall in productivity
- Increase in crime and mental illnesses

Without the benefit of this new science, human action and that of students in particular will
be interpreted as being determined by will or choice and the attendant opportunity for
cognitive strengthening would not be engaged or even considered.

The need for urgent intervention, public education and change in perception and
understanding of the brain and its functions must be introduced at all levels, the conversation
around and the way poverty is understood and treated must be changed.
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The situation is overwhelming for teachers and students alike, unfamiliar with the nuances of
Socioeconomic effects on brain development, teachers are left with very little to indicate or
demonstrate creative and innovative effort in teaching they resort to the only method which
can offer evidence of the execution of their craft-chalk and talk.

Students unable to retain much of the information presented can rely on nothing more than
the written words on a page as evidence of having been instructed.

The situation and the imbalance in the number of individuals and schools currently
performing and creating academic value measured in certifiable acceptable levels on
standardized test is overwhelming.

Within this dysfunctional environment in which the majority of students are cognitively
underprepared, teachers are to be held legally accountable and responsible for student
achievement, by legislators who themselves contribute to the chaos, attempting to grow
economies through chaos, all night dances with music so loud, buildings shake.

Sleep is what regenerates the cells in the brain- let that be- give that to our children

Our leaders must be held accountable.

Must Teachers bear the sins alone and all the world go free?

We will take the responsibility to engineer the resources to support individual differences, to
build and create the tutorials, the games and the resources, to train our parents and to partner
with stakeholders.

We will offer the best opportunity, create smarter brains, infuse research and science in
creating value through brain based learning.

This is not an education problem this is a human capital problem that will manifest itself in
the judicial system and the productivity systems our democracy is threatened Jamaica is
threatened from within.

Where is the science? that must guide the policies the laws, the decisions, the Maria Carvalho
experience, the hopelessness the frustration, where are the leaders who will listen to us?

All of us will be victims of brains that could have and should have been utilized to build and
transform this country.

Let’s do it.
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