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NATIONAL CURRICULUM LINKS (ENGLAND)

	Upper KS2 (ages 9-11)

	Working scientifically

Identify scientific evidence that has been used to support or refute ideas or arguments


Report and present findings from enquiries, including conclusions, causal relationships and explanations of and degree of trust in results

Recording data and results of increasing complexity using tables, bar and line graphs




KEY LEARNING OUTCOMES
	By the end of this activity children should be able to:

	· describe simply how individuals can acquire immunity from smallpox, through vaccination and natural exposure to cowpox or smallpox

· give examples of how Jenner investigated his ideas about cowpox and smallpox, using his publication as a secondary source of information 

· draw and interpret a graph which shows the typical progress of an infectious disease 

· identify from a graph when numbers are increasing, decreasing or staying the same


Lesson Activities

	Key questions
	How did Dr Jenner investigate his ideas about cowpox?
What is vaccination?

	Overview


	An introduction to Edward Jenner’s work and scientific methods
This resource consists of three separate activities designed as an introduction to smallpox and the development of vaccinations resulting from Edward Jenner’s ideas, investigations and collection of evidence.  There is ‘Some background information to the science of vaccination’ below.
Activity (a) introduces Jenner’s work through the JAMES film. Children then take part in a smallpox outbreak simulation to learn about the spread of disease and immunity. In Activity (b) children use their knowledge from Activity (a) to draw and interpret a graph based on data from a real smallpox outbreak. In Activity (c) children consider the evidence that Jenner collected.

	Teaching time
	Activity (a) 2-3 hrs, Activity (b) 1 hr, Activity (c) 1 hr

	Key vocabulary
	evidence
prediction
	cowpox
smallpox
	isolation
vaccination
	immunity


	Stage/summary
	Running Notes
	Resource 

	Activity (a) 


	An introduction to Edward Jenner’s work through the JAMES film. Children take part in a smallpox outbreak simulation to learn about the spread of disease and immunity.

By the end of this activity, children should be able to:

· describe simply how individuals can acquire immunity to smallpox through exposure to smallpox, or exposure to a similar disease, cowpox 
	

	Introduction

Children watch the Jenner film and predict the outcome of Jenner's vaccination experiment on James Phipps.


	Show the JAMES film. 
vimeo.com/channels/smallpox

If possible, darken the room when showing the film to create atmosphere and to bring out some of the darker indoor scenes which might be difficult to see clearly on a whiteboard projector; you might prefer to use a large TV if one is available. Setting one up in a separate darkened room or hall also helps create a cinema experience. 
Pause the film at the end before the final black screen with text, which explains what happened next. 

Ask the children “What happened next to James?” 
As you direct the classroom conversation, make sure that the children understand that Dr Jenner did complete this experiment on James (he exposed James to the smallpox virus by putting smallpox pus into his arms) and so children need to predict what happened to James as a result of this. The Concept Cartoon (TP2) provides a useful basis for the discussion.

Record suggestions from the children and their reasoning why they think that is what happened. 
The children might find it interesting to find out that JAMES was partly filmed at Dr.Jenner’s House & Garden, a museum in Berkeley, Gloucestershire. It is the actual house where Edward Jenner lived and carried out his experiment on James. The location for James’s village was Little Woodham Living History Village in Gosport, Hampshire – over a hundred miles away! 

Children can find out more about how the film was made in the Making Movies! activity.
At some point in the lesson you should also point out a few period details from the film that children should know do not apply today. In particular: that vaccinations are carried out today with very small needles, not a knife; and it would not be acceptable today for James’s father to hit him. The changes in the ethics of medical trials are explored further in the Dr Edwina Jenner – Immunologist activity.
	JAMES film                                    




TP2: Concept Cartoon, developed for this activity by Millgate House Education


	Smallpox outbreak simulation

Children take part in a simulation to show the spread of smallpox through a small community. 

	Divide the class into 5 groups, arranged on 5 tables. Each table represents a household and has one of the 
Pupil Sheets, which introduces the children to the characters in their particular household. 
This simulation is designed for 6 characters in each group.
If you have fewer than 30 children in each class allocate the parts for each group in the order listed on the sheet. You may wish to place a soft toy on an empty chair with a name label of the missing character. It is important that data is collected for ALL characters listed on the Pupil Sheets. 
If you have more than 30 children please invent additional characters who may belong to any household other than Marston Hall. You will need to add their character name and whether they are well, have smallpox or sadly died to Pupil Sheets 7-16. Please note it is important that any additional characters die!
Running the simulation
Ask the head of each household to introduce themselves and their family. Some characters have additional information, which may be read out too. 

Announce that a traveller staying at the local inn, The Swan Inn, has been discovered in his room ill with smallpox! 

Move on to Week 1. Give each table an envelope containing their character cards for that week (PS8-9). One column on each of the cards represents one household and should be cut out and placed in an envelope with the name of the house. Remember to include extra cards if you have created extra characters.
Allow children to read their cards. 

Display the table for data collection (TP4).  You may wish to print out the table for children to fill individually or project it via a visualizer for children to add tally marks as the simulation progresses. The number of new cases and the number of deaths in each house should be recorded in the table, which may be a suitable task for those children who ‘die’ so they remain actively involved in the exercise.
Then ask any characters now suffering from smallpox to raise their hands. Give each of these children a coloured PE sash (or some other ‘marker’) to wear. 

Ask any character who has died from smallpox to raise their hand.  

Ask the children who have died to leave their household (their table) and sit in an allocated area of the room (e.g. the carpet) – the graveyard!
These children can be asked to draw a map of the village (based on the layout of the tables/households in the classroom) and record any movements of characters between the different households. This map will be useful later when they try and trace how the disease spread.
They can also start trying to work out who they think might have infected them, and if they have infected anybody else. Who brought the disease into their household? 

At the end of each ‘week’, count the total number of characters who have died and add to the table on TP4 / PS7 in the bottom row of the table. 

Ask any character with any additional written information to read this out. 

Move on to Week 2 (PS10-11) and repeat through to Week 5. 
Finally, at the end of Week 5, add the names of any characters who have survived the outbreak to the right-hand column.  
Answers
A completed table including both deaths and onset of smallpox is included as TP5. 

An explanation of why the survivors survived in each household is provided in TP6-10. (These slides can be used in the discussion at the end of the simulation).
	PS2-6
PS8-17:                               Cut up and place in envelopes according to instructions below. Give out in each ‘week’ of the simulation.
PE sashes or similar to be worn by children if they catch smallpox 

PS8-9
The table is included both in TP4 and PS7.
Week 2: PS 10-11
Week 3: PS 12-13
Week 4: PS 14-15
Week 5: PS 16-17
TP5
TP6-10

	Discussion
Children discuss the spread of smallpox and give informed 
	In groups, children should look at the Pupil Sheet for their household. They should discuss how smallpox spread to their household. This can then be shared as a class. 
With the help of their maps, can they trace back the lines of infection to the first case? 

Children should note that smallpox was brought to the community by a traveller staying at the Swan Inn. It was 
	PS2-6


	reasons as to why individuals die or survive the simulation outbreak.  Children use their knowledge and understanding to revisit their predictions about what happened to James Phipps.
	then passed to people living and working at the inn who then passed it to people they were in contact with. It was brought to The Manor by Molly Smith who caught the disease whilst back at her own home, and brought to Marston Hall by Ethel Brown when she went to buy milk from The Manor.
Then consider the survivors. Why did they survive? 
Answers
The Swan Inn: Mary West survived because she caught smallpox as a child and survived. This means her body knows how to fight the disease. She is immune to smallpox. Note that the disease has left her face scarred like Dr Jenner’s maid in the film.

Oliver Norton (The Blacksmith): He was young and healthy and lucky. His body managed to fight off the illness. 
Ask the children what would happen if Oliver was exposed to smallpox again in another outbreak.                                 (He would survive as he is now immune to smallpox. His body has learned how to fight the disease).
Betty Bainbridge (The Manor): She didn’t catch the disease. 
Marston Hall: This household quickly isolated the person who fell ill, so the rest did not come in contact with her and did not catch smallpox. Ethel was healthy and lucky and her body managed to fight off the disease. However, it left her blind. Smallpox was the biggest cause of blindness at this time, caused by smallpox pustules on the eyes.
Elizabeth Wynne (Chestnut Cottage): She didn’t catch the disease. Note that – unsurprisingly! – the woodlice charms for her children didn’t work. Charms made out of bags of dead woodlice were one of the many superstitions people had to protect themselves from the dreaded Speckled Monster.

Now ask the children to consider why Betty and Elizabeth didn’t catch the disease. Is there anything special about these two people?

Children should work out that both Elizabeth and Betty caught cowpox when they were younger. Does that mean that cowpox gives you immunity to smallpox? (You can use TP11-12 to help with the discussion and highlight the vocabulary)
Support the children in using this information to predict again what happened to James Phipps. You may wish to show children the Concept Cartoon (TP2) again. You may also wish to show extracts from the JAMES film again. 
	TP6-10
TP11-12



	
	Note the correct answer: the smallpox pus had no effect on James because he was immune to smallpox.
Discuss with the children what they thought at the beginning of this activity and whether they have changed their minds. 
	

	Activity (b)


	Children use their knowledge and understanding from Activity (a) to draw and interpret a graph based on data from a real smallpox outbreak in the market town of Warrington during 1773. This activity reinforces graph drawing skills and helps children understand the typical shape of an infectious disease outbreak graph.  
It also helps shows them why Dr Jenner was so eager to find a way of protecting people from smallpox.

By the end of this activity children should be able to:

· draw and interpret a graph which shows the typical progress of an infectious disease 

· identify from a graph when numbers are increasing, decreasing or staying the same  
	

	Introduction to graph activity 


	Show the children the video clip about a real smallpox outbreak in Burford in the Cotswolds, which brings home how smallpox affected one community. Children should notice similarities with their own smallpox simulation. 
Discussion points

What possible causes does the presenter give to the smallpox outbreak taking place? How does this compare to the simulation in Activity (a)? 
The presenter says that about 1 in every 8 people in the town died during the epidemic. What is  [image: image2.png]


  as a percentage? How does this compare to the outbreak in the class simulation?                                                  
Assuming a class of 30:                                                                                                                                    

20 characters out of 30 died in the simulation.
[image: image4.png]20

lo67%
3



  rounding up.
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  rounding up. 
	Link to the video THE SPECKLED MONSTER

http://timelines.tv/index.php?t=3&e=6
(don’t forget to put it in full screen mode)

	Graph activity 

Children draw a graph using data from the simulation or a real smallpox outbreak. 

	Some children can plot a bar or line graph using data from the simulation. They should plot weeks along the horizontal axis and number of deaths from smallpox on the vertical axis. 

Other children may plot data as a line graph from the real outbreak in Warrington during 1773 (using the table on PS18). Although, technically, a bar graph would be more appropriate for representing this data set, for interpretation of the shape of the graph, which illustrates the progress of an infectious disease, a line graph is preferable. For children who are not yet ready to draw a line graph, a bar graph will be fine.
You can provide graph paper with the axes already drawn out for children who need extra support. 
Discuss the shape of the line graph with the children and ask them to draw over the curve in different colours to show when the number of deaths was:

· increasing (an upward slope /)

· decreasing (a downward slope \)  

· staying roughly the same (a horizontal line ----).  
These ideas will be very important in Measles Alert! Activity when children take on roles in an Outbreak Control team to fight a modern-day measles outbreak.
Suggested questions to ask the children to support their understanding

How long did the epidemic last? (A year)
Which month saw the most smallpox deaths? (May)
How many people died altogether? (211)
Challenge questions

1) If 30% of everyone who caught smallpox died in the outbreak, how many people were infected altogether?                                        You can round the total deaths to 210 to make the numbers easier to work with.                 
                                                                          

	PS18  (the last slide on the first set of Pupil Sheets) 




	
	 30% of everyone who got ill died, so 30% of the total number infected must equal 210.        

 (10% of the total equals 70.                 


(100% of the total equals 700)
2) What the graph doesn't show is that everyone who died of the disease was under the age of 10. In fact, two thirds of the people who died were aged 2 or under.
Why do you think only young children died in the epidemic?
Perhaps the older people had been exposed to smallpox outbreaks in the past and survived. These older people would have developed immunity from their past exposure. 

Also, very young and very old people tend to be more vulnerable to the symptoms of a disease and less good at fighting it. Maybe grown-ups did catch the disease but were strong enough to fight it off and didn't die.

	

	Activity (c)
	Children consider the evidence that Edward Jenner collected and published in 1798, including his experiments with cowpox.

By the end of this activity, children should be able to:
· describe simply how individuals can acquire immunity from smallpox, through vaccination and natural exposure to cowpox or smallpox
· give examples of how Jenner investigated his ideas about cowpox and smallpox, using Jenner’s publication as a secondary source of (scientific) information
The Pupil Sheets for this activity can also be used as a Teacher Presentation to put up on the whiteboard.

	

	Introduction
Children are introduced to Jenner’s publication, which includes his methods of collecting evidence through observation and experiment.
	How did Dr Jenner investigate his theory that cowpox gives you immunity to smallpox?

Show children a couple of pages and the title page from Dr Jenner’s publication by projecting it onto the screen. There is no need to look at the publication in detail. The link to the publication online is provided for teachers who want further background information.  

Although some farmers already knew that people who had caught cowpox never caught smallpox, Dr Jenner’s stroke of genius was to realise that, if this were true, people could be deliberately infected with cowpox. This would be an easy and safe way to protect everybody from the dreaded smallpox.
Explain how Dr Jenner started his investigation by recording observations of cases of people who had naturally caught cowpox (by milking infected cows) and then had later been naturally been exposed to smallpox (e.g. when family members had caught it during a smallpox outbreak). 
He also recorded the results of experiments where he tried to vaccinate patients against smallpox (deliberately giving them cowpox by inserting cowpox pus into a small cut in the arm of the person) and then he tested for immunity to smallpox by exposing them (Jenner called it ‘inoculating’ them) directly to the smallpox virus (by inserting smallpox pus into the arm).
	PS2-3
Online version of Jenner’s 1798 publication - An Inquiry Into the Causes and Effects of the Variolæ Vaccinæ, Or Cow-Pox. http://www.bartleby.com/38/4/1.html

	Jenner interview role play
One child, playing Jenner, interviews a number of ‘cases’ and summarises the findings in a table.
	Divide the class into groups of 6. One child should play Dr Jenner whilst the rest will be the people that Dr Jenner interviews for his publication. James Phipps is NOT one of these people.
Give Dr Jenner a copy of PS4, which provides the interview questions and a table in which to summarise responses. For additional challenge, Dr Jenner – and the other children – may wish to suggest their own questions that Dr Jenner could ask. 
Please note there is an extra row in the table. Here children can add details about James Phipps during the plenary. 

Give the other children in each group PS5,7,9,11, 13. Each child will need to read the adapted extract from Jenner’s publication and summarise their responses in the provided table. 

The original extracts from Jenner’s publication have been provided as an additional challenge for children to read instead of, or together with, the adapted extracts (PS6, 8, 10, 12, 14). These slides can also be put used as a teacher presentation to introduce the characters before the group work.
Additionally, an optional sorting activity has been provided, where the names have been blanked out from the case studies. Children should match these case studies with the correct numbers in the provided table – the challenge is to match the character description with the correct original case study and then to match the Roman numerals from the case study with the correct number in the table by writing the character name in the correct box. All answers are provided in the answer tables.
When their summaries are complete they are ready to be ‘interviewed’ by Dr Jenner.
	PS4
PS 5-14
PS 15-17 (optional)



	Discussion of case information

Children jointly complete the table to predict what may happen 
	Either as a whole class, or in groups, children work through the table on PS18. Children should predict what they think will happen if Dr Jenner inoculates each person with smallpox (‘inoculate’ means ‘to deliberately put a small amount of disease into the body’). 

Children should also discuss their reasoning for their predictions. 

It should be noted that where someone has already failed to catch smallpox when exposed to it, there can be greater confidence that they will be safe following the inoculation – they have already developed natural immunity to smallpox.
	PS 18

	Reading Jenner’s results

Children read the next parts of Jenner’s publication entries to find out what happened next to each featured character.
	Children can read, and report to their group, or class, what happened to their character when exposed to smallpox by Jenner.

The original case studies can be read by children at this point, if they have not visited them yet.
This information may be added to the table on PS18.
	PS19
PS18


	Plenary

Reading Jenner’s publication entry for James Phipps
	Provide the children with the Mystery Publication Entry, or read it through as a class.
Again, the original extracts from Jenner’s publication have been provided as an option to use.
Ask the children who they think it refers to. They should recognise the case as referring to James Phipps. His case may then be added to the table on PS18 and to the optional sorting activity on (PS15) if it was completed.

Children will revisit Jenner’s publication, and find out more about real James Phipps,  in the ‘History Detectives – What Really Happened’ activity.
	PS20
PS21 (optional)
                                              PS18 and PS15

	Optional

Also possible homework activity
	To test children’s understanding, you can ask them to complete the fill-in-the-gaps exercise on PS22,23.
For an extra challenge for some pupils you can remove the clues. 

	PS22,23 (optional)


Some background information to the science of vaccination 

Variolation

Before Jenner’s discovery, the medical establishment agreed on only one form of preventing smallpox. It was known as ‘variolation’ (variola means smallpox in Latin – the language used universally by scientists to describe and classify the natural world). It meant putting a small amount of smallpox pus from an infected smallpox person directly into the arm of a healthy person. The person then became very ill for a number of days – much much more ill than with cowpox – but usually not with full-blown smallpox. They would then be immune to smallpox. It was a bit like vaccination only the side-effects were much worse and a small number of cases could be fatal. 
Jenner was himself variolated as a little boy, and got seriously ill for a number of days. Maybe this experience was part of what drove him in his vaccination investigations. 

Despite the unpleasantness and the slight risk, variolation was seen as the only way to protect against smallpox. Jenner variolated his own son and rich people paid a lot of money to get themselves and their families variolated.  Sometimes doctors variolated the poor out of charity. 

It is also thought that variolation actually caused outbreaks of smallpox, because people could pass on smallpox to other people just after the procedure. So even if the person who had been variolated became immune to smallpox, they could pass on the disease to those around them and start an outbreak! For this reason, variolation was eventually banned in the United Kingdom in the early 19th century, after the discovery of vaccination.
Vaccination

Vaccination meant deliberately infecting someone with cowpox in order to make them immune to the deadly smallpox.

Cowpox is a much less severe disease than smallpox and is non-fatal. It produces a much milder reaction than variolation and there was no risk of vaccinated people passing on smallpox (or cowpox) to other people as there was with variolation. So vaccination was much safer and a great deal less unpleasant than variolation. 
Exposing the body’s immune system to a weakened or harmless version of any pathogen in this way is still called ‘vaccination’. The term vaccination is actually derived from Jenner’s work with cowpox – vacca means cow in Latin.  
Vaccination stimulates white blood cells to produce antibodies as an immune response to toxins or foreign substances (in this case, the cowpox virus). Antibodies combine with, and then destroy, the toxins or foreign bodies (antigens). Vaccination teaches the body and its antibodies to recognise a disease, providing future immunity to the specific infectious disease. 
Today, ‘inoculation’ is synonymous with ‘vaccination’. Jenner used the word synonymously with both variolation and vaccination.
Jenner’s investigation  

Jenner vaccinated James with cowpox in 1796. Then, to test whether the cowpox had given James immunity to smallpox, Jenner variolated James (put a small amount of smallpox pus into his arms). Apart from a small sore on his arm, James showed no reaction to the smallpox pus, so Jenner inferred that he was immune to smallpox. 

Jenner presumed that cowpox gave you immunity for life, because in his observations and experiments he found that people who had caught cowpox several decades ago were still immune to smallpox. But it was later found that people who had been vaccinated once as a child could still catch the disease in later years. Booster vaccinations were required and were introduced in Britain in the late 19th century.
Vaccinations today
Smallpox only infects humans (not other animals) and so can only spread through humans who are not protected against smallpox. Vaccination provides that protection. Smallpox no longer occurs naturally since it was totally eradicated by a lengthy and painstaking process, which identified all smallpox cases and their contacts and ensured that they were all vaccinated. This global immunization campaign was led by the World Health Organization and in 1980 smallpox was declared eradicated. This means that today the general public does not need to be vaccinated against smallpox.  (Some armies do vaccinate their soldiers, however, in case of the extremely unlikely scenario that someone might try and use smallpox as germ warfare).
Polio and Ebola are two other infectious diseases which only naturally infect humans. Polio is caused by the poliovirus, a highly contagious virus specific to humans. The virus usually enters the environment in the faeces of someone who is infected. In areas with poor sanitation, the virus easily spreads through the faecal-oral route, via contaminated water or food.  By using the process of identifying all polio cases and their contacts, and ensuring that they are all vaccinated, polio has nearly been eradicated. 
Ebola disease spreads only by direct contact with the blood or body fluids of a person who has developed symptoms of the disease. Body fluids that may contain Ebola viruses include saliva, mucus, vomit, faeces, sweat, tears, breast milk, urine and semen. You can read about some of the efforts to create Ebola vaccines here http://www.wellcome.ac.uk//Funding/Biomedical-science/Funded-projects/Major-initiatives/wtp057179.htm
Children’s learning outcomes 

It is important that children develop an understanding of how Jenner developed and tested his ideas leading to vaccination with cowpox against smallpox. Some understanding of how vaccination works and of the term immunity is desirable, but it is not necessary for the children to become familiar with the term variolation. 
Common misunderstandings

During a test trial of these materials, some children had the following misunderstandings: 
· That the cowpox virus that Jenner vaccinated James with was a medicine or cure or antidote to cowpox or smallpox that James was suffering from. 
James was given a vaccination using the cowpox virus so he would develop immunity to the similar, but far more dangerous, smallpox virus. He was not unwell when Jenner exposed him to the smallpox pus. A vaccine must be given as a preventative measure before exposure to a disease, not as a cure after exposure (although vaccination immediately after exposure can give the body a ‘head start’ to fight the disease and prevent it).
· That when James returned to Dr Jenner to be tested for his immunity to smallpox with the smallpox pus, he is given a second vaccination. 
James was given a test for his smallpox immunity, not a second vaccination. James did not become ill from the smallpox pus that Jenner put in his arm, so the test showed that James was immune to smallpox. The vaccination had worked.
· That when James was exposed to the smallpox virus by Jenner as the test, James develops smallpox but survives. 
James was immune to smallpox from the cowpox vaccination and so could not develop smallpox.
Image credits:

The Village Street by Francis Wheatley / Museums Sheffield
Photo of pages from Dr Jenner’s Inquiry / Wellcome Images
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