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	Work and discussion in groups 
	
	20 mins

	Discuss the issues below in your group. 
· Which are better for the environment, paper or plastic bags?
· Is global warming caused by human activity or by natural cyclical phenomena?
Reflect on the questions below and then share your opinions by arguing them. 
· Is there a unanimous answer/ a common output? Are you certain about your viewpoint?
· What do you think you need to defend your claims & to convince opponents of your opinion? 
· How can science and mathematics help you in answering these issues? Carry out a research in these issues. 
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	Work and discussion in groups
	
	20 mins

	Reflect on the questions below and share your opinions.
· Provide examples of EnvSSIs.
· What characteristics do you identify in such issues?
· Do you think that it is important to teach such issues in the school? Why?
· Are such controversies included in your mathematics & science national curriculum? If so, how?
· Which role can EnvSSI play in achieving expected learning outcomes of the mathematics and science curriculum?
· What would be your concerns if you were asked to teach these issues?
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	Work and discussion in groups
	
	10 mins

	Read throw the following extracts from research literature:  
· The Socio Scientific Issue movement has drawn from a wide swath of interrelated scholarship, e.g.
        - epistemological maturation,
        - socio-moral discourse,
        - emotive reasoning,
        - character education,
        - nature of science and argumentation,
that uniquely positions it as a sociocultural progressive framework serving as a counterpoint (or a complement) to recent STEM initiatives as commonly conceived and practiced in academia (Zeidler et al, 2019). 
· ‘Environmental education typically emphasizes private share environmentalism… i.e., what an individual can do to reduce negative effects on the environment. However, effective actions when dealing with environmental problems are collective…, therefore, students should be given opportunities to discuss the societal and global sphere and analyse environmental problems as public issues’ (Sternäng & Lundholm, 2012).
· EnvSSIs are controversial issues that have a basis in science and mathematics and require people to engage in discussion and debate. In the decision-making processes, they required the use of evidence-based reasoning, as well as a degree of moral reasoning or the evaluation of ethical concerns.

Discuss in your group and consider the following question: 
· How can the type of issues described above be related to the national curriculum?
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	Work and discussion in groups
	
	10 mins

	Read the following extracts from research literature about challenges and dilemmas that teachers experience when integrating EnvSSIs into mathematics or science teaching. 
· Teachers’ value-free beliefs. Many teachers believe that science and mathematics should be objective and value-free, (Bryce & Gray, 2004), and it is not the role of science and mathematics education to attempt to solve social, political issues. Also, they feel insecure when trying to not promote their personal views at the issues involved (Gayford 2002).
· Teachers’ ill-preparedness in teaching EnvSSIs. Many teachers feel ill-prepared to select relevant socio-scientific topics and to teach them (Bryce & Gray, 2004) and to deal with the uncertainty of the students’ solutions and ideas (Evagorou, 2011).
· Classroom management in leading debates. Many teachers express difficulties in leading debates or controversial discussions, judging the non-scientific aspects of the issues involved. Thus, they feel insecure in handling conflicting aims in terms of enhancing the students’ independence as learners (in a student-centred approach) while trying at the same time to control the learning outcomes (by acquiring basic science knowledge) (Aikenhead, 2006; Bosser et al., 2015).

Discuss in your group and consider the following question: 
· What issues do you recognize in mathematics and science curriculum objectives and their enactment in the classroom?
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	Work and discussion in groups
	
	10 mins

	Read the examples given in the following table. Then discuss in your group the analysis of enacting EnvSSIs in terms of the school subject, the resources used, the content knowledge and curriculum aim and the design of a role-playing scenario. 
	School subject
	Resources
	Curricular aims
	Role-playing scenarios

	Science 
	e.g., Magazine articles, YouTube videos, scientific presentations / reports, graphical data
	e.g., greenhouse effect, climate change, recycling
	e.g., a school decision not to offer meat dishes in the school restaurant

	Mathematics
	
	Modelling, problem solving, argumentation
	




	
	Work in groups
	             
	20 mins

	Read the role-playing scenario on “Green mobility” below. Work in groups and specify the school subject, and the mathematical and scientific ideas involved and find relevant resources. 

Green Mobility
As experts for Green Mobility, you stand for alternative means of transportation like electric cars, alternative fuels such as biodiesel, and public transport with buses and trains. Your goal is the reduction of greenhouse gases and climate protection with the help of alternative means of transportation and the limitation of individual transport. Individual transport means that everyone uses his own car or motorcycle. Therefore, a law on the increase of the minimum age for a driving license up to 21 years is a good idea to achieve goals, as it forces young people to use public transport and limits the overall traffic. 

Work in groups and design your own role-playing scenario related to an EnvSSI from your choice and complete correspondingly the table below.
	School subject
	Resources
	Curricular aims
	Role-playing scenarios

	Science 
	
	
	

	Mathematics
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	Work and discussion in groups
	
	30 mins

	Reflect in groups on the below theoretical frameworks for analysing students' arguments.  
· Toulmin’s framework. 

	

· Belova et al.’s framework. 
· Domain: Where do the arguments used by the students come from (science/everyday life/society/politics)?
· Level of argument: How complex are the arguments?
· Reference: Do the students make references to each others’ statements? Does a conversation arise?

Read the following classroom task on the basis of Hydrogen fuel bus extracted from the literature.
"Between 2004 and 2007, Transperth trialled three EcoBuses in Perth which ran on hydrogen fuel cells as their fuel source. The benefit of using a hydrogen fuel cell is that the only waste emissions produced are water and heat. At the conclusion of the trial, the three buses had travelled 258,000 km and carried over 320,000 passengers. Three hundred tCO2eq (tonne of CO2 equivalent) were saved by not using regular diesel buses. Although the trial was deemed a success by Transperth, the WA government has decided not to proceed any further with the EcoBuses, claiming the cost to maintain that each bus was too high a price to pay compared to a regular bus. Do you think the WA government made the right decision?"

Work in groups, consider the following analysis’s example of a student’s response (claim: Yes) according to Toulmin’s framework. Then, analyse the below student’s response (claim: No) utilizing both Toulmin’s and Belova et al.’s frameworks. 
· Example: Claim: Yes. 
“I think the WA government made the right decision (claim) as the buses would cost a lot of money and would put our state to bankrupt (data) meaning we will have to cut down on other expenses and Centrelink payments for those who are struggling (backing) just so we can have ecofriendly public transport. Also not many people use buses as many own cars (data) which means it is not really helping the environment. The different it will make is not very big.”
· Claim: No. 
“The reason for this is because as the statistics showed, 300tCO2eq were saved by using these types of buses, which indicate that a great number of tCO2eq had been prevented from entering the atmosphere and causing further damage. Furthermore, it is also stated that the only waste emissions produced are water and heat; therefore, less harmful greenhouse gases are produced. If less greenhouse gases are produced, this means that the damage to the natural balance of producing greenhouse gases is slowed down (data), which means that by using this Ecobuses, it will be worth it for the long run as this will be beneficial for the environment. Therefore, the cost would not matter to the WA government because paying for the Ecobuses is like paying for a better future as less damage will be done to the environment.”
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	Work in groups 
	
	60 mins

	Below, you are given an extract of the Washington Post Company newspaper (2007) that compares the paper and the plastic bag:
[image: ]


























Based on the issue: Are plastic bags or paper bags better for the environment? described in the above extract, form three groups and perform a role-playing scenario as following: 


· Group 1 and Group 2 will prepare an argumentation to support their views to form a debate in front of Group 3. 
· Group 3 will write a report to recommend to the city council of your city about the use of plastic or paper bags. Are the evidence-based arguments provided strong enough to persuade the city council?

To prepare this activity (debate & recommendation), you can: 
· search in your national curricula for tasks, information, or resources about this issue, 
· use resources or data from your everyday life,
· carry out your own internet research or/and use the references given below: 
· the Environment Agency’s report: “Life cycle assessment of supermarket carrier bags: a review of the bags available in 2006”.
· the report “Life Cycle Assessment of Reusable and Single-use Plastic Bags in California”, J. Greene, 2011.
· the NGO UNEP report “Single-use plastics, a roadmap for sustainability”, 2018. 
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	Work and discussion in groups 
	
	 20 mins

	Read throw the following story of the Karla Lake in Thessaly, Greece: 
Karla Lake is located in the central part of Greece. It had a rich biodiversity. 
It was drained in the early 1960s and then re-flooded in recent years.

· Some reasons for the decision to drain the lake: 
· The fluctuations in the water levels 
· The floods in the area
· The need to create more farmland 
· The reduced catches 
· The need to reduce malaria epidemics

· Some environmental and social effects of the drainage: 
· Rapid fall of groundwater
· Pollution in the closed gulf and appearance of phytoplankton
· Appearance of deep cracks and destruction of buildings
· Destruction of the fauna and flora of the area
· Adverse changes in the microclimate of the region and increase of extreme weather phenomena
· Inability to supply water for cities and villages

· The decision to re-create the lake. 
· It was found that the effects on the ecosystem of the area were greater than the benefits offered by its drainage. Thus, the recreation of the Lake was decided. 
· Today, efforts are being made to carry out the recreation, which started in December 2010.

Based on the resources provided below or other resources of your own, think about the following questions and discuss your ideas with your peers: 
· Reflect on the advantages and disadvantages involved in two core decisions related to the drainage and restoration of Karla Lake. 
· Identify aspects of mathematics and science teaching that you recognize in lake drainage and restoration. 
Resource 1 – Yearly water balance of Karla Lake














Resource 2 – Water Quality & Environmental Condition of Karla Lake 


Resource 3 – An example of the salinity evolution of a lake




	
	Work and discussion in groups
	
	20 mins

	After reading the following extract from Barwell (2013), discuss in your group how the “uncertainty” involved in the Karla Lake issue could be dealt in a classroom lesson. 

In post–normal science, values and facts cannot be separated, in part due to the problem of uncertainty. Climate models, for examples, include uncertainty and any possible action to deal with climate change will have uncertain effects to a greater or lesser extent.  Deciding which information to use, which voices to hear and which methods to try, depends as much on values as it does on scientific facts.
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	Work in groups 
	
	15 mins 

	Work in groups, select an EnvSSI and reflect on this issue by considering the following questions: 
· Describe aspects of the issue (e.g., controversy, uncertainty, national or international topic, what are the social and scientific implications related to this issue)
· Identify connections with the national curriculum, to what extent the issue is addressed in the school subjects.

	
	Homework + Work in groups  
	
	60 mins 

	Design a mathematics or science lesson dealing with the EnvSSI that you have selected previously. Consider the following criteria, which will be used for assessing the lesson designs: 
· Is the lesson clearly connected to the maths or science school curriculum: 
· To what extent is the lesson design connected with specific maths and science school curriculum objectives. 
· To what extent is the mathematical and/or scientific content knowledge of the EnvSSI addressed in the lesson. 

· To what extent are the uncertainty and the controversy of the issue dealt with in the lesson design: 
· Does the lesson design involve a debate?
· Is there an evaluation of peer’s claims and arguments? 
· Does it involve a scenario (e.g. a role playing, writing a report…)
· Is it required from pupils to make a conclusion? 
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	Presentation and discussion in groups
	
	 45 mins

	After presenting to the classroom the lesson that you have designed, discuss with your group and reflect on the following questions: 
· What type of mathematical or scientific knowledge is involved when teaching specific EnvSSIs?
· What themes about connections of EnvSSIs and the curriculum are raised?
· How is the uncertainty of the EnvSSI you have designed dealt with?
· What difficulties have you encountered when designing the lesson (i.e. the choice of an EnvSSI, pre-requisite knowledge, connection with the curriculum, etc.) 


 
 







image7.png




image2.jpeg




image8.jpg
Inclusivie®

Intercultural learning in Science and Mathematics
initial teacher education




image3.png




image11.png




image9.png




image12.png




image100.png




image13.jpeg




image11.jpg




image14.png
/@
X




image120.png
60
¢)




image15.png




image16.jpeg




image13.jpg




image17.jpeg




image14.jpg




image18.png




image19.jpeg




image20.png




image150.png




image21.png
‘washingtonpost.com > Aris & Living

MORE THAN MEETS THE EYE

Anoscasonsfesturethat digsdeeper ntotings youte been wondering about

Paper or Plastic?

e hear the question almast every time we go grocery shopping.
W S shopptrsanswer utomasialy s convinced th

they are making a better choice for the environment. Others ask
for paper, believing the vty same thing. The realityis that both paper
and plastic bags gobble up natural resources and cause significant
polution. When you weigh all the costs to the environment, you might
just choose to reuse:





image22.png
'CONSUMPTION

Americans consume more than SR ey M

s county ae st
10 billonpaper bags aachyr.

Som tomionresve ot el s 00l
down annually for paper bag o Ay, e ftom 3
down oo et 3 min bt

4444

Worldwide, an estimated 4 billion
plastic bags end up as litter cach

year. Tied end to end, the bags
could circe the Earth 63 times.

x63





image23.png
PRODUCTION

()

Paper, of course, comes
from trees. Treas are grown or
found, then marked and fellad,

1 Logs are moved from the.
forest to a mill, where thara is a
thraa-year wait for the logs to dry
before they can be used.

2 Logs are stripped of bark and
chipped into one-inch squares,
‘The chips are “cooked” with

tremendous haat and pressure.

3.Then, they are “digested” with
limestane and sulfurous acid until
the wood bacomes pulp.

4.The pulp is washed, requiring
thousands of gallons of fresh
‘water and bleach, then pressed
into finished paper.

5. Cutting, printing, packaging
and shipping to make paper bags
require additional time, labor and
energy.

(<]

Ittakes more thanfour tmes a5
much energy to manufacture a
paper bagasit does aplastic g,

Energy toproduce bags:
Plsti: 584 BIUS"
poper ST

7in 10 Americans donot
know that plastic s made
from petroleum prodcts,
primarily oil, according toa
ecent nationwide nline survey.

fitfiie

Plasticis a by-product o
refining. Plastic bags are made
from polyethylene, which comes
from ol rafineries as small rasin
pellets.

1. A machin heats the pellat to
about 340 degrees and pulls out
from it along, thin tube of
cooling plastic.

2.A ot bar is dropped on the
tube at intervals, melting a lin.

3.Each melted line becomes the ¢
bottom of one bag and the top of
anothar.

4.The sactions are cut out and a
hole for the bag's handles is
stamped in each piece.

Pelet

£




image24.png
'CONSUMPTION

Americans consume more than SR ey M

s county ae st
10 billonpaper bags aachyr.

Som tomionresve ot el s 00l
down annually for paper bag o Ay, e ftom 3
down oo et 3 min bt

4444

Worldwide, an estimated 4 billion
plastic bags end up as litter cach

year. Tied end to end, the bags
could circe the Earth 63 times.

x63





image25.png
PRODUCTION

()

Paper, of course, comes
from trees. Treas are grown or
found, then marked and fellad,

1 Logs are moved from the.
forest to a mill, where thara is a
thraa-year wait for the logs to dry
before they can be used.

2 Logs are stripped of bark and
chipped into one-inch squares,
‘The chips are “cooked” with

tremendous haat and pressure.

3.Then, they are “digested” with
limestane and sulfurous acid until
the wood bacomes pulp.

4.The pulp is washed, requiring
thousands of gallons of fresh
‘water and bleach, then pressed
into finished paper.

5. Cutting, printing, packaging
and shipping to make paper bags
require additional time, labor and
energy.

(<]

Ittakes more thanfour tmes a5
much energy to manufacture a
paper bagasit does aplastic g,

Energy toproduce bags:
Plsti: 584 BIUS"
poper ST

7in 10 Americans donot
know that plastic s made
from petroleum prodcts,
primarily oil, according toa
ecent nationwide nline survey.

fitfiie

Plasticis a by-product o
refining. Plastic bags are made
from polyethylene, which comes
from ol rafineries as small rasin
pellets.

1. A machin heats the pellat to
about 340 degrees and pulls out
from it along, thin tube of
cooling plastic.

2.A ot bar is dropped on the
tube at intervals, melting a lin.

3.Each melted line becomes the ¢
bottom of one bag and the top of
anothar.

4.The sactions are cut out and a
hole for the bag's handles is
stamped in each piece.

Pelet

£




image26.png
POLLITION

The use of toxic chemicals
during the production of paper
for bags contributes to air
pollution, such as acid rain,
and watar pollution.

The productionof paper bags.
generates 70 ercent morear and
50 times more water polutants
than producton f plastic bags.

-u‘ .

water ottty
Plstic |

- -

chemicals. In an EPA ranking of
chemicals that generato the most
hazardous wasts, five of the top
sixwere commonly used by the
plastics industry.

Hundrads of thousands of marine.
mammals die every year after
eating discarded plastic bags.
Turtles think the bags are
jllyfish, thir primary food
source. Bags choke animals or
block their intestines.





image27.png
RECYCUNG

Paper must be returned to pulp
by using many chemicals to
bleach and disperse the fibers.
Although paper bags have a
higher recycling rate than
plastic, sach naw p

Bags that are recycled are
oftan tumed into corrugated
cardboard, not naw paper
bags.

Ittakes 98Y% s energyto
tecycle: pound o plastic tha it
takestorecycle. pound ofpaper.

e
Plastc | 17 BTUS
P IERIIIITY

But recycingates of both types
of bags are extremely low.

Percentage of bags recycled:
niz% m-vm
Plastc Paper

Recycling almost any kind of
plastic involves remelting and
re-forming it. Bacause bags
must first be separated by the
type of plastic they were made
from, tha process is
time-consuming and expensive.
For axample, it can cost $4,000
to procass and recycle 1 ton of
plastic bags. This can then be
Sold on the commodities market
for about $32. More often than
not, bags collected for recycling
never get racycled. A growing
trond is to ship them to
countries such as India and
China, where they are cheaply
erated under more lax
anvironmental laws.





image28.png




image29.png




image30.png
Paper is degradable, but it cannot
complataly braak down in modorn
landiills bacausa of the lack of
‘water, light, oxygon and other
nacessary clomants. About 95
porcant of garbage is buried
beneath layers of soil that make it
Al for s snd sunliht o
reachit.

Eventhaugh petrleun bused

plasticwil eve biodegrade,
neary 8in 10 beleve plastc

will iodegrade underground,
inlandils orn the ocean.

]

Patroleum-based plastics are
not biodogradable, meaning
they will not dacompose over
timo. But they do take up loss
space than paper in a landill
2,000 plastic bags waigh 30
‘pounds; 2,000 paper bags
waigh 280 pounds.




image31.png
POLLITION

The use of toxic chemicals
during the production of paper
for bags contributes to air
pollution, such as acid rain,
and watar pollution.

The productionof paper bags.
generates 70 ercent morear and
50 times more water polutants
than producton f plastic bags.

-u‘ .

water ottty
Plstic |

- -

chemicals. In an EPA ranking of
chemicals that generato the most
hazardous wasts, five of the top
sixwere commonly used by the
plastics industry.

Hundrads of thousands of marine.
mammals die every year after
eating discarded plastic bags.
Turtles think the bags are
jllyfish, thir primary food
source. Bags choke animals or
block their intestines.





image32.png
RECYCUNG

Paper must be returned to pulp
by using many chemicals to
bleach and disperse the fibers.
Although paper bags have a
higher recycling rate than
plastic, sach naw p

Bags that are recycled are
oftan tumed into corrugated
cardboard, not naw paper
bags.

Ittakes 98Y% s energyto
tecycle: pound o plastic tha it
takestorecycle. pound ofpaper.

e
Plastc | 17 BTUS
P IERIIIITY

But recycingates of both types
of bags are extremely low.

Percentage of bags recycled:
niz% m-vm
Plastc Paper

Recycling almost any kind of
plastic involves remelting and
re-forming it. Bacause bags
must first be separated by the
type of plastic they were made
from, tha process is
time-consuming and expensive.
For axample, it can cost $4,000
to procass and recycle 1 ton of
plastic bags. This can then be
Sold on the commodities market
for about $32. More often than
not, bags collected for recycling
never get racycled. A growing
trond is to ship them to
countries such as India and
China, where they are cheaply
erated under more lax
anvironmental laws.





image33.png




image34.png




image35.png
Paper is degradable, but it cannot
complataly braak down in modorn
landiills bacausa of the lack of
‘water, light, oxygon and other
nacessary clomants. About 95
porcant of garbage is buried
beneath layers of soil that make it
Al for s snd sunliht o
reachit.

Eventhaugh petrleun bused

plasticwil eve biodegrade,
neary 8in 10 beleve plastc

will iodegrade underground,
inlandils orn the ocean.

]

Patroleum-based plastics are
not biodogradable, meaning
they will not dacompose over
timo. But they do take up loss
space than paper in a landill
2,000 plastic bags waigh 30
‘pounds; 2,000 paper bags
waigh 280 pounds.




image36.png
Debating

-

Group1
supporters of the
plastic bags

Group2
supporters of the

paper bags

is charged to take a decision and make a
proposal/recommendation to the City council





image240.png
Debating

-

Group1
supporters of the
plastic bags

Group2
supporters of the

paper bags

is charged to take a decision and make a
proposal/recommendation to the City council





image37.jpeg




image38.png
Water Balance of lake Karla

Evaporation Rainfall 19 hm?

35 hm? %
N

Surface run-off
35 hm?®

Water from Pinios
river 68 hm?

Lake Karla Irrigation

Ground water 24hm® 184 hm? 60 hm?




image250.png
Water Balance of lake Karla

Evaporation Rainfall 19 hm?

35 hm? %
N

Surface run-off
35 hm?®

Water from Pinios
river 68 hm?

Lake Karla Irrigation

Ground water 24hm® 184 hm? 60 hm?




image39.png
Parameters

pH

Total
suspended
solids(Tss)

Biochemical
oxygen demand
(8.0.05)

Nitrites (NOZ)

Ammonium
(NHat)

[ Winter | Spring Summer | Average
ective. 2017 2017 2017

2006/44/EC

7.82 89 865 846
<25mg/it 18 224 232 158
<6me/it 605 13 2 1502
<003 ma/it 016 018 017
<02 me/it 14 188 154




image260.png
Parameters

pH

Total
suspended
solids(Tss)

Biochemical
oxygen demand
(8.0.05)

Nitrites (NOZ)

Ammonium
(NHat)

[ Winter | Spring Summer | Average
ective. 2017 2017 2017

2006/44/EC

7.82 89 865 846
<25mg/it 18 224 232 158
<6me/it 605 13 2 1502
<003 ma/it 016 018 017
<02 me/it 14 188 154




image40.png
5w

sou.

s

ou.

s

100

su

e/l

55 yoou 90
50 vo0u /90
45 voou 0
0 yoou 0
35 yoou im0
30 voou 90
25 oo o
20 yoou 0
15 yeinse
10y k50

T——

Ty




image270.png
5w

sou.

s

ou.

s

100

su

e/l

55 yoou 90
50 vo0u /90
45 voou 0
0 yoou 0
35 yoou im0
30 voou 90
25 oo o
20 yoou 0
15 yeinse
10y k50

T——

Ty




image41.png




image42.png




image280.png




image1.png




image4.jpg




image5.jpg
International Centre for STEM Education




image1.jpg




image5.png
ENSITE®

Environmental Socio-Scientific Issues
in Initial Teacher Education




image2.png
ENSITE®

Environmental Socio-Scientific Issues
in Initial Teacher Education




image6.jpg
Co-funded by the
Erasmus+ Programme
of the European Union




image7.jpg
Padagogische Hochschule Freiburg

Université des Sciences de I'Education - University of Education




image9.jpg
International Centre for STEM Education




image3.jpg
Co-funded by the
Erasmus+ Programme
of the European Union




image40.jpg
Padagogische Hochschule Freiburg

Université des Sciences de I'Education - University of Education




image10.png
Co-funded by the
Erasmus+ Programme
of the European Union





image6.png
Co-funded by the
Erasmus+ Programme
of the European Union





