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Introduction

This programme of activity is provided
by STEM Learning, the largest
provider of STEM education and
careers support in the UK. It has been
developed in partnership with Club
leaders.

Save the world
with STEM

How can STEM help us survive and
thrive? From thinking about how
diseases are spread or contained,

to building a better skyscraper that
can withstand earthquakes, this
programme of activities explores both
the practical and the hypothetical.
Students are asked to explore the

big question: Can we save the world
with STEM?

Digital and
Essential Skills

Throughout this booklet, activities
highlight skills sets that can be
enhanced by taking part. This enables
pupils to further develop both

digital literacy and competency in
desirable key skills. These highlighted
skills allow the pupils to focus on
specific aspects to achieve notable
progression. If other skills better suit
your club members on a particular
activity, then focus on that skill.

Key information

RN H 14-16.

V)] | Jo W[\ €H Biology, chemistry, computing, design and technology,
mathematics and essential skills.

IV I[O1\A Activities range from 20 to 90 minutes — at least 6 hours in total.

HEYINNA Complete the whole programme over a half term or choose
individual activities to suit the needs of your Club.

10 @ H Each activity includes a list of the resources required and a
comprehensive set of club leader and student notes.

SN NS CIRBH Age-appropriate essential skills have been identified
which can be enhanced through these activities.

(DX W VA AN Each set of resources is designed to help evaluate

and assess the progress of Club members. A free student assessment toolkit can
be requested from: & STEMclubs@stem.org.uk.

Students can be rewarded for successfully completing
activities by downloading free STEM Clubs certificates from ¢ https://www.
stem.org.uk/stem-clubs/impact-and-recognition/stem-club-certificates.
Students may be able to use these resources to work towards a

& CREST Award.

LA OV LR AN RRY Club leaders can run most activities in general

spaces e.g. classrooms, halls, and outdoor areas. Some activities need to be
conducted in labs and workshops — these are marked clearly in the Club leader
guide and in the table below.

Each activity includes details about health and safety ¢
onsiderations. Club Leaders should ensure that all equipment is handled

with care, particularly sharp instruments. Advice and guidelines are available
from CLEAPSS and SSERC. We recommend that practical activities are risk
assessed before commencing and Club Leaders should follow their employer or
organisation’s policies.

(O} 15| WX I\ANI[FH Discover other exciting STEM Club activities:

& https://www.stem.org.uk/stem-clubs/activity-sets#secondary

SRV RN el ) Find lots of ideas, support, training and advice at:

¢’ https://www.stem.org.uk/stem-clubs


http://STEMclubs@stem.org.uk
https://www.stem.org.uk/stem-clubs/impact-and-recognition/stem-club-certificates
https://www.stem.org.uk/stem-clubs/impact-and-recognition/stem-club-certificates
https://www.crestawards.org/what-is-crest
https://www.stem.org.uk/stem-clubs/activity-sets#secondary
https://www.stem.org.uk/stem-clubs

Activities

CAN WE SEE HOW DISEASES SPREAD?: Niile[Sgidye[f={aR-Tole e TggYHoIl)
an experiment that models how a disease like Ebola spreads.

CAN WE RID THE WORLD OF DISEASE?: S« ](e]=Ri (R {e]s}d
of controlling disease and run a vaccine simulation to conclude how many
people need to be vaccinated to protect the wider population.

IMAGINING THE FUTURE - MAKING PLASTIC OUT OF A POTATO!:
Students create a bioplastic from potatoes and discuss the implications of
replacing traditional plastics.

HOW CAN WE ENSURE HEALTH FOR ALL IN AN EMERGENCY?:
Students discuss the challenges of keeping people healthy in an emergency,
and run a hands-on session to create homemade antibacterial cream.

HOW CAN BIOLOGY AND CHEMISTRY FIGHT CLIMATE CHANGE?:
Students generate and share ideas about how STEM can help solve a key
challenge or answer a big question about the future, particularly as it relates
to climate change. 60-90 minutes

Z(O) AP IR (e UEAV A\ W VI NVN Y [ EF Students simulate a tsunami
and explore different ways to protect the shoreline e.g. bio barriers, walls and
see which is most effective.

SV (38 QAT @ VN A48 Students explore the science of forces
and materials and identify some of the factors that make buildings
earthquake-proof.

(@ e W O INFNV IR By completing activities in this
resource pack, your STEM Club members can get a CREST Discovery Award.

SN ARV HRH Learn about key skill sets that can be enhanced by
STEM Club activities.

© 60 minutes

© 60 minutes

© 60 minutes

© 60 minutes

© 60-90 minutes

© 60-90 minutes

© 60-90 minutes
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CLUB LEADER GUIDE: SUITABLE FOR AGE 14-16

Save the world with STEM

1 Can we see how diseases spread?

Objective

Students devise an activity that will allow them to model
how a virus such as Ebola spreads through a community.
They then use this information to generate and share ideas
with the goal of answering the question: how can STEM
help us to slow down or stop the spread of disease?

TOPIC LINKS

& Biology: health and disease

ESSENTIAL SKILLS SUPPORTED

Listening, speaking, problem solving

© 60 minutes

RESOURCES AND PREPARATION

m 2 numbered test tubes for each student
m Water

= Milk

m Starch

m lodine solution

m Pipette

®m Permanent marker

0 Each student will need two test tubes — both
labelled with the same number. Fill one with
milk and leave the other empty. Label the
empty ones ‘before’ (these will be used later to
identify the original infected students before the
experiment started).

Prepare the spiked ‘Ebola virus’ solution by
dissolving starch in hot/boiling water, then
adding 1ml to milk. Keep this ‘virus’ solution to
the side as the positive control. Then ‘spike’ one
of the student test tubes with starch as well.

o Prepare one test tube with milk to use as the
negative control.

Introduce the background and the goal to the students. Explain
that they are going to be designing and undertaking their own
investigation in order to find out how just how quickly a disease
like Ebola can spread through a population. The test tubes
represent people, and the milk represents bodily fluids.

Show them how the positive and negative controls from the
preparation react to the iodine solution and explain that the ‘Ebola
virus’ only shows up after the iodine check. Mixing the ‘bodily’
fluids in the test tubes leads to a contraction of the virus.

Explain that it will be their goal to devise an activity that will allow
them to model how the Ebola virus spreads through a community.
Every member of the group will have their own test tube and at
the start of the experiment the vast majority of the students
should be ‘healthy’ (ie have milk in their test tube). Students
should then walk through the room and swap half of their solution
back and forth with someone else during round 1. Explain that if
both students are healthy, there is no problem, however, there
should be one or more infected students in the class who carry the
‘Ebola virus’ (i.e. milk and starch solution). As students go through
more rounds, the virus will quickly spread — but this will only
become apparent after the iodine test, so infected students will be
unaware of the spread until the experiment is over.

Discuss the importance of the following points and how they will
affect the outcome of the experiment:

m the number of infected people at the start of the experiment
m varying the amounts of solution
m the number of rounds where bodily fluids are swapped

m tracking and recording who they have swapped their test tube
contents with.

Let the students devise their own experiment with the guidance of
the Club leader or their student guide. Once the design is complete
and checked, let the students gather their materials.



v vy

_ TIPS ~

M use one spiked test tube for 20
students. If there are more than 20
participants, another spiked test tube is

recommended

three to five rounds of liquid swapping
are recommended

to ensure the test is fair, it is
recommended only the Club leader
can hand out the solutions and the
students do not know which students
are infected (even if they do know the
total number of infected students)

the 90-second video in the Useful links
section is a good starter or conclusion
to this activity

e Once the students have received their labelled test tube with their solution,
let them transfer about half of the liquid into the empty test tube labelled ‘before’
(with the same number). These test tubes should be returned to the front of the room.

° Once the experiment is completed, use a pipette to put 1-2 drops of iodine
into each of the students’ test tubes to find out how much the virus has spread.
Compare these results to the ‘before’ test tubes.

e Lead the students into a discussion which can include the following points:
a. Can you work out which students were the source of the infection?
b. What can you say about the transmission rate of this particular disease?

c. What are the possible ways this disease spread (think about the implication
of the swapping of the solutions)?

d. If this disease was spread through physical contact, how could the spread
of this disease be stopped?

USEFUL LINKS

69 The Science Learning Hub on spreading and preventing spread of
infections
https://www.sciencelearn.org.nz/resources/179-infection

Similar experiment with different apparatus
https://www.sciencelearn.org.nz/resources/192-spreading-diseases

The crazy scientist behind one of the most-watched TED talks explains

Ebola in 90 seconds
http://www.upworthy.com/the-crazy-scientist-behind-one-of-the-most-watched-ted-
talks-explains-ebola-in-90-seconds

BBC - Ebola basics: What you need to know
https://www.bbc.com/news/health-29556006

BBC - Ebola outbreak: How Nigeria is beating the killer virus
https://www.bbc.com/news/world-africa-29654002

Battling Ebola: Tracking the Virus
https://www.bu.edu/research/articles/battling-ebola-tracking-the-virus/

EXTENSION IDEAS

0 Students can visit the websites
listed in Useful links, or you can
set this beforehand as a
preparation activity.

e Students create an information
leaflet to inform people about the
different ways the spread of
disease can be limited.

DIFFERENTIATION IDEAS

Support: provide a partial or complete
version of the practical for students

to follow and ask them to focus on
undertaking the activity rather than
designing it.

Challenge: ask students to undertake
their own designed activity and evaluate
on their protocol and their results.

How could their practical be improved?
How accurately does it represent how
diseases can spread in a community?

Incorporating
Digital Skills

Consider:
= Websites for tracking
disease spread.

m Recording data and facts,
spreadsheet document table.

Idea! 0

Request a STEM Ambassador to
talk about how we model the
spread of disease.
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STUDENT GUIDE: SUITABLE FOR AGE 14-16

Save the world

with STEM

1 Can we see how
diseases spread?

Your
challenge

Ebolais a serious
infectious illness which
often proves fatal. It is
avirus thought to have
originated in fruit bats. The
disease does not spread
through the air, like the
influenza virus. Very close
direct contact with an
infected person is required
for the virus to be passed
to another person. There is
some evidence to suggest
the virus can survive on
surfaces (e.g. phones,
pencils, door handles) for up
to six days. You will design
an investigation that will
demonstrate how easily
aviral disease can spread
through a population,
even if each individual only
comes into contact with a
small number of people.

How quickly can diseases
spread in a population, and
what can we do to prevent
this?

WHAT YOU NEED TO DO

Using the materials listed above, plan a
simulation to observe how quickly a disease like

MATERIALS

m 2 numbered test

Ebola can spread through the classroom and tubes for each
create a pandemic. The start of such a pandemic student
can look like the example below:
= water
In a group of 20 students, there is one student = milk
who has been infected with Ebola. This means
that at the very start of the experiment, there m starch
are 19 test tubes with ONLY milk (healthy m iodine
students) and there is one test tube with milk = pipette

and starch (the sick student).
= permanent marker

During round 1, the sick student mixes their
solution with one other person, transferring
the virus (starchy milk) to an unsuspecting victim. During round 2, the two sick
students each pass the virus on to two more students.

o Consider the following topics as you plan and design your experiment:
m the total amount of infected people at the start of the experiment

m the total amount of rounds in which bodily fluids are swapped. Should
this be the same for every participant

m how will each participant track who they have swapped their test tube
contents with? s it important to record this? Why

= will you conduct a blind test (where the infected test tube(s) is/are
handed out in such a way that no one knows who is about to cause the
upcoming pandemic)

Once you have had your plan checked by your Club leader, you can
undertake the experiment and gather your data.

Tip: once everyone has their own test tube containing the milk or starchy milk,

transfer about half of the liquid into the empty test tube labelled ‘before’
(with the same number). These test tubes should be returned to the front of
the room to be compared to the result at the very end of the experiment,
using the iodine indicator to test how far the disease has spread.
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Save the world
with STEM

1 Can we see how
diseases spread?

Discuss

° What can you say about the number of sick people at the start of the experiment compared to those who have been
infected over the course of the different rounds?

o Can you work out who was the source of the infection in this experiment?
e What can you say about the transmission rate of the disease?

° What are the possible ways this disease spread (think about the implication of the swapping of the solutions)?
Compare it to what you know of Ebola.

e If this disease was spread through physical contact, how could the spread of this disease be stopped?
e What are the symptoms of Ebola?

@ Which countries were involved in
the most recent Ebola outbreak?

To find out more visit:

@ What s the fatality rate of Ebola? /2 BBC-Ebola basics: What you need to know
https://www.bbc.com/news/health-29556006

@ What precautions could be taken? ¢ BBC - Ebola outbreak: How Nigeria is beatin; the killer virus
https://www.bbc.com/news/world-africa-2965400

2 Battling Ebola: Tracking the Virus

Could th t t outbreak
@ ou € most recent outbrea https://www.bu.edu/research/articles/battling-ebola-tracking-the-virus/

of Ebola have been prevented?
If so, how?

(' | ! / o In 2014, following the Ebola outbreak, Liberia's health
minister advised people to stop having sex, shaking
Ll F UN (s hands or kissing. The WHO says men can still transmit
the virus through their semen for up to seven weeks after

: FAC TS : recovering from Ebola.

e The incubation period (time from exposure to infection
/ (] ] \ or apparent symptoms) is 2-21 days, but 8-10 days is
most common.
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Save the world with STEM

2 ' Can we rid the world of disease?

Obijective

Students investigate disease
control through a vaccination
simulation. They analyse their data
and attempt to conclude what
percentage of a population must
be vaccinated in order to protect
the majority of a community.

TOPIC LINKS

& Biology: health
and disease

ESSENTIAL SKILLS
SUPPORTED

Listening, problem solving,
teamwork

© 60 minutes

RESOURCES AND
PREPARATION

m Computers with internet
access

m Three or six large sheets
of paper and marker pens,
fixed to the wall or on desks,
labelled with ‘reasons to
think yes’, ‘reasons to think
no’ and ‘interesting points’

m A large screen in case
you decide to display the
question and the sample
perspectives from the
student guide

= Arrange the furniture to suit
the discussion style below,
or your preferred approach

0 Introduce the question ‘Can we rid

the world of disease?’ and give some
background to students. Explain that
they are going to use their STEM
knowledge and imagination to explore
the issues and possibilities and decide
what they think the answer might be.

Some diseases can already be prevented
if people are vaccinated against them.
Introduce the topic of vaccination
programmes and artificial immunity.
Ask the students whether it would be
necessary to vaccinate every member
of a population to prevent a disease
spreading. Is this even possible?
(Consider reasons that not everyone
can be vaccinated — ethical/religious
reasons, allergies, financial limitations,
etc.)

How many people in a population
would need to be vaccinated in order to
protect those that can’t be?

Explain that they will do an
investigation using a computer
simulation where

they will investigate the topic of herd
immunity as one way in which STEM
can be used to help rid the world of
disease. Their goal is to find out what
percentage of the population needs to
be vaccinated to protect the majority of
the population.

Instruct students to follow the
instructions in the student guide to
run the simulation.

After the students have concluded
their investigation, discuss their

!
A :

- TIPS ©

Make sure students write down
their thoughts as short, legible
sentences. Useful questions:

. Are some diseases more
important to eradicate
than others?

‘ Could we really help
everyone on Earth?

. Where should the money
to do this come from?

. Should we just continue to
live with some diseases?

. Might some diseases
always be untreatable?

findings. Students can share their
results and
their conclusions.

Move on the preparation for the
discussion by reviewing the perspectives
on the student guide together.

Deliver this second part of the activity
using the writing walls approach below,
or using your preferred approach.

a. Students reflect on the
three statements:

I It's not realistic: diseases are always
mutating, and our environment is
changing as well. We'll never keep up.

II. It's possible: computers, artificial



Incorporating
Digital Skills

Consider:

m Researching relevant
information on websites.

m Recording data and facts.

m Creating a digital presentation.

intelligence and medicine are advancing so
quickly that one day we’'ll understand how
every disease operates.

1l It depends: there’s a big difference
between knowing how, and having the will
or ability to take action. It will all depend on
getting the funding and the goodwill to make

it happen. EXTENSION IDEAS

b. Students organise their thoughts into
‘reasons to think yes’, ‘reasons to think no’
and ‘interesting points’, circulating in small

groups to write their ideas on the large e Ask students to record a vox pop video of other students’ opinions.
sheets of paper.

° Students can visit the websites shown in the Useful links section, or you
can set this beforehand as a preparation activity.

c. Invite students to read out the ideas on
each sheet. Discuss each one and explore
whether any of the ‘interesting points’ BIELERENIANONIDEAS
change any of students’ reasons to think Support: if it is not suitable to write down ideas, split students into small groups

yes or no. and ask each group to think of three ‘reasons to think yes’, ‘reasons to think no’ and

) ‘interesting points’. Give each group 30 seconds to share each of their sets of ideas.
d. Explain that students have 30 seconds to

decide on their final point of view. Hold a Challenge: the second link in the Useful links section includes reasons why many
vote, asking each student to give one brief diseases are considered not currently eradicable. Ask students to review this linked
justification for voting ‘yes’ or 'no’. PDF and provide a strong justification for their ideas.

USEFUL LINKS

69 Techydad: vaccination programme simulation
http://www.techydad.com/Vaccinate/

© BBC News article on ‘Is it possible to eradicate all diseases?
http://www.techydad.com/Vaccinate/

|dea! 9,

69 List of diseases considered as candidates for global eradication
https://www.cartercenter.org/resources/pdfs/news/health_publications/

itfde/updated_disease_candidate_table.pdf Request a STEM Ambassador to

give a talk on what they do to help
society fight infectious diseases.

(P Chan Zuckerberg initiatives
https://chanzuckerberg.com/initiatives
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STUDENT GUIDE: SUITABLE FOR AGE 14-16

Save the world

with STEM

2 Canwerid the

world of disease?

Your
challenge

In 2016,

Facebook founder
Mark Zuckerberg
and his wife Priscilla
Chan announced
the launch of a $3bn
(£2.3bn) fund with
the ambitious goal
to ‘cure, prevent or
manage all diseases
by the end of the
century’.

WHAT YOU NEED TO DO

Investigate: vaccination and herd immunity

Herd immunity describes a form of immunity that occurs when
the vaccination of a significant portion of a population provides

a measure of protection for individuals who have not developed
immunity. You are going to use a computer simulation to model
how vaccination programmes work. Your aim is to find out what
percentage of the population you need to vaccinate to protect the
majority of the community.

a Go to the website: & www.techydad.com/Vaccinate/ and follow
the steps below:

o Keep each of the settings the same (chance of spreading etc).
e Set the ‘randomly vaccinate’ setting to 1 person.

o In a table, record the number of people who stay healthy, the
number of people who get sick but recover and the number of
people who die. Repeat this twice more and take an average.

e Repeat step 4 for a 25% vaccination rate, a 50% vaccination
rate, a 75% vaccination rate and a 90% vaccination rate. Do
each rate three times.

e Put your data into a table. Make your data into a graph (think
about the best way to present the data - e.g. could you work out
a death rate or sickness rate?).

° The only infectious disease to have been eradicated to date is
smallpox. The last known case occurred in Somalia in 1977.

o According to the Journal of Molecular Medicine, Ribose-5 phosphate
isomerase deficiency, or RPI Deficiency, might be the rarest disease in
the world. Only one case has ever been recorded.

e The World Health Organisation lists ischaemic (coronary) heart
disease (where the arteries to the heart become blocked) as the
biggest cause of death worldwide.




STUDENT GUIDE: SUITABLE FOR AGE 14-16

Save the world with STEM

2 Can we rid the world of disease?

Discuss: can we rid the world of disease?

Organise your thoughts into ‘reasons

to think yes’, ‘reasons to think no” and
‘interesting points’. In small groups, write
your ideas on the large sheets of paper to
share and discuss.

Here are three perspectives to kick-start
your thinking:

a It's not realistic: diseases are always
mutating, and our environment is
changing as well. We'll never keep up.

o It's possible: computers, artificial
intelligence and medicine are
advancing so quickly that one day we’ll
understand how every disease
operates.

e It depends: there’s a big difference
between knowing how, and having the
will or ability to take action. It will all
depend on getting the funding and the
goodwill to make it happen.

To find out more visit:
2 BBC News article on 'Is it possible to eradicate all diseases?
https://www.bbc.co.uk/news/magazine-37433012

2 List of diseases considered as candidates for global eradication
https://www.cartercenter.org/resources/pdfs/news/health_publications/itfde/updated_disease_candidate_table.pdf

2 Chan Zuckerberg initiatives
https://www.chanzuckerberg.com/initiatives

m
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3 ) Imagining the future — making plastic out of a potato!

Objective

Students make a polymer out of potato starch.

TOPIC LINKS HEALTH AND SAFETY:

¢’ Chemistry: making a bioplastic A suitable risk assessment using guidance from CLEAPSS and SERCC should
¢ Design and technology: sustainability be written and adhered to for this activity.

¢ Biology: plastic pollution

ESSENTIAL SKILLS SUPPORTED

Listening, speaking, problem solving

© 60 minutes

RESOURCES AND PREPARATION
P — DELIVERY

m 100g potatoes or potato starch
m Potato grater

m Tea strainer

m Distilled water

m Pestle and mortar

m 100ml measuring cylinder

m 250ml beaker

Lab coats and eye protection must be worn and long hair must be tied back.

Propan-1,2,3-triol may be harmful if ingested in large quantities.

o Introduce the topic of plastic pollution. N ‘ ' /
It is possible to link this to fossil fuels, 4

microplastics, and biodegradable - TI P S _—
plastics (the YouTube link in the ‘Useful

links’ section provides interesting

. . . . M Students should work
insights into this toplc)' carefully when handling the
food colouring as they can

m Large watch glass o Explain to students that they will be cause stains

m Bunsen burner and heatproof mat making their own version of an eco-

m Tripod and gauze friendly plastic using potatoes. Guide

m Stirring rod them through the process of making their

m Propan-1, 2, 3-triol (glycerol) (may be own plastic as much as is necessary.
harmful if ingested in large quantities)

m Hydrochloric acid 0.1 mol/dm? o Once the plastics have been finished (they will require about one day to dry
(minimal hazard) and form), students can evaluate their product.

m Sodium hydroxide 01 mol/dm? (irritant)

= Optional: food colouring a. Which properties make their plastics useful?

= Petri dish or white tile b. What sorts of products could be made out of such bioplastics?

m Universal indicator paper

m Eye protection c. Which properties might make consumers choose ‘regular’ plastic over their
m Electric balance bioplastic?

m 25 ml measuring cylinder

= 10 ml measuring cylinder d. Was there a difference between the plastics that contained propan-1,2,3-

triol and those that did not?

12



EXTENSION IDEAS

o Students can investigate if

there are other materials
from which they can make
bioplastics (e.g. milk) and
what the advantages/
disadvantages are between
the different options.

Ask students to research
some of the problems related
to our current use of plastics
(e.g. its impact on ocean life,
human life, or problems
related to recycling). How
could STEM careers help
solve the problem they
decided to investigate?

USEFUL LINKS

|dea! O

Request a STEM
Ambassador to

talk about what
happens to plastic
waste after we put it
out for recycling.

DIFFERENTIATION IDEAS

Support: if extracting the starch from potatoes
is too time-consuming it is possible to use ready-
made potato starch instead.

Challenge: students can compare how two plastics
with and without plasticizers (propane-1, 2, 3-triol)
differ. Let them research the chemistry behind how
the plasticizer affects the plastic.

69 SciShow YouTube clip: ‘The truth about biodegradable plastic’
https://www.youtube.com/watch?v=g90qQ1PaACg

69 Sustainable plastics: ‘About bioplastics’
http://www.sustainableplastics.net/about

69 YouTube clip: Can We Make Plastic from Potatoes? - Bang Goes the Theory - Series 7 Episode 1 - BBC One
https://www.youtube.com/watch?v=Lhigu23NQlw

(2 Similar activity to this one

http://www.rsc.org/Education/Teachers/Resources/Inspirational/resources/3.1.7.pdf

Incorporating
Digital Skills

Consider:
= Use of video to record
process to review later.

m Creating a website to show
video or host on YouTube.

13
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3 Imagining the future - making
plastic out of a potato!

WHAT YOU NEED TO DO
Your PHASE 1- EXTRACTING THE STARCH
Chau‘enge ° Obtain 100g of potato and thoroughly clean it. Grate the potato
using the grater.
Have you
ever wondered © Put the potato into the mortar and add 100ml of distilled water.
if there is a more Grind carefully.
environmentall
. Y e Using the strainer, pour the liquid off the mixture. The potato

frlendly way to make should remain behind in the mortar. Then add 100ml of distilled
Plastic? Biop[astics water and use the strainer to remove it again.
(biodegradable @ Repeat step 3 sothat th d potato is rinsed three times in total

. . epeat step 3 so that the ground potato is rinsed three times in total.
plastics, derived from peatsiep grouncp
bi°l°gical SUbStances) e Pour the mixture into a beaker, and leave it to settle for five minutes.
are being researched
to limit out reliance e Decant the water from the beaker. You should have white starch

c left in the bottom. Add 100ml of distilled water and stir. Leave to

on crude oil as a raw settle again, and then decant the water one final time.

material for plastics.
You should now have extracted the starch to make a plastic film.

Make your own eco-
friendly plastic of the
future!

PHASE 2 - MAKING THE POTATO PLASTIC

Safety note: lab coats and eye protection must be worn during

this part of the experiment. Long hair must be tied back.

G Pour 25ml of water into the 250ml beaker. Add 2.5g potato starch
and 3ml hydrochloric acid.

o Put the watch glass on the beaker and heat the mixture using the
Bunsen burner. Carefully bring the mixture to the boil. Boil gently
for 15 minutes, but be careful not to boil it dry — if it looks like it
might, then stop heating.
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3 Imagining the future - making plastic
out of a potato!

e Measure the pH. For this, dip the glass rod into the mixture and
dot it onto the indicator paper. Neutralise the solution by slowly
adding a small amount of sodium hydroxide solution and
checking the pH with indicator paper. You will probably need to
add about the same amount of sodium hydroxide as you did
acid at the beginning (3ml). Keep adding until neutral.

° Optional: add a drop of food colouring and mix thoroughly.

e Pour the mixture onto your labelled petri dish or white tile.
Smooth it over with your glass rod so that you have an even
covering.

e Label your mixture and leave it to dry out. This will take about
one day on a radiator or sunny windowsill or two days at room
temperature.

CHALLENGE:

Ask your Club leader if propan-1,2,3-triol is available for you to
use. This is what is known as a plasticiser. Undertake phase 2 of the
experiment, with one change to step 1 as follows:

ﬂ Pour 25ml of water into the 250ml beaker. Add 2.5g potato
starch, 3ml hydrochloric acid and 2 ml propan-1,2,3-triol.

. ' a Potato starch consists of long chains of glucose units that are strung together.
‘ , The two polymers that potato starch contains are:

m amylose —a straight chain of glucose units

b F U N » m amylopectin — a branched polymer of glucose units
- b e Normal plastic bags remain toxic even after they break down. Instead of
iodegrading, they photo-degrade. This means that the plastic breaks down
biodegrading, they photo-degrade. Thi hat the plastic breaks d
) Y into smaller and smaller toxic bits of itself, contaminating the environment.

e A company from New Zealand called Potatopak makes disposable food
’ ' ' \ packaging from recycled potato starch. Their products are designed to
decompose within 30 days.
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4 ) How can we ensure health for all in an emergency?
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TOPIC LINKS

¢ Biology: health and disease
¢ Chemistry: oxidation, separating mixtures

ESSENTIAL SKILLS SUPPORTED

Creativity, leadership, problem solving

© 60 minutes

RESOURCES AND PREPARATION

For the discussion:

m Paper and pens

m You may wish to display the question and
the sample perspectives on the student
guide on a large screen

m Arrange the furniture to suit the discussion
style below, or your preferred approach

For the antibacterial cream activity,
each group will need:

= 4 tablespoons of beeswax (can be
purchased at many health food stores)

m 100ml of coconut oil

m 100ml of olive oil, jojoba oil, or almond oil

= 15 drops tea tree oil (can be purchased at
many health food stores)

= 10 drops lavender oil (can be purchased at
many health food stores)

m 1 tablespoon witch hazel

m Selection of dry herbs (e.g. chamomile,
marigold, lavender, plantain leaves)

m Optional: 1tablespoon of honey

m Double boiler (or a glass/metal bowl set
over a pot of hot water)

m Cheesecloth (or a coffee filter)

m Mixing bowl

m Hand mixer

m Glass container

Objective

Students generate and share ideas about how STEM can be used to help solve
challenges related to providing food and healthcare during emergency situations.
They produce their own antibacterial ointment to help treat small injuries.

HEALTH AND SAFETY:

A suitable risk assessment using guidance from CLEAPSS and SERCC should
be written and adhered to for this activity.

Eye protection is recommended. Students should take care when using the
double boiler.

Instruct students not to use the antibacterial cream as a medical treatment.
You should also check for allergies before using this activity.

° Introduce the question and background to students. Explain that they are
going to use their STEM knowledge and imagination to explore the issues
and possibilities and decide what they think the answer to the question
posed in this activity might be.

o Review the perspectives on the student guide.

e Deliver this activity using the snowball approach below, or using your
preferred approach. Adjust the number of students in groupings to suit.

a. Students generate initial ideas in pairs.

b. Ask each pair to join with another and briefly share their ideas. Each
group identifies the two or three most interesting or promising ideas
they have shared, and develops these further.

c. Ask groups to join with another to form groups of eight to share ideas
and again further develop the two or three best ideas.

d. Finally, ask each group to share one or two of their most interesting
ideas or viewpoints with the whole group.

o During the discussion, different aspects of providing food and first-aid or
survival kits are likely to come up regularly. In the hands-on activity
students create their own antibacterial cream that could prove useful in
treating small injuries during an emergency situation. Introduce the
different ingredients they will be using during the activity and outline the
properties that make them useful for us.



- i
['1PS ~.
Lo -
Brief students that they need to
generate, build, share and judge ideas

quickly at each stage of their snowball.
Useful questions:

. What groups of people can be
affected and what food or medical
help might they need?

. How will you decide which ideas are
the most promising or interesting?

|dea! Incorporating
Request an Ambassador who can Dlgltal‘ Skl I.I.S

talk about triage - how medical Consider:
professionals prioritise patients,
especially in emergency situations.

. What innovations could improve
what is provided to victims of a
disaster?

What could transform how food
and medical aid is delivered, so it
gets to the right people in top

condition?

= Use of video to
record experiments.

What innovations could help
improve sanitation, a massive
problem after natural disasters?

EXTENSION IDEAS

o You could include the balm in the GCSE
required practical looking at antimicrobial
substances to test its effectiveness.

DIFFERENTIATION IDEAS

Support: give each pair one

aspect of aid to consider,

e.g. either food or medicine

and healthcare. Ask pairs to

e After the discussion, refer e Students can visit the websites listed in snowball with other students
students to the instructions in the Useful links section, or you can set this working on the same aspect.

the Student guide to create their beforehand as a preparation activity.

own antibacterial ointment. Challenge: ask students to

e Refl ) o Ask students to research STEM careers in ccf)n:deLtTle dlff.ereEt azpecr':s
eflect on the |de§s produced by disaster response and emergency aid. o -t e challenge: W at do they
the students and link back to think they need to improve?
their discussion. Are some of the o Ask students to create a labelled diagram Product or service (what is
ideas they came up with equally or poster of their ideas and present in a provided)? Quality? Cost?
achievable or more challenging? ‘dragon’s den’ style activity. Efficiency?

USEFUL LINKS

¢ Article on the steady increase in natural disasters
https://www.accuweather.com/en/weather-blogs/climatechange/steady-increase-in-climate-rel/19974069

69 Guardian article: Is the world heading for catastrophe over natural disasters?
https://www.theguardian.com/global-development/2016/apr/24/world-heading-for-catastrophe-over-natural-disasters-risk-expert-warns

09 The International Federation of Red Cross and Red Crescent Societies (IFRC) article on Health in emergencies
http://www.ifrc.org/en/what-we-do/health/health-in-emergencies/

¢ WikiHow: How to make an antibacterial ointment at home
https://www.wikihow.com/Make-Antibacterial-Ointment-at-Home
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4 How can we ensure health
for all in an emergency?

Your challenge

The number of

natural disasters
worldwide has steadily
increased, especially
since the 1970s, and
this increase is driven
largely by climate-
related events.

How can we ensure
food and health for all
in an emergency?

N

- FUN'

~FACTS _ °

’ ¢ 2

WHAT YOU NEED TO DO

Share your ideas with a partner, then join with
another pair to share and explore your thoughts.
Keep ‘snowballing’ into bigger groups until you've
all shared your ideas!

Here are a few questions to kick-start your thinking:

a One key challenge is to get aid to where it's needed. How can your
ideas make food or medical aid easier to deliver and store locally?

Q It’s vital to reduce waste and inefficiency.
What innovations could make food or medical
aid more effective when provided?

o Self-help can empower people to begin rebuilding their lives and
allows aid workers to focus on the most vital tasks. How could
victims use your solutions with minimal need for expert help?

o What are some basic things that everyone needs to stay healthy?
What are the most important things (e.g. tools, medical aid, food)
you would you put in a survival kit for an emergency situation?

You can see live data visualisations online
for some natural events like wind and
lightning. Visit https://earth.nullschool.net/
or www.lightningmaps.org

The biggest natural disaster since 1900 is
thought to be the China floods of 1931, in

which as many as 4 million people died.

Our nutritional needs are given as Dietary
Reference Values (DRVs) for energy and
nutrients. They're a great way to make sure
you're eating a healthy, balanced diet.
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4 How can we ensure health
for all in an emergency?

MATERIALS PROCEDURE

m 4 tablespoons of beeswax (can be ° Collect your materials.
purchased at many health food stores)
e In a double boiler (or a glass/metal jar in a pot of hot water)

. i ' combine your base oils. Add your own selection of the dried herbs
= 100ml of olive oil, jojoba oil, or almond oil that are available to the oils.

m 100ml of coconut oil

m 10-15 drops tea tree oil

. o Leave the mixture to simmer for 30 minutes. Be sure to keep an eye

m 5-10 drops lavender oil on it at all times!

m 1 tablespoon witch hazel

° After 30 minutes have passed it is time to remove the dried herbs
from the mixture. Prepare a small bowl with a cheesecloth or a

coffee filter and pour the mixture through to filter out the herbs.

m 5 tablespoons of up to two different dried
herbs (your choice)

m optional: 1tablespoon of honey

o Return your infused oil to your double boiler. Add 4 tablespoons of
beeswayx, and stir until melted. Optional: If honey is available, you
can add this now as well. Stir carefully until everything is mixed well.

m double boiler (or a glass/metal bowl set
over a pot of hot water)

m cheesecloth (or a coffee filter)

m mixing bowl e Turn off the heat, and let mixture cool.

= glass container (e.g. empty jam jars) ) When the mixture has cooled down, add your essential oils and
witch hazel (if available) and stir.

0 You have produced your own antibacterial ointment!

To find out more visit:

2 Article on the steady increase in natural disasters
https://www.accuweather.com/en/weather-blogs/climatechange/steady-increase-in-climate-rel/19974069

2 Guardian article: Is the world heading for catastrophe over natural disasters?
https://www.theguardian.com/global-development/2016/apr/24/world-heading-for-catastrophe-over-natural-
disasters-risk-expert-warns

7 The International Federation of Red Cross and Red Crescent Societies (IFRC) article on Health in
emergencies
http://www.ifrc.org/en/what-we-do/health/health-in-emergencies/

2 Create your own antibacterial ointment
http://www.ifrc.org/en/what-we-do/health/health-in-emergencies/
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5 How can Biology and Chemistry
fight climate change?

Objective

In this activity, students generate and share ideas about how STEM can
help solve a key challenge, or answer a big question, about the future.

TOPIC LINKS

& Biology: plant biology,
respiration, photosynthesis,
food webs

¢ Chemistry: carbon cycle

ESSENTIAL SKILLS SUPPORTED

Creativity, problem solving,
aiming high

© 60-90 minutes

RESOURCES AND
PREPARATION

For the hands-on starter:

m Different plants (fern or basil
plants might be appropriate
as they have a low
compensation point)

m Dark plastic bag

m Clear plastic bag

m Thin rope or rubber band

m Fluorescent lamp

m CO2 sensor / datalogger OR
bicarbonate indicator in a petri
dish (change in colour would
indicate change in amount of CO2

For the discussion:

= You may wish to display the
question and the sample
perspectives on the student guide
on a large screen

m Arrange the furniture to suit the
discussion style below,
or your preferred approach

HEALTH AND SAFETY:

A suitable risk assessment using guidance from CLEAPSS and SERCC should be
written and adhered to for this activity.

Introduce the question and background to
students. Students can brainstorm and
generate ideas about climate change and
how STEM can be used to fight it.

If it has not come up during the initial
discussion, the Club leader can bring up the
topic of plants, and their role in the carbon
cycle. Ask students the question: ‘Could
plants help to slow the march of global
warming?’ This links to an activity
(described in the student guide) which
demonstrates how plants influence the
atmospheric CO2 concentration, the
carbon cycle, and the greenhouse effect.

Once students have completed the activity,
discuss their results together and use the
students’ findings to introduce key climate
scientific principles. Do the students have
enough information to answer the

questions posed at the start of the activity? If

TIPS °
- I -
Pay attention to timings while

students think and discuss in
pairs. Useful questions:

How can we break the
challenge of climate change
down into more focused
problems to solve?

. Are you going to apply ideas
from Biology or Chemistry?

. Are you trying to stop an
effect, or to find a solution

to the problems it creates?

. Are you trying to help
humans or other species?

not, what further research would need to be done? Reflect on the effects of
increasing/decreasing the number of plants on Earth on global warming.

Explain that they are going to use their imagination to explore the issues and
possibilities related to climate change and look at this from one or several areas of

STEM. What can we do to fight climate change?



Incorporating
Digital Skills

Consider:

m Researching relevant information
on websites.

m Recording data and facts.

m Creating a digital presentation.

o Deliver this activity using the think-pair-
share and 30-second circuit approach
below, or using your preferred approach.

DIFFERENTIATION IDEAS

Support: identify one or more
focused problems to solve, for
example ocean acidification
or changes in crop yields,

and focus students’ thinking
around this.

EXTENSION IDEAS

a Students can visit the suggested
links in the Useful links section, or
you can set this beforehand as a
preparation activity.

a. Students think individually to
generate ideas, then get into pairs.

b. Pairs share ideas together,
adding suggestions to build on

each other’s ideas. e Ask students to prepare and present

their ideas in more detail during a
more fully-developed mock global
conference.

c. Finally, pairs form a large circle. Set the
scene as a global conference in which
students are taking part. Students take
turns to spend 30 seconds each to
explain their ideas to the group.

Challenge: ask students to
explain in more detail the
Biology or Chemistry subject
knowledge and understanding
they are drawing on when
generating their ideas.

Ask students to research climate-
related STEM careers.

d. List some key ideas and interesting
points, to discuss once every pair has

Ask students to use the web links,

shared their suggestions.

. As time permits, discuss together
whether students’ ideas leave them
feeling hopeful about how we will
address climate change. What reasons

and their own research, to develop
constructive ways to challenge
people who choose to deny the
reality of climate change.

Idea! O

Invite in a panel of
STEM Ambassadors for

a Q&A on how their

do they have to feel hopeful or
pessimistic? How can STEM help?

research is helping
solve a problem related
to climate change.

USEFUL LINKS

¢ YouTube video of climate change (explained in 60 seconds)
https://www.youtube.com/watch?v=n4e5UPulco0

09 Web article: Scientists agree humans are the primary cause of global warming
https://www.ucsusa.org/global-warming/science-and-impacts/science/scientists-agree-global-warming-happening-humans-primary-cause

69 Guardian article: Seven megatrends that could beat global warming
https://www.theguardian.com/environment/2017/nov/08/seven-megatrends-that-could-beat-global-warming-climate-change

69 A series of experiments: ‘Global warming and climate change - an experimental approach’
http://www.carboeurope.org/education/CS_Materials/Bernd-BlumeExperiments.pdf
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s How can Biology and Chemistry
fight climate change?

Y h ll WHAT YOU NEED TO DO
LGS enge PHASE 1-INVESTIGATE
. .

SOCY:;t?:tfa()gi:r:';T::t 0 Place the plant in a dark plastic bag and close the bag.
g[oba[ warming is real e ghrngh a small gap i'nr;chﬁ bé% measure the cha_nge ir]l carbon l

. loxide air content with the CO; sensor every minute for a tota
;nd IS lar_%ﬁly .causef by of 20 minutes. Record the results in a table.

umans. | he iImpacts
on humanity, while e Now place the plant in a clear plastic bag and measure CO;
’

. . concentration in the bag for 20 minutes as in step 2.
uncertain, will be huge. & P

Changing weather o Create a graph to represent your data.

patterns and climate e Describe the curves in your graph and try to explain them.

will affect food and

water supplies and

lead to many more Questions for fast finishers:

Cl.'mate'relat.ed r!a:tural ﬂ Can you see a pattern for the amount of CO; present in each of
disasters, while rising the experiments?

sea levels will displace € What are the implications of your results when you link it to the

millions of families. topic of climate change?

. e Explain the term ‘carbon sink’. Do plants qualify as a carbon sink?
How can Biology and

Chemistry help to fight
climate change?

° More than half the world’s population lives within 60km of a
shoreline, with more than a billion people living in low-lying areas.

o Climate change will have a disproportionate effect on people in
developing countries, both due to the changes they will experience,
and their ability to be resilient.

e 47% of land mammals and 23% of birds have already suffered
negative impacts from climate change.

o Climate scientists call the processes which remove CO2 from the air
‘sinks’. The oceans are one such sink.
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s How can Biology and Chemistry
fight climate change?

PHASE 2 -THINK OUTSIDE THE BOX

Think up some great ideas, share them with a partner
to help you develop them, and then present your
ideas to the group in just 30 seconds!

Here are three perspectives to kick-start your thinking:

° Climate change isn’t caused by one thing and
causes many effects. What specific aspect are
you going to address?

a How could you apply Biology or Chemistry to
gather data on the effects of climate change, to
help understand the scale and speed of change or
to model future effects?

e Do you want to try to slow down or reverse
specific effects, or develop solutions that address
the problems these effects create?

To find out more visit:

2 YouTube video of climate change (explained in 60 seconds)
https://www.youtube.com/watch?v=n4e5UPulco0

¢ Web article: Scientists agree humans are the primary cause of global warmin
https://www.ucsusa.org/global-warming/science-and-impacts/science/scientists-agree-global-

warming-happening-humans-primary-cause

2 Guardian article: Seven megatrends that could beat global warmin%
https://www.theguardian.com/environment/2017/nov/08/seven-megatrends-that-could-beat-

global-warming-climate-change
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6 ' How do you survive a tsunami?

Objective

Pupils simulate a tsunami and
explore different ways to protect the
shoreline e.g. bio barriers, walls and
see which is most effective.

TOPIC LINKS

& Engineering: design and 3D
modelling of barriers/walls

& Physics: wave motion; comparing
effectiveness of barriers

ESSENTIAL SKILLS
SUPPORTED

Creativity, problem solving,
staying positive

© 60-90 minutes

RESOURCES AND

m Clear plastic or glass tank/
container (recommended
minimum length is 50cm)

= Measuring tape or ruler

m Marker

m Water

m Sand

m Metal plate/plastic tray

m Access to a smartphone or
tablet, camera

m Materials to be used for the
barriers: this could include
plywood, clay, gravel/pebbles,
or other materials you have
available

m Fill the container with water to about 15% of its height and use a marker to make a line
on the container where the water level is.

m Create ‘land’ on one end of the tank as is shown in the diagram below.

® In order to replicate a tsunami: push down on the metal plate, plastic tray or other solid
object at the deep end of the tank, which replicates the sudden displacement of water.
You could even use a large bowl (but take care not to submerge it completely).

Metal Plate Water

— /

Sand

.

° Introduce the topic, and clarify the concepts of tectonic plates, earthquakes,

volcanoes and landslides.

Use the model to show how a tsunami is formed. Go through the steps of how the
wave is produced in the model and illustrate that the height of the waves can be

recorded using the ruler and the marker.

Explain that the students will be simulating
tsunami with the goal of designing the most
effective barrier. For this, they will need to
research structures and materials. A few
points they must consider while designing and
planning are:

a. Materials: heavy versus light. Cheap versus
expensive.

b. Structure: should the barrier slope? If so, in
which direction in comparison to
the wave?

c. Numbers/size: how many barriers/how big
of a barrier will be able to stop the tsunami?

v vy

TIPS -

M This activity can be messy,
so we recommend using a
tarpaulin or doing the activity
outside. Remember to have
plenty of materials available to
clean up the water spillage.




After the design stage, students should be given plenty of time to build,
test, and revise their designs.

Effectiveness can be measured using cameras to record the passage
of the wave before the barriers are in situ and again when the barriers
are in place. It would be helpful to draw a grid on the outside of one
side the tank to assist the students in recording the height and speed
of the waves.

Students should plot the height of the wave and the speed at which it
travels on a graph using footage from the camera to help identify the
height/speed of the wave at given points. Students should plot the
passage of the wave both before and after the barriers are applied to
help assess the effectiveness of the barriers and their placement.

Encourage students to test and refine their design and placement of the
barriers to reduce the amount of sand that is ‘washed away’. You could
place a beaker in the sand, making sure it is always in the same place
and protrudes out of the sand at the same height after each wave.
Students can record how full of water and sand it gets before and after
their barriers are used.

To help the students refine and perfect their designs you could set a
target for them to achieve, such as reducing the amount of sand and
water in the beaker by 75% or decreasing the speed and height of the
wave after it hits the barrier.

USEFUL LINKS

Incorporating
Digital Skills

Consider:

m Using 3D CAD and
Printing / CAM.

Idea!

®
Request a STEM Ambassador to
demonstrate what the flood risks are
in our area and how we manage
flood risks.

EXTENSION IDEAS

0 Students can visit the suggested links in
the Useful links section, or you can set this
beforehand as a preparation activity.

o Students can compare the results they
achieve using different depths of water
in the tank.

DIFFERENTIATION IDEAS

Support: provide several examples of simple
barriers that allow the students to compare them
between each other in terms of effectiveness.

Challenge: Students can progress the initial
experiment of creating a tsunami by designing
their own effective barriers reduce the effect of
the tsunami. However, impose constraints such
as limiting the materials that can be used for their
barriers. For example: imagine they are in a part
of the world prone to tsunamis, but where money
is more problematic. What materials are readily
available there?

69 Science NetLinks: ‘Making tsunamis worse’. On loss of natural barriers against tsunamis

http://sciencenetlinks.com/science-news/science-updates/tsunami-barriers/

09 PBS News Hour Extra: How do you protect against tsunamis?

http://www.pbs.org/newshour/extra/daily-videos/how-do-you-protect-against-a-tsunami/

09 How to design for tsunamis
http://www.architecturerevived.com/how-to-design-for-tsunamis/

69 Teach Engineering Lesson: Tsunami Attack! Giant Wave Characteristics and Causes

https://www.teachengineering.org/lessons/view/cub_natdis_lesson06

69 Teach Engineering Hands-on Activity: Survive That Tsunami!
https://www.teachengineering.org/activities/view/cub_natdis_lesson06_activity1

09 YouTube video of a wave tank
https://www.youtube.com/watch?v=3yNoy4H2Z-o

25


http://learnlearn.uk/microbit/topics/microbit-input-from-external-switches/
http://learnlearn.uk/microbit/topics/microbit-input-from-external-switches/
http://learnlearn.uk/microbit/topics/microbit-input-from-external-switches/
http://learnlearn.uk/microbit/topics/microbit-input-from-external-switches/
http://learnlearn.uk/microbit/topics/microbit-input-from-external-switches/
http://learnlearn.uk/microbit/topics/microbit-input-from-external-switches/

STUDENT GUIDE: SUITABLE FOR AGE 14-16

Save the world
with STEM

¢ How do you survive

a tsunami?

Your challenge

While tsunamis cannot

be prevented, STEM
researchers can work
together to protect against
damage and to warn people in
time for evacuation.

Use your creativity to save lives
and decrease the destruction
caused by tsunamis!

WHAT YOU NEED TO DO

PHASE 1- RESEARCH AND DESIGN

Organise your ideas for your design of the barrier.
In small groups, write down your ideas, share and discuss.
Consider the following things while you design:

ﬂ Materials: heavy versus light. Cheap versus expensive.
Often, heavier and sturdier materials might work well
against a tsunami, but is it feasible in terms of costs?

e Structure: research the way the waves of a tsunami will
hit the barrier. Should the barrier slope? If so, in which
direction in comparison to the wave?

e Numbers: will a double barrier work better than one

(comparing it to natural barriers such as mangrove forests)?

To find out more visit:

¢? Science NetLinks: ‘Making tsunamis worse’. On loss of natural barriers against tsunamis
http://sciencenetlinks.com/science-news/science-updates/tsunami-barriers/

2 PBS News Hour Extra: How do you protect against tsunamis?
http://www.pbs.org/newshour/extra/daily-videos/how-do-you-protect-against-a-tsunami/

2 How to design for tsunamis
http://www.architecturerevived.com/how-to-design-for-tsunamis/

0 Tsunamis can travel at speeds of about 500 miles or 805
kilometres an hour: almost as fast as a jet plane.

I )

~ FUN -
- e Mangroves and coral reefs can act as natural barriers

against tsunamis, saving lives and protecting property.
Unfortunately, human activities are the cause of the loss
of many such natural barriers — which ends up coming
back to haunt us when the next tsunami hits.

= FACTS

’ ' ' \
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¢ How do you survive
a tsunami?

PHASE 2 - CREATE AND TEST

| ' / Use the materials provided to create your barriers and trial them out

. ” in the simulation tank. You should record the passage of the wave
- TI P S - before and after your barriers are used to help you refine the design
and placement of your barriers.

B It might be necessary to
repeat the simulation several
times from different angles of the tank, which replicates the sudden displacement of water.

Rl G e Make sure you record the wave on camera. Record how much
camera. ..
water and sand is in the beaker.

o Create a wave by pushing down on a solid object at the deep end

e Use the slow motion feature to watch the footage and observe
carefully how the wave develops and travels towards the beach
before hitting it. Plot the height and speed on a graph. You will
use this information to help you place your barriers and refine
the design.

e Place your barriers in the tank, and recreate a wave, making sure
you record the wave's journey. How much water and sand is in
the beaker?

o Use the slow motion feature to watch the footage and observe
carefully how the wave develops and travels towards the barrier
before hitting it. Plot the height and speed on a graph and compare
the two waves. It should allow you to assess the effectiveness of
your barrier more accurately.

o Consider the effectiveness of your barrier:
m did your barrier reduce the amount of sand and water in the beaker
m did the wave deposit more water and sand elsewhere
m did the barrier reduce the height or speed of the wave
m how can you improve the design of the barrier
m could the barrier be placed or angled differently

° Use the information you've captured in slow motion and in your
graphs to review the effectiveness of your barrier, keep redesigning
and testing your product until you have a barrier that can protect
against the tsunami effectively.
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7 Sturdier skyscrapers

c Provide students with the drinks bottle
and the short BBQ skewer with a wedge

Objective

Students explore the science of forces
and materials and will need to identify

v vy
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some of the factors that make buildings
earthquake-proof.

TOPIC LINKS

¢ Design and technology:
building design
¢ Engineering: civil engineering

ESSENTIAL SKILLS SUPPORTED

Teamwork, leadership, problem solving

© 60-90 minutes

RESOURCES AND PREPARATION

For the starter, each group needs:

m Empty drinks bottle with cap on

= 4cm BBQ skewer

m 2x BBQ skewer of longer length

m 3 wedges of plasticine

For the skyscraper activity, each

group needs:

m Cardboard

m Masking tape

m Straws (approximately 30 should be
enough per building)

m Paper clips

m Pins

m 2 meters of string

m Access to a shaking table
(this link - http://teachers.egfi-k12.
org/activity-earthquake-proof-
structure/ describes how a shaking
table can be constructed)

m Access to 10-20 sandbags
(250g each)

of plasticine attached to it. Ask them to
get the skewer to balance on the bottle

_ TIPS -

Some pointers and discussion

top, but without sticking the plasticine to prior or during construction may
the bottle top. (They probably will not be include:

able to just yet.) Tell students there is a
way to do this - no tricks, just science!
Students should start thinking about how
to do this.

a. A description of trusses

(https://skyciv.com/tutorials/
what-is-a-truss/) and cross-
bracing (www.youtube.com/
watch?v=0-RDPHxvLmg).

b. The effect of a wide base or a
narrow base on the stability of
the structure.

Introduce how civil engineers have to
think of ways to strengthen buildings
outside of the actual material selected to
make the building — by thinking about
how the building is structured and weight
is distributed. Add two more skewers with
plasticine masses on each end to the
original piece and show that by manipulating the centre of
mass, the entire structure can balance on the BBQ skewer. It
can even be pushed and will not topple.

c. How to secure the sand bags so
that they don't fall off.

The main task for the students is to construct a building
using the principles and test its resilience. Students can
undertake the necessary research before they design and
create a prototype.

Divide students into working groups. Explain the rules and
requirements of this building challenge. The goals and
constraints for this activity can be set by the Club leader, but
some examples are:

a. Buildings must survive the earthquake test for at least 10 seconds.
b. Buildings must be at least 3 levels high.

c. Buildings must contain at least 1 triangle.

d. Buildings must contain at least 1 square.

e. Buildings must be able to hold a certain amount of weight (the sand bags) on each
level.

f. Create and hand in a construction drawing with measurements and analysis.
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Incorporating
Digital Skills

Consider:

= Using software to explore shapes
and patterns, such as Tinkercad to
create structures.

|dea! O

Request a STEM Ambassador to help
set the design brief for the skyscraper
challenge and then provide feedback
on student designs.

o Demonstrate the testing procedures and show how EXTENSION IDEAS

the shake table works. a Ask students to conduct their own research into the field of

° Show students some of the different methods civil engineering.

(www.wikihow.com/Build-a-Straw-Bridge) for joining e Students can watch this video of an earthquake-resistant
straws together without folding the straws and building model created for a final year civil engineering project.
compromising their integrity.

m Two straws may be pinned together with a straight pin

. . ' DIFFERENTIATION IDEAS
m A paper clip (https://classroom.synonym.com/build-
out-straws-paper-clips-5233234.html) may be partly Support: reduce the number of requirements and constraints
opened up and be slipped into a different straw. for their model buildings.

= Holes may be drilled with the pins and the string Challenge: give students more requirements and constraints
slipped through to tie straws together. for their model buildings.

The shaking table can be used to simulate an earthquake. Wind is another factor that civil engineers need to take into account
Students may test their prototype and to make during the designing process. Ask students to investigate what can
adjustments to their design. Let students design be done to protect skyscrapers from toppling over because of wind.
and rebuild as many times as time allows. Can they incorporate this information into their own designs?

USEFUL LINKS

69 YouTube clip: DIY Science Balancing Act
https://www.youtube.com/watch?v=MTc5uFif49M&index=7&list=PLw7lLwXw4H51zKplcw1sgdXbaKRzcE5Gu

09 PBS: Skyscraper basics
http://www.pbs.org/wgbh/buildingbig/skyscraper/basics.html

69 The Engineering Tricks Behind the World's Super Tall and Super Slender Skyscrapers
https://www.curbed.com/2015/9/24/9917752/the-engineering-tricks-behind-building-slender-taller-towers-and

69 New Scientist: Engineers take skyscrapers to new heights
https://www.newscientist.com/article/mg22029430-900-engineers-take-skyscrapers-to-new-heights/

69 Seismicity and earthquake hazard in the UK
http://www.quakes.bgs.ac.uk/hazard/Hazard_UK.htm

69 Lesson: Skyscrapers: Engineering Up!
https://www.teachengineering.org/lessons/view/duk_tower_tech_less

69 Constructing earthquake-proof buildings
http://www.discoveryeducation.com/teachers/free-lesson-plans/constructing-earthquake-proof-buildings.cfm

69 Activity: Build an Earthquake-proof Structure
http://teachers.egfi-k12.org/activity-earthquake-proof-structure/
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7 Sturdier skyscrapers

Your
challenge

Civil engineers
face many
challenges in
their quests to
build ever-taller
skyscrapers.
They need to
consider centre
of mass when
designing
buildings, so
that buildings
are able to
withstand
strong winds,
and even minor
earthquakes.

Design, build
and test your
own earthquake-
resistant
skyscraper!

WHAT YOU NEED TO DO

PHASE 1-RESEARCH AND DESIGN

Conduct research into this topic.
Some sources to get you started:

PBS: Skyscraper basics — http://www.pbs.org/
wgbh/buildingbig/skyscraper/basics.html

The Engineering Tricks Behind the World's
Super Tall and Super Slender Skyscrapers —
https://www.curbed.com/2015/9/24/9917752/
the-engineering-tricks-behind-building-
slender-taller-towers-and

New Scientist: Engineers take skyscrapers to
new heights — https://www.newscientist.com/
article/mg22029430-900-engineers-take-
skyscrapers-to-new-heights/

Seismicity and earthquake hazard in the

UK — http://www.quakes.bgs.ac.uk/hazard/
Hazard_UK.htm

In your group, draw and design what you
would like your skyscraper to look like.
Consider some or all of the following
points during this process:

a How many levels will your building have?

e What can be done to make the
structure stronger?

e Where does the centre of gravity lie for
your design? How can you test this?

o What features are important when designing
the foundation of your building?

o What must be done to prevent the building
from toppling over each time you add a level?

e Can you use any knowledge you acquired from
the bottle balancing act?

PHASE 2 - CREATE AND TEST

Test how well your building can withstand the
earthquake simulation. If necessary, make changes
to your product to make it safer.

Once you have finished your building according to the
constrictions and goals set by the Club leader, complete
a structural analysis of your skyscraper. Include clear and
complete answers to the following questions:

° During construction:

a. How did you test the strength and stability
of your structure?

b. What strategies and materials did you use to
strengthen the weaker areas? Explain fully.

e What are the strongest parts of your building?
Explain fully.

o What are the weakest parts of your building?
Explain fully.

° If you had five more straws, where would you
add them? Why?

o 3D computer models allow engineers to build increasingly taller buildings that are
sturdy and safe. These computer models take information about a building’s size,
shape, weight, and the forces it will exert and have exerted on it, and give engineers
details about the minimum amounts of materials they should use.

You might think that a skyscraper would be in more danger of toppling during an
earthquake than a smaller building, but in fact, the opposite is often true. Because
shorter buildings are stiffer than taller ones, a three-story apartment house is
considered more vulnerable to earthquake damage than a 30-story skyscraper.
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8) Get CREST Discovery Awards

By completing all
seven activities in this
resource pack, your
STEM Club members
can get a CREST
Discovery Award.

ABOUT CREST

CREST is a scheme that inspires young people to think and behave like scientists
and engineers. It is student-led, flexible and trusted. CREST helps young people
become independent and reflective learners. With no set timetable, projects can
start whenever you want, and take as long as you need.

HOW TO GET YOUR CREST DISCOVERY AWARDS

It's easy to get your members’ Discovery Awards, simply:

a & Sign-up for a free account - https://my.crestawards.org/

Q Have each member complete a CREST Awards Discovery Passport

e Create a project eg. “Asteroid Impact", "Desert Island"
or "Zombie Apocalypse”

o Upload names
o Upload two or three passports and any accompanying work

o Assess individuals, have they:
a. Completed around five hours of work on the project?
b. Participated fully in the project?

c. Reflected on their learning?

a Type in your delivery and payment details.

TAKING THEIR WORK FURTHER

If members want to take activities further, they can work towards a CREST
Bronze or Silver Award.

CREST Bronze Awards require around ten hours of enquiry, project-based
work, and Silver Awards require thirty hours of work at GCSE or equivalent
standard. Using one of the activities for inspiration, they choose a question
or topic to investigate.

Guidance on how to run CREST Bronze and Silver Award projects is available
on the CREST Awards website &7 www.crestawards.org.
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9) The Skills Builder Framework

ABOUT THE SKILLS BUILDER PARTNERSHIP

The Skills Builder Partnership brings together educators, employers and skills-

™\ SkillsBuilder

W FRAMEWORK

The Activities and
Employability Skills

Each activity within this
resource pack has identified
the essential employability
skills it supports and develops
in students.

These skills have been
mapped to the essential
skills identified by the Skills
Builder Framework, which
breaks down eight essential
skills into 16 teachable and
measurable steps. Club
leaders and teachers can use
the activities to promote
good practice and enhance
each student’s individual
learning curve. Helping to
promote transferable skills
key to their education and
future employment.

building organisations around a common approach to building eight essential skills.
Their programmes include training and resources, supporting schools and colleges to
embed a rigorous approach to building skills and achieve the Gatsby Benchmarks. As
an individual teacher or Club leader, you can freely access a suite of online teaching
tools and resources, designed by their team of teachers to build essential skills. The
suite includes learning activities, supporting videos, classroom resources, assessment
tools and the Skills Builder Framework, which you can use in STEM clubs and
classroom teaching.

THE SKILLS BUILDER FRAMEWORK

The Skills Builder Framework breaks down eight essential skills into 16 teachable

and measurable steps, providing a common set of expectations and a roadmap for
progression. Step 0 is for the least experienced learners and Step 15 represents a
highly skilled adult. The Framework can be used by teachers and Club leaders to talk
to students about their skill strengths and areas for development and is a useful tool
for framing conversations about careers and employability. Focusing student learning
through the Framework, enables students to recognise their own essential skill

levels and work to master them over time. The Framework can provide a language
for students to articulate this progress to helping to develop employability skills and
prepare students for future careers.

Skills Builder also provide multiple online assessment tools, including a student
self-assessment, student-by-student teacher assessment and class- level formative
assessment through the Skills Builder Hub. This means that programmes can be
differentiated and focused to meet individual needs.
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9) The Skills Builder Framework

EIGHT ESSENTIAL SKILLS

The eight essential skills broadly break down into
four domains we know both teachers and employers
value.

Communication
o Listening — ability to listen and understand
information.

e Speaking - vocal communication of information
or ideas.

Creative Problem solving
e Problem Solving — ability to find a solution to a
complex situation or challenge.

o Creativity — use of imagination and the
generation of new ideas.

Self-Management
e Staying Positive — ability to use tactics to
overcome setbacks and achieve goals.

e Aiming High — ability to set clear, tangible goals
and devise a robust route to achieving them.

Inter-personal
° Leadership - supporting, encouraging and
motivating others to achieve a shared goal.

e Teamwork — working cooperatively with others
towards achieving a shared goal.

You can find out more about essential skills and the
Framework on the Skills Builder website, & https://
www.skillsbuilder.org/framework and you can access
resources on the Skills Builder Hub &” https://www.
skillsbuilder.org/hub

You can find additional support and information on
careers and employability skills on the STEM Learning
Careers pages, & https://www.stem.org.uk/ stem-
careers. You can also download the free Skills Builder
toolkit from the STEM Learning website & https://
www.stem.org.uk/rxfumé
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o) Digital Skills

UNDERSTANDING DIGITAL SKILLS

Digital Skills are the product of digital literacy that we are all emersed in, especially within educational settings. The rapid use of
digital technologies over the last 10-15 years have impacted the way we live our lives within a modern technological society.

Within this STEM Club activity, they are vast opportunities to utilize Digital Skills, which will have been taught already within the
schools curricula. It's important that the use of digital skills is not meant to replace traditional methods; but enhance and further
develop your students STEM learning future.

Digital skills can be grouped, recognised and celebrated.

Cross Curricula Computing Computing D&T/Engineering | Science specific Maths specific
Baseline Digital curriculum curriculum specific | specific digital digital skills digital skills
Skills baseline digital skill skills
literacy
Communication Safe technology use Digital media Digital design (CAD) Modelling and Modelling
tools simulation
Presentation Evaluative skills Programming Programmable Sensor-enabled Data analysis / data
embedded systems  data collection science
Word processing Moral, ethicaland ~ Applied knowledge  Digital Data analysis, Calculation
and DTP lawful behaviour of systems and manufacturing inference and
networks (CAM) communication
Data handling Modelling and Digitally enabled Graphing
simulation explanation
Devices, tools and Software Dynamic geometry
applications development
Productivity and Data manipulation

task management

Cyber security

EXAMPLES OF USE

When conducting experiments, recording results in Excel makes it easier to present those results in a graph. This is a good example
of Cross Curricula Baseline Digital Skills. Within a design and making opportunity, it would be fantastic to develop this design using
3D Computer Aided Design (CAD) and outputting on Computer Assisted manufacturing (CAM) and Rapid Prototyping (RP) such as
3D Printing. This is obviously D&T/Engineering specific digital skills.

Within the guides opportunities are signposted, these aren’t the extensive list. You may find alternative Digital Skill provision.
Remember you know your pupils and what equipment and skillsets staff are equipped with. This could be a great opportunity to
investigate staff CPD.
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