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The process of discovery and development of new medicines
Working scientifically: appreciating the power and limitations of science and considering ethical 
issues which may arise; explaining everyday and technological applications of science;
evaluating associated personal, social, economic and environmental implications; and making 
decisions based on the evaluation of evidence and arguments

Students discuss each statement on slide 1 and decide whether they agree or disagree.
Encourage them to think about and explain their reasoning.

Introduce the two research approaches: animal models and humane research and how 
the two scientists would have different opinions about animal experiments.
Suggested follow-up questions:
•	 Why might the two scientists have different opinions? (They have different 

experiences, different knowledge, they may be biased)
•	 How does question 3 differ from 1 and 2? (It is subjective rather than objective - 

explain that this lesson will deal only with the objective questions)

Vote 1:
•	 Introduce the question of “Should we continue to fund animal experiments to find 	
	 treatments for human disease?”
•	 Students cast their initial votes using the ballot cards or alternatively you can label 	
	 three containers with ‘yes’, ‘no’ and ‘not sure’ and give each student a marble to 		
	 place in one of the buckets.
•	 Count up the votes and announce the result to the class.

LEARNING OBJECTIVES

STARTER

Age: 			  Key Stage 4 or Key Stage 3

Duration: 		  60 to 120 minutes

Resources: 	 An inquiry into animal experiments presentation
			   Polling cards (x2 per student) 
			   Stakeholder cards

Give each student a stakeholder card (print from slides 4 to 9 of the ‘An inquiry into 
animal experiments’ presentation).

Students sit with other students who have the same stakeholder card. They will assume 
the role of their stakeholder, no matter what their own personal beliefs are. Allow a few 
minutes for each student to read the arguments on their stakeholder card and write 
down any other arguments they think their stakeholder could make. If time allows, they 
could research on the internet (or this could be set as a homework in preparation for 
the lesson). Make it clear to them that they are arguing from their stakeholder’s
position, not their own!

They will be presented with three pieces of evidence. After each piece of evidence, give 
them time to discuss with their stakeholder group and the opportunity to respond. 

Prompts for discussion after each piece of evidence:
•	 What was the most important message from the evidence we just saw?
•	 Was there anything in this evidence that you disagreed with?
•	 Was this evidence biased or unbiased?
•	 Was there anything in this evidence which surprised you?
•	 Do animal experiments cause suffering to animals?
•	 Are animal experiments necessary to find treatments for human diseases? 

Evidence A: 
The Future of Science film from Animal Aid explores the work of four scientists using 
humane research methods to research causes and treatments for human disease.

Evidence B: 
This 4 minutes clip from Animal Experiments: pain, production and playing god from 
The Guardian features an interview with a scientist who conducts animal experiments. 
She lays out the arguments used to defend and justify animal experiments.

Evidence C: 
UK government statistics on scientific procedures involving living animals which shows 
the number, severity and species of animals used.

Vote 2:
Students cast their votes again in light of the evidence that has been presented during 
the inquiry. Encourage them to discuss with a partner their reason for changing or not 
changing their answers. 

Count up the votes and announce the outcome of the inquiry. Did anybody change 
their mind? Why? Why not? Is anybody more confident or less confident in their beliefs 
now? What might they do with what they’ve learned?

Direct students to www.animalaid.org.uk to learn more.

MAIN

PLENARY

Overview: 		 Students take part in a mock independent inquiry on behalf of 		
			   the government. They play the role of different stakeholders to 		
			   investigate the scientific arguments in favour of and against animal
			   experiments. Students will use their critical thinking, literacy and 		
			   presentation skills to debate this topic respectfully.

LESSON 1:
AN INQUIRY INTO

ANIMAL EXPERIMENTS

View/download film & 
other resources
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Describe and explain how different types of stem cells are used in medicine
Explain some of the clinical, ethical and social issues associated with stem cells

Students suggest the connection between the four images on slide 1 of the Stem cells 
in medicine presentation. Recap details of embryonic and adult stem cells (where they 
are found, what they can do, what they are used for, any problems associated with their 
use, etc.).

The brain organoid and the mini beating heart are examples of cutting-edge
medical research carried out using stem cells.

Show students The Future of Science film which explains these examples in more detail.

Suggested follow-up questions:
•	 Was there anything in this film that surprised you?
•	 What did you think was the most important message from the film?

LEARNING OBJECTIVES

STARTER

Overview: 		  This lesson builds on students’ knowledge of embryonic and 		
			   adult stem cells and offers an opportunity to apply this
			   knowledge to real-life cutting-edge medical research. Can be 		
			   used to extend or embed learning or as a revision exercise.

Age: 			  Key Stage 4

Duration: 		  60 minutes

Resources: 		 Stem cells in medicine presentation
			   Future of Science information sheet
			   Stem cell types diagram
			   Stem cell table
			   Stem cell Venn diagram

1. Using their prior knowledge along with the Future of Science film and
information sheet, students add the labels to the Stem cells diagram.
Show correct answers on slide 5 for students to self-assess.  

2. Students use their prior knowledge along with the Future of Science film and infor-
mation sheet, to complete the differentiated Stem cells table.
Show answers on slide 9 for students to self-assess and correct.

Suggested follow-up questions:
•	 Name three different types of stem cells.
•	 Describe two ways in which stem cells are already used. 
•	 Suggest one way that stem cells could be used in the future.
•	 Explain why some people are against using stem cells.

Print the Venn diagram on A3 paper for students to work in groups of 2-3 to place each 
statement into the correct section of the Venn diagram. Encourage them to think of 
their own statements to add.

Follow-up discussion points:
•	 Which of these do you think is the most important?
•	 If you had £10 billion to invest into stem cell research, how would you invest it and 

why?

MAIN

PLENARY

LESSON 2: 
STEM CELLS IN MEDICINE

VIew/download film & 
other resources
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Identify some areas of the brain, and describe their function
Explain some of the difficulties of investigating brain function and treating brain 
damage/disease
Working scientifically: evaluate the benefits and risks of procedures carried out in the 
brain and nervous system

Reveal the quotes on slide 1 of the ‘Investigating the brain’ presentation one-by-one and 
have students guess what word goes in the blanks.

Use slide 3 to show and describe the function of the cerebral cortex, hypothalamus,
pituitary gland, medulla and cerebellum. Give students an Areas of the brain diagram 
for them to label and note the function.

Take suggestions as to why it is difficult to understand the brain. Discuss the fact that 
the brain is a complex and delicate structure which makes investigating and treating 
brain disorders very challenging.

LEARNING OBJECTIVES

STARTER

Overview: 		  This lesson introduces students to the human brain and what makes	
			   it such a challenging and fascinating area of study. They work in
			   teams to research and report on different techniques including 
			   electrical stimulation, brain imaging and animal studies. Students 		
			   evaluate the strengths and weaknesses of each method.

Level:			  Key Stage 4

Duration: 		  60 minutes

Resources: 		 Investigating the brain presentation
			   Areas of the brain diagram
			   Investigation techniques information sheets
			   Investigation techniques table

LESSON 3: 
INVESTIGATING THE BRAIN

1. Show The Future of Science film which explores transcranial magnetic stimulation 
(TMS) and how it can be combined with brain imaging.

Follow-up discussion prompts:
•	 Was there anything in this film which surprised you?
•	 What are some of the problems with using animal experiments?
•	 How does TMS overcome these problems?

2. Display instructions on slide 6 of the ‘Investigating the brain’ presentation.

Ask students to get into groups of four and label each member of their group A, B, C 
and D. You can then divide the classroom into four sections (A, B, C and D) and have
students move to their section.

Each section will research a different procedure used to investigate the brain:
•	 A: Animal experiments
•	 B: Studying patients with brain damage
•	 C: Electrical stimulation
•	 D: Brain imaging

They will gather information from the relevant Investigation techniques information 
sheet and write notes in the Investigation techniques table.

Students return to their original team of four and report the information they learned 
for others to write in their tables. Everyone should have a completed table by the end.

Extension: through discussion and debate with their group, students can evaluate each 
procedure and decide which they believe to be the most effective and important to 
medicine.

Show slide 11 of the ‘Investigating the brain’ presentation and ask students to decide 
which procedure would be most useful to answer the three questions.

Show slide 12 of the ‘Investigating the brain’ presentation for think, pair, share follow-up 
discussion:
•	 If you had £10 billion to find out more about the brain, how would you invest the 

money?
•	 Explain why you would invest in some procedures, but not others. (Prompt them to 

discuss animal experiments and whether they feel this is a good area on which to 
spend time and money.)

MAIN

PLENARY
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Explain why drugs need to be tested for toxicity, efficacy and dose
Describe the steps in the drug trial process and explain the reasons each step is
needed
Evaluate different methods of testing new drugs.;
The development of scientific thinking
The ways in which scientific methods and theories develop over time

1. Show students slides 2 to 5 of the ‘Evaluating the drug development process’
presentation which features some examples of the ‘Lost Futures’ artworks. These
images are predictions of the year 2000 drawn in the year 1900.

Discussion points:
•	 Did they predict anything correctly?
•	 What did they get wrong?
•	 How might science and medicine be different in another 100 years?

2. Show Future of Science film.

Suggested follow-up questions:
•	 Was there anything in this film that surprised you?
•	 What did you think was the most important message from the film?
•	 Why is it important that models, theories and equipment develop over time?

LEARNING OBJECTIVES

STARTER

Overview: 		 This lesson teaches students about the drug development process
			   within the wider context of an ever-changing, dynamic scientific
			   process. It explores the strengths of the current process and
			   encourages students to think critically to suggest how it could be 		
			   improved in the coming decades.

Level:			  Key Stage 4

Duration: 		  60 minutes

Resources: 		 Evaluating the drug development process presentation
			   Stages in drug development information sheet
			   Future of Science information sheet
			   Diamond nine cards

LESSON 4:
EVALUATING THE DRUG

DEVELOPMENT PROCESS Display slide 8 of the ‘Evaluating the drug development process’ presentation. When 
clicked, correct answers turn green and incorrect answers disappear. 

1. Students use the Stages in drug development information sheet to answer questions 
on slide 9 of the ‘Evaluating the drug development process’ presentation.
Show answers on slide 10 and 11 for students to self-assess.

2. Using the Future of Science information sheet, Students evaluate the use of animal 
experiments and humane research. Display the instructions on slide 13 of the ‘Evaluating 
the drug development process’ presentation for students to consider:
•	 Is the data human-relevant? i.e. Does it use human cells and data?
•	 Can experiments accurately predict what will happen in a human?
•	 Are there ethical issues?
•	 How well-established is it?
Show model answer on slide  14 for students to self-assess.

Reiterate that scientific models and technologies evolve over time and that there are 
many variables which influence this change. For example, social, ethical and scientific 
factors.

Give each pair of students a set of Diamond nine cards. Each card has a different fact 
or statistic relating to either animal experiments or humane research. Students discuss 
each consideration with their partner and decide how important they believe each card 
is, placing it in the ‘diamond nine’ shape accordingly.

This leads to a group discussion of whether they believe the benefits of animal
experiments outweigh the problems.

PLENARY
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The pH scale for measuring acidity/alkalinity; and indicators
The development of scientific thinking
The ways in which scientific methods and theories develop over time

Use slides 1 and 2 to introduce the differences in human, dog and rat skin pH and how 
this leads to a different range of tolerated pHs for each species.

LEARNING OBJECTIVES

STARTER

Overview: 		  Students will test the pH of three substances and use the data they 	
			   collect to determine if the new substances are safe for human use. 	
			   They will analyse their results and evaluate how reliably the data from 	
			   animal experiments predicts what will happen in humans and learn
			   about some human-relevant techniques emerging in this field.

Level:			  Key Stage 4 or Key Stage 3

Duration: 		  30 - 45 minutes

Resources: 		 Safety testing substances presentation (including XCellR8 film)
			   pH 4, 6 and 7 in beakers labelled ‘A’, ‘B’ and ‘C’
			   Universal indicator strips
			   Safety goggles

Students carry out practical work as detailed in the Practical instructions.

Show students the XCellR8 film to introduce them to the world of human-relevant
safety testing tecniques.

MAIN

Think, pair, share: Do you think it is ethical to test on animals? Do you think it is good 
science to test on animals?

PLENARY

LESSON 5:
SAFETY TESTING SUBSTANCES



During this activity you will test the pH of three potential new cosmetics and use this 
data to determine if they are safe for human use.

Hazards and risk minimisation:
• Solutions may cause irritation if contact with skin or eyes occurs. Take care not to 
touch the solutions and wear safety goggles. If contact with skin or eyes does occur, 
rinse with water and tell an adult.
• To minimise risk of glassware breakages and/or spillages, please leave the beakers in 
the centre of the table.

Method:
1.  Get into groups of 2 or 3.
2. Place an indicator strip into one of the substances.
3. Hold the indicator strip next to the chart to determine the pH.
4. Make a note of the colour and pH value in the results table below.
5. Repeat for the other two substances.
6. Using the “essential background information” below the table, decide if each of these 
substances would be suitable for rats, dogs and humans and make a note of this in the 
table below.

Essential background information:
The optimal pH range for products applied to human skin is around pH4 to pH6.
Dog skin is slightly alkaline at pH 7.5 so they require their own dog shampoo within the 
range of pH7 to pH8.
Rat skin is close to neutral at around pH 6.5, with a suitable range of pH5 to pH7.

If you were to test these substances on dogs or rats, would the results be relevant to 
humans? Explain your answer.

SUBSTANCE

A

B

C

COLOUR OF 
INDICATOR

SUITABLE 
FOR RATS?

SUITABLE 
FOR DOGS?

SUITABLE 
FOR HUMANS?

pH

PRACTICAL INSTRUCTIONS

SUBSTANCE

A

B

C

COLOUR OF 
INDICATOR

SUITABLE 
FOR RATS?

SUITABLE 
FOR DOGS?

SUITABLE 
FOR HUMANS?

pH

PRACTICAL INSTRUCTIONS ANSWERS

Orange

Light green

Green

4

6

7

NO

YES

YES

NO

NO

YES

YES

YES

NO

If you were to test these substances on dogs or rats, would the results be
relevant to humans? Explain your answer.

Testing these substances on dogs or rats would not give results that are
relevant to humans.
Substance A is unsuitable for rats and dogs but is suitable for humans.
The results are misleading.
Substance B is suitable for rats but not dogs. The results are contradictory and 
it isn’t clear which results we should trust. 
Substance C is suitable for dogs and rats but not humans. Again, the results are 
misleading.

This means that out of six tests on animals, only one is predictive of what would 
happen in humans. This is because there are big differences between humans 
and other animals at the subcellular and genetic level which mean we react
differently to substances.
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