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The Research-Based Curriculum is resources based on cutting-

edge research, tailored for KS3, KS4 or KS5. The resources:

• Support student attainment and progression

• Promote intellectual curiosity in students of all prior 

attainment

• Build understanding for more accessible ‘stretch’ beyond the 

curriculum

• Develop core academic skills that aid progression, including 

critical thinking, metacognition, and written and verbal 

communication

• Encourage students to see these subjects as engaging, 

worthwhile and inspiring for continued study

The RBC packs contain six chapters (resources) suitable for 

Key stage 5 study. The resources span a range of exciting and 

interdisciplinary topics related to STEM (Science, Technology, 

Engineering and Maths), Social Sciences or Arts & Humanities. 

Each pack includes roughly 6 hours of teaching and practical, 

student-led activity content.

Each RBC pack contains 1) Six resources that function as 

subject ‘lessons’; 2) Activities at the end of each resource for 

students to test their learning; 3) Further Reading links related to 

the subject; 4) Final Reflection Activity as the final assignment; 

and 5) Teacher Guide and model activity answers (this 

document).

Learner Aims

Content
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Teachers can use these resources flexibly. Students can 

complete the resources individually or in groups, in or out of the 

classroom.  These packs help teachers:

• Use research-based learning to engage whole classes, not 

just as a ‘stretch’ for the most able

• Support more students earlier in high academic achievement

• Improve all-school enrichment strategies by providing 

opportunities and resources

• Increase motivation and subject interest 

To do this, we encourage the ‘supported use’ approach. In other 

words, teachers provide some guidance and support to students 

in their independent use of the RBC packs. 

The RBC packs bring inspired subject learning to all students. 

These packs specially engage those students who might need 

extra support and encouragement and could benefit from 

engaging in the subject in a new way. The aim is that they are 

delivered with some teacher guidance to build the confidence of 

students as they complete a pack. 

These packs build students’ prior attainment rather than being 

offered only to those already academically able and motivated.

See more about delivery options on the following pages.

Suggested                   

School Use

Target Pupils
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To ensure all students can benefit from these materials, we 

recommend they are delivered with ‘supported use.’

Supported Use means this resource is designed to be used 

partially with teacher introduction or instruction. While not 

marked, each chapter and the final reflection activity are set up 

so a teacher can help ease the students into the subject area or 

use the resource in class. 

More ideas for using these packs in your school:

1. Research Challenge

The resources can ignite curiosity about new topics and 

encourage independent research. Schools could hold a 

research challenge across a class or year group to submit a 

work based on the resources. Pupils could submit individually or 

in small groups, with a final celebration event.

2. “STEM”, “Social Sciences” or “Arts & Humanities” 

Morning/ Day

We know class time can be tight, so some schools ‘launch’ 

these packs and have students start them as part of a special 

subject day. This can be great for all-staff engagement too.

3. After School Club

The resources can be completed in small groups (4-8 pupils) 

across weekly lunch clubs or after-school clubs. Groups can 

reflect on their learning by presenting a talk or poster on the 

subject matter at the end of the course. 

Delivery Options
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4. Classroom Debate/ Discussion if a written Final 

Reflection Activity isn’t possible

Resource packs can function as ‘transition’ projects over the 

summer, serving as an introduction to the next level of study 

between KS3 and KS4, or KS4 and KS5. Students could present 

their reflections on the experience in a journal.

You have been provided with a ‘model answer’ for each answer 

section. These are an example of a student’s answer to each 

question, although in many cases, there may be multiple 

answers a student could give. These serve as a starting guide. 

Each answer is linked to a question from the RBC.

The RBC programme builds on the University Learning in 

Schools programme (ULiS), successfully delivered and 

evaluated through the London Schools Excellence Fund in 

2015. The project was designed in a collaboration between 

Achievement for All and The Brilliant Club, the latter of which is 

the sister organisation of AccessEd. ULiS resulted in the design 

and dissemination of 15 schemes of work based on PhD 

research for teachers and pupils at Key Stage 5. 

LKMCo evaluated the project. Overall, pupils made higher-than-

expected progress and felt more engaged with the subject 

content.

For more information, contact: hello@access-ed.ngo.

Delivery Options 

(continued)

Model Answers

Origin and 

Evaluation

Questions
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1. The following responses are correct: 

A. Synaptic vesicles

B. Postsynaptic terminal

C. Presynaptic terminal

D. Synaptic cleft

2. A synaptic cleft refers to the space between the neuron and 

the target cell. 

3. Both statements are false. The correct statements should be: 

• Electrical synapses use electrical signals, but chemical 

synapses rely on the release of neurotransmitters to pass 

on information. 

Tip: Students should use the term neurotransmitters while 

describing a chemical synapse.

• The postsynaptic terminal receives information, and the 

presynaptic terminal transmits information.

4. The following responses are correct: 

• Synapse – A structure between two neurons or a neuron 

and a target cell. This structure is where neurons 

communicate.

• Neurotransmission – A process of communication that 

takes place at the synapse. Information travels between 

two neurons or from a neuron and target cell by releasing 

neurotransmitters from the presynaptic terminal.

Answers
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5. The following responses are correct: 

A. Golgi Staining method/ Golgi Staining or Silver staining.

B. Golgi staining method is a silver staining method to see 

neurons under the scope. It involves fixing a block of the 

brain obtained from animals in paraformaldehyde or a 

fixing solution. The brain is soaked in potassium 

dichromate for 2-3 days and then placed in a silver 

nitrate solution. The reaction of potassium dichromate 

and silver nitrate produces a brownish-red coloured 

product absorbed by neurons and visible under the 

microscope. 

6. The following responses are correct: 

• Chemical Synapse – Neurotransmitters are packaged in 

synaptic vesicles. Neurotransmitters are released at a 

synapse when electrical signals reach the synapse of a 

presynaptic terminal. Neurotransmitters move through 

the synaptic cleft and activate receptors found on the 

postsynaptic terminal to pass on the electrical signals.

• Electrical synapse – There is no gap at a synapse, but 

neurons are joined by a structure called the gap junction 

at a synapse. The electrical signals are passed between 

neurons in the form of charged ions through the gap 

junction. 

Answers



1. A chemical synapse consists of a presynaptic terminal, a 

synaptic cleft, and a postsynaptic terminal. 

2. Not all terms match up. Neurotransmitter does not match.

3. Neurotransmitters are chemicals that diffuse across 

synapses. 

4. Any three from the list below are correct:

• Plasma membrane

• Synaptic vesicles

• Calcium ions

• Presynaptic terminal

• Postsynaptic terminal

• Neurotransmitters

Neurotransmission Receptors

Calcium voltage channels Stores and packages neurotransmitters 

Synapse formed between a axon and 

dendrite 

Release of neurotransmitters from the 

presynaptic terminal to pass information at 

the synapse 

Synaptic vesicles Channels that respond to voltage changes 

and calcium enters through them 

Neurotransmitters Axodendritic synapse

Resource Two

Model Answers
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5. Answers should describe neurotransmission in a logical 

manner and include diagrams (as shown below): 

• Neurotransmission starts when the electrical signals 

reach the synapse found at the end of an axon. Voltage-

dependent calcium channels detect these electrical 

signals. Calcium ions enter the synapse, which is sensed 

by synaptotagmin. This triggers the fusion of synaptic 

vesicles. 

• Neurotransmitters in synaptic vesicles are released into 

the synaptic cleft and bind to postsynaptic receptors. The 

binding to postsynaptic receptors trigger electrical signals 

in the postsynaptic neuron propagating the electrical 

signals. 

Resource Two

Model Answers
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1. Synaptotagmin is the calcium-sensitive protein found in 

synapses.

2. The following words should be used to complete the 

paragraph provided: 

• Voltage

• Calcium 

• Enters

• Vesicle 

• Membrane 

• Endocytosis

3. Exocytosis is the same as the fusion of synaptic vesicles. 

4. Henry Dale and Sir Charles Sherrington discovered 

neurotransmission and coined the term synapses.

5. Any three from the list below are correct:

• Removing waste/ toxins.

• Neurotransmission.

• Substances to be released.

• Deliver molecules to the membrane.

6. Students’ responses should be in the form of a comic. The 

events of neurotransmission must be stated in a logical 

sequence, i.e., synaptic vesicle binding to membrane →

fusion or exocytosis of synaptic vesicle → release of 

neurotransmitters.

Tip: A good comic strip should mention synaptotagmin and 

SNARE proteins. An excellent comic strip should include 

additional proteins from figures and further research. 

Answers
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1. Any three from the list below are correct:

• To take in materials/ nutrients/ water into the cells.

• To recycle/ restore several synaptic vesicles in neurons.

• Pathogen entry.

• Receptor intake into the postsynaptic terminal.

2. Endocytosis occurs when cells take in material from the

outside, but cells release material from their cytoplasm to the

outside in exocytosis.

3. Clathrin-mediated endocytosis and activity-dependent bulk

endocytosis.

4. Any three from the list below are correct:

• Endocytosis recycles/ restores several synaptic vesicles 

important for neurotransmission.

• Endocytosis is vital to get essential nutrients back into the 

neurons.

• Endocytosis ensures that the synapse structure does not 

change during neurotransmission.

5. Clathrin coat is a protein which has a triskelion shape.

Clathrin coat captures/ forms on the plasma membrane to

take material inside the cell.

Answers
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6. The process should be described in a logical order and refer 

to the terms mentioned in the question: 

A. Calcium enters the cells.

B. Synaptotagmin senses and binds to calcium.

C. Synaptotagmin interacts with SNARE proteins.

D. SNARE proteins on the synaptic vesicle bind to SNARE 

proteins on the plasma membrane, bringing the synaptic 

vesicle and membrane closer together.

E. Synaptic vesicles fuse with the plasma membrane in a 

process called exocytosis.

F. Neurotransmitters are released from the synaptic vesicle 

and move through the synaptic cleft. Neurotransmitters 

bind to receptors which trigger the firing of the next 

neuron. This process is neurotransmission.

G. The synaptic vesicles are taken back up/ recycled/ 

restored in a process called endocytosis for the next 

round of neurotransmission.

7. A clathrin coat cage will not be able to form on the plasma 

membrane and capture the plasma membrane into synaptic 

vesicles. Rectangular clathrin may get stuck on the plasma 

membrane and cannot capture the membrane to form 

vesicles. The synaptic vesicles would not be recycled, and 

endocytosis will not occur. This would prevent 

neurotransmission from occurring. It could lead to improper 

neurotransmission and diseases like Parkinson or 

Alzheimer’s.

Answers
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1. Three differences: 

• ADBE does not use a clathrin coat at the plasma 

membrane. 

• ADBE forms big endosomes or structures. 

• ADBE is activated during intense/ high neuron activity. 

Three similarities:

• ADBE and CME are both endocytosis pathways in 

neurons. 

• ADBE and CME both act during high neuron activity. 

• ADBE and CME use clathrin at some point to form 

vesicles. 

2. Activity-dependent means it is activated or acts during high 

or intense neuron activity.

3. No one knows since experiments have only been done in 

neurons, but other cells do not have low/ high activity like 

neurons.

4. Synaptic vesicles form from big/ large endosomes in ADBE.

5. False

6. Advantage: 

• If one pathway is disrupted/ does not work, other 

pathways can be used. Depending on the neuron activity, 

different pathways are activated, so the flexibility exists. 

CME cannot do what ADBE allows neurons to do, like 

form multiple SVs - not just single SVs.

Answers
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6. [Cont.] Disadvantage:

• More energy is used in multiple pathways. Neurons must 

decide which pathway to use and regulate multiple 

pathways to ensure pathways do not get mixed up.

Tip: This can be a class discussion. Students can form 

groups and present their findings.

7. Students must describe the graph and draw conclusions; for 

example, Drug B reduces/ decreases dextran dots by 60-

70%/ more than half/ Drug B blocks ADBE by 25-30%. Drug 

B likely blocks ADBE. 

Students may also mention that Drug B blocks endosome 

formation: Drug B may block proteins involved in endosome 

formation, and Drug B may affect neuron activity and, 

therefore, ADBE.

Tip: Students must state how much drug B reduces the 

percentage of dextran dots. 

Answers
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1. The following responses are correct: 

A. Primary

B. Animal scientific procedure 1986

2. False

3. Below are the main points students should cover:

• Asking for consent.

• Reasons why or how her cells are needed in the first 

place? For example, for research, to be able to grow cells 

long enough to study them in the lab and to be able to find 

cancer treatments.

• Points that cover how her private medical information will 

be treated. As an example, only certain researchers might 

have access, and asking for consent where the medical 

information needs to be discussed with other people. 

• Points that cover that she will have a say/ control over 

using her cells and other people who can provide consent 

on her behalf.

• Points that cover how she will be contacted in the future. 

As an example, email, phone, and letters.

• Points covering how researchers will communicate their 

findings or work to Henrietta Lacks.

• Points that cover how her family might be impacted. For 

example, future research with her family, like blood tests 

or genetic testing.  

Tip: This can be a group activity (2-3 students) whereby 

students present a poster designed by their group or 

participate in a group discussion. 

Answers
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4. Tip: This can be a group activity where the class can split 

into two groups to debate the topic.

5. Formula for calculating this is Image size = actual size x 

magnification. 

100/ 40 =  2.5 micrometres (units should be provided).

Answers

Agree Disagree

Research on animals is considered 

unethical/ animal cruelty/ against animal 

rights. 

It is impractical and unethical to do research 

on humans. 

Many research on animals cannot be 

translated to humans. 

Due to toxicity and side effects, new drugs 

cannot be tested on humans. 

Using animals can be wasteful. 
Lifesaving treatments have been tested on 

animals. 

Animal research is archaic/ an old system. 
Animals can be bred in controlled 

environments for specific research. 

There are alternative methods to animal 

research in vitro and organoids. 

Humans are complex. Animals are easier to 

work with. 

Animal research can be unreliable. Animals 

are simpler, and humans are complex. 

Using animals is research is tightly 

regulated, thereby limiting animal suffering.  



Final Reflection Activity

Further Guidance
Model answers to part 1

A. If protein M stops working as a calcium channel, it will prevent the entry of calcium 

ions into the synapse when electrical signals reach the synapse. The electrical 

signals will be sensed by the synapse and converted into chemical signals. The 

synaptic communication will not be precise. Therefore, neurotransmission cannot 

take place.

B. If protein M stops working as a clathrin protein, neurotransmission will be slow. 

Synaptic vesicles will fuse, but these synaptic vesicles cannot be recycled. Other 

pathways like ADBE may still occur at the synapse, which can prevent the increase 

in the area after a fusion of vesicles. However, even from endosomes, synaptic 

vesicles cannot be reformed. Eventually, synapses might run out of synaptic 

vesicles. New synaptic vesicles might fill the synapse again, but this will take time. 

Therefore, neurotransmission will take too long to occur as it will rely on synaptic 

vesicles being transported from the cell body. Neurotransmission will be slow and 

might even stop in extreme cases.

C. If protein M stops working as a SNARE protein, the fusion of vesicles might not 

occur. SNARE proteins are involved in the fusion of synaptic vesicles during 

neurotransmission. If synaptic vesicles do not fuse, neurotransmitters will not be 

released. Therefore, neurotransmission will not take place.
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D. If protein M was involved in ADBE, it may stop 

endosome forming during intense neuron activity. 

However, during low activity, neurotransmission 

might still occur. But as electrical signal intensity 

increases, more synaptic vesicles will fuse during 

neurotransmission. This will increase the area of 

the presynaptic terminal. If ADBE is blocked, CME 

will be too slow to reform synaptic vesicles and 

restore the membrane area. An increase in the 

presynaptic terminal area will disrupt the synapse 

shape. As a result, neurotransmission might not 

take place eventually. 
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Model answers to part 2

What experimental techniques will you use?

• Cell culture

• Dextran dye assay 

• Immunostaining

Describe and explain the experimental techniques.

Neurons will be obtained from animal models like a mouse. These neurons can be 

grown artificially in conditions that cells experience in the body. Cells can be grown in an 

incubator with controlled conditions such as temperature and pH.

Dextran assay is where dextran dye is taken up by endosomes formed in ADBE but not 

by synaptic vesicles formed in CME. This can be used to monitor ADBE specifically.

Immunostaining will be used to label protein M inside the cells to establish whether 

protein M is present at synapses.

Once neurons are grown, dextran will be added to the neuron culture, where the 

neurons can take up dextran. If protein M is co-labelled with dextran dye, that could 

show that both protein M and dextran are at the endosomes formed in ADBE. Another 

way could be to add a control protein (a known protein involved in ADBE) in cells and 

then compare the dextran uptake in the control protein and protein M. If protein M is 

involved in ADBE, there will be an uptake of dextran like the control protein.
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