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Why does science education matter?

)
UN
D|P

Human Development
Report 2007/2008

Fighting climate change:
Human solidarity in a divided world

Human Development Report Office
OCCASIONAL PAPER

International Public Opinion, Perception, and
Understanding of Global Climate Change

Anthony Leiserowitz

2007/31




Why does science education matter?

“Have you ever heard of the environmental problem of global warming?” (Pew 2006)
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Why does science education matter?

Perceived Seriousness of Global Warming (GlobeScan, 2000)
M Very serious & Somewhat serious
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Why does science education matter?

Which of the following is the main cause of the greenhouse effect?
(GlobeScan, 1999)

O Use of fossil fuels, such as oil, gas and coal
3 Air pollution from factories and cars

M Loss of forests

@ Depletion of the Earth's ozone layer
QDon't know

Percent of Respondents



Why does science education matter?

| Early report |

lleal-lymphoid-nodular hyperplasia, non-specific colitis, and
pervasive developmental disorder in children

A J Wakefield, S H Murch, A Anthony, J Linnell, D M Casson, M Malik, M Berelowitz, A P Dhillon, M A Thomson,
P Harvey, A Valentine, S E Davies, J A Walker-Smith

Lancet. 1998 Feb 28;351(9103):637-41.

MMR (measles, mumps & rubella) vaccine



Why does science education matter?

% of MMR vaccination in UK Measles cases in UK
91 % 1997-1998 56 cases 1998
80% 2003-2004 1000 cases 2007

85% 2008-2009

Science 8 August 2003: < Prev | Table of Contents | Next >
Vol. 301 no. 5634 p. 804
DOI: 10.1126/science. 1086726

BREVIA

Measles Outbreaks in a Population with Declining Vaccine Uptake

V. A. A. Jansen-, N. Stollenwerk-, H. J. JensenZ, M. E. Ramsay=, W. J. Edmunds= and C. J. Rhodes~




Why does science education matter?

What we have: Poor understanding of scientific method
Poor scientific knolwedge

SCIENCER EDUCATION

What we need : Scientifically literate citizens



What we do

v' bring up-to-date and relevant science into the classrooms
v Understand main environmental issues

v Reflect upon their own responsabilities

v' Develop critical thinking

v" Discover the world of Science



Our methodology

Collaboration Design Implementation  Evaluation

with scientists of digital tools in the classroom of the outcomes
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A 3 step curriculum

Step 1: What is OA and its impact on marine ecosystems? Virtual lab on OA
Step 2: How does OA impact us? Interactive discussion on OA

Step 3: What can we do? Carbon footprint calculator



Step 1

The virtual lab

pH 8,1: TODAY pH 7,7: END CENTURY

v'Lesson on OA

v'Run experiment on sea
urchin larvae

v’ Impact of seawater pH on sea
urchin larvae development rate




pH of liquids

The acidity of liquids can be measured by pH, on a logarithmic scale from 0 to 14. Where do common liquids fall on this
scale?

Drag the liquids below to their proper relative position in the pH scale at the bottom. The eight dots on the scale indicate
the drop positions. Good luck!
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pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
more acidic ========== neutral ========== more basic -======~ >

Title > Intro > Air > pH > Ocean pH > Chemistry > Levels > Diversity > Cycles > How to @ @



A success...

Carbone dans I'eau
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% of correct answer

... and it works

88.1
100

27

8.5 .

% of correct answer
% of correct answer

6.6

Pre-test Post-test Pre-test Post-test
(n=474) (n=169) (n=33)  (n=18)
Pre-test Post-test Out of the blue In a context

(n=91) (n=59)

Increased knowledge on ocean acidification
BUT
You need a context



... and it works
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Increased scientific thinking




Step 2

voicethread

Sea urchin larvae are smaller in low pH water

SO WHAT??7?

v'Students can browse at their own pace

v'Students can leave comment and question



3_‘ Public: Ocean acidification and animal early ...

Impact of CO2-driven ocean
acidification on early life-
history — what we know
and what we need to know

Sam Dupont & Mike Thorndyke

[sam. dupont@marecol.gu.se)

.{b’fﬂ The Sven Lovén Ocean Acidification Facilities
s Kristineberg
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Impact of ocean acidification on
marine species and ecosystems

Smaller sea urchin larvae?
So what???

Sam Dupont

[sam.dupont@marecol.gu.se]

@ Marine Ecology — Gothenburg University

core . TheSven Lovén Marine Research Centre PART 1 —_ Summary Of the Vl rtual Lab

UNIVERSITY Kristineberg

The virtual results

my larvae complete data set
oH78 oH 8.1 oH78 oH8.1

number of 3 3 15 15
}

average 500 pm 523pm | 451.2pm | 533.6 pm

standard deviation | 34.6pm | 252pm | 482pm | 292 pm

my larvae complete data
set
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OA lab: http://i2i.stanford.edu/carbonlab/co2lab.swf




PART 2 — How the data were collected & the full dataset

The real laboratory and experiment

The real results
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0.6 - y =0.1407In(x) + 0.118
. R?=0.9848
E 05 -
£ y =0.1314In(x) + 0.0924
£ 04 - R?=0.9664
)
b5 0.3 complete data
=2 N set
° £ 600
8 02+ ‘%’ =
0.1 - 400
¢ 300
0 ‘ .
Z 200
0 5 10_. 15 20 25 1o
Time (d) T g

Tr‘eatmu:t (pH)

Same conclusion: Delay in development




PART 3 — Other species & SO WHAT?

Other species

Same trend in many other species

The facts

Ocean acidification will induce a delay
in development in many marine species

SO
WHAT?




Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 0 — 350 eggs



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 1 — 306 embryos



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 2 — 266 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 3 — 231 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 4 — 201 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 5 — 175 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 6 — 152 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

cete o Day 7 — 132 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

cece o Day 8 — 115 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 9 — 100 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 10 — 85 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 11 — 72 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 12 — 61 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 13 — 52 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 14 — 44 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 15 — 38 larvae



Larvae into the wild...

Predators — 15% mortality EVERY DAY

Day 16 — 32 larvae



Larvae into the wild...
2 days of delay

1/3 less larvae reach juvenile stage
Day 14 Day 16

For 1 female = 1000 juveniles (on 3700)




PART 4 — Economical significance

Direct economic cost

Paracentrotus lividus

Today (8.1) vs. Future (7.7)

indirect economic cost

Source of food




PART 5 — Things will change but it is complicated

Species extinction by 20507

8.1

i

Ophiothrix fragilis
100% mortality in 8 days when exposed to
pH expected for 2050

Some unexpected effects

ECHINODERMS
Abyssocucumis sp.
Amphiura filiformis
Arbarcia drufresnei
Arbarcia punctulata
Asterias rubens
Crossaster papposus

MOLLUSKS
Argopectenirradians
Bathymodiolus brevior
Benthoctopus sp.
Cavolinia inflexa
Crepidula fornicata
crossostrea ariakensis

CRUSTACEANS
Callinectes sapidus
Echinogammarus marinus
Elminius modestus
Elminius modestus
Euphasia superba
Gammarus locusta

Cystechinus sp.
Denstraster excentrid
Echinocardium corda
Echinometra mathae
Eucidaris tribuloides
Evechinus chloroticug
Heliocidaris erythrog
Hemicentrotus pulch
Lytechinus pictus
Ophiothrix fragilis
Ophiura ophiura
Paracentrotus lividus
Pisaster ochraceus
Psammechinus miliar

TOTAL

Hanl lodo

m Positive § americanus

m No effect "°“°
uber

m Negative )n elegans
n pacificus
n serratus
plebejus
ra knabeni

anus balanoides

1AN
sia corrugutus

Pseudechinus huttoni
Sterechinus neumayeri

Strongylocentrotus franciscanus
Strongylocentrotus purpuratus

Tripneuste gratilla

BRYOZOANS
Myriapora truncata

Strombus luhuanus
Urosalpinxcinerea

TUNICATES
Ascidiella aspersa
Ciona intestinalis
Oikopleura dioicea

ANNELIDS
Nereis virens
Hydroides crucigera

ACOELOMORPHA
Symsigatifera roscoffiensis




Conclusions

Ocean acidification WILL have impacts on marine species and
ecosystems

This can be dramatic (species extinction)
It is complicated and we need more data

BUT WE NEED TO ACT NOW

WHAT CAN YOU
DO?



PART 6 — Human and CO, emissions

Economy drives CO, emissions

2010
New world record

21 November
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How long is the
“‘emission” train 7?7?27

Chris Sabine —ASLO 2011




What can we do? = decrease CO,
emissions

4 Politics | |Economists

- Spread the word | Scientists

Citizens

- Change our behaviours | =isammmsse

% 7" omall us llu.m" V\_-jhhm' im




Step 3

Carbon footpring

iy & &

v'students’ life style

v'Takes into account user’s location

v'Synchronization behavior - emission



Where do you live? @

- Choose your couniry — 1\

S

Enter Your Name:

Please note that this carbon footprint calculator is currently under development
If-you encounter any problems or mistakes, we apologize, but would love your feedback!

Please email us al seastar@stanford.edu ... thanks for trying it out!

(&)

)



Compare your country's average carbon footprint

.. metric tons per capita

Having difficulties CO:z equivalents (2008)

distinguishing the
map colors? 20.1-25.0
Click here 15.1 - 20.0
to change
map colors 10.1 - 15.0
5.1 -10.0
25 - 50
11 - 25
0 -1.0
no info

1 metric ton = 1000 kg
1 metric ton = 2304 Ibs




Average: |:- | 15286 pounds CO2 per year
Your total: [ | 10311 poundsCO2Zperyear 4.1 T

Average: |:- | 15286 pounds CO2 peryear
Your total: | B | 90877 pounds CO2 peryear
:




Take a “bad” citizen

Average: [IRINEEGEG | 26787 pounds COZ per year
Your total: [ | 38897 pounds CO2 per year

g

Teach him/her how to save energy
[e.g. turn off computers and electric equipment when not in use]

Average: [DIEEGEG | 26787 pounds CO2 per year
Your total: _ | 26389 pounds CO2 per year

Save energy AND savé money

Spend it for...
1) i-phone, computer, etc.
Average: (NG | 26787 pounds COZ per year
| Your total: [T | 27695 pounds CO2 per year

r

2) A city trip with Ryan Air

Average: [DIEEGEG | 26787 pounds CO2 per year
Your total: [N | 28384 pounds CO2 per year

¥



International Student Challenge

Get an international view on CO, footprint

Learn from each other

Envision solution together

International Students Carbon Footprint Challenge

20 classrooms in 13 countries:

USA France Sweden
Canada Italy Lituania
Maldives Slovenia Poland

South Korea Greece

Belgium Germany



Other ressources

Education resources on OA

Type of resources

Evaluation

Passive information

Movies

Document, fact sheet

Interactive information

ask a scientist

Blogs

Voicethread

Inquiry-based Learning

Hands-on experiments

Global Learning

Creation of resources

Virtual hands-on exp.

= | D= (32| | XX




NEXT: Step in Scientist shoes

STIFTELSEN

Department of MARCUS ocH AMALLIA  Department of education,

Marine Ecology WALLENBERGS
MINNESFOMD

Virtual lab on OA:

»Run an experiment
designed by someone else
» Short time activity

communication & Learning

Scientist role play:

» Go through the whole
scientific process
»Longer time activity



NEXT: Step in Scientist’s shoes

Virtual world

Physical world




Please, join us !!!!

v'121 homepage: http://i2i.loven.qu.se/

v'Carbon Footprint calculator: http://i2i.loven.gu.se/NewFootprint/footprint.html

v'Ocean acidification virtual lab: http://i2i.loven.gu.se/AcidOcean/AcidOcean.htm

v'Ocean acidification virtual talk: http://voicethread.com/share/1978581/ A

WORK IN PROGRESS

To contact me:
geraldine.fauville@loven.gu.se
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http://i2i.loven.gu.se/AcidOcean/AcidOcean.htm
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