The work presented in this document has received funding from the European Union’s ERASMUS+ programme project STE(A)M IT (Grant
agreement 612845-EPP-1-2019-1- BE-EPPKA3-PI-FORWARD), coordinated by European Schoolnet (EUN). The content of the document is
the sole responsibility of the organizer and it does not represent the opinion of the European Union or the Education, Audiovisual and
Culture Executive Agency, which are not responsible for any use that might be made of the information contained.

Integrated STE(A)M IT Learning Scenario:
The Pollution and the Greenhouse Effect (The Earth is in danger! Let’s protect our planet!)

STE(A)M IT INTEGRATED LEARNING SCENARIO
Introduction ..................................................................................................................... 3
Title .................................................................................................................................. 4
Authors ............................................................................................................................ 4
Summary .......................................................................................................................... 4
Licenses ............................................................................................................................ 5
Subject (s)......................................................................................................................... 5
Real- life questions ........................................................................................................... 6
Aims of the lesson ............................................................................................................ 6
Connection to STEM careers ............................................................................................. 8
Age of students................................................................................................................. 8
Time ................................................................................................................................. 8
Teaching resources (material & online tools) ..................................................................... 9
21st century skills ............................................................................................................ 10
Lesson Plan ..................................................................................................................... 11
Initial assessment ........................................................................................................... 16
Formative evaluation ...................................................................................................... 16
Final assessment ............................................................................................................. 16
Teacher feedback............................................................................................................ 17
Annex 1 .......................................................................................................................... 18
Annex 2 .......................................................................................................................... 22
Annex 2.1 ....................................................................................................................... 22
Annex 2.2 ....................................................................................................................... 28
Annex 2.3 ....................................................................................................................... 34

2

Integrated STE(A)M IT Learning Scenario:
The Pollution and the Greenhouse Effect (The Earth is in danger! Let’s protect our planet!)

INTRODUCTION
In order to inspire students, see the added value of STEM subjects and careers, contributing
the same way in tacking unfavourable perceptions and the overall lack of interest in Science,
there is a need to reconsider the way STEM subjects are taught. For this purpose, there is a
need for an integrated way of teaching. More specifically, there is a need to combine Science
classes with other disciplines, ensuring that the integrated STE(A)M education will
contextualize STEM teaching is such a way that it becomes more attractive for every student.
Right now, there is no integrated STE(A)M education framework in Europe that will further
enhance coherence in STEM education. It is essential to bring together partners from
different countries, already working in STE(A)M education, policy, pedagogical innovation
and professional development of teachers, educators and school leaders, and engage them
in discussions, planning, implementing and the review of new practices.This will ensure that
the topic is given new and more intense attention within each country. Therefore, the
STE(A)M IT project will lead the way in the creation and testing of the 1 st Integrated STE(A)M
framework, aiming to strengthen the coherence in STEM education by defining collectively
with MoEs and STEM teachers the integrated STE(A)M education framework. The focus
group teachers that will create interdisciplinary and innovative teaching and learning
scenarios, will be used to test the proposed framework of reference for integrated STE(A)M
education.
The creation and implementation of the aforementioned frameworks particularly important
for students who do not link STEM subjects and their use with their everyday life, but most
importantly with their future career paths. The teaching of each STEM subject individually
often prevents students from linking those subjects, consequently missing out on a cohesive
educational opportunity that might largely affect their study path choice and eventually
career.
It is additionally important for teachers of Primary and Secondary schools to work together
and fully exploit the benefits of the in-between them collaboration, while contributing to the
creation of innovative and cross-disciplinary approaches to STE(A)M teaching in education,
each adding their own insight, expertise and knowledge. This collaboration and continuous
feedback aim to provide an opportunity for reflection and support a steady and much
necessary change in formal education but also career consultancy. This way, schools will
assume the additional role of mentorship supporting their students collectively.
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A STE(A)M IT Integrated lesson plan is a teacher's detailed description of the course of
instruction or "learning trajectory" for a lesson, a guide and a document that will be
continuously improved and updated. Each lesson needs to combine three subjects, two of
the subjects must be STEM and the third subject can be either STEM or non-STEM. is about
designing educational activities that facilitate deep learning to enhance 21st century skills
such as critical thinking, collaboration, communication and creativity and divergent thinking.
Designing a path based on methodologies such as Problem, Project and Challenged Based
learning allow to incorporate problem-solving, inquiry and design based learning into the
teaching activity taking care of real challenges in an authentic context, that of our world.
With this in mind, an integrated STEM approach will develop capable citizens who personally
and professionally make informed decisions in their daily lives and have the power to follow
STEM careers and guide innovation at any age.
Title
The pollution and the Greenhouse Effect (The Earth is in danger! Let’s protect our planet!)
Authors
Isabela Elena Ciurea (Physics Teacher)
Aura Matei (Chemistry and Technology, analyst in sciences lab)
Simona Ungureanu (Biology Teacher)
Raluca Olteanu (Foreign Languages Teacher)
Summary
In our community we have a big problem that affects everyone’s lives. In our town and in a
lot of nearby localities there are a lot of industrial waste deposits, many of them of oil and
oil derivates waste. Because of the chemical reactions between them there are constantly
liberated very dangerous gases in the atmosphere, which smell bad and affect our health
(this is a real problem in our county). A lot of non-governmental organizations promoting
ecology at local level revealed this problem but not all the people understand the risks.
Some laboratories measured the air quality and the data collected revealed that in the air
are liberated a lot of types of gases.
All those gases that are emitted in the atmosphere, are responsible for enhancing the
greenhouse effect and, affect our health in the long-term as the studies made by competent
medical and healthcare institutes demonstrate.
Besides that, in our county, an area with significant industrial activity and with a significant
population, we are facing a dramatic deforestation due to exploitation of space and the
construction of houses and factories. The living standards have increased but also the
number of cars and daily consumption of the resources.
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We are living in a very friendly planet which looks like paradise. We all know that in our solar
system there are some planets and satellites situated almost at the same distance from the
sun but on which life is impossible because of the climate conditions determined by their
atmosphere and the greenhouse effect.
In this STE(A)M integrated learning scenario we will bring greenhouse effect and climate
change in the classroom using IBSE.
Licenses
Attribution CC BY. This license lets others distribute, remix, tweak, and build upon your
work, even commercially, if they credit you for the original creation. This is the most
accommodating of licenses offered. Recommended for maximum dissemination and use of
licensed materials.
Subject (s)
Physics
•

Types of radiation

•

Earth atmosphere

•

Greenhouse effect

•

The positive role of greenhouse effect

•

Measure the temperature in different conditions (environmental, in a greenhouse, in a
atmosphere with different amount of greenhouse effect gases);

•

Performing simulated experiments to investigate greenhouse effect

Chemistry
•

The evolution of Earth’s atmosphere

•

The chemical composition of Earth atmosphere

•

Making simple experiments to investigate the greenhouse effect, to produce
greenhouse effect gases and the heating effect they are producing

•

Measure the temperature using thermometers or sensors and coding micro:bit

Biology
•

Photosynthesis

•

investigate about how the amount of light, the rising of carbon dioxide amount, the
rising of temperature and the increasing of soil humidity, due to greenhouse effect, are
influencing the plants growing

Social sciences, arts, literature
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•

Social competences in the prevention of pollution, reducing, reusing and recycling

•

Expression social competences through arts and literature

Real- life questions
Climate change:
•

What is a planet atmosphere and why is so important the composition of a planet
atmosphere?

•

What is the composition of Earth atmosphere?

•

How it works the atmosphere on Earth and how it affects the weather conditions?

•

What is greenhouse effect?

•

It is useful the greenhouse effect on Earth?

•

Which are greenhouse effect gases and how they are produced during the ages and
nowadays?

•

What effects could have a higher concentration of greenhouse effect gases on plants,
animals and human beings?

•

What can we do for prevent the climate change?
Pollution:

•

The pollution in our town and in the county will conduct to an increasement of
greenhouse effect gases. What will be the consequences and what we have to do?

Aims of the lesson
Conceptual: Get acquainted with some topics such as: types of radiation, atmosphere,
chemical composition of Earth atmosphere, greenhouse effect, greenhouse effect gases,
photosynthesis, global warming.
Procedural: Examine the influence of greenhouse effect gases on air temperature;
examine the influence of rising temperature, of greenhouse effect gases, of
desertification and of the amount of light on plants’ growing.
Factual: Measure the temperature with thermometers, calculate the variation of
temperature in different situation.
Meta-cognitive: Learn how to process data from a virtual experiment or to a real
experiment.
Social, communication and artistic competences:
•

Develop social competences in the prevention of pollution, reducing, reusing and
recycling.

•

Expression of the social competences through arts and literature.
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•

In the first lesson- Physics (2 hours) the students will watch some short films about the
differences related to the climate conditions on different planets from our Solar System.
They will be asked to formulate a hypothesis about the causes (the planet atmosphere,
the composition of atmosphere, the presence of the greenhouse effect gases in planet’s
atmosphere etc). After that, they will investigate this hypothesis using a simulation.
They will simulate:
a) a greenhouse and the role of glass layers in increasing the temperature inside
b) the greenhouse effect on different ages of the Earth (ice age, before industrialization
and today) and they will observe that the increasing of temperature on Earth is due to it
c) the interaction of light and infrared radiation emitted by Earth land with almost all
types of molecule existing in Earth atmosphere

•

They will understand how are working the greenhouse effect gases on a planet
atmosphere and how they interact with light and infrared radiations.

•

They will understand that greenhouse effect had a positive role during the ages (heating
the atmosphere and creating the proper conditions for life).

In the second lesson- Chemistry (2 hours) the students will see a short film about how did
the atmosphere form and its chemical composition.
The students will understand that:
•

without atmosphere did not appear the greenhouse effect

•

without the greenhouse effect the earth would not have warmed enough

•

without the atmosphere and the heat there would have been no life, as we
know it today.

•

the atmosphere is indispensable

•

the greenhouse effect is not harmful, on the contrary

After that we make some simple experiments in order to produce greenhouse effect gases
and observe the heating effect they are producing. Measuring the temperature in an
environmental space in which there are produced greenhouse effect gases, more than the
atmospheric air can handle, they will understand that human activity pollutes the
environment, with major effects on climate changes; In the third lesson- Biology (1 hour)
students will repeat some information about photosynthesis (definition, the explanation of
this process), how, under sun radiation, water and carbon dioxide are transformed into
glucose, with release of oxygen into the atmosphere. The plants are seen as ‘oxygen
factories’, but can they grow in any climate conditions?
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In this lesson we will investigate how the amount of light, the rising of carbon dioxide
amount, the rising of temperature and the decreasing of soil humidity, due to greenhouse
effect, are influencing the plants growing. We will use two types of plants.
The students will conclude that the majority of the plants
(cereals, vegetables, fruit trees) which represent the basis for food for humans and animals
are dramatically influenced by these factors. After that they will discuss about what humans
can do in order to prevent pollution and global warming.
Non-STEM – lesson – Foreign Language Lesson, Arts
After all the aforementioned lessons, students will discuss in English about the
consequences of climate change (rise of temperature, desertification, melting of the ice cap,
rising ocean level, lack of food, overall lack of resources etc) during an individual lesson
coordinated by the non-STEM teacher of our team. In addition, they will discuss possible
solutions as to what we should do in order to reduce all these harmful effects on the
environment (preservation of water, energy, fuel, food, use of renewable sources of energy,
we can stop the irrational deforestation, we should do a massive afforestation, we have to
reduce, reuse and recycle the waste etc). The students can express their opinion through
arts (paintings) made by themselves at home.
Connection to STEM careers
• Environmental scientist: students will gain knowledge about the atmosphere
composition, the greenhouse effect, the climate change, the effect of greenhouse effect
gases on the rising of global temperature and its consequences on plants, humans and
animals’ life.
•

Expert in the fields of sciences because they will enhance simple sciences project (the
study of greenhouse effect, the influences of different types of greenhouse effect gases
on the rising of temperature).

•

Biologist: studying the influence of different factors (temperature, humidity, the
concentration of greenhouse effect gases) on plants growing and development.

•

Botanist

•

Meteorologists and experts studying atmospheric pollution

•

Sciences teacher

Age of students
13-15
Time
Preparation time: 1.5 hours to prepare the experiments (0.5 for chemistry experiment, 1
hour for biology experiment)
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Teaching time: 7 hours
•

Preparation:(Lesson 1) 1 hour

•

STEM Subject 1: Physics: 2 hours

•

STEM Subject 2: Chemistry 2 hours

•

STEM Subject 3: Biology: 1 hour

•

non-STEM subject: Languages/ Arts: 1 hour

Teaching resources (material & online tools)
Materials:
For Physics lesson:
Created by teacher:
•

https://padlet.com/isabela_ciurea/vg46wh749ea1- for the Orientation phase

•

Quiz 1 in Romanian language (we used it with our students) – for the Orientation phase
https://docs.google.com/forms/d/1od0m6swXzZCW9CP9ath23pn7tOnEDlrhTKIfPqXRww
I/prefill

•

The same Quiz 1 translated into English https://docs.google.com/forms/d/1jhFT6AY6K4yGf_T7WbET4Dg2PJI2h1HN8BsKRn03ZE/edit?usp=sharing

•

https://ro.padlet.com/isabela_ciurea/b92gde2s8veg for the Conceptualisation phase

•

Students worksheet for experimentation phase (physics).

•
•

For Chemistry lesson:3 glass jars with lids. A thermometer is placed in each lid
4 thermometers, one in each jar and a control one measuring the ambient air
temperature (we can use micro: bit and code and temperature)
• 2 Berzelius beakers (100ml and 150ml);
• sodium bicarbonate and vinegar, which will be used to produce carbon dioxide
• spatulas
• graduated cylinders
• clamp stand.
• Students worksheet for experimentation phase (chemistry).
•

A model of a students’ worksheet solved by the chemistry teacher with the conclusions
of the experiment.

For Biology lesson:
•
•
•
•

3 plastic bottles
10 glasses of soil
A ruler for measure the height of the plants
5 thermometers
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• One spray
• Students worksheet for experimentation phase (biology).
•

A model of a students’ worksheet solved by the biology teacher with the conclusions of
the experiment.

Online tools:
For Physics lesson:
•

https://www.youtube.com/watch?v=qudsh6PfN3c

•

https://www.youtube.com/watch?v=ZXZzQp-Nfsk

•

https://www.youtube.com/watch?v=tsBAozoyYZw

•

https://phet.colorado.edu/en/simulation/greenhouse

For Chemistry lesson:
•

https://www.descopera.org/incalzirea-globala-si-efectul-de-sera/

•

https://www.khanacademy.org/partner-content/big-history-project/solar-systemand-earth/what-young-earth-was-like/v/bhp-earth-and-early-atmosphere

•

https://www.britannica.com/topic/evolution-of-the-atmosphere-1703862

•

https://www.britannica.com/science/climate-change/Climate-change-since-theemergence-of-civilization

For Biology lesson:
•

https://www.youtube.com/watch?v=0NFu4QBIXRw&feature=emb_rel_end

Online tools for all the lessons:
•

Google classroom; Padlet

•

students’ worksheets

•

quizzes

•

online materials

21st century skills
This lesson plan will enhance among the students the following skills, defined as 21st century
skills:
1. Critical thinking: they will analyse the data collected during the experiments made by
them in all the STEM lessons, they will reflect on the results and they will conclude.
2. Creativity: they will write essays about the consequences of climate change (rise of
temperature, desertification, melting of the ice cap, rising ocean level, lack of food,
overall lack of resources etc) and they will discuss possible solutions as to what we
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should do in order to reduce all these harmful effects on the environment
(preservation of water, energy, fuel, food, use of renewable sources of energy, we
can stop the irrational deforestation, reuse and recycle the waste etc). The students
can express their opinion through arts (paintings) made by themselves.
3. Collaboration: they will collaborate between groups at the biology lesson and in each
group to realize the final power point presentation of the group work.
4. Communication: They will communicate in the conceptualization phase of each
STEM lesson and after the investigation phase of each STEM lesson, concluding the
results of the experiments.
5. Information literacy: the students are asked to inform from multiple source of
information.
6. Media literacy and technology literacy: They will create some Power Point
presentations and films using different apps and online tools.
Lesson Plan
The implementation of integrated STEM teaching and learning is facilitated by the use of
specific pedagogical approaches (PBL, IBL, etc). In order to facilitate the research done by the
teachers and the design of activities by teachers, a selection of such approaches is presented
in Annex 1. Maintaining Annex 1 in the Learning Scenario and citing where necessary is
mandatory.
Name of

Procedure

Time

activity
1st Lesson
Brainstorming

•

and discussion

We will we invite experts from a non-governmental

30’

organisation which operated in our county to speak
about the pollution problem we face due to the bad
management of waste for industrial activities.
•

We will invite local authorities, teachers and the
students involved in this project.

•

The teachers will present the aims, the summary of
the project and the expected results.

Discussion and The students will be divided in four groups (5 students per 20’
preparation

group).

for the next They will be asked to download Padlet on their phones and
lesson

other online tools we are using on the lessons.
Using Google Classroom, the teachers will create groups for
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Name of

Procedure

Time

activity
sharing the materials.
Learning

Padlet, students’ worksheets, assessment tools, links to

products

online materials etc.
2nd Lesson

STEM Subject 1
Videos,

Physics

100’

The students will see some short films about the differences 20’

discussion and related to the climate conditions on different planets from
hypothesis

our Solar System.

formation

After that, they will be asked to formulate hypotheses about 30’
the causes (the planet atmosphere, the composition of
atmosphere, the presence of the greenhouse effect gases in
planet’s atmosphere etc).
They will investigate these hypotheses using this simulation

40’

https://phet.colorado.edu/en/simulation/greenhouse
Investigation

They will investigate:

and

a) a greenhouse and the role of glass layers in increasing the

conclusions

temperature inside
b) the greenhouse effect on different ages of the Earth (ice
age, before industrialization and today) and they will observe
that the increasing of temperature on Earth is due to it
c) the interaction of light and infrared radiation emitted by
Earth land with almost all types of molecule existing in Earth
atmosphere
They will understand how are working the greenhouse effect
gases on a planet atmosphere and how they interact with
light and infrared radiations

10 min

They will understand that greenhouse effect had a positive
role during the ages (heating the atmosphere and creating
the proper conditions for life)
Learning

•

Answers to questions using Padlet

products

•

Answers to a Quiz
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Name of

Procedure

Time

activity
•

Conducting three virtual experiments, collecting data about the
temperature and data interpretation (They use the students
worksheet made by the physics teacher)

•

A short film/ a power point presentation made by each group in
which they described the investigation and the conclusion of the
investigation (one per group)
3rd Lesson

STEM Subject 2
Videos,
discussion and

Chemistry
The students will understand that:
•

hypothesis
formation

100 min
20 min

without atmosphere did not appear the greenhouse
effect

•

without the greenhouse effect the earth would not

30 min

have warmed enough
•

without the atmosphere and the heat there would
have been no life, as we know it today.

Investigation

•

the atmosphere is indispensable

•

the greenhouse effect is not harmful, on the contrary

and

After that we make some simple experiments in order to

conclusions

produce greenhouse effect gases and observe the heating

50 min

effect they are producing. Measuring the temperature of the
environment/close space in which there are produced
greenhouse effect gases, more than the atmospheric air can
handle, they will understand that human activity pollutes the
environment, with major effects on climate changes.
Note: For measure the temperature they will use
thermometers
Learning

Conducting real experiments, collecting data about the evolution in time

products

of the temperature in three different closed jars (air like in a
greenhouse, air and water vapor, air and carbon dioxide) and data
interpretation (they will use the students’ worksheet made by the
analyst from the chemistry lab).
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Name of

Procedure

Time

activity
•

Represent graphs of temperature in the three closed jars as a
function of time, make comparison and interpretation
They will conclude that:
o in order to have the greenhouse effect is sufficient a closed
space exposed to the Sun (the Earth atmosphere gases)
o the greenhouse effect produced by a mixture of air with water
vapor, respectively by a mixture of air with carbon dioxide is
higher than that produced by simple air
o the greenhouse effect produced by water vapor is higher than
the one produced by carbon dioxide.

•

Students worksheet - Chemistry

•

A short film/ a power point presentation made by each group in
which they described the investigation and the conclusion of the
investigation (one per group)
4th Lesson

STEM Subject

Biology

50’

3
Videos,

In this lesson the students will repeat some information 15’

discussion and about photosynthesis (definition, the explanation of this
hypothesis

process), how, under sun radiation, water and carbon dioxide

formation

are transformed into glucose, with release of oxygen into the
atmosphere. The plants are seen as ‘oxygen factories’, but
can they grow in any climate conditions?

Investigation

In this lesson we will investigate how the rising of carbon

and

dioxide amount, the rising of temperature and the increasing

conclusions

of soil humidity, due to greenhouse effect, are influencing
the plants growing. We will use two types of plants.
The students will conclude that the majority of the plants

35’

(cereals, vegetables, fruit trees) which represent the basis for
humans and animals’ food are dramatically influenced by
these factors.
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Name of

Procedure

Time

activity
After that they will discuss about what humans can do to
prevent pollution and global warming.

Learning

•

Answers to a quiz

products

•

Conducting real experiments, collecting data about the height of
two different plants measured daily in different environmental
conditions. They will investigate for answer at these questions:

1. How the desertification due to the greenhouse effect will
affect plants? (group1)
2. How the increasing of the amount of carbon dioxide will
affect plants growing? (group 2)
3. How the increasing of air temperature will affect plants?
(group3)
4. How the amount of light influences plant growing? (group4)
5. All the plants react in the same way at the changes of the
environmental conditions. (group 5)
• A short film/ a power point presentation made by each group in
which they described the investigation and the conclusion of the
investigation (one per group)
•

Students worksheet for each group- Biology

Materials that complement the text, can be found in the Annexes
section, please refer to them.
5th Lesson
non-STEM

English

50’

The students will discuss about the consequences of climate

50’

subject
change (raising the temperature, desertification, melting the
ice cap, rising ocean level, lack of food, lack of resources etc)
and what we should do to reduce all these harmful effects
on the environment (We can preserve water, energy, fuel,
food, we can use renewable sources of energy, we can stop
the irrational deforestation, we should do a massive
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Name of

Procedure

Time

activity
afforestation, we have to reduce, reuse and recycle the
waste etc)
The students will express their opinion writing short essays
on this topic.
They will be asked to express their opinion through arts:
paintings and drawings. The best compositions will be
chosen to participate in the Leonardo4Children 2020
Competition
Learning

Each group will make a PowerPoint presentation after a structure

products

communicated before in which they will use all the information learned
during the lessons.
Essays on the topic of greenhouse effect, pollution and climate change.
Paintings, drawings etc

Initial assessment
The students will receive a quiz with some simple questions related to greenhouse effect
and its main consequence- climate change. We will use Class Marker, a quiz maker which
offer the possibility to view statistics on each question.
We can do also a KWL diagram at the beginning of the lessons.
Formative evaluation
• Analysing the students answers on Padlet
•

Analysing the students’ worksheet after they performed the experiments

•

We will make short quizzes at the end of each lesson and compare the results with
the results from the initial assessment

Final assessment
• A final quiz with question related to the topics covered in all the lessons
•

The evaluation of the Power Point presentation

•

The students will express their opinion writing short essays on this topic.

•

They will be ask to express their opinion through arts: paintings, drawings, dance etc.
The best compositions will be choose to participate in the Leonardo4Children 2020
Competition. https://carano4children.org/
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Teacher feedback
The learning scenario was implemented between May and June 2020 with mixed
implementation, some of the activities took place online and some in the school’s garden.
The implementation overlapped with the Covid-19 epidemic crisis. When it comes to
challenges faced, the projects and hands-on activities started with 24 students initially and
concluded with 19; some students opted not to participate in the online activities. Both
teachers and students had to dedicate a lot of time in getting more familiar with online tools
used for remote teaching. This affected our schedule, the overall timeline of the learning
scenario which was adapted and extended. That being said, all the activities initially planned
took place and we developed and implemented a genuinely integrated STEAM learning
scenario addressing very contemporary and real problems that are relevant at large and
specifically for our community, since the real-life questions and STEM career paths that
were illustrated in this learning scenario revolve around the topic of the environment. In
addition, we worked very well collaboratively as a team and involved supportive pedagogical
staff, the analyst from our chemistry lab. Students produced a wide variety of learning
products including quizzes, worksheets, graphs, short films, Power Point presentations,
essays and drawings.
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Annexes
A thorough and complete list of all the materials used will be asked from all teachers. Those
materials will be cited as Annexes and they can be further cited in the learning scenario.
Annex 1
PEDAGOGICAL TRENDS IN EDUCATION

Disclaimer: Information presented in this document has been
previously partially published in the Scientix Newsletter “Pedagogical
trends in education”, May 2019:
http://files.eun.org/scientix/scx3/newsletter/Scientix-Newsletter-May19.pdf
Inquiry-based science education
IBSE adopts John Dewey’s principle that education begins with curiosity (Savery, 2006), and
makes students go through all the steps of scientific research: ask a question, develop a
hypothesis, plan how to test this hypothesis, collect data, analyse the results and share it
with peers (Pedaste et al. 2015). IBSE is ideal for science education, because it makes
teaching more hands-on, and is perfect to learn how scientific research works. Students
learn how to formulate questions answerable through experimentation. The teacher has
both a facilitator role and an instructor role, making it an in-between method compared to
full facilitation in problem-based, and instruction in project-based learning. However, the
approach can be gradually made student-directed students can start an IBSE project with a
question provided by the teacher, and then can come up with their own questions to
transfer what they learned for deeper learning.
IBSE does not only tap into creativity, problem-solving, and critical and analytical thinking. It
also sets the stage for learning about how to collect and interpret data (become science and
data-literate), and how to do this ethically and reliably. All these are skills of the 21 st century,
where data is abundantly available in every part of life.
As mentioned in the recent European Schoolnet publication, while inquiry-based science
education (IBSE) has been already around in STEM education for decades, there is still much
room for improvement in teachers’ development and continued dissemination of innovative
pedagogical approaches. To highlight the impact of IBSE, its challenges, and the initiatives
addressing these, we published the “Teacher Training and IBSE Practice in Europe, A
European Schoolnet overview”.
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Research shows that IBSE results in greater interest in Science, and motivation for STEM
careers. Another important observation from the publication is that the benefits of IBSE are
long-term and maintained, in contrast to the short-term acquisitions of traditional
pedagogies that also come with less inclusion of both genders, and less interest in STEM.
One challenge is teacher support: teachers report that they receive little support in
implementing IBSE in their classroom. Another challenge to IBSE is standard assessment:
PISA tests, as well as end-of-secondary-education exams, are still more focused on recall and
repeated-drill exercises, deterring the use of more diverse pedagogies. In order to better
integrate inquiry-based methods in school curricula, standardized tests also need to evolve
along with traditional pedagogies.
Problem, project and challenge-based learning
Problem-based learning (PBL) is a student-centred multi-disciplinary method that was
initially adopted in medical education as a means to put multiple topics in context(Newman,
2003) PBL aims to make students good problem-solvers in the real world: for instance, to put
knowledge from multiple disciplines into use, and be able to work with others productively.
After all, real-world problems are hardly ever solvable by one single discipline and one single
person.
A PBL activity consists of working on an open-ended, even ill-defined question, with no
solution provided by the teacher. Students need to work collaboratively and devise a
solution to the problem by themselves. The key component is that it is student-centred
students are more motivated when they are responsible for the solution to the problem, and
when the whole process rests with them (Savery, 2006). Decades of research has established
that although students who went through PBL do not necessarily score better on
standardized exams, they are definitely better problem-solvers (Strobel & van Barneveld,
2009).
Project-based learning also involves collaborative learning and finding a solution to a
problem. However, the process and the end product are more specified from the beginning.
Students work on a project for an extended period of time, a project that will produce a
solution to a complex question or solve a complicated problem. The role of the teacher is
more active here because multiple obstacles are typically encountered in the production of
something like a rocket, or a space habitat, and these obstacles mark the moments for the
teacher to instruct specific topics.
Finally, with challenge-based learning (CBL)(Johnson et al. 2009), students are again asked
to develop a solution to a problem. However, they are only provided with a “big idea”, a
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societal problem that they need to address with a challenge of their choosing (e.g.
disinterest in mathematics, low upturn in elections). While the use of technology can be
considered optional in other trends, technology needs to be incorporated in every step in
CBL. Similar to project-based learning, there is an end product, although this product is
determined in the process, not at the beginning. The focus is on the use of ICT in the
collection of data and sharing the results.

Design thinking
If IBSE recreates scientific methodology in the classroom, design thinking (DT) does the
same for design and prototype production. DT helps students develop the skill to identify
problems and needs in the society, and entrepreneurship. DT can be implemented within
problem or project-based learning the difference is that the problem is identified by
students, and the end product is a prototype to solve the problem. The product is tested and
refined in multiple iterations. Students go through a cycle of steps: (1) empathize (2) define
(3) ideate (4) prototype (5) test.
Blended-learning and the flipped classroom
In a classroom where all students are facing the instructor, each moment there will be
students drifting from the topic, even if for thinking deeper about a specific point in the
lecture. It is challenging to have the undivided attention of the whole classroom because
each student has a different way of learning and a different pace. With online content,
students can learn the material at home at their own pace. In turn, the teacher can use the
classroom to engage students in debates, projects and group assignments. Blended-learning
and flipped classroom are instructional strategies that help students learn in their own pace,
and deepen their learning with making the most of classroom hours. Although these
concepts are used interchangeably, they are slightly different: while blended learning
complements online learning with class instruction and support, the flipped classroom
requires students to learn the material before coming to class and do assignments and
projects during class hours.
Content and Language Integrated Learning (CLIL)
Content and language integrated learning (CLIL) is a well-positioned pedagogical approach
that emphasises on the integration of foreign language and thematic content within the
context of all school subjects. CLIL is a pedagogical approach that allows to teachers and
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students use a foreign language as the medium of instruction in non-linguistic subjects,
allowing this way the practice and improvement of both the second language and the
immersion to subjects that may vary from science subjects to humanities. According to
Cenoz et al. (2013) "the European Commission and the Council of Europe have fundedmany
initiatives in support of CLIL because it responded to a need in Europefor enhancing secondlanguage (L2) education and bilingualism that was well-received"and research further
supports that CLIL is applied successfully in task-based pedagogies. In addition, when it
comes specifically to the application of CLIL in the science classroom there are specific
advantages including enabling learners to learn a school subject that exists in their
curriculum using the respective second language they are learning, provide authentic
learning settings while using the resources available at their school and support learners’
cognitive skills by equally supporting language practice and the teaching of science context.
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Annex 2
Add here your annexes
Annex 2.1
LESSON PLAN PHYSICS
INQUIERY -BASED SCIENCE EDUCATION
Lesson 2: Physics (120 min- total)
ORIENTATION (20 min)
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1) We will watchshort films about climate conditions on The Moon/on Mars and on
Venus
a) https://www.youtube.com/watch?v=qudsh6PfN3c- Heaven and Hell- Cosmos, Carl
Sagan (from 34:31 to 46:30) (12 min)
b) https://www.youtube.com/watch?v=ZXZzQp-Nfsk- Weather on other planets (4:20
min)
c) https://www.youtube.com/watch?v=tsBAozoyYZw- Why NASA won’t send humans to
Venus (2:57 min)
2) Asking students to identify some elements after they saw the short films mentioned
before (ex: types of radiation, planet’s atmosphere (definition, composition), How it
works the planet atmosphere, weather conditions, greenhouse effect). (5 min)
3) Brainstorming about the differences between the temperature on the Earth and the
Moon despite there are almost situated at the same distance from the Sun and also
about the differences between temperature on The Earth and Venus. (5 min)
Questions:
•

Why the weather conditions are different on Earth and Moon despite they are at the
same distance from the Sun?

•

Why the weather conditions are different on Earth and Venus despite they are at similar
distance from the Sun?
In order to do that, I made a Padlet https://padlet.com/isabela_ciurea/vg46wh749ea1,
sharing with them and asking answers.
4) Discussion and preparation for the next lesson
CONCEPTUALIZATION (30 min)
After the orientation phase, in which we explored the lesson topics : types of
radiation, planet atmosphere, composition of earth atmosphere, how it works the Earth
atmosphere, greenhouse effect, we will divide the class in four groups and tell them to
ask these question or to formulate related question.
Ex of questions:

•

What is a planet atmosphere?

•

Why is so important the composition of a planet atmosphere?

•

What do you know about the composition of Earth atmosphere?

•

How it works the atmosphere on Earth and how it affects the weather conditions?

•

What is greenhouse effect?

•

It is useful the greenhouse effect on Earth?
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•

Which are greenhouse effect gases?

In order to do that, I made a padlethttps://padlet.com/isabela_ciurea/hm96on55lox5 ,
sharing with them and asking answers.
We can the Padlet we remake it putting additional materials
https://padlet.com/isabela_ciurea/b92gde2s8veg
INVESTIGATION (40 min-total)
Exploration (5 min)
After the students identified the research questions, we ask them to familiarize with
this simulation tool https://phet.colorado.edu/en/simulation/greenhouse

Figure 1: Own screenshot from Phet Colorado
Image source- capture fromhttps://phet.colorado.edu/en/simulation/greenhouse

Experimentation (35 min- total)
Experiment 1 ( 10 min)
-Start “glass layers”
- Set temperature in (o C)
- Compare “light photons” with “infrared photons”
- Identify what happens when the light from the Sun get to the land
- Repeat the experiment introducing additional glass panels
Measure each time the temperature of the Earth (o C) before and after the irradiation
and notice the results in the table below.
24

Integrated STE(A)M IT Learning Scenario:
The Pollution and the Greenhouse Effect (The Earth is in danger! Let’s protect our planet!)

tin(o C)

Nr. of glass panels

tfin(o C)

∆t (o C) =tfin - tin

0
1
2
3
Data interpretation
Answer these questions:
Define “light photons” and “infrared photons”
a. How are they represented in the simulation?
b. If you were talking to a friend about what you observe, how would you
explain what is happening with the energy from the sun and the energy from
the Earth without glass panels and if we are introducing a additional number?
c. Witch is the role of a glass panel into a greenhouse?
Experiment 2 ( 15 min)
-Start “greenhouse effect”
- Set temperature in (o C)
- Change the period of measurement (After each measurement press the button reset
and change the conditions)
- Observe the concentration of greenhouse effect gases for each period and notice it in
the table
- Identify what happens when the light from the Sun get to the land each time
- Measure each time the temperature of the Earth (o C) before and after the irradiation
and notice the results in the table below.
- Set on today the concentration of greenhouse effect gases to 0 and set the experiment
again
- After that set the concentration of greenhouse effect to lots than existing today and
set the experiment again
Time
measurement

of Greenhouse
gases

tin( o C)

tfin( o C)

∆t ( o C) = tfin tin

concentration
ice age

Small
CO2- 180ppm
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CH4- 0.380ppm
N20- 0.215ppm
1750

Medium
H20-70%rel hum
CO2- 280ppm
CH4- 0.730ppm
N20- 0.270ppm

Today

H20-70%rel hum
CO2- 388ppm
CH4- 1.843 ppm
N20- 0.317ppm

Today

0

Today

Ajustable
concentrationLots

than

existing
greenhouse
effect gases
Data interpretation
Analyse the results and answer the questions ( the students are encouraged to ask
themselves other questions.
a) How it works the atmosphere on Earth and how it affects the weather conditions?
b) If there were no greenhouse effect gases, what it would be the medium temperature
on Earth surface?
c) It is useful the greenhouse effect on Earth?
d) If you were talking to a friend about what you observe, how would you explain what
is happening with the energy from the sun and the energy from the Earth in time?
e) Why the temperature is higher when in the atmosphere there are greenhouse effect
gases?
f) Which is the role of greenhouse effect gases?
g) What it would be happen if the concentration of greenhouse effect gases would be
greater than Earth atmosphere can handle?
Experiment 3 (10 min)
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Regarding the composition of the atmosphere, which do you think there are the
greenhouse effect gases?
Use the Photon absorption tab
Select each type of gases and answer if light or infrared radiation are interacting with
that type of molecule and what are the that type of molecules?
Type of molecules

Interaction with light photons

Interaction with infrared

yes/ no

photons emited by the
Earth surface
yes/ no

N2
O2
H2O
CH4
N2O
Data interpretation
Observe what is happening with the infrared photons when they are interacting with the
gases with a non-symmetric structure?
CONCLUSIONS (10 min)
We ask the students to compare the answers they gave at the last three questions we
suggest them in the conceptualization phase with the answers after the investigation phase
and to formulate their conclusions about:
•

How it works the atmosphere on Earth and how it affects the weather conditions?

•

What is greenhouse effect?

•

It is useful the greenhouse effect on Earth?

•

Which are greenhouse effect gases?

•

What consequences can have the greenhouse effect gases in quantities more than our
atmosphere can handle?
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Annex 2.2
LESSON PLAN CHEMISTRY
INQUIERY -BASED SCIENCE EDUCATION
Lesson 3: Chemistry ( 120 min- total)
In this lesson we will learn about how did the atmosphere formed and its chemical
composition in different periods of history of Earth, as a planet.
They will reflect on the changes the Earth atmosphere undergone over time and they
will search on internet about the causes of the increase of greenhouse effect gases in the
last century, due to industrial activities.
After that we make some simple experiments in order to produce greenhouse effect
gases and observe the heating effect, they are producing. They will conclude and discuss
about the consequences of global warming.
ORIENTATION (20 min)
1) The teacher presents the results of the formative assessment applied at the final
of the previous lesson. In the same time, the students were asked to formulate
some consequences the greenhouse effect gases could have on our planet and
the teacher read these answers from the Padlets .E.g.: global warming, melting of
the ice cap, climate change, desertification, drowned polar bears.
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Figure 2: Greenhouse effect
Source: https://www.descopera.org/incalzirea-globala-si-efectul-de-sera/

So the Sun sends radiation to Earth. Some of these radiations are reflected, some are
absorbed by the ozone layer, the other part ends up on Earth and it heats up. This caloric
radiation is emitted to the atmosphere. Part of it warms the atmosphere, another part is
dissipated into outer space. The heat retained by the atmosphere causes the temperature to
rise, just like in a greenhouse, i.e. the greenhouse effect occurs.
The explanation is:
The greenhouse effect occurs due to the presence of the atmosphere.
The temperature increase occurs due to the greenhouse effect.
The greenhouse effect occurs due to gases: water vapour, carbon dioxide CO2,
methane CH4, N2O,ozone.
2)
a) We will watch a short video about how the Earth's atmosphere formed.
https://www.khanacademy.org/partner-content/big-history-project/solar-systemand-earth/what-young-earth-was-like/v/bhp-earth-and-early-atmosphere
b) After that use this image https://www.britannica.com/topic/evolution-of-theatmosphere-1703862
in order to illustrate the chemical composition of Earth atmosphere on prebiotic era
and today (nowadays)

Figure 3: Illustration on Earth’s atmosphere (Original source: Encyclopaedia Britannica)
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3) Brainstorming about the differences how the Earth atmosphere was changed during
its evolution, about the influence of plants and animals had on its composition, about
the appearance of the greenhouse effect as a consequence of the presence of
atmosphere, about the positive role of the greenhouse effect in the appearance of life
as we know today (10 min)
CONCEPTUALIZATION (30 min)
1) We ask students to make some quizzes (true- false), using the terms identified in
the film and in the previous lessons, and change it to the pair team.
We keep the same teams from the physics lesson. So, team 1 can exchange quizzes with
team 3 and team 2 with team 4.
Ex of questions: (true/ false)
- The Earth has always had the atmosphere (True False)
-The atmosphere has undergone numerous transformations and evolved with the
Earth (True False)
- The presence of plants and animals has altered the composition of the atmosphere
(True False)
- The appearance of the atmosphere determined the appearance of the greenhouse
effect (True False)
- The greenhouse effect appears without atmosphere (True False)
- Without the greenhouse effect the earth wouldn’t warmed enough (True False)
- The greenhouse effect is harmful (True False)
- The role of greenhouse effect was beneficial, thanks to it was possible the
appearance of life as we know it today (True False)
2) We ask students to formulate hypothesis about the changes in Earth
composition analysing the image from Britannica.
a) Which was the main composition of Earth atmosphere in prebiotic era and what is
today?
b) Why the amount of carbon dioxide was bigger in prebiotic atmosphere than
modern atmosphere. What happened to it?
c) What happened to the amounts of gas which produce greenhouse effect after
the beginning of the modern industrial era and what are the causes?
- what happened to CO2 amount and what are the causes?
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- what happened with CH4 amount and what are the causes?
-what happened with NO2 amount and what are the causes?
https://www.britannica.com/science/climate-change/Climate-change-since-theemergence-of-civilization
In order to do that, we made a Padlet.
Answers:
a) Before life began on the planet, Earth's atmosphere was largely made up of
nitrogen and a large amount of carbon dioxide. In the atmosphere there wasn’t oxygen at all.
b) After the appearance of plants and animals, it appears oxygen in the atmosphere,
and the amount of carbon dioxide decreases. Also is produced ozone (O3) from oxygen
(O2), under the action of ultraviolet rays emitted by the Sun. After photosynthesizing
organisms multiplied on Earth's surface and in the oceans, much of the carbon dioxide
was replaced with oxygen. Encyclopædia Britannica, Inc.
c) The amounts of greenhouse effect gases increased after the beginning of the
modern industrial era. Carbon dioxide increases in concentration due to:
- burning of fossil combustions
- deforestation.
With the increase in carbon dioxide concentration in the atmosphere, the ozone
concentration decreases.
Methane and ammonia increase in concentration due to:
- livestock farming (decomposition of manure)
- development of agriculture (decomposition of plant debris).
Nitrogen oxides appear and increase their amount due to:
- burning fossil fuels
- use of chemical fertilizers
- development of the chemical industry.
d) What do you think it will be the consequences of increasing the amounts of
greenhouse effect gases due to industrial development, related to the values of air
temperature, to the soil humidity etc?
Using Concept-Mapper Application https://www.golabz.eu/app/concept-mapper and
these terms :
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greenhouse effect gases, concentration, water vapor, CO2, CH4, influences, increase,
decrease, air temperature, soil humidity etc , we ask students to make a conceptual
map .
They are asked to formulate their hypothesis using Hypothesis Scratchpad, using the
same terms. https://www.golabz.eu/app/hypothesis-scratchpad
Obs: if the students don’t finish the conceptualization phase in the classroom, they will
continue it at home, as a homework.
EXPERIMENTATION (45 min)
The students will perform in the classroom some simple chemistry experiments in
order to produce greenhouse effect gases- water vapours and carbon dioxide. They will
measure the outside air temperature and, also, in three closed spaces - one with ambient
concentration of gases and two containing higher concentrations of greenhouse gases
(water vapour and carbon dioxide). They will interpret the results and conclude that
greenhouses effect gases, especially CO2, influences the temperature of atmosphere,
increasing it.
Materials:
3 glass jars with lids. A thermometer is placed in each lid
4 thermometers, one in each jar and a control one measuring the ambient air
temperature (we can use micro-bit and code it for using temperature sensor for the
measurement of temperature)
2 Berzelius beakers (100ml and 150ml)
sodium bicarbonate and vinegar, which will be used to produce carbon
dioxide
spatulas
graduated cylinders
clamp stand.
Methods:
-

drill holes through the jar lids and place the thermometers into the holes
a thermometer is placed on a stand in the room at ground level
label the jars: 1. Air
2. H2O
3. CO2

-

close the jar lid of jar 1 (air) and place it horizontally
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-

-

-

add 75 ml of water measured with a graduated cylinder in one of the Berzelius
beakers. Put the beaker in jar 2 (H2O), placed horizontally. The water in the
beaker will evaporate producing water vapors.
pour 75 ml of vinegar in the other Berzelius beaker, then add 5 g of sodium
bicarbonate. Immediately place the beaker in jar 3 (CO2), placed horizontally, and
close the lid
place the jars in the sun and next to them place the stand with the fourth
thermometer, at ground level
measure initial temperature and then measure it every 5 minutes.

Collecting data:
As they are measured, the temperature values are recorded in the following table:
Air and water
Air

Air temperature

temperature in

in a closed space

open space (0C)

( jar 1-air) (0C)

vapors
temperature in a
closed space (jar
2 - H2O)
(0C)

Air and CO2
temperature in a
closed space (jar
3 - CO2)
(0C)

Initial
temperature
(0C)
After 5 minutes
After

10

minutes
After

15

minutes
After

20

minutes
After

25

minutes
After

30

minutes
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On the same diagram represent the temperature graph as a function of time for all the four
measurements.
Data interpretation:
- Outside Air temperature in open space: Initial temperature ----- Final temperature .........
- Air temperature in a closed space (jar 1-air) : Initial temperature ----- Final
temperature .........
- Air and water vapors temperature in a closed space (jar 2 - H2O):Initial temperature ----Final temperature .........
- Air and CO2 temperature in a closed space (jar 3 - CO2): Initial temperature ----- Final
temperature .........
The student will compare the results with the hypothesis they formulated in the
conceptualisation phase (part d)
CONCLUSION: (1 min)
- human activity pollutes the environment, produce greenhouse gases with major
effects on rising ambient temperature
DISCUSSIONS (4 min)
- due to the increase in temperature, the glaciers begin to melt, with the effect of
increasing the level of the planetary ocean
- as a result of the increase of ocean level, changes in the coastline are observed, with
adverse consequences on the population of the respective areas.

Annex 2.3
LESSON PLAN BIOLOGY
INQUIERY -BASED SCIENCE EDUCATION
Lesson 4 : Biology ( 50 min- total)
In this lesson the students will repeat some information about photosynthesis
(definition, the explanation of this process), how, under sun radiation, water and carbon
dioxide are transformed into glucose, with release of oxygen into the atmosphere. Yes, the
plants are seen as ‘oxygen factories’, but can they grow in any climate conditions?
In this lesson we will investigate how the rising of carbon dioxide amount, the rising
of temperature and the increasing of soil humidity, due to greenhouse effect, are influencing
the plants growing. We will use two types of plants.
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The students will conclude that the majority of the plants (cereals, vegetables, fruit
trees) which represent the basis for humans and animals’ food are dramatically influenced
by these factors.
ORIENTATION (10 min)
a) The students will see short parts of this film, that we choose for illustrating the
elements we want to discuss forwards with the students
https://www.youtube.com/watch?v=0NFu4QBIXRw&feature=emb_rel_end
0:20 – 0:44 - Illustration of the greenhouse effect
0:45 – 1:18 - The composition of gases forming the atmosphere
1:19 – 2:06 - Starting a study project- The influence of high concentration of carbon
dioxide on different plants
2:07 – 3:43 - The evolution of the concept of greenhouse effect
3:44 – 4:28 - The importance of carbon dioxide for plant development
4:29 – 5:10 - Photosynthesis
5:54 – 6:18 Simple illustration of photosynthesis
6:18 – 6:46 Evolution of plants
The scientific content is presented below:
•

0:20 – 0:44 Illustration of the greenhouse effect
What is the greenhouse effect?
The Sun sends radiation to Earth. Some of these radiations are absorbed by the ozone

layer, the other part ends up on Earth and it heats up. This radiator reaches the atmosphere.
Part of it warms the atmosphere, another part is dissipated into outer space. The heat
retained by the atmosphere causes the temperature to rise, just like in a greenhouse, i.e.
the greenhouse effect occurs.
•

0:45 – 1:18 Composition of gases forming the atmosphere
What are the greenhouse gases?
The atmosphere that surrounds the Earth, the air we breathe, is composed
- mostly of: - nitrogen (about 78%)
- oxygen (20%)
- very small amounts of other gases: - argon (about 1%)
- carbon dioxide (0.039% = 390 ppm)
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- water vapour (0.0005% = 5 ppm)
- ozone (0.0003% = 3 ppm).
Observations:
Most of the atmosphere consists of:
a) nitrogen: - which does NOT give greenhouse effect
- BUT it is the source of nitrogen for:
- chemical industry- producing chemical fertilizers
- bacteria that secure nitrogen into the nodosys on the roots of
legume plants
b) oxygen: - which DOES NOT give greenhouse effect
- is produced exclusively by plants in the process of photosynthesis
- is used by animals, in the process of breathing and maintains life on Earth
c) argon, inert gas
d) gases that give greenhouse effect (CO2, water vapour and O3):
- their concentration are low, compared to other gases
- BUT minor changes in their concentration have major effects globally.
•

1:19 – 2:06 Starting a study project- The influence of high concentration of carbon
dioxide on different plants.
Study conclusions:
Due to the increase of carbon dioxide concetration in the atmosphere it occurs:
- massive changes in the climate
- changes in plant physiology occur in order to absorb a greater amount of CO2
- it influences the production of food and agriculture, which has profound implications
for society
- these transformations have been observed over time.

• 2:07 – 3:43 Evolution of the concept of greenhouse effect
- 1712 – industrial revolution, replacement of physical work of people with steam
machines
- result: the large amount of carbon dioxide released into the atmosphere
- 1897 – introduction of the concept of 'greenhouse effect'
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- concept conclusion: the burning of fossil fuels increases the effect of natural
greenhouse (temperature increases)
- it is believed that this will be beneficial for future generations
- 1900 – it is demonstrated that CO2 can absorb infrared radiation and is classified as
"greenhouse gas"
- carbon dioxide emissions are around 1 billion tonnes annually
- 1938 – it is revealed that the temperature has increased throughout the century
- 1955 – discovery of the relationship between CO2 concentration and temperature: it is
estimated that if carbon dioxide concentration were doubled, then the temperature
would increase by 3 – 4 degrees C
- 1958– start climate measurements
- a volcanic eruption occurs in Hawaii that allows measurements of atmospheric
CO2 concentration to be performed over a period of 4 years
- we see the gradual increase in CO2 concentration in the planetary atmosphere,
unknown until then.
• 3:44 – 4:28 The importance of carbon dioxide for plant development
- all living beings breathe, consuming oxygen and eliminating carbon dioxide
- some of the carbon dioxide is consumed by plants to increase
- plants are effective in using carbon dioxide in different ways, depending on
environmental conditions. These conditions refer to the increasing the concentration of
CO2, which causes the rise of temperature, which is beneficial for plant development.
•

4:29 – 5:10 Photosynthesis- How does carbon dioxide influence the development of
plants?

- photosynthesis is the process by which plants produce glucose and oxygen from water
and carbon dioxide in leaf cells
- illustration of photosynthesis in leaves:
- chloroplasts: contain chlorophyll, a pigment that absorbs and retains energy from
the Sun
- water enters the leaves through the xylem tubes, brought from the roots
- carbon dioxide enters the leaf through the pores located on the back of the leaves,
called stomates
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- glucose obtained from photosynthesis is transported from the leaves for use as the
energy source.
• 5:54 – 6:18 Simple illustration of photosynthesis
- carbon dioxide enters the leaves through the stomates on the back of the leaf and
enters the cycle of reactions for obtaining glucose
- usually plants produce more glucose than they need immediately
- excess glucose is kept for the needs of the plant:
- to grow
- for food, if it is too dark for photosynthesis.
• 6:18 – 6:46 Evolution of plants
- The evolution of plants has led to their differentiation into two categories, depending
on adaptability to changes in the environment in which they live:
- plants sensitive to the change in environmental conditions (about 94% of plants),
such as cereals (wheat, rice, barley, rye), vegetables (tomatoes, potatoes, spinach), fruit
trees (apples, peaches), which prefer low temperatures, humidity and moderate light
- plants that are not susceptible to changes in environmental conditions (about 1% of
plants), such as fodder plants at low latitudes, corn, sorghum, sugar cane, which
withstand high temperatures, drought and intense light
- the remaining 4% of plants not important to agriculture (cactuses and succulent
plants).
CONCEPTUALIZATION (5 min)
The students are divided in four groups (the same groups from the previous lessonsphysics and chemistry) and they are asked to formulate some hypothesis about the
influences of different factors related to greenhouse effect could have on plants growing.
We ask students to formulate hypothesis about the influences of greenhouse effect
on plants.
1. How the desertification due to the greenhouse effect will affect plants? (group 1)
2. How the increasing of the amount of carbon dioxide will affect plants growing?
(group 2)
3. How the increasing of air temperature will affect plants? (group3)
4. How the amount of light influences plant growing? (group4)
5. All the plants react in the same way at the changes of the environmental conditions.
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EXPERIMENTATION (25 min- total for each group)
Its purpose is to check how the growing of plants is influenced by :
-

The increase of soil humidity
The rises of carbon dioxide concentration
The rises of temperature
The amount of light.
• We will follow the growing , in controlled conditions, of the wheat and corn. We
have chosen these plants because wheat is a plant that loves a temperate climate,
with reduced temperatures, mild humidity and light and corn is a plant that prefers
a warm and sunny climate.
•

-

Materials:
3 plastic bottles
10 glasses of soil
A ruler for measure the height of the plants
5 thermometers
One spray
Preparation of the experiment (1 hour- the preparation is made by our analyst from
sciences lab, Aura Matei)
We cut off the bottom of each plastic bottle. We put them on the table, with the top

up and on each of them we write with a marker:
1 - H2O
2 - CO2
3 – TEMPERATURE
4- LIGHT
Then, we fill up ten plastic glasses with soil. In five of them we plant 2 seeds of wheat, and in
the other five, 2 seeds of corn. After that, we water the soil from every glass with a spray.
We put the glasses in a box and cover it with a plastic bag. The box will be kept in the class,
near the window, but not in full light of the sun. We water using the spray the soil from the
glasses every day or in need, to keep it wet. In few days, the plants will sprout.
We take one glass of beans and another one with corn and we put them under the plastic
bottles we had already prepared. In each bottle we put a thermometer which measures the
temperature from the inside. All the bottles will be taken in the schoolyard, in the sun. One
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glass of wheat and one with corn, uncovered with plastic bottles, will be taken directly in the
air, under the shade of a tree. Nearby we fix a thermometer which will measure the
temperature, in the shade.
One glass with wheat and another one with corn will be uncovered, without the plastic
bottle – they will be the plants in control, that will be developed in free air. Nearby we will
put a thermometer. The experiment will last for 7 days, and every day we will read the
temperatures and the height of the plants.
Important TIPS :
-

Bottle no.1 – H2O will not have its stopper on. The water that evaporates from the
glasses with the plants and the water from the sweating of the plants will be
condensed on the walls of the bottle and/or will get out of the bottle ( the
desertification by losing the water from the soil)
Bottle no.2- CO2 .In a Berzelius glass of 110-150 ml we put 75 ml of vinegar and 5 g of
sodium bicarbonate. And immediately after that we put the glass in bottle no.2 - CO2
– with its stopper on, that already contains the plants and the thermometer (the
effect of the carbon dioxide).
- Bottle no. 3 – TEMPERATURE, with its stopper on contains the plants and the
thermometer. We will take up the plastic bottle twice a day to allow the air to come
and we will water the plants, if necessary. We will also clean up the condensed water
from the walls of the bottle. Then, we will put the plastic bottle back over the plants
(the effect of the temperature, exactly like in a greenhouse, allowing the air to enter
and watering the plants).
- Bottle no.4 – THE LIGHT – with its stopper on – will be held in the sun only 4 hours a
day. In the rest of the time, it will be held in the shade of a tree (the effect of the
amount of light).
The plants that are held in plain air will be watered whenever necessary.
We will measure the height with a ruler without taking up the bottles.
Experimentation (15 min- 2 min every day. The students will collaborate with our analyst
from sciences lab) The registration of the data: we will write down the temperature and the
plants height in the tables below:
Plants in the
sun
(in their own

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

environment)
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Temperature
(0C)
height
wheat (cm)
Height corn
(cm)
We keep the same groups of students from the previous lessons (physics and chemistry)
Group 1- The influence of desertification on plants growing
1 - H2O

day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Temperature
(0C)
Height
wheat(cm)
Height corn
(cm)
Data interpretation (10 min)
The students will compare the height of the 5 plants of wheat, measured every day
- the influence of water: we compare the heights of the wheat from bottle no 1 and
the beans in their natural environment.
We observe that the plant in bottle no 1 is bigger/ smaller than the one from the
natural environment, because it lost through evaporation from the soil and through
sweating( the effect of the desertification through losing the water from the soil).
The same questions for corn.
Group 2- The influence of carbon dioxide on plants growing

Plants in the
sun

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7
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(in their own
environment)
Temperature
(0C)
height
wheat(cm)
Height corn
(cm)

2 - CO2

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Temperature
(0C)
Height
wheat(cm)
Height corn
(cm)
Data interpretation (10 min)
The students compare the heights of the wheat from bottle no 2 and from the ones
in their natural environment.
We observe that the plant from bottle no 2 is bigger/ smaller than the one grown in
its natural environment because of the bigger amount of the carbon dioxide
The same questions for corn.
Group 3- The influence of temperature on plants growing
Plants in the
sun
(in their own

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

environment)
Temperature
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(0C)
height
wheat(cm)
Height corn
(cm)

3 – TEMP

day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Temperature
(0C)
Height
wheat(cm)
Height corn
(cm)
Data interpretation (10 min)
The students will compare the heights of the wheat from bottle no 3 and from their
natural environment. We notice that the plant in bottle no 3 is bigger/ smaller than
the one grown in its natural environment, because the temperature in the bottle was
higher than the one in the natural environment.
The same questions for corn.
Group 4- The influence of the amount of light on plants growing

Plants in the
sun
(in their own

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

environment)
Temperature
(0C)
height
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wheat(cm)
Height corn
(cm)

Plants in the
shade of a
tree

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Temperature
(0C)
height
wheat (cm)
Height corn
(cm)
Data interpretation (10 min)
The students compare the lengths of the wheat grown in the shade with the ones grown in
the sun, in their natural environment.
We notice that the plant grown in the shadow is bigger/ smaller than the one grown in its
natural environment. We also compare the aspect of the 2 plants (the plants grown in the
shadow have a pale colour and longer stems). The same questions for corn.

CONCLUSION (5 min)
Each group will compare the hypothesis formulated in the conceptualization phase with the
results of the experiment. They will answer how each factor influences plants growing and
they will observe that different kind of plants react in the same way at climate changes.
After that, each group will communicate the results of the experiment to all the students.

DISCUSSION (5 min)
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1. What do you think it will happen if the climate evolves so that the plants we used to
feed will not adapt to these new conditions of life?
• Possible answers:
•

The plants will not adapt to the new conditions of environment and probably they
will disappear. The massive desertification will appear.

•

We will have to search new plants for our needs of feeding and to adapt to them or
to do anything we can do to stop the climate change.

2. What do you think we should do to reduce the effects of the people activities to the
environment? What we can do, each of us, at home or in school?
• Possible answers:
•

We can preserve water, energy, fuel, food, we can use renewable sources of energy

•

We can stop the irrational deforestation,

•

We should do a massive afforestation because the forest is the only way to get the
carbon dioxide out of the atmosphere
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