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text work, games, quizzes 
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groups provided) 
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N
G

S
S

 

Title  Code 
Disciplinary 
Core Ideas 

Focus 
Crosscutting 

Concepts 

Science and 
Engineering 

Practices 

P
ri
m

a
ry

 T
o
p
ic

s
 

EARTH AND 
HUMAN 

ACTIVITY: 
HUMAN 

IMPACTS 

(ES) 

 

 

 

ECO-
SYSTEM: 
INTER-

ACTIONS, 
ENERGY, 

AND 
DYNAMICS 

(LS) 

MS-ESS3-
3 Human 

Impacts on 
Earth 

Plastic 
Pollution 

Cause & Effect  
Constructing 
Explanations 

and Designing 
Solutions 

Influence of 
Science, 

Engineering, 
and Technology 
on Society and 

the Natural 
World 

MS-ESS3-
4 Engaging in 

Argument from 
Evidence MS-LS2- 

5 

Evaluating 
Solutions 

Recycling 

A
d
d

it
io

n
a
l 
T

o
p
ic

s
 

MS-LS2- 

3 

Energy 
Transfer 

& Food Webs 

Marine 
Ecosystem 

Energy and 
Matter 

Developing and 
Using Models 

MS-ESS3-
1 

Natural 
Resources 

Fossil Fuels, 

Pollution 

Cause & Effect; 
Influence of 

Science, 
Engineering, 

and Technology 
on Society and 

the Natural 
World 

Constructing 
Explanations 

and Designing 
Solutions 

MS-LS2- 

4 

Ecosystem 
Dynamics, 
Resilience 

Plastic 
Accumulation 

Stability and 
Change 

Scientific 
Knowledge is 

Based on 
Empirical 
Evidence 

Interdisciplinary approaches 

Chemistry  Chemical composition, variation and traits 

Politics  Legislation (global comparison) 

Geography 
 Marine pollution (ocean currents, wind streams) 

 Fossil fuels 

Arts  Artwork made of plastic trash 

Key 
Words

Micro-
plastic

Plastic 
Pollution

Degra-
dation

Accumu-
lation

Recycling
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Note: All pictures, images or 

illustrations without references are… 

o …free to use or share (licence) 

o …self-made or -taken 

https://www.jpl.nasa.gov/edu/teach/tag/type/Classroom+Activity
https://www.jpl.nasa.gov/edu/teach/tag/type/Simulation
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Task: Read the terms and questions, and pay attention to those while watching! 

After you have watched the clip, complete the table! 

Term or question Definition or answer 

Polymers 
Long repeating chains of molecules (a compound); 

they can be natural or synthetic 

Plastic  

Made from polymers by breaking down, e.g., crude oil into 

its components and rearranging them so new synthetic 

polymers can be formed;  

manufactured chains of hydrocarbons 

Microplastics Pieces of plastic which are 5mm in diameter or smaller 

Nurdles 
Small, pre-manufactured pellets which are used as a raw 

material to make plastic products 

Microbeads 
Small plastic beads used in personal care products, for 

instance, as exfoliators 

Marine debris 
Anything man-made that ends up in the ocean but does 

not belong there; marine litter 

PVC 
A type of plastic that is used for plumbing, electric gears, 

and cases etc. 

Acrylic 
A type of plastic that is used as a shatter resistant 

alternative to glass 

Nylon  
A type of plastic that is used in fabric, for cooking utensils, 

or as a component of food packaging 

What are some special 
traits of plastic? 

Lightweight, durable, moldable into any shape, easily mass 

manufacturable, cheaply producible, raw materials yet 

available in vast amounts 

How long does plastic 
take to break down?  

Roughly 500 up to 1000 years 

When did the mass-
production of plastic 
begin? 

About 1950 

How much of all plastic 
produced is roughly 
used for packaging? 

About 40%1 

                                                           
1 In the US, packaging makes up one third of all the waste that is generated annually. 
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Time-saving version for the students to cut and stick into their workbook, so they do not 

have to copy all the information. 

 

 

Long repeating chains of molecules (a compound); 
they can be natural or synthetic 

Made from polymers by breaking down crude oil or natural gas 
into its components and rearranging them so new synthetic 
polymers can be formed; manufactured chains of hydrocarbons 

Pieces of plastic which are 5mm in diameter or smaller 

Small, pre-manufactured pellets which are used as a raw material 
to make plastic products 

Small plastic beads used in personal care products, for instance, as 
exfoliators 

Anything man-made that ends up in the ocean but doesn’t belong 
there; marine litter 

A type of plastic that is used for plumbing, electric gears, and cases 
etc. 

A type of plastic that is used as a shatter resistant alternative to 
glass 

A type of plastic that is used in fabric, for cooking utensils, or as a 
component of food packaging 

Lightweight, durable, moldable into any shape, easily mass 
manufacturable, cheaply producible, raw materials yet available in 
vast amounts 

Roughly 500 up to 1000 years 

About 1950 

About 40% 
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Microplastics… 

… are tiny plastic particles of less than 5 mm in size. If we look at its origin, there are two 

main types of microplastics: 

Primary microplastics are industrially manufactured to fulfil a certain purpose in 

products. Cosmetics like face washes can contain microbeads to scrub or exfoliate. Other 

products which might contain microbeads are toothpastes, cosmetics, or cleansers. Often, 

the beads are made of polyethylene, polypropylene, or nylon (Motivans, 2018). 

Secondary microplastics were not designed on purpose. If larger pieces of plastic are 

exposed to the environment and weathering (UV radiation, wind, wave action, etc.) for a 

long time, they fragment and become increasingly smaller. This way, much of the marine 

microplastics originate from larger plastic objects (Motivans, 2018). 

But why are microplastics an issue if they will eventually break down? 

Microplastics can pass through water filtration systems and eventually end up in the ocean. 

Although they fragment, plastic is persistent; the small pieces remain in the environment 

and can accumulate (Motivans, 2018). 

Additionally, toxins like pesticides (e.g., DDT2) and heavy metals easily attach to the surface 

of plastics and are magnified. While plastics accumulate chemicals from their surroundings, 

they often contain toxins like flame retardants themselves, which can leach into the 

environment over their whole lifespan (Carrington, 2018). 

 

Answer the questions below: 

 

1. How can microplastics end up in the oceans? _They cannot be filtered properly 

(e.g., in sewage plants) and eventually end up in the ocean._____________ 

2. Which parameters help to break down plastics? ____ UV radiation, wind, wave 

action, and other environmental factors______________________________ 

                                                           
2 dichlorodiphenyltrichloroethane = colorless, tasteless, almost odorless, insecticidal organochloride 
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3. What can attach to the surface of plastics? _____chemicals like pesticides or 

heavy metals________________________________________________________________________ 

4. Which impact can microplastics have on the environment? _They are persistent 

and can, therefore, accumulate. Toxins can either leach from or attach 

to microplastics.____________________________________________________________________ 

 
 

References 
Carrington, D. (2018). Microplastic toxins leave shellfish at mercy of predators. Retrieved from 

https://www.theguardian.com/environment/2018/nov/28/microplastic-toxins-leave-

shellfish-at-mercy-of-predators-research 

Motivans, E. (2018). The down-low on microplastics. ZME Science. Retrieved from 

https://www.zmescience.com/ecology/pollution-ecology/the-down-low-on-

microplastics/ 

 



Model Plastic Pollution: Recycling & Fragmentation 

 

 
 

3 

 

 

 

Task: In your group, put all your dices together to form one large object. This represents 

a plastic product. Calculate the surface area! 

Then, put the dices apart and calculate the surface area again! 

What do the large object and the separate dices represent? Fill in the table! 

 

 

 

  

Surface 
area: 

  

What does 
the model 
represent? 

Plastic product, or 

macroplastics 

Fragmented plastics, or 

microplastics 

 

1) How do you call the process of materials getting increasingly smaller? 

 

2) How much does the surface area increase?  ________________ 

3) What impact does such a surface area increase have? 

 Recovering plastics becomes more difficult 

 More toxins could leach into the environment 

 More chemicals and heavy metals can attach to the small particles 

 Accumulation in the ecosystem (marine food web); 

large animals eat many small animals, so plastics and the toxins 

attached accumulate and travel up the food chain

Fragmentation

If you need 

help, look at 

page 2! 
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Note: In a scientific sense, experiments need to provide at least one interchangeable variable upon 

stable parameters so the experiment can be conducted several times under different conditions. This 

allows to deduce information in a scientific sense. In a school setting, simplified and thoroughly 

described versions are often used to save time and resources. The following experiments can be 

conducted as outlined, though all of them include interchangeable variables, so the experiments can 

be adapted to student performance. Some suggestions are provided in footnotes. 

BIO 
Plastic Pollution 

Biodegradable “Plastic” Exp 

Time required: 10 min 

Goals: The students can use an experimental set-up to produce a biodegradable 
“plastic” film (with varying components of glycerin and starch). 

The students can list at least two differences between a conventional and 
their biodegradable plastic film (sensory perception or cognitive aspects). 

The students can identify at least one (dis-) advantage of the 
environmentally friendly “plastic” film compared to conventional plastic. 

The students can reflect on the necessity of using finite resources for some 
daily applications and acknowledge sustainable alternatives. 

Resources: Heating surface, pot or heat resistant beaker (500 ml), glass (150 ml) and 
matching cover (e.g., Erlenmeyer flask), spoon, scale, plate or bowl with a 
flat ground, starch (e.g., potato starch), distilled or de-ionized water, safety 
googles 

Optional: Food coloring 

Chemicals: Glycerin 

Procedure:  Fill the pot or beaker with 150 ml water, place it on the heating 
surface, and bring it to boil.  

 Take the glass and mix 2.7 g dry starch with 2 ml glycerin, then 
add 30 ml of distilled water.1 

 Optional: For a colored “plastic” film, add 1 ml of food coloring. 

 Place the glass containing the starch mixture in the heated water. 
Let it sit for about 5 min and shake it properly several times per 
minute. 

 Pour the liquid onto the plate or into the bowl (2-3 mm deep layer) 
and let it sit overnight. 

On the following day: Compare your biodegradable “plastic” with a 
conventional plastic film. Investigate parallels and differences! 

                                                           
1 The amount of starch, glycerin, and water can be varied. The more glycerin, the more transparent and flexible 
the material appears to be. With an increasing amount of starch, the film is more formable and works better 
to seal containers. The students can elaborate on the concentration of either glycerin, water, and/ or starch. 
If the experiment is conducted collaboratively, the results (films) can be compared (competition). 



Experiment Plastic Pollution: Recycling 

 
 

4 

Observation:  There are some parallels between conventional plastic and the 

biodegradable “plastic” film: The material is transparent and 

fairly flexible. Conventional plastic films, however, are more 

flexible, and although the biodegradable one appears to be 

durable at first, it partially dissolves when exposed to water. 

 

Changing variables: The “plastic” film on the left contains more 

starch (3 g) than suggested in the “procedure”-section. The one 

on the right contains a higher amount of glycerin (2.5 ml). 

Interpretation: There are environmentally friendly alternatives to conventional 

plastic films, which can be produced using simple tools and 

ingredients. The features of the biodegradable “plastic” resemble 

those of a conventional film, though both differ regarding, e.g., 

their durability when exposed to water or a very moist 

environment. 

Background 

information: 

The proportions of amylopectin and amylose vary in starch grains; both 
interacting create the characteristically crystal-like structure, which is 
broken up in boiled water. As a result, the grains swell and form a starch 
paste (irreversible). To avoid a brittle mass while cooling, glycerin is added. 
Glycerin molecules bind water and are integrated in the starch molecules 
via hydrogen bonds, which prevent the reformation of crystal-like 
structures. Alternatively, sodium alginate could be used, which further 
increases durability (Córdoba, Cuéllar, González, & Medina, 2008). 

Biodegradable refers to the process of materials being completely broken 
down and reintroduced into natural systems (Nachtigall, 2002). Since the 
biodegradable “plastic” produced in this experiment is not water resistant, 
industries add silane as a water-repellent for commercial application 
(Xanthos, 2010). 

Educational 

evaluation: 

Positive: Low error rate (high reproducibility), little time required, reference 
to everyday life, motivation (students can use their film at home) 

Caution: Source of error: If not mixed properly, the starch mixture can set 
on the jar’s ground; risk of burns (heating surface and boiled waster) 
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BIO 
Plastic Pollution 

Degradation in the Soil Exp 

Time required: 2-3 weeks 

Goals: The students can describe at least two stages of degradation using 
common vocabulary (no specific terminology required).  

The students can contrast at least three everyday materials regarding their 
visible impacts (state of degradation) after a 2-3 week soil exposition. 

The students can create a link between terrestrial microorganisms and 
environmental parameters and the state of degradation. 

The students develop an understanding of the value of proper recycling. 

Resources: Tall glass jar with a cover (1-2 l), compost or garden soil, test materials 
(e.g., plastic bag, rubber glove, biodegradable “plastic” film, paper towel, 
cardboard box), scissors, skewer, glue strips 

Procedure:  Cut the test materials1 in same sized elongated rectangles. 

 Place the rectangles between two skewers and attach them with 
strips. 

 Fill the glass jar with a little compost or garden soil. Note which 
type of soil you used. 

 Place the skewers with your test materials on the soil in the jar. Try 
to create an even distance between your samples. 

 Fill the rest of the jar with soil, but leave 
about 0.5 cm of the test material sticking 
out of the soil. 

 Water the soil until it is slightly moist. 

 Place the jar close to the window or at a 
warm place with the cover on top. Check 
it regularly (e.g., every other day) to keep 
the soil to keep it moist. 

 Empty the jar after 2-3 weeks and 
compare your samples. 

                                                           
1 Some variables: Test items (manufactured vs. natural, e.g., orange peel), exposition of the jar (temperature, 
light,…), duration of the experiment, sample size, position of the items within the jar (if the rectangles are 
directly attached to the glass wall or placed on top of the soil, the process becomes observable during the test 
period), type of soil (garden vs. compost soil), degree of moisture 
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Hypotheses 
 

Test item What visible impacts do you expect after several weeks 
of soil exposition? 

  

 

  

 

  

 

  

 

  

 

  

 

  

 

  
 

Observation: 1) The test materials show different stages of degradation: 

Alu-

minum 

Plastic 

bag 

Paper 

towel 

Rubber 

glove 

Card-

board 

box 

Biode-

gradable 

“plastic” 

Un-

changed 

Un-

changed 

Highly 

degra-

ded, only 

a few 

scraps 

re-

mained 

Un-

changed 

Soaked, 

degra-

dation 

predomi

-nantly 

on the 

edges  

Greatly 

de-

graded, 

hardly 

any 

scraps 

re-

mained 

2) Signs of degradation: Discoloration and fragmentation, 

but predominantly only on those parts which were 
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exposed to the soil; the parts covered by plastic strips are 

hardly affected. 

 

Test materials from the 

top left to the right: 

Aluminum, plastic bag, 

paper towel 

From the bottom left to 

the right: Cardboard 

box, rubber glove, 

biodegradable “plastic” 

film (see experiment 

above) 

Interpretation: The soil is not a lifeless mass but a highly complex habitat of 

various organisms. Those can degrade diverse materials to 

different degrees, but they rely on environmental parameters. 

It seems that the rougher and the more industrially processed 

the material, the harder it is to be degraded. Therefore, some 

daily products did not show any signs of degradation. Others 

have almost disappeared from the naked eye. 

Background 

information: 

 

Various parameters influence the rate of degradation, e.g., pH, 
temperature, soil composition, chemical condition, moisture, or the 
microflora. Moist soils rich in nutrients and microorganisms and exposed 
to temperatures between 30° and 50 °C support microbiological 
degradation. Microorganisms such as bacteria or fungi (e.g., 
actinomycetes) break down and metabolize organic compounds in a 
preferably aerobic environment  (Orhan, Hrenovic, & Büyükgüngör, 2004). 
Since conditions such as the composition of microorganisms can vary 
greatly, the experiment should only be carried out semi-qualitatively. 

There is a difference between corrosion and biodegradation. Corrosion 
refers to the visible fragmentation of materials, while small particles, e.g., 
microplastics, remain. During biodegradation, materials are fully 
metabolized and reintroduced into a biological circular system (Nachtigall, 
2002). Biodegradation requires specific conditions and takes longer if 
parameters such as oxygen are missing (Zheng, Yanful, & Bassi, 2008). 

Being based on renewable resources does not necessarily mean that a 
material is biodegradable. It highly depends on the manufacturing process 
(Nachtigall, 2002). Latex, for instance, often used for rubber gloves, shows 
a high-molecular phytochemical structure made of isoprene units and 
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extracted from the rubber tree (Hevea brasiliensis). The raw material is 
kneaded with sulfur at 130-140 °C to connect polyisoprene chains in a 
process called vulcanization and is, finally, hardly biodegradable (Trueb, 
2015). The chemical structure of the biodegradable “plastic” produced in 
the experiment above is only slightly changed and more likely to 
biodegrade. Starch in general is often added to fasten the process of 
degradation (Orhan, Hrenovic, & Büyükgüngör, 2004). 

In general, if the backbone structure of synthetic polymers is made of 
carbon atoms (e.g., thermoplastics), the material is highly resistant to 
degradation or hydrolytic cleavage; the products can accumulate in the 
environment. The cross-linked structure (heteroatoms) of thermoset 
plastics is potentially degradable through hydrolytic cleavage (Zheng, 
Yanful, & Bassi, 2008). 

Educational 

evaluation: 

Positive: Low error rate (high reproducibility), clear results, motivation and 
flexibility since students can choose their samples, reference to everyday 
life, range of learning objectives, extension towards testing parameters 
such as the pH, temperature, soil moisture or composition 

Caution: Growing of mold possible, duration (risk of losing the main idea) 
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Task:  Match the cards to learn more about the six main types of plastics! 

Abbrevi-
ation 

Full term 
Recycling 
symbol 

Examples 
Examples of what 
can be recycled 

PET 
Polyethylene 
terephthalate 

 
Commonly 

 Plastic bottles 

 Some takeout 
containers 

 Packaging film 

 Carpet yarn 

 Plastic bottles 

 Carpet yarn 

HDPE 
High-density 
polyethylene 

 
Commonly 

 Plastic bottles 

 Food storage 
containers 

 Detergent bottles 

 Grocery bags 

 Plastic surgery 

 Plastic bottles 

 Toys 

 Water pipes 

PV(C) 
Polyvinyl 
chloride  

Almost 
never 

 Detergent bottles 

 Cling film 

 Product packaging 

 Milk and juice 
cartons 

 Outdoor furniture 

 Shower curtains 

 Shower curtains 

 Medical tubing 

LDPE 
Low-density 
polyethylene 

 
Sometimes 

 Garbage and 
sandwich bags 

 Six-pack rings 

 Lids from tubs 

 Plastic wraps 

 Wrapping films 

 Grocery or 
sandwich bags 

PP Polypropylene 

 
Commonly 

 Yogurt cups 

 Margarine tubs 

 Clear film 

 Straws 

 Banknotes 

 Thermal underwear 

 Car bumpers 

 Industrial fibres 

 Food containers 

PS Polystyrene 
 

Almost 
never 

 Expanded Styrofoam 

 Egg cartons 

 Packing pellets 

 Cutlery and cups 

 CD cases 

 CD cases 

 Packaging 

Mixed Plastics 
 

Almost 
never 

 Squeezable bottles 

 Biodegradable 
plastics 

 Plastic packaging like 
trays, tubs, or films 

Nothing at this time 
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To copy and hand the students, so they can cut and match the cards in pairs or groups. 
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If not all products can be recycled properly, what else can we do? 

You may have heard of the three Rs to lead a sustainable life, but there are three more. 

Task: Watch the video clip, find out what the remaining Rs are, and write them into the 

figure! 
If n  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Video Clip: Dudas, S. at TEDx Talks (2018). Microplastics are everywhere. Retrieved from 
https://www.youtube.com/watch?v=jjsrmFUmyh4 

Refuse

Reduce

Reuse

Recycle

Rethink

Redesign

The 
Six Rs 

https://www.youtube.com/watch?v=jjsrmFUmyh
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3-Day-Challenge at Home 

Task: Each day, pick three products you throw away at home and consider which of the 

R-categories would work for them. How could you, for example, reuse a plastic bottle 

instead of throwing it away? 

Day Product Which R would you suggest, and why? 
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Plastic – Curse, Blessing, or Both? 

Task: List key terms (e.g., production, or transportation) and note advantages and 

disadvantages of plastics regarding this aspect. Then, open up to a discussion. 

Key term Advantages Downsides 

Production 

Little energy needed to 

manufacture plastic products; 

inexpensive production 

Mass production: Single-used items 

since it is easy and cheap to 

produce them  Accumulation 

Transpor-

tation & 

storage 

Lightweight, take up little 

space, resistant, practical 

Since many plastic products are 

single used items, they need to be 

transported to stores etc., and 

trash needs to be transported to 

landfills (carbon footprint), … 

Traits 

Mouldable, durable, stable or 

flexible, multifunctional, 

partially reusable 

Hardly biodegradable, so often 

microplastics accumulate in 

ecosystems or organisms 

Durability 
Preservation of food, 

medicine, hospital utensils, … 

Products barely biodegradable but 

accumulate (landfills, environment) 

Recycling 

Some plastics can be recycled 

and, therefore, reused (up- 

vs. downcycling) 

Most plastics cannot or are not 

recycled properly and, therefore, 

accumulate with a negative impact 

on the (a-) biotic environment 

Resources 
Most likely petrochemical: 

Cheap 

Non-renewable resource and 

predominantly imported 

Impact on 

human 

lifestyle 

Allows flexibility, saves time 

and energy (washing the 

dishes, …), has become an 

amenity and pivotal in 

modern life, … 

Most likely affect our health: 

Presumed to interfere with the 

hormonal system, reproduction, 

etc. since microplastics can pass 

through biomembranes 
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T  =   Teacher         S  = Students 
PPT  =   PowerPoint® presentation          WB  = Workbook 
IS  =   Independent work in silence           

 

Ti
m

e
 (

m
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) 

P
h
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e

 
Planned teacher behavior 

Expected student 
response 

Forms of 
teaching and 
arrangement 

Teaching 
material 

Educational 
background 

5 

In
tr

o
 I 

Defining plastic (Each lesson’s title should always be 
displayed as such either on the board or the PPT) 

Hook: The T presents newspaper articles. The lesson 
sequence’s title is introduced on the first slide. 

T: “What do you think about these headlines?” 

      “Which headline struck you most?” 

Alternative to activate the S (flashlight method): 

T: “Read the headlines and look at the pictures. Then, I 
want all of you to stand up. Each of you has to comment 
on one picture or headline, and you can refer to them 
by using the number in the green boxes. One sentence 
is enough, and you can also share an experience or facts 
you already know. I’ll start with throwing a ball to one 
of you. Once you’ve made a comment, throw the ball to 
another person and take a seat. You should not repeat 
what has already been said.” 

 

 

 
 

The S read the headlines 
and comment on them. 

 

The S refer to either the 
headlines or pictures by 
giving background 
information, stating facts, 
expressing thoughts or 
feelings, or commenting in 
another way. 

Plenum 

 

PPT (slide 1),  

computer,  

projector,  

 

 

 
 

ball 

Activation, 

participation of 
all S, 

internal 
differentiation1 
(background 
knowledge), 

current issue: 
Catch factor 
(motivation, 
authenticity), 

checking the S’ 
pre-existing 
knowledge 

                                                           
1 All methods that refer to internal differentiation are implicit and horizontal (on the same level of performance). Suggestions for vertical differentiation (complexity and 
difficulty of tasks) can be derived from the alternative-sections, which provide further tasks for different age groups, performance levels, or regarding time. 
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T  =   Teacher         S  = Students 
PPT  =   PowerPoint® presentation          WB  = Workbook 
IS  =   Independent work in silence           
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El
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o
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o

n
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T: “Before we dive into current issues of plastics, and to be 
able to participate in the increasingly heated debate, 
let’s take a step back and learn what plastics actually 
are. We will watch a short video clip; but first we will 
focus on some questions and terms so you can already 
take notes while and right after watching.” 

The T refers to the WB, which lists the key terms and 
questions and provides the lesson’s title. 

T: “Let’s read the terms first. You don’t have to write down 
the answers while watching, but you can already take 
notes. Just pay attention to the terms and questions, 
and then we’ll find the answers in class. Some of them 
might not even be mentioned explicitly, but by 
listening attentively, you’ll find out the answer.” 

The T plays the short video clip which provides a definition 
of plastics and introduces the main ideas of current global 
issues. If the video on the PPT does not work, the grey box 
in the right corner links to the YouTube-video (1:00-4:42 
min).  

The T should consider watching it a second time. 

After the clip, the T introduces a memory activity: 

T: “Each student receives a card. About half of the cards 
hold a term or question; the rest provides their 
definition or answer on either one or split on more 
cards. Once every student has a card, move around the 
classroom and find the person holding the card that 
matches yours; then, fix it on the board. Don’t forget 
that some terms were not mentioned explicitly; but I’m 
sure you’ll be able to match those, too.” 

 

 

 

 

 
 

 

The S read out the terms 
and questions. 

 

 

 
 

The S watch the clip and 
pay attention to the terms 
and questions highlighted. 
They can take notes. 

 

 

 

The S look for the classmate 
holding the card that 
matches theirs and fix it on 
the board. 

 

 

 

 

 

 

 

 

 
 

 

Plenum 

 
 

 
 

 

IS 

 

 

 

 

 

Plenum 

 

 

 

 

 

 

 

PPT (slides 2-
3),  

computer,  

projector,  

board, 

WB (p. 1),  

video clip 
(https://www.
youtube.com/
watch?v=RS7Iz
U2VJIQ), 

memory cards 

Change of 
methods (video 
clip, memory 
activity): 
Motivation, 

scaffolding to 
focus attention 
(terminology 
and facts), 

learning basic 
terminology  

appealing to 
different 
learning types 
(visual, 
auditory, 
hands-on), 

activation: 
Cognitive and 
physical, 

participation of 
all S, 

scaffolding: 
Basic terms 
remain on the 
board during 
part the lesson 
and can be 
used in further 
lessons, 

https://www.youtube.com/watch?v=RS7IzU2VJIQ
https://www.youtube.com/watch?v=RS7IzU2VJIQ
https://www.youtube.com/watch?v=RS7IzU2VJIQ
https://www.youtube.com/watch?v=RS7IzU2VJIQ
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Once all cards are fixed, they are briefly talked through, 
and, if necessary, corrected in plenary. By fixing them on 
the board, they are present throughout the lesson. 

Alternative: The T provides sets of memories for small 
groups of two up to four S and lets the S know they have to 
present their results in class. 

Note: There are 28 cards. If the class size is smaller, spared 
cards can be matched by those S who finished first. If the 
number of S exceeds the number of cards, long definitions 
(e.g., about special traits of plastics), which are already 
split on two cards, could be split even further. 

The S go through all 
matches. When correcting, 
they should provide 
explanations. 

The S match the cards and 
present their results. 

 

 

 
 

Group work 

 

communicative 
skills, 

cooperative 
skills 

8/ 

 

 

10/ 

 

 

5 

Se
cu

ri
n

g 
I 

The T refers to the WB and asks the S to complete the 
table. If the cards on the board are too small, the PPT can 
be used instead. 

Alternative: If the memory was carried out in groups, the 
information is presented by the S. They could use the PPT 
or a document imaging camera. 

Alternative: Depending on S performance, age group, or to 
save time, the T could provide already printed definitions/ 
answers, which the S have to cut and glue (or already pre-
cut shreds). 

The S copy the definitions 
or answers. 
 

Some S present their 
matches using complete 
sentences and proper 
explanations. 

The S cut, assign, and stick, 
the paper shreds in their 
WB. 

IS PPT (slides 4-
5), 

computer, 

projector,  

WB (p. 1), 

memory cards 

Securing the 
same level of 
knowledge as it 
sets the basis 
for the whole 
learning unit, 

internal 
differentiation: 
Shreds vs. 
copying 

5-
10 

D
ee

p
en

in
g 

I (
1

) 

The T introduces a game with dices. Every S receives a 
dice, and every number represents a new term. The 
memory cards on the board should be covered or removed 
only for this game. In pairs, the S throw the dice and give 
definitions of the terms the number represents. 

 

Alternative: Instead of pairs, groups could compete. 

The S clear away the lesson 
materials, pair up, throw 
the “dice”, and give a 
definition of the term the 
color represents. 

Partner work 

 

 
 

 

 

Group work 

PPT (slides 6), 

computer, 

projector, 

dices 

Activation (all), 

internal 
differentiation 
(temporal, 
personal), 

communicative 
skills 
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D
ee

p
en

in
g 

I (
2

) 

Sources of plastics 

The T hands out the voting cards (one green and red card 
per S) and points out that they will be repeatedly used 
throughout the following activities. 

The T presents everyday objects (e.g., synthetic clothes, 
and cosmetics) and refers to some memory cards 
(Elaboration I) for scaffolding. 

T: “Now that we know more about plastics, which of those 
products contains plastics? Use your green card if you 
think they are free of plastic and the red one if you 
think they might be at least partially made of it. The 
terms on the board might help you.” 

Alternative: The T introduces a quiz using the voting cards: 

T: “I’ll present different items. If you think the item 
contains plastic, raise your red card. If you think it’s 
without plastic, raise your green card.” 

“Sometimes it’s difficult to know whether a product 
contains plastic by just looking at it. How can we know that 
a product is (partially) made of plastics?” 

 

 

 

 

 
 

 
 

The S vote which products 
might contain plastics. 

 

 
 

The S answer the questions 
and elaborate a feeling for 
the distribution of plastics 
in products. 

The S realize that all plastics 
have to be listed in the 
table of ingredients on each 
product. In case there is no 
packaging available, they 
could contact the producer. 

Plenum PPT (slide 8),  

computer,  

projector, 

test items, 

voting cards, 

memory cards: 

 

 

Activation, 

participation of 
all S, 

reference to 
everyday life 
(authenticity), 

hypotheses as 
the lesson’s 
contextual 
framework and 
provoke 
engagement, 

voting cards as 
a further guide 
throughout the 
lessons 

 

End of lesson or short break 

5 

R
ep

et
it

io
n

 

To revise the terms already learnt, the S play the same 
game of dice the prior lesson ended with. This time, each 
S should work with another classmate. 

 

The S pair up or form small 
groups and throw the dice 
to revise the definitions 
without using their WB. 

Partner or 
group work 

PPT (slide 6),  

computer,  

projector,  

dices, 

board 

Warm-up, 

activation, 

revising key 
terms, 

differentiation 

Plastic 

Microplastic

s 

Microbeads 
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5 

In
tr

o
 II

 

Environmental impact of plastics 

The T elaborates on microplastics by heading to their 

environmental impact (Think-pair-share): 

T: “Last lesson, we learnt about microplastics. Why are 

microplastics harmful although we can hardly see 

them? Think about the question for half a minute, then 

talk about it with your partner for another minute, 

and, right after, prepare to share your results in class.” 

The T creates a mind map on the board by taking in the S’ 

suggestions. The T says that he/ she would not, for now, 

comment on the ideas since they serve as hypotheses, 

which need to be evaluated later. The T shows the lesson’s 

title and lets the S know it is written in the WB. 

Alternative: If the S are reluctant to share their ideas, the T 

could use the flashlight method (see Intro I). 

 

 

 

The S share their ideas to 

answer the question. 

 

 

 

The S participate in creating 

a mind map and, this way, 

formulate hypotheses. 

Plenum 

 

 

IS 

 

Partner work 

 

Plenum 

PPT (slide 9), 

computer, 

projector, 

board 

 

 

 

 

 

 

 
 

ball 

Activation, 

communicative 
skills, 

incentive for 
reluctant S to 
participate, 

hypotheses 
constitute the 
lesson’s 
framework and 
provoke 
engagement, 

reference to 

everyday items 

(authenticity) 

5 

El
ab

o
ra

ti
n

g 
II 

The T introduces a text-based work to answer the question 

already introduced (see Intro II). 

T: “I will hand out a short text about microplastics, its 

interactions with other chemicals, and a few questions 

to answer while you are reading or after you read the 

text. You will have 4 min. Place your green card on your 

table once you have answered all questions. Use your 

red card if you have any questions; then, I will come 

and help.” 

 

 

The S read the text, answer 

the questions, and use their 

voting cards. 

IS PPT (slide 9), 

computer, 

projector, 

WB (p. 2), 

voting cards 

Differentiation: 
Learning style, 
work speed, 

change of 
methods, 

knowledge 
transfer 

5 

Se
cu

ri
n

g 
II

 The T prompts the S to answer the questions in plenary. 

The PPT can be used to present or adapt the answers so 

they are visible to all S. 

The S answer the questions 

in plenary and correct them 

in their WB if necessary. 

Plenum PPT (slide 10), 

computer, 

projector, 

WB (p. 2) 

Securing the 
same level of 
knowledge 
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9 

D
ee

p
e

n
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g 
II

 (
1

) 

To elaborate on the topic, the T introduces a cube model. 

In groups of about six, the S use their dices again. 

T: “Put all dices together to form one large object. The 

dice(s) represent(s) marine debris. The model helps to 

demonstrate what happens when plastic fragments. 

How does the surface area change when you put the 

large object apart? Discuss in your group for 1 min.” 

“What do both large and small objects represent? 

Discuss again for 1 min.” 

“Do large plastic items hold more toxins than 

microplastics? Hold up your green or red card! Why? 

Again, discuss with your group.” 

“The toxins attached can be dangerous once they 

interact with organisms. Explain why!” 

Alternative: To save time, the T could demonstrate the 

model in plenary. 

Alternative: The model could be used for calculations. 

Instead of speculating, the S could calculate the exact 

surface area. 

The S build more cubes 

and form groups. 

 

The S notice that the total 

surface area of the 

separate dices (fragments) 

is much larger. 
 

The S note that the large 

object represents large 

plastic items, small cubes 

microplastics. 
 

The S raise one card. 
 

The S note that the higher 

the surface area, the more 

space there is for toxins and 

microorganisms to attach. 

Group work 

(collaborative) 

 

 

 

Plenum 

PPT (slide 11),  

computer, 

projector,  

dices,  

voting cards, 

WB (p. 3) 

Activation, 

change of 
methods, 

visualization, 

cooperation, 

communicative 
skills, 

 

Note: A model 
must be 
presented as 
such, namely as 
a copy of reality; 
parallels and 
differences must 
be discussed! 

 

approach to 
scientific work,  

link to math 
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12 

D
ee

p
en

in
g 

II
 (

2
) 

A BBC article shows a supposedly eco-friendly bag that 

remained unchanged in the soil for three years; the 

students should comment on it (Think-pair-share). 

The T relates the issue to an experiment: 

T: “Let’s find out how everyday items respond to soil 

exposure. An experiment will mimic the process.” 

The T points to the WB and prompts the S to formulate 

hypotheses what visible impacts the students anticipate. 

T: “We’ll analyze our jars in 2 or 3 weeks. On which item 

do you think we will see most changes?” 

The T notes the predictions on the table (or in the PPT) to 

fall back on them in a few weeks. 

T: “Now, we’ll set the jars near the window, keep watering 

them regularly, and analyze them in a few weeks.” 

Ideally: The T or S make biodegradable “plastic” films. The 

T could prepare a few samples for the soil experiment. The 

S can take their “plastic” home the next day to use it. 

The S link the new 

information to the BBC 

article. 

 

The S can choose materials 

they want to test and set up 

the experiment. 

The S voice their 

predictions. 

Plenum 

 

 

 

 

 

 

Group or 

partner work 

PPT (slides 12-
15), 

computer,  

projector, 

WB (p. 4-6), 

experimental 
set-up 
(degradation 
in the Soil), 

 

 

 
 

 

Experimental 
set-up (bio-
degradable 
“plastic”) 

Activation, 

communicative 
skills, 

everyday 
objects: 
Authenticity 

exemplarity, 

differentiation: 
Temporal, 
personal, based 
on interests 
(test items), 

hypotheses 
help to activate 
students and to 
fall back on the 
topic a few 
weeks later 

End of lesson or short break 

4 

In
tr

o
 II

I 

Hook: The T presents recently published data and allows 
the S to reflect on them for a while before asking questions 
(Alternative: Think-pair-share): 

T: “What strikes you?”, “What do you wonder about?” 

If the S do not notice the discrepancy between the amount 
of recycled coffee cups and peoples’ lack of awareness, the 
following slide illustrates it. The main idea is to get the S 
to reflect on recycling and question its efficiency. 
The T introduces the lesson’s topic: 
T: “Today, we’ll learn about recycling, why so many people 

do it wrong, and how to get it right.” 

The S read the data, 
comment on it, and answer 
the questions. 

Plenum PPT (slides 16-
17),  

computer,  

projector,  

board 

Creating a 
conflict, 

motivation, 

reference to 
everyday life 
(authenticity), 

scaffolding 
(lesson outline) 
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20 

El
ab

o
ra

ti
o

n
 II

I 

Each S should name one item that can be recycled. The T 
can either use the flashlight method (see Intro I) or let the 
S write it down on a piece of paper. 
T: “The table (PPT no. 18) shows the most common plastic 

types and their abbreviations. Find your item in the table 
and tell me which type of plastic it mainly consists of. If 
you can’t find it, have a guess where it could belong!” 

To share the answers, the T could either use the flashlight 
method or just pick a few S. 
Then, the T refers to the first lesson and reviews that all 
types are made of the same resources (revision of terms 
such as polymers while reusing the memory cards of 
Elaboration I). Depending on the manufacturing process, 
however, they must be recycled differently. 
T: “What could be meant by the terms you see on the left 

of the slide?” (Think-pair-share) 
Add-on (slide no. 19): “If we differentiate between up- and 

downcycling, some plastics must be worth more than 
others. Look at the diagrams and, with your partner, 
make a list of the most precious to the least precious 
plastics and name some examples of common plastic 
items; be prepared to present your results in class!”  

The T points to the recycling symbol (chasing arrows) and 
asks the S what it meant. 
Since the S had already talked about the economic value 
of different plastics, the following question should be 
deductible: 
T: “What do the different numbers in the chasing arrows 

imply?” 
The following questions are rather unlikely for the S to be 
answered, so the T is prepared to give the answers; 
nevertheless, asking prompts thinking. 

The S name or take notes 
on items which can be 
recycled. 
The S name the main type 
of plastic their item is 
predominantly made of. 
 
 
 
 
 
 
 
 
The S explain the terms up- 
and downcycling. 
The S create lists of the 
most to the least precious 
plastics. 
A few S present their list. 
The other S pay attention to 
correct the information if 
necessary. 
The S understand that it 
means a product can be 
recycled. 
 
The S answer that it implied 
how well a product is 
recyclable. They use the 
terms up- and downcycling. 
 
 

Plenum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Group work 
(collaborative) 
 
 
 
 
 
 
Plenum 

PPT (slides 18-
19),  

computer,  

projector, 

cards (see 
Elaboration I) 
(, ball/ paper) 

 

Activation, 

participation, 

informative, 

time saving, 

triggering 
thinking, 

reference to 
daily life: 
Authenticity, 

contextual 
learning, 

communicative 
skills 
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T: “Can any item holding such a symbol be recycled in your 
area?” 

Answer: “No, not necessarily. The symbols were invented 
to create a uniform global system. Yes, it can be 
recycled at some places in the world but not 
everywhere.” 

T: “Why might some plastics be so difficult to recycle? 
Remember the coffee cups!” 

 
 
The S understand that 
products made of a mixture 
of materials/ plastics or 
that are contaminated with 
things like food scraps are 
more difficult to recycle. 

15 

Se
cu

ri
n

g 
III

 

The T hands out a memory cards. 

T: “You will receive paper shreds that have either a type of 
plastic, its abbreviation, an item made of plastic, or a 
recycling symbol on it. Match the four cards that belong 
together and be prepared to present your results in 
class. Place your green card on your table once you have 
answered all questions; use the red card in case you 
need help. You will have 5 minutes!” 

Extension: The T can introduce the App “Beat the 
Microbead”. 

The S match the cards. 
 
Some S present their results 
in class. The S compare 
their matches with those 
presented and, if necessary, 
correct and then stick them 
into their WB. 

IS 
 
Plenum 
 
 
 
 
 

 
Plenum/ IS 

PPT (slide 20),  

computer,  

projector,  

WB (p. 7), 

memory cards, 

voting cards 

Internal 
differentiation: 
Learning style 
and work 
speed, 

securing 
knowledge, 

change of 
methods, 

authenticity 

6 

D
ee

p
en

in
g 

III
 The T asks the S to use the dices again and forms small 

groups. The S are supposed to throw the dice; numbers are 
assigned to a term of a common type of plastic. Without 
using their WB, the S are supposed to name as much 
additional information as possible. 

The S throw the dice and, 
thereby, revise the 
information. The larger the 
group the easier it is to 
revise the facts 
collaboratively. 

Group work 
(collaborative) 

PPT (slide 21),  

computer,  

projector, 

dices 

Activation, 

communicative 
skills, 

revision, 

motivation 

5 

In
tr

o
 IV

 

The T turns to the next slide and allows the S to think about 
the question for half a minute. 
T: “What suggestions do you have?” 
The T encourages the S to share their thoughts and notes 
some on the board which serve as hypotheses. If the S do 
not come up with the three Rs, the T presents them via 
the PPT (refuse, reduce, and recycle). 

The S share their thoughts. Plenum PPT (slide 22),  

computer,  

projector 

Activation, 

authenticity 
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5 

El
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o
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 IV

 

The T plays a short clip (“Microplastics are Everywhere”, 
TEDx Talk), which introduces three additional Rs. If the 
video on the PPT does not work, the grey box in the right 
corner provides a link to the YouTube-video (8:31- 10:51 
min). Watch a second time. The S are supposed to take 
notes on the Rs and present the information. 

Add-on: If the S are not familiar with TED, provide a short 
explanation or prompt some S to introduce the platform. 

The S focus on the 
additional Rs. 
 
The S define the Rs and take 
notes. 

IS 
 
 

Plenum 

PPT (slide 23),  

computer,  

projector, 

WB (p. 8), 

video clip 
(https://www.youtu
be.com/watch?v=jjs
rmFUmyh4) 

Change of 
methods, 

differentiation: 
Learning type, 

authenticity, 

link to media 

5 

Se
cu

ri
n

g 
IV

 

The T points to the WB in which the Rs are illustrated and 
walks the S through it. 
The T explains the homework (3-Day-Challenge): 
The S should list throwaway plastic items and think about 
which of the Rs would be best to apply. 
The T makes the requirements obvious as how to present 
their results (e.g., discussion or presentation). 

 
 
The S carry out the task at 
home. 

Plenum PPT (slides 24-
25),  

computer, 

projector, 

WB (p. 9) 

Internal 
differentiation: 
Temporal and 
personal, 

authenticity, 

motivation 

10 

D
ee

p
en

in
g 

IV
 

The T introduces an activity to sort throwaway articles into 
one of the six categories illustrated on the board: 
T: “Now, we will practice what you have to do at home. 

You will receive one card, which shows an item that is 
often thrown away. Decide which category of “The Six 
Rs” would be best for it and fix it on the board!” 

A follow-up discussion allows alternative suggestions. 
Add-on: Creative suggestions, e.g., using milk cartons to 
build lanterns, could build a cooperation with ,e.g., arts.1 

The S reflect upon their 
everyday objects and sort 
them into one of the given 
categories. 
 
 
The S consider alternatives. 

IS 
 
 
 
 
 
Plenum 

PPT (slide 26),  

computer, 

projector, 

cards, 

board 

Activation of all 
students, 

participation of 
all, 

motivation, 

reference to 
everyday life 
(authenticity) 

15 

D
ee

p
en

in
g 

V
II

 

The T leads to the soil experiment: 
T: “Let’s get back to the soil experiment. Get together in 
your groups, take your jar, empty it, and analyze your 
samples according to the instructions in your WB!” 
The results of all groups are compared in plenary. 
Extension: As a homework, the S create a circular model 
for a certain product to present in class. 
Extension: A discussion serves as a sum-up. 

The S fill in the table in their 
WB, while discussing with 
their partners. 
The S present their results 
in class and learn about 
other results. The S add 
relevant information to 
their protocols. 

Group work 
(collaborative) 
 
Plenum 

PPT (slides 27-
29), 

computer,  

projector, 

WB (p. 5-6, 10) 

Activation, 

authenticity, 

motivation, 

summary 
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    1 Ideas to build a lantern or houses out of a paper milk carton:  
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