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Who is this                      

pack for?

So… why complete 

this pack?

What’s in this 

booklet?

• This pack was created for all students, regardless of whether 

this is your best or worst subject. 

• It’s not graded or marked by your teacher. It’s a chance to 

explore the subject and learn in a new way that’s different to 

the classroom.

• Each pack is written by a PhD student researching this topic 

and has special knowledge on the subject. When they were 

your age, they knew nothing about it either! 

• By completing their mini-course, you will find out why it’s 

interesting, and you will build the skills that help you improve 

at school. 

• Learn new cool areas of a subject that you won’t cover in the 

classroom

• Sharpen your academic skills, like short essay writing and 

interpreting data

• Experience what it’s like to explore a subject freely

• Better understand what you enjoy and don’t – it will help you 

make decisions about your future studies and career choices!

Your RBC booklet is a pack of resources containing:

✔ More about how and why study this subject

✔ Six ‘resources’ each as a lesson with activities

✔ A final assignment to gauge learning

✔ Extra guidance throughout about the university skills you are 

building

✔ End notes on extra resources and where to find more 

information
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Mainly Seoul, South Korea. I went to primary school in 

Shanghai, China as well. I currently live in Edinburgh, 

Scotland.

One of the many reasons why Neuroscience is exciting is its 

interdisciplinarity. It’s not just traditional STEM subjects that 

are related to Neuroscience - humanities studies, psychology, 

and sociology also connect with Neuroscience.

Communication and Biochemistry. I was the only non-STEM 

and STEM double major among my course mates!

Massive Open Online Courses (MOOC). I remember taking a 

Medical Neuroscience course from Duke University on a 

MOOC platform, which laid the foundation for my 

Neuroscience knowledge.

My mum. She has never gotten impatient with me. She let me 

go through all my trials and errors as I wanted, which taught 

me so much more than just being told to do something.

Where I am from

I think my subject is 

awesome because…

At school, I 

studied…

A resource that 

inspires me…

One person I admire 

is…

Name Nawon Kim

Area of Study and Degree Developmental 

Neuroscience, PhD in Neuroscience

University University of Edinburgh
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your ability to work on your own and find answers online or in

other books

your ability to create something original and express your ideas

your ability to apply what you know to new problems 

your ability to evaluate sources (e.g. for bias, origin, purpose)

your ability to discuss the implications of what the numbers

show

your ability to engage with what you are reading by highlighting

and annotating

your ability to think logically to build an argument clearly

Research

Creativity

Problem solving 

Source analysis

Data analysis

Active reading

Critical thinking

Critical Thinking

Research-Based Curricula packs challenge you to build your

skills in this subject and be used across any of your

schoolwork.

Any time you see a badge, look out for a skill                             

you’ll be building!

These skills are the type of skills that teachers and universities

look for as you progress, so see how many you know below.

Skills you may see and use in this pack.

Developmental Neuroscience  |  Key Stage 5  |  Biology
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As you work through this booklet, you’ll have the chance to build the skills you have read 

on the previous page. 

Make sure to revisit this page once you have mastered each skill. Tick off each skills 

badge below once completed!

Look out for these badges in the Data Source, Activities and Further Reading sections of 

each Resource. If you complete a skill more than once, write the number of times you 

completed it next to the badge. 

When you’ve earned all seven skills badges, you can discuss with your teacher how to 

further build your skills!

Critical Thinking

Data Analysis

Creativity

Active Reading

Research

Source Analysis
Problem Solving
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Be sure to use this section as you go through your booklet. If you see 

an emboldened word, you can find the definition here. If you are still 

unsure about the meaning or use of the word, we encourage you to 

use a dictionary or ask a teacher.

Term Definition

Active zone
A subregion at the nerve terminal where 

neurotransmission takes place.

Axon
A compartment of a neuron where electric signals are 

transmitted down to the nerve terminals.

Axon guidance
The axon’s pathfinding activity in response to attractive 

and repulsive cues.

Cell adhesion 

molecules

Proteins expressed on the cell surface to interact with 

other cells or extracellular matrix.

Cerebral cortex The outer layer of the cerebrum.

Dendrites
A compartment of a neuron where the signals from 

other neurons are received.

Depolarisation

The first step of the action potential propagation when 

ion channels open, and the membrane potential rises 

mainly due to the influx of sodium ions.

Excitatory/ inhibitory 

neurotransmitter

A type of neurotransmitter that makes the receiving 

neuron more/ less excitable.

Glia Non-neuronal cells in the nervous system.

Glutamergic neurons
The neurons that secrete glutamate as their 

neurotransmitter.

Growth cone
Highly motile structures at the ends of an axon or 

dendrites that extend or retract to find synaptic targets.

Hippocampus

A region in the temporal lobe that looks like a sea 

horse. Its most well-known roles are learning and 

storing memories.
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Term Definition

Ionotropic receptor
A postsynaptic receptor that functions as an ion channel 

when the neurotransmitters are bound.

Membrane potential
The electric potential generated by the difference of ion 

concentration between the inside and outside of a cell.

Metabotropic receptor
A postsynaptic receptor that regulates other proteins 

indirectly via G proteins.

Nerve terminals
The ends of an axon where neurotransmitters are 

released.

Neuron
A type of cell that composes the nervous system and 

transmits information electrically and chemically.

Neurotransmitter
Chemical compounds that carry information from one 

neuron to another.

Pluripotent Capable of differentiating into multiple cell types.

Postsynaptic density

A complex at the postsynapse that aligns with active 

zone at the presynapse. It comprises receptors, 

scaffolding proteins, and enzymes that enable brain 

communication.

Repolarisation

The second step of the action potential when the 

sodium channel closes and the membrane potential 

decreases.

Soma The cell body of a neuron.

Stem cell A cell that can differentiate into different types of cells.

Synapse The space between a presynapse and a postsynapse.

Synaptic plasticity The variable property of synaptic strength.

Synaptic vesicle 

recycling

Exocytosis and endocytosis of the synaptic vesicles at 

the presynapse that enables efficient brain 

communication.
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When you find words you don’t recognise in a resource, be sure to look up their

definition. Use this page to write them down and make a note of their definition!

Term Definition

Synaptic vesicles
A small lipid organelle that stores neurotransmitters at 

the presynapse.

To differentiate To specify a cell fate.

To proliferate To increase the number of stem cells by cell division.

Totipotent
Capable of turning into any type of cell or a whole 

organism.
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The structure and 

functions of each neuronal 

compartment

How do we build our 

brains?

How do neurons talk to 

each other?

The structure of a 

synapse

How do we build 

synapses?

What is a 

neurodevelopmental 

disorder, and how do 

scientists study them?

Neuron

Neurogenesis

Neurotransmission

Synapse

Synaptogenesis

Neurodevelopmental 

disorders

Developmental Neuroscience is a broad concept that includes molecular, cellular, 

systematic, physiological and evolutionary perspectives on the development of the 

nervous system in various organisms. 

The topics within this pack will include:



Resource One

Overview

Neurons

Synaptic transmission (Biology)

By completing this resource, you will be able to: 

✓ Identify components of the nervous system.

✓ Name different compartments of a neuron.

✓ Connect different compartments with their functions.

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to Resource Two

Topic

Key Stage 5                  

Subject Area

Objectives

Instructions



Resource One

Data Source
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What does our brain look like? Some say it’s the size of two 

clenched fists, some say it looks like a walnut, and some say it 

feels soft and squishy. These are all true, but more accurately, 

an average human brain weighs about 1.3 kg and consists of 

100 billion nerve cells, neurons, and about the same number of 

non-neuronal cells, glia.

Neurons are the building blocks of our nervous system. Not only 

in our brains but also, they are found all over our body, from our 

fingertips to our stomach. The two most representative roles of 

neurons are to sense and to move. This is made possible by the 

communication within and between the neurons. 

Glia is the non-neuronal cells that also play an important role in 

our nervous system. They have varying functions, such as 

assisting neurons in transmitting signals more efficiently (i.e., 

Schwann cells) or repairing injured neurons (i.e., microglia).

Section A

Neurons and Glia

Figure 1: Neurons 

(green) and Glia 

(red) in the brain

Active Reading



Resource One

Data Source

Physiological Society    |  AccessEd Research-Based Curricula 13

Developmental Neuroscience  |  Key Stage 5  |  Biology

First of all, a neuron has a cell body called soma. Like other 

eukaryotic cells, it has a nucleus that stores genetic information 

and regulates protein expression. However, some compartments 

are unique to neurons.

Neurons receive signals from other neurons via branches 

derived from the soma called dendrites. Then, the signals 

collected from the dendrites are convened in the soma. If the 

signal is strong enough, the neuron passes the signal over to 

other neurons. In this process, the signal travels down the axon, 

the structure that looks like a tree’s stem. Nerve terminals are 

located at the axon’s end and connect to other neurons.

Section B

Neuronal structure

Figure 2: Diagram of 

a neuron

Source Analysis

Active Reading



Resource One

Data Source
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Although we have learned the representative structure of a 

neuron, our brain has a whole variety of neurons. To classify 

them, scientists use different criteria. One of the easiest ways to 

classify a neuron would be by shape. Pyramidal neurons, for 

example, have one prominent axon and multiple dendrites, just 

like a pyramid.

Another way of classifying neurons is by their functions. The 

neurons that perceive the outside world, like taste bud cells, are 

called sensory neurons. On the other hand, the neurons that 

move a muscle are called motor neurons. Neurons that function 

as a bridge between two neurons are called interneurons.

When neurons communicate, they secrete chemicals from the 

nerve terminals called neurotransmitters. A neurotransmitter 

can be either excitatory or inhibitory based on its effect on the 

receiving neuron. The neurons that secrete excitatory 

neurotransmitters are called excitatory neurons, whereas the 

ones that secrete inhibitory neurotransmitters are called 

inhibitory neurons.

Section C

Different types of 

neurons

Figure 3 (left): Image 

of a mouse retina 

Figure 4 (right): A 

pyramidal neuron

Active Reading



Resource One

Activities 
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1. Label each compartment in a neuron.

2. Solve the crossword puzzle on the next page.

Down

A. A compartment of a neuron that sends a signal from 

soma to nerve terminals.

B. The delivery of the signal from one neuron to another is 

called neuro _ _ _ _ _ _ _ _ _.

C. A compartment of a eukaryotic cell that stores genetic 

information and regulates gene expression. 

Activities

Problem Solving

Critical Thinking
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2. [Cont.] Solve the crossword puzzle below.

Across

1. Non-neuronal cells in our nervous system.

2. Neurons that connect between neurons.

3. A compartment of a neuron where a neuron receives 

signals from other neurons.

4. Cell body of a neuron.

5. _ _ _ _ _ _ _ _ _ neurons receive signals about the 

outside world.

6. _ _ _ _ _ _ _ _ _ neurons move our muscles.

Activities

1

2

3

4

5

6

a

b c

Critical Thinking
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• Have a look at the first drawings of neurons in history: 

https://www.nytimes.com/2018/01/18/arts/design/brain-

neuroscience-santiago-ramon-y-cajal-grey-gallery.html

• Play flashcard and learn more about neurons: 

https://www.nagwa.com/en/flashcards/107157096452/

• Watch a lecture about vertebrate nervous system: 

https://www.youtube.com/embed/232wtCuLsoI

• Purves D, Augustine GJ, Fitzpatrick D, et al., editors. 

Neuroscience. 2nd edition. Sunderland (MA): Sinauer 

Associates; 2001. Neuroglial Cells. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK10869/

• Brain plate drawing (cover): National Library Medicine Digital 

Collection

• MRI image (cover): MedPix

• Neurons and Glia (Figure 1) : National Institute of General 

Medical Sciences (NIGMS)

• Diagram of a neuron (Figure 2): modified from flickr

• Mouse retina (Figure 3): NIGMS 

• Pyramidal neuron (Figure 4): flickr

Explore

References

Image Sources

https://www.nytimes.com/2018/01/18/arts/design/brain-neuroscience-santiago-ramon-y-cajal-grey-gallery.html
https://www.nagwa.com/en/flashcards/107157096452/
https://www.youtube.com/embed/232wtCuLsoI
https://collections.nlm.nih.gov/catalog/nlm:nlmuid-101437565-img
https://medpix.nlm.nih.gov/case?id=21a6e394-a63e-453a-91a8-b51ff6fba213
https://images.nigms.nih.gov/pages/DetailPage.aspx?imageid2=3688
https://www.flickr.com/photos/neurociencias/6189628408/in/photolist-aqXsTb-oepw5r-2naaT58-U61Ckk-GBnKcr-SurwiR-2jWKCao-2jWKCp6-ovevyN-oucyVQ-2nagRUY-x3R4BX-2jWFXeL-2nafkrh-2jWKCtV-2jWKCRi-23tN693-2jWFXqT-2jWLpPR-2jWFWNk-2nafACS-oru5Kf-2jWKCz6-bzNJwy-ow2neE-2naaegN-2jWLpsP-oeGFep-otqcYE-owgGUJ-wLkUga-owcosw-oeH2dd-xq4Nj8-2naaxoK-8wrxNL-ovax6b-qXvGcP-oeH2Eq-w6LtoU-oexePe-oxZezT-wLNLWX-mibGPY-aKQ7mV-wLfKAf-ynE4dM-eejYCC-KhKLT4-T9eT7Y
https://images.nigms.nih.gov/pages/DetailPage.aspx?imageid2=5793
https://www.flickr.com/photos/148196098@N02/33457927693/in/photolist-SYyCfi-ihsYAC-nk2nCy-otpQmw-x3QLkc-SXoQHG-wLhbAc-7tKSma-2gWjMNr-oumVw6-2gWieyh-w6P281-ouaLBQ-ow3dca-ouFN5Z-2gWjMUi-2nahqpc-7tPQoQ-ovAXBe-2gWj38R-7tPNLE-oxckcg-oesjTp-d28p8o-oeTbpR-7tKSdR-otYBBh-7tKSuF-owB7wK-oy59rg-oxckCr-7jATR6-otpHyd-aNmgRg-55aar1-7wrBQm-x33oD5-7tKSCa-7tPPkU-7tKS16-7tPPQf-xuzTvi-ouDeTA-oeRnCg-7tKTi4-owtP5g-oevXDF-oevFjs-ovHeUH-oeRuKw


Resource Two

Overview

Neurogenesis 

All cells arise from other cells (Biology)

By completing this resource, you will be able to: 

✓ Understand symmetric and asymmetric cell division.

✓ Describe the process of differentiation in neural stem cells.

✓ Describe the process of neural migration in the cerebral 

cortex.

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to Resource Three

Topic

Key Stage 5                 

Subject Area

Objectives

Instructions

Cross-

section of 

mouse 

brain
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Did you know that each of us comes from one single cell? 

Although our body consists of around 30 trillion cells, we used to 

be one zygote, a fertilised egg. So, how did we end up with 

many different organs, including our brain?

To answer this question, we must first understand the concept of 

a stem cell. It refers to a cell that can turn into different types of 

cells or enter different cell fates. For example, the fertilised egg 

mentioned above is a stem cell because it can become a skin 

cell, hair cell, or even a whole organism. When the cell fate is 

decided, the cell has differentiated, meaning its fate is limited.

Can a stem cell turn into any type of cell? No. A stem cell might 

have limited potential. A fertilised egg is called totipotent

because it can turn into any kind of cell in our body or even a 

whole organism. Once the egg goes through a few rounds of cell 

division, the cell fates become limited. Stem cells with limited 

cell fate are called pluripotent stem cells. For example, the 

neural stem cell is pluripotent because it can turn into neural or 

glial progenitors. Usually, a stem cell loses its potential as it 

divides, but there are stem cells found in adult bodies, too. 

Section A

Neural 

differentiation

Figure 5: Neural 

differentiation

Zygote Neural 

stem cell
Neuronal 

progenitor

Neuron

Active Reading
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The most significant difference between a neural progenitor and 

a neuron is that a neural progenitor can divide, whereas a 

neuron cannot. 

Cell division of a neural progenitor can be either symmetric or 

asymmetric. Symmetric division means the daughter cells share 

the same property. In this case, one neural progenitor gives rise 

to two neural progenitors. As a result of the symmetric division of 

neural progenitors, the total number of neural progenitors 

increases. This is called proliferation.

On the other hand, a neural progenitor can divide into one 

neural progenitor and one neuron. Because the two daughter 

cells have different cell fates, this is an asymmetric division. 

It is known that symmetric division is the dominant mode at the 

early stage of brain development. In contrast, asymmetric 

division is the dominant mode at the later stage of brain 

development. At the later stage of development, neural 

progenitors can also divide into two neurons, which means the 

number of progenitors will decrease.

Section B

Symmetric and 

asymmetric division 

of neural 

progenitors

Figure 6: Neural 

progenitors (green) 

and neurons (blue)

Active Reading
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In a nutshell, our nervous system starts with stem cells, which 

proliferate and differentiate throughout the development via 

symmetric and asymmetric division. However, if cells keep 

dividing, they will grow into a big ball of cells without orientation 

or direction. We know that a brain looks more like a walnut than 

a ball, with folds and creases. How does it achieve its 

complicated structure?

This is because neurons move to the right places at the right 

time. Neurons migrate in different directions, within one region 

and across other areas. Let’s look at how the cerebral cortex, 

the brain’s outer layer, develops.

The human cerebral cortex is an integral part of our nervous 

system. It occupies about half of the total brain mass and 

consists of 14 to 16 billion neurons, which cooperate to feel, 

think and move. During the development, progenitors sit at the 

bottom layer and divide symmetrically or asymmetrically. 

Neurons that stem from the progenitors migrate upwards and sit 

on top of the older neurons which have already migrated. In the 

end, the six layers of the cerebral cortex are built inside-out.

Section C

Neural migration

Figure 7: Scheme of 

neuronal migration 

in the developing 

cortex

Source Analysis

Active Reading
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1. Please read the description of each type of cell and fill in the 

blanks with totipotent/ pluripotent/ differentiated.

A. The central nervous system consists of three main cell 

types, neurons, astrocytes and oligodendrocytes. Neural 

stem cells (NSCs) generate neurons, astrocytes and 

oligodendrocytes in temporal order. NSCs are                            

_ _ _ _ _ _ _ _ _ _.

B. Oligodendrocyte is a type of glia that assist 

neurotransmission in the central nervous system. 

It myelinates the axon, wrapping around it to make 

neurotransmission more efficient. Oligodendrocytes do 

not undergo cell division, and their function is 

determined. Hence, it is _ _ _ _ _ _ _ _ _ _.

C. When two sperms fertilise two eggs separately, it gives 

birth to a fraternal twin. However, the two fertilised eggs 

may aggregate and generate a tetragametic chimera. 

Although they have redundant genetic information, 

tetragametic chimeras develop normally. In this sense, a 

fertilised egg can give rise to one organism or a part of 

an organism. This means it is  _ _ _ _ _ _ _ _ _ _.

2. Neural stem cells are found in the hippocampus in an adult 

brain. Recently, it was shown that patients with Alzheimer's 

disease have fewer neural stem cells in their hippocampi. 

What do you think the function of the adult neural stem cell 

in the hippocampus might be? 

Tip: Research the symptoms of Alzheimer’s disease.

Activities

Critical Thinking

Research

Problem Solving



Resource Two

Activities 
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3. Neuronal migration disorder is an umbrella term that 

refers to neural malformation due to disrupted neuronal 

migration during brain development.

One example of neuronal migration disorder is 

lissencephaly, whereby the brain looks smooth and lacks 

folding.

Research at the library or on the internet about lissencephaly 

and discuss with your classmates the following questions.

A. What are the known causes of lissencephaly?

B. When and how can lissencephaly be diagnosed?

C. What are the symptoms of lissencephaly?

Activities

Figure 8: An image 

of a normal brain 

(right) and a 

lissencephalic brain 

(left) of lambs

Research



Resource Two

Further Reading 
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• Watch a visualisation of a fruit fly’s brain in 3D: 

https://images.nigms.nih.gov/pages/DetailPage.aspx?imagei

d2=5843

• Watch a video of epithelial cell migration: 

https://images.nigms.nih.gov/pages/DetailPage.aspx?imagei

d2=6899

• Watch a video of zebrafish’s embryonic development: 

http://www.cellimagelibrary.org/images/35274

• Briley, D., Ghirardi, V., Woltjer, R. et al. Preserved 

neurogenesis in non-demented individuals with AD 

neuropathology. Sci Rep 6, 27812 (2016). 

https://doi.org/10.1038/srep27812

• Rolando C, Taylor V. Neural stem cell of the hippocampus: 

development, physiology regulation, and dysfunction in 

disease. Curr Top Dev Biol. 2014;107:183-206. doi: 

10.1016/B978-0-12-416022-4.00007-X. PMID: 24439807.

• Cross-section of a mouse brain (cover) : NIGMS

• Neural progenitors and neurons (Figure 6): flickr

• An image of a normal brain and a lissencephalic brain 

(Figure 8): Openi

Explore

References

Image Sources

https://images.nigms.nih.gov/pages/DetailPage.aspx?imageid2=5843
https://images.nigms.nih.gov/pages/DetailPage.aspx?imageid2=6899
http://www.cellimagelibrary.org/images/35274
https://images.nigms.nih.gov/pages/DetailPage.aspx?imageid2=6780
https://www.flickr.com/photos/snsf_image_competition/46848331214/in/photolist-apu4cD-FPL8Rp-EpF3rg-hRqPSZ-7tWA6m-8maaJe-uuWu5F-Tuo4j7-kek7KP-8zzTGY-T9gzxW-rwEuyZ-8zzUo3-8zzV8G-8AxHhU-8AxHMo-f7zziX-8AxJum-2jL8Pef-8AxJ9q-abKKNm-2mtv5ka-aDmPrE-79LoYX-8AuCm4-8AuCRM-2enPWGw-aB71Kh-2mAkq72-abGQQr-29WoYpi-2ixRmyH-2mxWvyC-2ixSCaG-2ixNPZx-f7zzik-aB4fxM-8zwMUM-abKLA3-2ixNPYL-2ixSC82-2ixNPVe-2ixNQ2G-2ixRmzu-2ixRmwy-2ixNPTW-2ixNPXJ-2enBMU5
https://openi.nlm.nih.gov/detailedresult?img=PMC3750509_1746-6148-9-156-1&query=lissencephaly&it=xg&req=4&npos=8


Resource Three

Overview

Neurotransmission

Transport across cell membranes, and Organisms respond 

to changes in their internal and external environments 

(Biology)

By completing this resource, you will be able to: 

✓ Understand how the nervous system uses electrical and 

chemical signals to exchange information.

✓ Describe the process of neurotransmission.

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to Resource Four

Topic

Key Stage 5                   

Subject Area

Objectives

Instructions

Synaptic 

contact



We learned that brain development includes a delicate process 

of producing and organising neurons. As a result of this process, 

the brain acquires a complicated structure, with each brain 

region specialising in different functions. For instance, the 

cerebral cortex can be divided into the frontal lobe, temporal 

lobe, parietal lobe and occipital lobe.

Right now, you are using your eyes to read this coursebook. The 

visual signals are received in the visual cortex located in the 

occipital lobe. However, more than simply perceiving the visual 

information is required to understand what it means. The 

understanding step requires the frontal lobe. Also, as you are 

learning new vocabulary throughout this coursebook, you must 

remember what the ‘cerebral cortex’ means to understand this 

paragraph. Memory is managed mainly in the hippocampus, 

which lies in the temporal lobes. In other words, your brain is 

working like an orchestra right now!
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Section A

Brain 

communication

Figure 9: Different 

brain regions

Figure 10: 

Hippocampus and 

genus hippocampus 

(sea horse)

Temporal lobe

Occipital lobe

Partial lobePartial lobe

Active Reading

Source Analysis
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How do neurons communicate, then? There are two different 

modes of signalling: electrical and chemical. Let’s have a look at 

the electrical signalling first.

When a neuron receives enough signal from other neurons 

through dendrites, the neuron ‘fires’ by transmitting electrical 

signals from axon to nerve terminals. Firing entails the influx or 

efflux of ions across the plasma membrane.

The membrane potential of a neuron ranges from -80 mV to -

40 mV at rest. This is because of the ion concentration 

difference between the inside and the outside of a neuron.

When a neuron fires, however, the ion channels on the plasma 

membrane of the axon open. As a result of the opening, free 

sodium ions flow into the axon. Consequentially, the membrane 

potential increases, and this is called depolarisation. 

Depolarisation proceeds towards nerve terminals, as shown in 

the figure below. Soon the membrane potential is restored as 

the ion channels close. This is repolarisation. 

Section B

Action potential

Figure 11: Sequence 

of action potential 

(transmission goes 

from bottom to top)

0

Na+

Channel

(open)

Na+ Channel

(closed)

Free Na+ ions

t = 0 t = 1 millisecond t = 2 millisecond

Active Reading
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Once the cascade of electric signal reaches the nerve terminals, 

the electric signal is converted into chemical signals to send the 

information to the next neuron. The substances that deliver this 

chemical signalling are called neurotransmitters. Neurotransmitters 

are released to the synaptic cleft, the gap between a nerve terminal 

from the sender neuron and a dendrites of the receiver neuron. The 

area in the nerve terminal where the neurotransmitters are released 

is called the presynapse. The area where the neurotransmitters are 

received is called the postsynapse. The tripartite structure of 

presynapse-synaptic cleft-postsynapse makes a synapse.

Synapses can be either excitatory or inhibitory, depending on the 

type of neurotransmitters released. See examples in the table 

below. 

Section C

Neurotransmitters

Figure 12: Synaptic 

structure

Excitatory Inhibitory

Glutamate γ-Aminobutyric acid (GABA)

Aspartate Glycine

Nitric oxide Serotonin

Dopamine

Neuron

Neurotransmitter

Receptor

Active Reading

Source Analysis
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1. Label each lobe of the human cerebral cortex.

2. Number each step of the propagation of action potential in 

order.

Activities

A. The membrane recovers to the 

resting potential

B. Depolarisation
C. The Na+ channels 

on the plasma 

membrane opens

D. Repolarisation

E. The Na+ channels 

inactivates

Problem Solving

Critical Thinking
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3. Research the function of each lobe of our cerebral cortex. 

Which part of the brain do you think is needed for walking? 

Why?

4. Read the following paragraph about the mechanism of 

substance addiction. Why do you think it is so hard to break 

the vicious cycle of addiction? Provide some arguments to 

justify your answer.

Activities

Data Analysis

Research

The reward circuit is activated in our brain whenever we feel 

satisfied. The centre of this reward circuit is the ventral 

tegmental area or VTA.

VTA locates in our midbrain, and its neurons project towards 

other brain regions such as the basal ganglia, hippocampus 

or prefrontal cortex. These neurons secrete a 

neurotransmitter called dopamine. 

In harmony, the dopamine input in different brain regions

creates a happy memory of the occasion, and the individual 

will have the urge to recreate such an experience.

Drugs, such as cocaine, result in dopamine surges that are 

difficult to recreate in a natural environment. 
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• Read more about action potential: 

https://nba.uth.tmc.edu/neuroscience/m/s1/chapter01.html#:

~:text=The%20potential%20that%20is%20recorded,particula

r%20type%20of%20nerve%20cell.

• Listen to a Neuroscience podcast: 

https://www.feedspot.com/infiniterss.php?_src=feed_title&foll

owfeedid=5381590&q=site:https%3A%2F%2Ftwin1.libsyn.c

om%2Frss

• National Institute on Drug Abuse (2020). Drugs, Brains and 

Behavior: The Science of Addiction. Available at: 

https://nida.nih.gov/publications/drugs-brains-behavior-

science-addiction/drugs-brain (Accessed 08 Nov 2022)

• 3D image of the synaptic contact (cover): NIGMS

• Different brain regions (Figure 9): 

https://pubmed.ncbi.nlm.nih.gov/24073270/#&gid=article-

figures&pid=figure-1-uid-0

• Hippocampus and genus hippocampus (Figure 10):  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3420617/figur

e/fig3/

• Synaptic structure (Figure 12): National Institute on Drug 

Abuse

Explore

References

Image Sources

https://nida.nih.gov/publications/drugs-brains-behavior-science-addiction/drugs-brain
https://images.nigms.nih.gov/pages/DetailPage.aspx?imageid2=5885
https://nida.nih.gov/publications/drugs-brains-behavior-science-addiction/drugs-brain


Resource Four

Overview

Synapse

Synaptic transmission (Biology)

By completing this resource, you will be able to:

✓ Understand the concepts of presynapse and postsynapse.

✓ Recognise the structure and function of the presynapse and 

the postsynapse.

✓ Describe the steps of chemical neurotransmission.

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to Resource Five

Topic

Key Stage 5                  

Subject Area

Objectives

Instructions

The retina slice shows a photoreceptor (blue) transmitting visual signals to 

a bipolar cell (green) at a synapse (red structure is a synaptic component).
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When the action potential reaches the nerve terminals, the 

neurotransmitters are secreted from the presynapse to the 

postsynapse. How does this chemical neurotransmission 

happen?

The neurotransmitters are packed in small organelles at the 

nerve terminals called synaptic vesicles. The neurotransmitters 

are released to the synapse when these synaptic vesicles dock 

and fuse to the plasma membrane. This is called synaptic 

vesicle exocytosis. The active zone is a subregion of the 

presynapse where exocytosis takes place. 

A neuron can fire up to 200 times per second, requiring many 

synaptic vesicles. Where do these synaptic vesicles come from? 

Although neurons can generate synaptic vesicles from scratch, 

they can also recycle them by invaginating some plasma 

membrane and pinching it off, as illustrated in Figure 13, a 

process called synaptic vesicle endocytosis, which allows more 

efficient generation of the synaptic vesicles, as well as 

maintaining the membrane tension which the fusion of the 

synaptic vesicles may disrupt. This circle of exocytosis and 

endocytosis is called synaptic vesicle recycling.

Section A

Presynapse

Figure 13 (left): 

Synaptic vesicle 

exocytosis and 

endocytosis

Figure 14 (right): A 

cross section of 

synaptic junction

Active Reading

Source Analysis
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So, the action potential leads to the exocytosis of synaptic 

vesicles, and the neurotransmitters are released into the 

synaptic cleft. What happens to the neurotransmitters next?

The corresponding receptors recognise the released 

neurotransmitters on the postsynaptic membrane. The receptors 

convert the chemical signalling to electric signalling in two 

different ways. First, some receptors function as ion channels 

that the binding of neurotransmitters can regulate. These 

receptors are ionotropic. The second type of receptor are 

metabotropic receptors. They control other ion channels, and 

enzymes via intermediate molecules called G proteins.

Just like an active zone at the presynapse, the postsynaptic 

proteins are also concentrated in certain spaces, making a big 

complex called postsynaptic density (PSD). Including the 

postsynaptic receptors on the plasma membrane, numerous 

proteins, such as kinases, GTPases, and actin, are bound 

together on scaffolding protein for timely and efficient response 

to the neurotransmission.

Section B

Postsynapse

Figure 15: 

Postsynaptic 

structure

Active Reading

Source Analysis
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The chemical signalling between neurons involves synaptic 

vesicle recycling at the presynapse, diffusion of the 

neurotransmitters, and recognition of the neurotransmitters at 

the postsynapse. However, not all synapses have the same 

capacity to transmit a message.

If more synaptic vesicles are fused to the plasma membrane 

upon action potential, more neurotransmitters will be released to 

the synapse. To a certain level, there will be more receptors that 

the neurotransmitters are bound to. In this case, the connectivity 

of the two neurons, or the synaptic strength, is enhanced. If 

more receptors at the postsynaptic membrane can catch the 

diffusing neurotransmitters, the synaptic strength between the 

two neurons is also amplified. Vice versa, the synaptic strength 

can also be diminished presynaptically or postsynaptically.

This ability of the neurons to manipulate the synaptic strength is 

called synaptic plasticity. It is known to be activity-dependent, 

meaning our brain constantly moderates the preexisting 

synapses even after the development. This concept was first 

suggested by Donald Hebb, who bridged the concepts of 

Psychology and Neuroscience.

Section C

Synaptic strength

Figure 16: Donald 

Hebb

Active Reading



1. Read and number the steps of chemical neurotransmission 

at the presynapse by time order.

A. The vesicles are endocytosed to replenish the vesicle 

pool at the presynapse.

B. The synaptic vesicles move and attach to the plasma 

membrane (docking).

C. The docked vesicles are fused to the plasma membrane, 

releasing neurotransmitters into the synaptic cleft.

2. Look at the transmission electron microscopy image below 

and answer two questions. The image shows an ohm(Ω) 

structure of invaginated clathrin-coated pit. Clathrin is an 

adaptor that enables endocytosis.

A. What does a neuron retrieve through endocytosis?

B. Why is endocytosis important for a neuron?
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Activities

Problem Solving

Critical Thinking
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3. List at least two different ways of manifesting synaptic 

strength.

4. Read the following description of a molecule and speculate 

which compartment of neuron it is mostly likely to be located 

in in a neuron.

Activities

Synaptotagmin-1 (syt-1) is a calcium sensor.                      

The influx of the sodium channels results in the voltage-

gated calcium channels opening, promoting an influx of free 

calcium ions into the neuron. When free calcium ions bind to 

syt-1, it goes through a conformation change that facilitates 

the fusing of the synaptic vesicles into the plasma 

membrane, where the neurotransmitters are released.

Critical Thinking
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• Play flashcard on quizlet: 

https://quizlet.com/107667352/synaptic-structure-flash-

cards/

• Watch a lecture about axon transport system: 

https://collections.nlm.nih.gov/catalog/nlm:nlmuid-7801445A-

vid

• Zach W. Hall, Joshua R. Sanes. Synaptic structure and 

development: The neuromuscular junction. Cell. Volume 72, 

Supplement. 99-121 (1993). https://doi.org/10.1016/S0092-

8674(05)80031-5.

• Citri, A., Malenka, R. Synaptic Plasticity: Multiple Forms, 

Functions, and Mechanisms. Neuropsychopharmacol 33, 

18–41 (2008). https://doi.org/10.1038/sj.npp.1301559

• Synapses in retina (cover): National Eye Institute media 

library

• Presynaptic exocytosis (Figure 15): Cell Image Library 

• Donald Hebb (Figure 16): AZ quotes

• Clathrin coated pit (Activity 2): Cell Image Library

Explore

References

Image Sources

https://quizlet.com/107667352/synaptic-structure-flash-cards/
https://collections.nlm.nih.gov/catalog/nlm:nlmuid-7801445A-vid
https://medialibrary.nei.nih.gov/search?keywords=synapse#/media/3795
http://cellimagelibrary.org/images/36012
%3ca%20href=%22https:/www.azquotes.com/quote/894211%22%20title=%22Donald%20O.%20Hebb%20quote%22%3e%3cimg%20src=%22/www.azquotes.com/picture-quotes/quote-neurons-that-fire-together-wire-together-donald-o-hebb-89-42-11.jpg%22%20alt=%22Neurons%20that%20fire%20together%20wire%20together.%20-%20Donald%20O.%20Hebb%22%3e%3c/a%3e
http://cellimagelibrary.org/images/37137


Resource Five

Overview

Synaptogenesis

Synaptic transmission (Biology)

By completing this resource, you will be able to:

✓ Understand the process of presynaptic development.

✓ Understand the process of postsynaptic development.

✓ Comprehend the concept of synaptic plasticity.

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to Resource Six

Topic

Key Stage 5                

Subject Area

Objectives

Instructions

Growth 

cone
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Synapses are critical in the delicate network of neurons. Each 

neuron connects to thousands of neurons, and the total number 

of synapses in our brain exceeds a hundred trillion! How does it 

generate so many synapses? 

The process of generating synapse, or synaptogenesis, starts 

with the morphological development of the neurons. First, some 

protrusions are observed, which stretch out and become 

processes. The neural processes keep extending and 

branching, eventually becoming axons and dendrites. The tips of 

the processes are called the growth cones. The necessary 

molecules are delivered accordingly to the axon and the 

dendrites, along with the morphological development.

The step of delivering necessary molecules and installing them 

at the presynapse and the postsynapse is called synaptic 

differentiation. Cell adhesion molecules and neurotransmitters 

present in the surroundings are speculated to trigger this 

differentiation process. Also, it is facilitated by trans-synaptic 

signalling via physical contact between the presynapse and the 

postsynapse. 

Section A

Synaptogenesis

Figure 17: Growth 

cone

Active Reading
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Let’s look closely at the development of each compartment, the 

presynapse and the postsynapse.

The axon's tips lead to the axon's elongation in response to 

external signalling, a process called axon guidance. As the 

axon elongates and branches, presynaptic differentiation takes 

place simultaneously. Presynaptic differentiation refers to 

delivering presynaptic proteins to the potential presynapse so 

that the proteins enable exocytosis and endocytosis when the 

synapse is formed. These proteins are delivered in a package 

called dense core vesicles.

The postsynapse also requires a variety of proteins, including 

the receptors for the neurotransmitters. These proteins are 

recruited and concentrated in postsynaptic density that aligns 

with the active zone at the presynapse. The differentiated 

postsynapse is called the dendritic spine and can take various 

shapes.

Section B

Presynaptic and 

postsynaptic 

development

Figure 18: Dense              

core vesicle (arrow) 

and synaptic vesicles

Figure 19: Types of 

postsynaptic spine

Active Reading



Resource Five

Data Source

Physiological Society    |  AccessEd Research-Based Curricula 42

Developmental Neuroscience  |  Key Stage 5  |  Biology

It is known that synaptogenesis occurs most profusely from the 

second trimester of pregnancy until the second year after birth in 

humans. Synaptogenesis, however, continues throughout one’s 

lifetime. Existing synapses also remain active through 

maturation, moderation and elimination.

Maturation and moderation include modulating the strength of 

the synapse. One example of this modulation is the regulation of 

postsynaptic receptors in excitatory neurons. There are two 

types of receptors in glutamergic neurons: 1) N-methyl-D-

Aspartate (NMDA) receptor and 2) α-amino-3-hydroxy-5-methyl-

4-isoxazolepropionic acid (AMPA) receptor. The activation of 

NMDA receptors can recruit more AMPA receptors to the 

postsynaptic membrane, enhancing synaptic strength.

On the other hand, eliminating synapses is also important for 

brain development. The synaptic density decreases during 

teenage years in human life, which has been revealed to be 

important in learning and memory. This is called synaptic 

pruning. 

Section C

Synaptic maturation

Figure 20: Synaptic 

density throughout 

development in layer 

3 of the human 

frontal cortex

Data Analysis

Active Reading
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1. Please connect the terms with appropriate explanations.

2. Imagine a synapse firing consecutively. Will the action 

potential deliver the message at the same intensity each 

time? If not, do you think it will strengthen or weaken? Why?

3. Synaptic pruning has been revealed to be a crucial step in 

brain development, especially in learning and memory. 

Reduced synaptic pruning has been reported in the cases of 

autism spectrum disorder (ASD), whereas excessive pruning 

has been reported in schizophrenia. What cells do you think 

are responsible for synaptic pruning and why? In other 

words, who is this barber in the cartoon? 

Activities

• A type of inhibitory neurotransmitter.

• The dynamic tips of the neurites.

• The process of eliminating synapses

• The process of axons extending and branching 

based on external cues.

• A protrusion from the dendritic shaft.

• The variable characteristic of the synaptic strength.

• A type of excitatory neurotransmitter.

• A subregion at the presynapse where synaptic 

vesicle exocytosis occur.

• A subregion at the postsynapse where enzyme, ion 

channels and receptors are densely populated 

around scaffolding proteins.

Growth cone  ◼︎

Postsynaptic density  ◼︎

Axon guidance  ◼︎

Dendritic spine  ◼︎

NMDA  ◼︎

Synaptic pruning  ◼︎

Synaptic plasticity  ◼︎

Active zone  ◼︎

GABA  ◼︎
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• Watch a video of hippocampal neuron developing in vitro: 

http://cellimagelibrary.org/images/701

• Watch an introductory video of a research project in 

synaptogenesis: 

https://www.youtube.com/watch?v=qm_3k0dolxM

• Listen to an episode of a podcast about Neuroscience and 

happiness: https://owenfitzpatrick.com/podcast/s02e23-the-

neuroscience-of-happiness/

• Südhof, T.C., 2018. Towards an Understanding of Synapse 

Formation. Neuron 100, 276–293.. 

doi:10.1016/j.neuron.2018.09.040

• Growth cone (cover): Cell Image Library

• Growth cone (Figure 17): NIGMS

• Dense core vesicle (Figure 18): Cell Image Library 

• Synaptic density graph (Figure 20): Huttenlocher PR. 

Synaptic density in human frontal cortex - developmental 

changes and effects of aging. Brain Res. 1979 Mar 

16;163(2):195-205. doi: 10.1016/0006-8993(79)90349-4. 

PMID: 427544.

• Synaptic pruning cartoon (Activity 3): www.axonology.com

Explore

References

Image Sources

https://www.youtube.com/watch?v=qm_3k0dolxM
http://cellimagelibrary.org/images/131
https://images.nigms.nih.gov/pages/DetailPage.aspx?imageid2=1247
http://cellimagelibrary.org/images/36045
http://www.axonology/


Resource Six

Overview

Neurodevelopmental disorders

Regulation of transcription and translation (Biology)

By completing this resource, you will be able to: 

✓ Understand the concept of neurodevelopmental disorders 

and list examples. 

✓ Evaluate the advantages and disadvantages of different 

animal models used in research.

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to the Final Reflection Activity

Topic

Key Stage 5                   

Subject Area

Objectives

Instructions

Microcephaly (A) 

Megalocephaly (B)



Resource Six

Data Source

Physiological Society    |  AccessEd Research-Based Curricula 46

Developmental Neuroscience  |  Key Stage 5  |  Biology

In the previous resources, we have studied how neurons 

develop to build synapses and what structures and functions 

they acquire as a result of their development. If any 

development step goes awry, the individual falls at risk of 

neurodevelopmental disorders.

Neurodevelopmental disorder is a broad term. Genetic 

neurodevelopmental disorders can be further caterogised into 

monogenic or polygenic, depending on how many genetic 

mutations are linked to such conditions. Fragile X syndrome is 

an example of a monogenic neurodevelopmental disorder, 

which is caused by a disruption in a single gene.

The symptoms of a neurodevelopmental disorder can also be 

variable. Whereas some disorders affect learning and 

behaviour, others might have more global effects on different 

aspects of development, such as skeletal and facial 

abnormalities. 

Look at the table below to read about different disorders.

Section A

Neurodevelopmental 

disorders

Attention-deficit/ hyperactivity 

disorder (ADHD)
Angelmann syndrome

Anxiety disorders
Autism spectrum disorder 

(ASD)

Down Syndrome Dyslexia

Epilepsy Fragile X Syndrome (FXS)

Intellectual Disabilities (ID) Rett Syndrome

Schizophrenia Tic Disorders

Active Reading

Sensitive               

content alert

If you feel affected by 

any of the content 

outlined in Resource 

Six, please speak to a 

teacher or a guardian.



Section B

Autism spectrum 

disorders

Figure 21: Milestone 

checklist for 2-

months-old babies
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The Diagnostic and Statistical Manual of Mental Disorders, 5th 

edition: DSM-5 divides neurodevelopmental disorders into eight 

groups: intellectual disorders, communication disorders, autism 

spectrum disorder (ASD), attention-deficit/ hyperactivity disorder 

(ADHD), specific learning disorders, motor disorders, tic 

disorders and others. Here, we will have a brief look at ASD.

ASD is one of the most common neurodevelopmental disorders. 

The statistics vary worldwide, but in the case of the United 

States, 1 in 44 8-year-old children is affected by ASD. 

Furthermore, it was 4.2 times more prevalent in boys than girls. 

Children with ASD are usually diagnosed by age 2, and the 

common symptoms are impairment in social communication and 

repetitive behaviours. 

We are far from elucidating all the causes and mechanisms of 

ASD onset. Different cases might have different pathology, 

either genetic or nongenetic. Most of the cases are idiopathic for 

now, meaning we do not know their cause. However, scientists 

are revealing more and more about ASD and are getting closer 

to finding the convergent pathology.

Research
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Studies in neurodevelopmental disorders often start by 

identifying the gene mutations in clinical cases. When a new 

mutation is identified, scientists make animal strains with the 

same or similar mutation to research the molecular, cellular 

and behavioural aspects of the mutation. Nongenetic 

neurodevelopmental disorders, such as foetal alcohol syndrome, 

can also be studied by mimicking the pathological environment 

in the lab. As shown in the pictures below, commonly used 

animal models in neurodevelopmental disorders research 

include drosophila, C. elegans, squid and rodents.

What about idiopathic cases when one cannot pinpoint the 

condition’s cause? Scientists can perform patient-specific 

research in this situation. One possibility is generating a cell line 

via human induced pluripotent stem cells (hiPSC). Somatic cells 

collected from a patient can be induced to recover their potential 

to become pluripotent. Then, under the treatment of certain 

factors, hiPSC can re-differentiate, allowing scientists to 

continue research on the case in the lab environment.

Section C

Neurodevelopmental 

disorders research

Figure 22: Different 

animal models in 

Neuroscience 

research
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1. Research one animal model listed on the previous page. 

What are the advantages and disadvantages of each model?

2. In history, the skull’s size or shape was used to justify 

discrimination against women and people from ethnic 

minority backgrounds. This field of so-called science at the 

time was called ‘phrenology’. Discuss the following 

questions with your friends or family.

A. How can phrenology be proven wrong? 

B. How did the scientists fall into this pseudoscience?

3. Look at the global map of autism prevalence by Spectrum 

below. It shows the estimated prevalence of ASD in different 

countries. Why do you think the statistics of ASD differ so 

much across countries?

Activities

Critical Thinking
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• Read about neurodevelopmental disorders: Morris-

Rosendahl, D.J., Crocq, M.-A., 2020. Neurodevelopmental 

disorders—the history and future of a diagnostic concept. 

Dialogues in Clinical Neuroscience 22, 65–72.. 

doi:10.31887/dcns.2020.22.1/macrocq

• Visit  National Autism Society website: 

https://www.autism.org.uk/advice-and-guidance/what-is-

autism

• https://www.cdc.gov/ncbddd/autism/hcp-dsm.html

• Edited by Sam Goldstein and Cecil R. Reynolds, 1999, 

Handbook of Neurodevelopmental and Genetic Disorders in 

Children, The Guilford Press, New York.

• Microcephaly and megalocephaly (cover): Lee J. 

Malformations of cortical development: genetic mechanisms 

and diagnostic approach. Korean J Pediatr. 2017 

Jan;60(1):1-9. doi: 10.3345/kjp.2017.60.1.1. Epub 2017 Jan 

31. PMID: 28203254; PMCID: PMC5309318.

• Milestone checklist (Figure 21): CDC

• Animal models (Figure 22): Flickr

• ASD prevalence statistics (Activity 3): Spectrum

Explore

References
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https://www.cdc.gov/ncbddd/actearly/pdf/checklists/Eng.-2-months-Milestone-Moments-Checklist-2021-P.pdf
https://prevalence.spectrumnews.org/?min_yearpublished=&max_yearpublished=&yearsstudied_number_min=&yearsstudied_number_max=&min_samplesize=&max_samplesize=&min_prevalenceper10000=&max_prevalenceper10000=&studytype=&keyword=&timeline_type=published&meanincome=&education=


Final Reflection Activity

Further Guidance

Choose one of the topics below and write an essay of 1,000 words following the

instructions.

Topic 1 - Essay question: “What is thinking?”

Instructions

1. Explain the molecular, cellular and anatomical mechanisms behind thinking.

2. Demonstrate your own definition of thinking.

3. Apply your definition to human development. At what stage would you say a human is

capable of thinking?

4. Apply your definition to an evolutionary perspective. From what level of intelligence in

animals would you say they can think?

5. Apply your definition to a machine. Do you think machines can think?

Topic 2 - Essay question: “What is neurodiversity?”

Instructions

1. Think of your experience with a person with ASD, ADHD or other neurodevelopmental

disorders.

2. Research neurodiversity and describe what it entails.

3. Assess neurodevelopmental disorders from sociological and economic perspectives.

4. Evaluate neurodiversity in terms of clinical research.

Challenge!

Prepare a 5-minute presentation based on your essay.

Please share it with your classmates or peer group.
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Journal Articles

Books

Image Sources

Reference List
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• Chanaday, N.L., Cousin, M.A., Milosevic, I., Watanabe, S., 

Morgan, J.R., 2019. The Synaptic Vesicle Cycle Revisited: 

New Insights into the Modes and Mechanisms. The Journal 

of Neuroscience 39, 8209–8216.. 

doi:10.1523/jneurosci.1158-19.2019

• Price, David J. et al, 2018. Building Brains: An Introduction 

to Neural Development. Edinburgh: co-published by New 

York Academy of Sciences and John Wiley & Sons Ltd. 2nd

edition.

• National Library Medicine Digital Collection

• MedPix

• National Institute of General Medical Sciences

• Flickr

• Openi

• National Institute on Drug Abuse

• National Eye Institute Media Library

• Cell Image Library

• www.axonology.com

• CDC

• Freepik



• An article about molecular mechanisms behind 

synaptogenesis: Petzoldt, A.G., Sigrist, S.J., 2014. 

Synaptogenesis. Current Biology 24, R1076–R1080.. 

doi:10.1016/j.cub.2014.10.024

• A news article about scientists building artificial synapses: 

Kubota, T. 2020. ‘Stanford researchers develop artificial 

synapse that works with living cells’, Stanford News, June 

15, accessed on 11/11/2022. Available at: 

https://news.stanford.edu/2020/06/15/artificial-synapse-

works-living-cells/

• Experiences build brain architecture: 

https://www.youtube.com/watch?v=VNNsN9IJkws

• A TED talk about the relationship between language and the 

way we think: 

https://www.youtube.com/watch?v=RKK7wGAYP6k

• Listen to a Neuroscience podcast This Week in 

Neuroscience: 

https://www.feedspot.com/infiniterss.php?_src=feed_title&foll

owfeedid=5381590&q=site:https%3A%2F%2Ftwin1.libsyn.c

om%2Frss

• Design an interdisciplinary research question and share it 

with your friends and family.

• Volunteer for an event or a charity related to neurodiversity.

More Subject Resources

A Deeper Look into 

Developmental Neuroscience
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Do



Study Skills, tips 

& Guidance
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Helpful information you will find in this section:

1. Cornell Notes

2. Academic Terminology (keywords)

3. Academic Writing Style

4. Referencing

5. How to Evaluate Your Sources

6. Subject Guidance

7. University Guidance

You can use the tips and web links in this section throughout your pack!

This section includes helpful tips to help you complete this pack and

improve your study skills for school.

It also includes a few fantastic, easy-to-use resources to know what to do 

next and where else you can look for more information on the subject. 
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Why is good note-taking important?

If you forget new information almost as quickly as you hear it, even if you write it down, 

you tend to lose nearly 40% of new information within 24 hours of first reading or hearing 

it. 

However, if we take notes effectively, we can retain and retrieve almost 100% of the 

information we receive. Consider this graph on the rate of forgetting with study/ repetition:

Learning a new system

The Cornell Note System was developed in the 1950s at the University of Cornell in the 

USA. The system includes interacting with your notes and is suitable for all subjects. 

There are three steps to the Cornell Note System. 

Academic Study Skills

Cornell Notes
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Repetition: the act of 

repeating an interaction 

with the material/ notes

Repetition 

increases 

retention

Retention: the act of 

absorbing, and continuing 

to keep information

Drop in 

retention after 

18 minutes

Step 1: Note-Taking

1. Create Format: Notes are set up in the Cornell Way. 

This means creating three boxes like the ones on the 

left.  You should put your name, date, and topic at the 

top of the page. 

2. Write and Organise: You then take your notes in the 

‘note taking’ area on the right side of the page. It would 

be best if you organised these notes by keeping a line 

or a space between ‘chunks’/ main ideas of 

information. You can also use bullet points for lists of 

information to help organise your notes.
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Step 2: Note-Making

1. Revise and Edit Notes: Go back to box 1, the note-taking area and spend some time 

revising and editing. You can do this by highlighting ‘chunks’ of information with a 

number or a colour; circling all keywords in a different colour; highlighting main ideas; 

adding new information in another colour.

2. Note Key Idea: Go to box two on the left-hand side of the page and develop some 

questions about the main ideas in your notes. The questions should be ‘high level’. 

This means they should encourage you to think deeper about the ideas. Example ‘high 

level’ questions would be:

• Which is the most important/ significant reason for…

• To what extent…

• How does the (data/ text/ ideas) support the viewpoint?

• How do we know that…

Here is an example of steps 1 and 2 for notes on the story of Cinderella

Step 3: Note-Interacting

1. Summary: Go to box three at the bottom of the page, summarise the main ideas in 

box one, and answer the essential questions in box 2. 

Academic Study Skills

Cornell Notes
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Below is a series of key terms you will come across from teachers and tutors as 

you go through school, especially as you enter upper secondary.

Knowing these will help you understand what you are being asked to do!

• Analyse: When you analyse something, consider it carefully and in detail to 

understand and explain it. To analyse, identify the main parts or ideas of a subject and 

examine or interpret the connections between them.

• Comment on: When you comment on a subject or the ideas in a subject, you say 

something that gives your opinion or an explanation.

• Compare: To compare things means to point out their differences or similarities. A 

comparison essay would involve examining the qualities/ characteristics of a subject 

and emphasising the similarities and differences. 

• Contrast: When you contrast two subjects, you show how they differ when compared 

with each other. A contrast essay should emphasise striking differences between two 

elements. 

• Compare and contrast: To write a compare and contrast essay, you would examine 

the similarities and differences between two subjects. 

• Criticise: When you criticise, you make judgments about a subject after thinking about 

it carefully and deeply. Express your judgement concerning the correctness or merit of 

the factors under consideration. Give the results of your analysis and discuss the 

limitations and contributions of the factors in question. Support your judgement with 

evidence. 

• Define: When you define something, you show, describe, or state clearly what it is and 

what it is like; you can also say its limits. Do not include details but do include what 

distinguishes it from the other related things, sometimes by giving examples. 

• Describe: To describe in an essay requires you to give a detailed account of a 

subject's characteristics, properties or qualities.

• Discuss: To discuss in an essay, consider your subject from different points of view. 

Examine, analyse and present considerations for and against the problem or statement.

Academic Study Skills

Key Words
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• Evaluate: When you evaluate in an essay, decide on your subject’s significance, value, 

or quality after carefully studying its good and bad features. Similar to assess. Use 

authoritative (e.g. from established authors or theorists in the field) and, to some extent, 

personal appraisal of both contributions and limitations of the subject.

• Illustrate: If asked to illustrate in an essay, explain the points that you are making 

clearly by using examples, diagrams, statistics, etc.

• Interpret: In an essay that requires you to interpret, you should translate, solve, give 

examples, or comment upon the subject and evaluate it in terms of your judgement or 

reaction. Explain what your subject means. Similar to explain.

• Justify: When asked to justify a statement in an essay, you should provide the reasons 

and grounds for the conclusions you draw from the statement. Present your evidence in 

a form that will convince your reader.

• Outline: Outlining requires that you explain ideas, plans, or theories in a general way, 

without giving all the details. Organise and systematically describe the main points or 

general principles. Use essential supplementary material, but omit minor details. 

• Prove: When proving a statement, experiment or theory in an essay, you must confirm 

or verify it. You must evaluate the material and present experimental evidence and/ or 

logical argument.

• Relate: To relate two things, you should state or claim the connection or link between 

them. Show the relationship by emphasising these connections and associations.

• Review: When you review, critically examine, analyse and comment on the major 

points of a subject in an organised manner.

Write any other keywords you come across below. Ask your teacher to explain their 

meaning or use a dictionary to find out.

Academic Study Skills

Key Words
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What is academic writing?

‘Academic writing’ is a specific way of writing when communicating research or 

discussing a point of view. You will most often do this in essays and reports. 

Academic writing has a logical structure and uses formal language. Unlike creative or 

narrative writing, academic writing uses different sources of information to support what is 

being said (see next page about various sources).

Top Academic Writing Tips

Do’s

• Do use words you know the meaning of and are confident using.

• Remember, words don’t have to be complicated to be clear!

• Do write words out fully, e.g., do not, cannot, does not, it would.

• Use the third person point of view

• Minimise the use of informal adjectives, such as cool, amazing and wonderful.

Don’ts

• Do not use contractions, e.g., don’t, can’t, doesn’t, it’d.

• Do not use public speaking phrases like “We can all agree that…” and “As I previously 

mentioned…”.

• Do not use conversational phrases, such as ‘literally’ or ‘basically’ too often.

• Do not use slang or jargon, for example, ‘awks’, ‘lit’, ‘woke’.

• Do not use words that express value judgements, e.g., crazy, ridiculous, terrible. 

Suitable synonyms are surprising, unjustified or distressing. 

Academic Study Skills

Academic Writing Style
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Expressing your opinion in academic writing

In academic writing, it is best practice to express an opinion without writing in the first 

person. 

Rather than saying, ‘In my opinion, this proves that you can express your opinion by 

saying:

• ‘Based on (insert fact/ theory/ finding) it shows that….’;

• ‘The graph here indicates that…’;

• ‘The aforementioned problems in Smith’s argument reveal that…’;

• ‘Such weaknesses ultimately mean that…’; and so on.

Signposting

Signposting guides your reader through different sections of your writing. It lets those who 

read your writing know what is being discussed and why and when your piece is shifting 

from one part to another. This is crucial for clear communication with your audience.

Academic Study Skills

Academic Writing Style
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Signposting stems for a paragraph 

which expands upon a previous idea

Signposting stems for a paragraph 

which offers a contrasting view

Building on from the idea that ... (mention 

the previous idea), this section illustrates 

that ... (introduce your new idea).

However, another angle on this debate 

suggests that ... (introduce your 

contrasting idea)

To further understand the role of ...(your 

topic or your previous idea), this section 

explores the idea that ... (introduce your 

new idea)

In contrast to evidence which presents the 

view that ... (mention your previous idea), 

an alternative perspective illustrates that 

...

Another line of thought on ... (your topic or 

your previous idea) demonstrates that ... 

However, not all research shows that ... 

(mention your previous idea). Some 

evidence agrees that ... 
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What is a reference or referencing?

A reference is just a note in your assignment that tells your reader where particular ideas, 

information or opinions that you have used from another source have come from. It can be 

done through ‘citations’ or a ‘bibliography’. 

You must include references in your writing assignments when you get to university. As 

well as being academic good practice, referencing is very important because it will help 

you to avoid plagiarism. 

Plagiarism is when you take someone else’s work or ideas and pass them off as your 

own. Whether plagiarism is deliberate or accidental, the consequences can be severe. 

You must be careful to reference your sources correctly. 

Why should I reference?

Referencing is essential in your work for the following reasons:

• It gives credit to the authors of any sources you have referred to or been influenced by.

• It supports the arguments you make in your assignments.

• It demonstrates the variety of sources you have used.

• It helps prevent you from losing marks or failing due to plagiarism.

When should I use a reference?

• You should use a reference when you:

• Quote directly from another source.

• Summarise or rephrase another piece of work.

• Include a specific statistic or fact from a source.

Academic Study Skills

Referencing
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How do I reference?

There are several different ways of referencing, but most universities use the Harvard 

Referencing Style. Please speak with your teacher about which style they want you to use 

because the most important thing is that you remain consistent! 

The two main aspects of referencing you need to be aware of are:

1. In-text citations

These are used when directly quoting a source. They are in the body of the work after you 

have referred to your source in your writing. They contain the surname of the source’s 

author and the year it was published in brackets. 

• E.g. Daisy describes her hopes for her infant daughter, stating, “I hope she’ll be a 

fool—that’s the best thing a girl can be in this world, a beautiful little 

fool.” (Fitzgerald, 2004).

2. Bibliography

This is a list of all the sources you have referenced in your assignment. In the 

bibliography, you list your references by the numbers you have used and include as much 

information as possible about the reference. The list below gives what should be included 

for different sources. 

• Websites: Author (if possible), title of the web page, ‘Available at:’ website address, 

[Accessed: date you accessed it]. 

• E.g. ‘How did so many soldiers survive the trenches?’, Available at: 

http://www.bbc.co.uk/guides/z3kgjxs#zg2dtfr [Accessed: 11 July 2019].

• Books: Author surname, author first initial,  (year published), title of book, publisher

• E.g. Dubner S. and Levitt, S., (2007) Freakonomics: A Rogue Economist Explores 

the Hidden Side of Everything, Penguin Books

• Articles: Author, ‘title of the article’, where the article comes from (newspaper, journal, 

etc.), date of the article.

• E.g.  Maev Kennedy, ‘The lights to go out across the UK to mark First World War’s 

centenary’, The Guardian Newspaper, 10 July 2014.

Academic Study Skills

Referencing
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Is it a source worth citing? Use these tips to question your sources before 

referencing them. 

• Currency – the timelines of the information: When was it published or posted? Has 

it been revised or updated? Does your topic require current information, or will older 

sources also work? 

• Relevancy – the importance of the information for your needs: Does the 

information relate to your topic or answer your question? Have you looked at a variety 

of sources? Who is the intended audience?

• Authority - the source of the information: Who is the author/ publisher/ source/ 

sponsor? What are the author’s credentials? Is the author qualified to write on the 

topic? 

• Accuracy – the reliability and correctness of the source: Does evidence support 

the information? Has the information been reviewed or refereed? Can you verify 

whether it is a personal or professional source? Are there errors?

• Purpose – the reason the information exists: Does the author clarify the intentions/ 

purpose? Is the information fact opinion or propaganda? Are there biases? Does the 

viewpoint appear objective?

Academic Study Skills

Referencing
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What is a source?

When you learn new things, you might get information from different places. These places 

are called sources. Some sources are more reliable than others. For example, information 

in a textbook written by an expert is more reliable than the information in a non-expert’s 

social media post.

How do you decide which source to use? From newspaper articles to books to tweets, this 

provides a brief description of each source type and breaks down the factors to consider 

when selecting a source.

Academic Study Skills

Evaluating Your Sources
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A collection of analytics 

reports that outline the 

objectives, background, 

methods, results and 

limitations of new research 

written for and by scholars in 

a niche field.

Journal

The information presented 

is supported by clearly 

identified sources. 

Sometimes each chapter 

has a different author.

Academic 

book

Books or online – giving 

information on many 

different subjects. Some are 

intended as an entry point 

into research; some provide 

detailed information and 

onwards references. 

Encyclopaedia

A glossy compilation of 

stories with unique themes 

intended for specific 

interests.

Popular 

magazine

A reporting and recording of 

cultural and political 

happenings that keeps the 

general public informed. 

Opinions and public 

commentaries can also be 

included.

A collection of millions of 

educational, inspirational, 

eye-opening and 

entertaining videos.

Youtube

Blogs (e.g. WordPress) 

are an avenue for sharing 

both developed and 

unpublished ideas and 

interests with a niche 

community.

Blog

A platform for millions of 

concise messages on a 

variety of topics.

Twitter Newspaper
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Number of outside sources 

When an author used many outside sources in their writing, they demonstrate familiarity 

with ideas beyond their own. As more unique viewpoints are pulled into a source, it 

becomes more comprehensive and reliable. This shows the typical number of outside 

sources used in each publication.

Degree of review before a source is published 

Two factors contribute to the amount of inspection a source receives before it might be 

published: the number of reviewers fact-checking the written ideas and the total time spent 

by reviewers as they fact-check. The more people involved in the review process and the 

longer the review process takes, the more credible the source is likely to be.

Academic Study Skills

Evaluating Your Sources
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Twitter

Blog

Youtube
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book
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Time in review

Number of reviewers 0 reviewers

seconds minutes minutes

1-2 reviewers

hours days days

3-4 reviewers

2-3 months 6-2 months 3-5 years
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A degree in Sciences gives Students access to many career choices. Students who study 

sciences go on to pursue their Master’s degree in Science. However, a significant portion 

of them also start looking for jobs in the fields of Cancer Research, Stem Cell technology 

and other positions in this space.

What’s next? 

Sciences subject maps & jobs

Life coach

Sports & exercise 

psychology

Medicinal 

Chemist/ pharmacy 

Analytical 

chemist

Life Science

research

Scientist

Biotechnologist

Nanotechnologist

Forensic 

scientist

Nuclear

Engineer

Chemical

Engineer

Research 

scientist

Zoologist Microbiologist

Pharmacologist

Environmental 

engineer

Water quality 

scientist

Commercial 

horticulturist

Environmental 

consultant

Clinical psychologist

Health psychologist

Maths & 

engineering

SCIENCES

Biology

Chemistry

Biochemistry Psychology

Environmental 

sciences

Social

Science

Find out about Science-related careers here:

PROSPECTS: https://www.prospects.ac.uk

TARGET JOBS: https://targetjobs.co.uk

https://www.prospects.ac.uk/
https://targetjobs.co.uk/


Choosing a course and university 

Choosing the right course to study is important, so research the options available to you. 

Here are some top tips:

• You don’t have to choose a course you have already studied; many courses don’t 

require prior knowledge of the subject. You can apply skills gained from school studies 

to a new field. 

• The same subject can be taught differently depending on your chosen course and 

university. Search university websites to learn more about the course content, teaching 

styles and assessment types. 

• When choosing a university, think about what other factors are important to you. Do 

you want to study at a campus university or be based in a city center? What 

accommodation options are there? Does the university have facilities for any 

extracurricular activities you’re involved in? 

• To research your options, look at university prospectuses and websites and see if there 

are opportunities to speak to current students who can give you a real insight into what 

life is like there. 

What’s next? 

University Guidance
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Different people go to university for different reasons. You might have a particular 

job in mind or want to study a subject you are passionate about. 

Whatever your motivations, going to university can help improve your career 

prospects and develop your confidence, independence and academic skills.
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Exploring careers and subject options

• Find job descriptions, salaries and hours, routes into different careers, and more 

at https://www.startprofile.com/

• Research career and study choices, and see videos of those who have pursued 

various routes at http://www.careerpilot.org.uk/

• See videos about what it’s like to work in different jobs and for different organisations 

at https://www.careersbox.co.uk/

• Find out what different degrees could lead to, how to choose the right course for you, 

and how to apply for courses and student finance at https://www.prospects.ac.uk/

• Explore job descriptions and career options, and contact careers advisers 

at https://nationalcareersservice.direct.gov.uk/

• Discover which subjects and qualifications (not just A levels) lead to different degrees 

and what careers these degrees can lead to 

at http://www.russellgroup.ac.uk/media/5457/informed-choices-2016.pdf

Other useful resources

• https://www.ucas.com/

• https://www.whatuni.com/

• https://www.opendays.com/

• https://www.thecompleteuniversityguide.co.uk/

What’s next? 

University Guidance
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UCAS and the university application process

All applications for UK degree programmes are made through UCAS. There is lots of 

information on the UCAS website to guide you through the process and what you need to 

do at each stage. 

Personal statements

An important part of your application is the personal statement. The personal statement 

allows you to tell universities why they should offer you a place. 

Here are a few top tips for making your personal statement stand out:  

• You can only submit one personal statement, so it’s important that you are consistent in 

your course choices. Make sure you have done your research to show your 

understanding of the subject area and your passion for it.  

What’s next? 

University Guidance
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Apply
• Applications open in September the year before you plan to start 

university. 

• You can apply for up to five courses. 

• The deadline for most courses is 25 January.

Decisions
• Some courses may require an interview, portfolio or admissions test in 

addition to a UCAS application. Check individual university website 

details. 

• Check UCAS Track which will be updated with decisions from the 

universities you have applied for, and to see your deadline for replying to 

any offers. 

• You should choose a firm (or first) choice university and an insurance 

choice. If you already have your exam results or a university thinks your 

application is particularly strong, you might receive an unconditional 

offer. 

Results
• If you're holding a conditional offer, then you will need to wait until you 

receive your exam results to have your place confirmed. 

• Clearing & Adjustment allows you to apply to courses which still have 

vacancies if you didn't meet the conditions of your offer, have changed 

your mind about what or where you want to study, or have met and 

exceeded the conditions of your offer and would like to look at alternate 

options. 
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Personal Statement (cont.)

• Start by brainstorming all your skills, experience and attributes. Once you have 

everything written down, you can begin to be selective – you only have 47 lines so 

won’t be able to include everything.

• The ABC method: action, benefit and course can be a useful way to help demonstrate 

your relevant experience and how it applies to the course you’re applying for.

Personal Statement do’s and don’ts

Read the tips below from real life professors and admissions staff in university Science 

departments, on the ‘do’s’ and ‘don’ts’ of what to include in your personal statement. 

Science

• Tell us why you want to study Science.

• What area of Science fascinates you? 

• Demonstrate your interest by telling us what you have recently read, watched or 

listened to and how they helped your understanding of Science.

• Describe how your school or individual work has equipped you with the necessary 

knowledge and ability to be a successful Science student. 

Other useful resources

• An easy template to start practising your personal statement: 

https://www.ucas.com/sites/default/files/ucas-personal-statement-worksheet.pdf

• Untangle UCAS terminology at https://www.ucas.com/corporate/about-us/who-we-

are/ucas-terms-explained

• Discover more about the application process including when to apply and how to fill in 

your application on the UCAS website. 

• Read more useful advice about what to include in your personal statement on UCAS, 

the Complete University Guide and The UniGuide. 

• Attend one of the Physiological Society  ’s virtual sessions to find out more about 

applying and personal statements. 

What’s next? 

University Guidance
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About us

As the largest network of physiologists in Europe, with academic journals of global reach,

The Physiological Society continues a 150-year tradition of being at the forefront of the life

sciences.

The Physiological Society supports the advancement of Physiology by promoting

collaboration between Physiologists worldwide, organising world-class conferences and

publishing the latest developments in their scientific journals.

Research in Physiology helps young people to understand how the body works in health,

what goes wrong in disease, and how the body responds to the challenges of everyday

life.

To find out more and join our community, visit physoc.org/join.

Follow us

YouTube @PhysocTV

Instagram @thephysoc

Twitter @ThePhySoc

Facebook @physoc

LinkedIn The Physiological Society

The Neurosparks Project

The Physiological Society funded the development of this resource pack as of the

Neurospark Project.

The Neurosparks Project produced four digital resource packs for Key Stage 5 students

that centre around the overarching theme of ‘Our Electric Bodies’.

Resource packs were written by PhD researchers, each incorporating six chapters of

research-inspired subject content, as well as university study skills materials, information

advice and guidance, and careers-linked motivational content, for young people.

Click here to download these curriculum-linked, interdisciplinary, and free resources for

under-served young people.

The front cover of this resource pack was designed by Dr Lizzie Burns (@DrLizzieBurns).

For more information, contact scienetolife@yahoo.co.uk.

https://www.physoc.org/join/
http://www.youtube.com/physoctv
https://www.instagram.com/thephysoc/
http://twitter.com/ThePhySoc
http://www.facebook.com/physoc
https://www.linkedin.com/company/the-physiological-society/
https://www.access-ed.ngo/rbc-coursebook-library
https://twitter.com/DrLizzieBurns
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