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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 1st 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 framework is 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

Ocean acidification and its influence on the dissolution of calcium carbonate.
Authors
Sónia Cerqueira
Isabel Oliveira
Augusto Fernandes
Summary
This learning scenario addresses the theme of “ocean acidification”, focusing on the specific
problem and its influence on the dissolution of calcium carbonate (impact on limestone and
shellfish / clam formations).
Starting from real-life questions and through an experimental simulation (the limitations of
which students must understand) it is intended that they become aware that human activities
can cause a chain of events that sometimes have negative effects on the balance of the
ecosystem. Students will use the knowledge acquired in three subjects they studied in
secondary school, that have been chosen in order to design the activity and interpret its
results, namely results that may not be in line with expectations. One of the objectives is that
new questions may arise implying new experimental activities from the point of view of the
evolution of scientific knowledge.
This STEAM approach is used from an interdisciplinary perspective promoting essential
transversal learning according to the new profile of students leaving mandatory education,
working on the essential learning of the disciplines involved - Biology and Geology (BG),
Physics and Chemistry A (PC) and Philosophy (P), in order to achieve the 21st century skills.
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This STEAM approach is based on the following pedagogical approach: Inquiry-based science
education.
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)
The subjects and selected activities addressed the acidification of the oceans, is a current topic
that arouses interest and curiosity on the part of students. In the oceans the most varied
transformations occur, whether at the chemical, physical, biological or geological level, and
many of them are closely related. We choose to particularize one of the effects of ocean
acidification - its influence on the dissolution of calcium carbonate - taking into account the
curriculum domains of the subjects involved, the timing of the domains according to the plans
and the time available to implement them. It should be noted that students of the three
subjects involved will be subject to a National Examination at the end of the school year and
that this work is intended not to cause major changes to planning and to be an asset in
preparing for the final exams.
This learning scenario intends to promote essential, transversal learning according to the new
profile of students giving them the opportunity to leave compulsory education, having first
worked in an interdisciplinary way on the essential learning of the subjects involved - Biology
and Geology (BG), Physics and Chemistry A (PC) and Philosophy (P). In our school, the
aforementioned combined subjects are taught in an integrated way in consequent semesters
as predicted in the Portuguese curriculum.
In the the Biology and Geology (BG) subjects students will learn about biodiversity, obtaining
matter, transformation and use of energy by living beings, sedimentation and sedimentary
rocks, and finally about the sustained exploration of geological resources. These themes,
addressed during the two years study of the subject in secondary education, are re-introduced
here in an integrated and global perspective that will be required for experimental
development and to understand the biogeochemical and ecological consequences of the
dissolution of calcium carbonate by increasing the acidity of sea water.
In the subjects of Physics and Chemistry A (PC) students will work in the following domains:
chemical balance and reactions in aqueous solutions among which the acid-base balance and
the solubility balance are discussed, which are related to the dissolution of carbon dioxide in
water and with the consequent dissolution of calcium carbonate by increasing the acidity of
sea water.
Therefore, we have considered most beneficial to integrate the subjects of Biology and
Geology and Physics and Chemistry A in addressing this theme. Likewise, the combination with
5
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the Philosophy subject was planned to promote a reflection on scientific activity and its
specificity, namely the way in which the scientific method is constructed; we are looking for
an integrated perspective and the reinforcement of the scientific approach as opposed to a
non-scientific approach. The essential learnings of the Philosophy subject will be worked in
the domain: The statute of scientific knowledge.
Real- life questions
During the lessons dedicated to Biology and Geology, for instance in the context of the theme
of sustained exploitation of geological resources while analyzing the problems caused by the
exploitation of fossil fuels as energetic resources - the development of the globalizing learning
scenario can be initiated by exploring real-life questions such as:
▪ What are the impacts of the massive use of fossil fuels?
▪ When it comes time to end school day, the air is breathless. What are the
consequences of our dependence on motor vehicles?
▪ Can fossil fuels decrease the amount of food in our plate?
▪ Why is the fishing industry suffering economic losses in the exploitation of shellfish?
▪ Why do limestone monuments/statues show a marked degradation of beautiful
architectural details?
Teachers can ask students to lead the exploration of the programmatic contents to be
addressed, when compiling the keywords on a platform like the Answergarden (for instance
acidity, water, carbon dioxide, limestone) and formulate the question:
▪ Fossil fuels, ocean acidification and calcium carbonate - What is their relationship?
And eventually address the final question:
▪ What is the influence of ocean acidification on the dissolution of calcium carbonate?
Aims of the lesson
The aims this learning scenario will address through the selected subjects and activities are
the following:
▪ Searching and synthesizing information by integrating previous knowledge to build
new knowledge. (BG)
▪ Interpret experimental studies with control devices and controlled, dependent and
independent variables. (BG)
▪ Carry out activities in environments outside the classroom in conjunction with other
practical activities (all subjects).
▪ Formulate and communicate critical opinions, scientifically based and related to
Science, Technology, Society and Environment. (BG)
▪ Articulate and elicit knowledge from different subjects to deepen topics in Biology and
Geology.
▪ Develop habits and skills inherent to scientific work: observation, information research
(selecting, analyzing, interpreting and critically evaluating information relating to
concrete situations), experimentation, abstraction, generalization, forecasting, critical
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▪

▪
▪

▪
▪
▪
▪

thinking, problem solving and communication of ideas and results using different
forms. (PC)
Develop skills to recognize, interpret and produce varied representations of scientific
information and learning outcomes: reports, schemes and diagrams, graphs, tables,
equations, models and computer simulations. (PC)
Highlight the way in which scientific knowledge is constructed, validated and
transmitted by the scientific community. (PC)
Foster interest in the importance of scientific and technological knowledge in today's
society and an informed decision-making process, always seeking greater social
welfare. (PC)
Place the student as an active and responsible learner, contributing to be an informed
and self-assessed questioner, researcher, critic and organizer. (P)
Provide students with the necessary tools for the personal exercise of reason and
developing the reasoning and their abilities for reflection and scientific curiosity. (P)
Determine the practical implications of the theses and theories under discussion. (P)
Properly apply philosophical knowledge to think about problems faced by the
contemporary societies. (P)

The aim of the lesson is the interdisciplinary interconnection of contents worked on since the
tenth year of schooling, in the conception and interpretation of an experimental situation
based on real life problems. Essential learnings from the three subjects will be addressed, as
listed.
It is expected that in Biology and Geology students will be able to:
▪ Relate biological diversity to anthropic interventions that can interfere with the
dynamics of ecosystems
▪ Interpret experimental data on photosynthesis
▪ Interpret experimental data on fermentation and aerobic respiration
▪ Explain lithological and textural characteristics of carbonated sedimentary rocks
based on their genesis conditions
▪ Interpret data related to processes of exploitation of geological resources (fossil
fuels) / sustainability and their impacts on Earth's subsystems
Students of Physics and Chemistry A are expected to be able to:
▪ Interpret the meaning of chemical equations in terms of the amount of matter.
▪ Predict the direction of evolution of a homogeneous chemical system when the
equilibrium state is disturbed (concentration variations), based on the Le Châtelier
Principle.
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▪

▪
▪
▪

Investigate, experimentally, changes in chemical equilibrium in aqueous systems by
varying the concentration of reagents and products, formulating hypotheses,
evaluating procedures and communicating the results.
Relate the concentrations of H 3 O + and OH - ions, as well as the pH with those
concentrations in aqueous solutions.
Interpret acid-base reactions according to Brönsted and Lowry, explaining what an
acid-base conjugate is.
Interpret solubility equilibrium.

Students of the Philosophy subject are expected to formulate the problem of the demarcation
of scientific knowledge, based on its philosophical relevance. They will be asked to:
▪ State the criteria for differentiating a scientific theory from a non-scientific theory.
▪ Formulate the problem of verifying scientific hypotheses, based on their
philosophical relevance.
▪ Critically expose the role of induction in the scientific method.
▪ Clarify the core concepts, the thesis and the arguments of Popper's theory in
response to the problem of verifying scientific hypotheses.
▪ Critically discuss Popper's theory.
▪ Critically analyze the epistemological foundations of the sciences they study and the
respective methodological foundation.
Connection to STEM careers
The activities developed in these lessons are related to the research work in areas related to
Biology, Geology, Physics and Chemistry. They are associated with professional areas such as:
environmental engineering, chemical engineering, biochemistry, bioengineering, biological
engineering, biotechnology, management of biological resources and marine biology.
Age of students
16 years old
Time
Preparation time: 40 hours, between team members, in designing and structuring the
presentation of a new scenario from scratch.
Teaching time:
• Preparation: 90min (BG)
• STEM Subject 1: 90min + 135min + 90min (BG)
• STEM Subject 2: 90min + 135min + 90min (PC)
non-STEM subject: 90min (P)
Teaching resources (material & online tools)
Materials:
8
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laboratory materials and equipment (listed in Annex 2.4), computers, projector, board,
laboratory notebook
Online tools:
-Brain Storming: PowerPoint (Images and videos) and Answergarden Tool (for instance);
WebQuest; Experimental protocol
Assessment tools (Annex 2.4)
Resources:
•
•
•
•
•
•

https://www.vix.com/pt/ciencia/547905/corais-podem-deixar-de-existir-por-culpa-de4-atividades-humanas-uma-com-certeza-voce-faz (PT)
https://www.epa.gov/coral-reefs/threats-coral-reefs (EN)
http://blog.seguridade.com.br/como-gerenciar-tarefas-da-minha-equipe-de-formaefetiva/ (PT)
https://www.mindtools.com/pages/article/newTMM_92.htm (EN)
https://www.esm.europa.eu/press-releases/efsfesm-programme-evaluation-reportpublished-today
https://m.facebook.com/eureka8cimp/?locale2=pt_BR

21st century skills
This lesson plan will enhance the following skills for students, defined as 21st century skills:
•

Critical Thinking: students will have to be critical of the images / texts / videos presented
in order to raise possible problems; students will have to be critical of the results in their
experimental activity.

•

Communication: students will have to mobilize the knowledge of the various disciplines
to present a proposal for an experimental protocol to solve the problem.

•

Collaboration: the students will work collaboratively while elaborating on an
experimental protocol that will allow them to answer the problem.

•

Creativity: students will be free in expressing themselves on the experimental protocol
and the way they present the conclusions of the experimental results.

Lesson Plan
In this integrated STEAM learning scenario, teachers employed the Inquiry-Based Science
Education approach.
Name of

Procedure

Time

activity
1st Lesson
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Name of

Procedure

Time

activity
Brainstorming

Following a lesson dedicated to the subject “energy resources”

discussion and

- in the context of the theme of sustained exploitation of 90’

introducing

geological resources, while analysing the problems caused by

the topic

the exploitation of fossil fuels as energy resources - the
development of the learning scenario will start by exploring
real-life questions such as stated before and as found in Annex
2.1. According to the answers of the students during the
brainstorming, the discussion will introduce students to the 45’
problem.
▪

Excerpts from scientific articles, images, news and short
videos will be analyzed to lead the students to the
problem: Does ocean acidification influence the
dissolution of calcium carbonate?

▪

Exploration of a PowerPoint or similar (see Annex 2.1)
and, simultaneously, use of a platform such as
https://answergarden.ch/1145121

▪

Initial Assessment.

The activity can also take place online.
Discussion and Students work in teams.
preparation

45’

The problem is formulated, and a hypothesis is raised. Tasks

for the next and questions to be addressed by students:
lesson

1. Formulate a problem that links ocean acidification
with chemical limestone weathering.
2. Formulate a hypothesis that answers the problem.
3. Design an experimental protocol that allows
testing of the hypothesis.

Learning

Notes, results of hypothesis, draft of protocol design

products
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Name of

Procedure

Time

activity
2nd Lesson
non-STEM

Philosophy

90 min

subject
The main topics discussed during this lesson are: Science,
Discussion and Pseudoscience and common sense. Students with the
group work

assistance of their teachers explore the below problematics:
▪

The rationality of Science: the scientific method used
(in our “Learning scenario”) and the logic of scientific
research.

▪

Students will read reference texts on the problem of
demarcation and characterization of the scientific
method, with the goal of constructing and projecting
a synthesis, scheme or conceptual map. From the
dialogue between the intervening elements, each
group will organize, based on our experimental study:

▪

An overview of the differentiating criteria of scientific
theories from non-scientific theories.

▪

A synoptic picture of the steps of the theories
associated with Popper's method (conjectures and
refutations) and Inductivism (confirmation of
hypotheses).

Formative Evaluation. The steps and procedures are outlines
in Annex 2.2 This lesson can also take place online.
Learning

▪

Construction and projection of a synthesis / scheme.

products

▪

Analysis of the group experimental protocol, that is being
designed to test the hypothesis.
3rd Lesson
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Name of

Procedure

Time

Physics and Chemistry

90 min

activity
STEM Subject
2
Online

Students will proceed with the below experimental activities.

activities and A detailed description of the activities and learning products
evaluation

produced can be found in Annex 2.3.
▪

Acid-base equilibrium.

▪

Solubility equilibrium.

▪

Formative Evaluation.

This lesson can also take place online.
Learning

Performing WebQuest tasks (see Annex 2.3).

products
4th Lesson
STEM Subject

Biology and Geology

90 min

1
Presentation

This lesson is dedicated to the presentation and discussion of

and discussion

the protocols developed by students. Students need to focus
on the tasks listed below:
▪

Consider control and controlled, dependent and
independent variables in the experimental study, and
review the concepts.

▪

Consider the phenomenon of chemical limestone
weathering by dissolution.

▪

Consider the phenomena of fermentation and
photosynthesis, exploring the revision of these
phenomena.

▪

Formative Evaluation.

This lesson can also take place online. For a detailed list of the
procedures you can refer to Annex 2.4.
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Name of

Procedure

Time

activity

Learning

Discussion and final protocol.

products
5th Lesson
STEM Subject

Biology and Geology

1-2

135min

Physics and Chemistry A

Setting up the Experimental setup:
experiment

▪

and evaluation ▪

Consider the practical aspects of the experimental setup.
Consider the organized and systematized registration in
relation to data collection.

▪

Collection and registration of data.

* Present the results (due to the pandemic context).
Formative Evaluation
Can take place online.
Learning

▪

Table of results/Register results for one week.

products

▪

Production of PowerPoints or other materials (such as
infographics).
6th Lesson

STEM Subject

Biology and Geology

1-2

90min

Physics and Chemistry A

Collection of

Discussion of experimental results and Conclusion:

data,

▪

Mobilize the knowledge of the three subjects involved to

discussion and

interpret the results, namely results that may not be in

IBSE

line with expectations. New questions may arise that
would imply new experimental activities, in a perspective
of the evolution of scientific knowledge.
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Name of

Procedure

Time

activity
▪

Answer the problem-question taking in to account the
guiding questions in the discussion.

▪

Formulate, if possible, a conclusion and raise possible
problems.

Learning

▪

Can take place online.

▪

Presentation, in group, of the discussion of the results

products

obtained using the support means that the students find
most convenient.

Assessment
Brainstorming; synthesis / scheme; WebQuest; presentation of the protocols; direct
observation; final presentation (assessment criteria in Annex 2.5).
Initial assessment
Brainstorming: After introducing the topic, using brainstorming, the current knowledge of the
students can be evaluated (assessment criteria in Annex 2.5).
Formative evaluation
Brainstorming; Construction and projection of a synthesis / scheme; WebQuest; Protocols
developed by the students; Experimental activity (assessment criteria in Annex 2.5).
Final assessment
Final presentation: Presentation, in group, of the discussion of results obtained, using the
support means that the students find most convenient. Assessment criteria: Cooperation;
Communication; Creativity; Knowledge; Critical thinking (assessment criteria in Annex 2.5).
Student feedback
“I believe that the experimental activity carried out contributed to a deeper knowledge of reallife problems that are so worrying, but not so addressed and disseminated as, for example, the
excessive use of fossil fuels or plastic. It was a very interesting activity, which not only further
increased my interest in this area, but also my awareness of all the implications that result
14
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therefrom. This activity managed to gather a wide range of contents from various disciplines,
which I consider essential for our learning process, also helping to develop a critical and more
conscious spirit.”
“The laboratory activity carried out was very interesting, it was a pity that we were unable to
follow it up, given the current pandemic context. The activity was enriching, as it mobilized, in
a pedagogical way, many school contents, from Biology and Geology and Physics and
Chemistry A, both from the theoretical and practical components of both subjects. When asked
for answers to the questions, our knowledge was reinforced, since we were obliged to study
the subjects and explain them, with rigor and scientific correctness. The work must
undoubtedly have a practical component, especially since the beginning of this whole
enterprise is precisely the use and burning of fossil fuels, which then triggers all these
processes, which lead to the destruction of the limestone/shells . A project is always a way of
opening horizons and this one certainly does not fail: Marine Biology, Fisheries, etc. they are
related areas and should be more economically valued, so the project has revealed these
possible directions.”
“The experiment was a creative experience with a lot of contents approached, ending up
becoming an experience that trapped me and that put me many questions. While we were
deciphering the protocol we also reviewed several knowledge related to Chemistry, Geology,
Biology and Philosophy. Across a chain like this we can better relate the concepts doing with
the clarify too. For my part, I associated some concepts to images linked the experience. On
the other hand, we can see all the impacts of human life on ocean life and rocks, eventually
alerting us to certain problems that affect us all.”
“The degree of interest depends more on the student, because although we did not collaborate
directly in the experimental activity, we felt as involved as in an experience under normal
conditions. The fact that the activity is very comprehensive also helped to revise and clarify
matters. STEAM careers: Oceanographer and geologist, due to the analysis of marine living
beings with shells and corals, and also to study the effect of acidification of the ocean on
limestone rocks.”
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Teacher feedback
This was designed to be a final, globalising Learning Scenario, so that students could
experience and activate knowledge within each subject and between subjects. So, except for
Chemistry-related content – such as “Relate the concentrations of H 3 O + and OH - ions, as
well as the pH with those concentrations in aqueous solutions; Interpret acid-base reactions
according to Brönsted and Lowry, explaining what an acid-base conjugate is; Interpret
solubility equilibrium” - that were being approached while the learning scenario was being
implemented, students were familiar with all the other content as they were previously
explored in 10th and 11th grade.
Lessons implementation:
-

First lesson: The brainstorming took place online. Platforms like Answergarden,
Google Meet, Google Classroom were used. Students started contributing individually
with key words/consequences for the discussion and then groups were settled to
formulate the problem and to do the autonomous task “experimental protocols” (to
look for the answer to the problem raised).

-

Second lesson: Dedicated to subject of Philosophy, it took place in class and students
worked in groups. The students addressed, in particular, the application of the
hypothetical deductive method (steps) to the construction of the experimental
protocol of the STE(A)M IT project according to the steps: 1st Problem-Problem; 2nd
Formulation of the hypothesis; 3rd Deduction of the consequences of the hypothesis;
4th Submission of the consequences of the hypothesis to experimental tests; 5th
Experimentation.

-

Third Lesson: Dedicated to Chemistry, it took place online. The WebQuest was partially
autonomous and partially developed remotely using Google Classroom - each team
could share ideas and elaborate on the tasks required in WebQuest at the same time.
The monitoring teacher was able to follow-up with the contribution of each member
of the team provide feedback and comments on the work done.

-

Fourth lesson: Dedicated to the Biology-Geology subject (taught in an integrated way
in two consequent semesters), took place online. It was dedicated to group
presentations and discussions of the protocols.

-

The fifth lesson took place online addressing all STEM subjects together. This way it
was possible to do an integrated approach of the two subjects. The results were
16
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presented to students/discussed and the task of the final presentation was settled
(group work).
-

The sixth lesson also took place online and addressed all the STEM subjects
collectively. This way it was possible to review the work done in all subjects, and
comment/evaluate the final presentations of each group. The task of the final critical
reflexion was assigned.

All the activities were implemented, apart from the student manipulation of the experimental
setup and laboratory material and equipment, due to the pandemic situation and remote
teaching. Outside the context of the pandemic, the final Learning Scenario can be developed
without changes.
The biggest challenge, beside the pandemic context, was the influence of the unusually high
ambient temperature while the experimental activity was running, but this restriction was also
used as a factor to enrich the process of discussion in student reports.
One obstacle of making the most out of the Learning Scenario is the fact that there is no
opportunity for joint classes of subjects. If teachers in the laboratory areas could have a joint
class, it would facilitate the interdisciplinary sessions scheduled to take place in a projectbased style. This obstacle was bypassed using the joint online class.
It is a rewarding and pedagogically efficient experience. With the achievement that students
worked on 21st century profile skills while exploring more complex and difficult content in the
context of practical application, that helped them better understand the content and its
context in the real world.

17
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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
18
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addressing these, we published the “Teacher Training and IBSE Practice in Europe, A European
Schoolnet overview”.
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
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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 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 projectbased 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)
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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
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 funded many initiatives
in support of CLIL because it responded to a need in Europe for enhancing second-language
(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
Annex 2.1- Brainstorming
"New ideas pass through three periods:
1) It can't be done; 2) It probably can be done, but it's not worth doing;
3) I knew it was a good idea all along!"
Arthur C. Clarke
Sónia Cerqueira I Isabel Oliveira I Augusto Fernandes
STE(A)M-IT Portuguese Secondary Team 2020

Create a PowerPoint or similar with the aim to explore topics such as the exploitation of fossil
fuels, ocean acidification, calcium carbonate to achieve the final question: Does ocean
acidification influence the dissolution of calcium carbonate?
STEPS AND RESOURCES
1. Video from the National Geographic explaining the origins and impacts of fossil fuels
https://www.nationalgeographic.com/environment/energy/reference/fossil-fuels/
2. Students answer the question: What are the impact of the massive use of fossil fuels?
a. Use on-line brainstorming tool like https://answergarden.ch/1145121
b. students are expected to answer, for example, global warming, acid rains,
health problems
c. More questions can be asked like: What are the consequences of our
dependence on motor vehicles? Why do limestone monuments/statues show
a marked degradation of their beautiful architectural details?
3. Resources on Ocean Acidification
a. https://dataintheclassroom.noaa.gov/content/ocean-acidification
b. https://oceanexplorer.noaa.gov/okeanos/edu/collection/media/wdwe_offba
se.pdf
4. Video to address the question Can fossil fuels decrease the amount of food on our
plate? https://youtu.be/Wo-bHt1bOsw
5. Video to address Why is the fishing industry suffering economic losses in the
exploitation of shellfish? https://youtu.be/x7MpI9dZIjk
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a. pictures and resorces here
https://www.climatecentral.org/gallery/graphics/ocean-acidification-impactson-sea-life
6. Explore from an interdisciplinary approach the following: Fossil fuels, ocean
acidification and calcium carbonate. What relationship?
a. Use on-line brainstorming tool like https://answergarden.ch/1145121
b. Students are expected to refer to Chemical weathering, Calcium carbonate
dissolution
7. Documentary

on

marine

materials

to

explore

STEM

careers

https://www.youtube.com/watch?v=t-wZ2SBcFIw
8. Chemical weathering of calcium carbonate pictures and resources here
a. https://www.noaa.gov/education/resource-collections/ocean-coasts/oceanacidification
b. https://www.britannica.com/science/ocean-acidification

Figure 1 Conceptual diagram comparing the state of carbonates in the oceans under the lower-acid conditions of the late 1800s with the
higher-acid conditions expected for the year 2100 (source: Britannica).

9. Working Groups & Tasks Does ocean acidification influence the dissolution of calcium
carbonate?
a. Divide students in groups. Each group should:
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b. Formulate a problem that links ocean acidification with chemical limestone
weathering.
c. Formulate a hypothesis that answers the problem.
d. Design an experimental protocol that allows testing of the hypothesis.
10. Initial assessment
Observation Items

Score/Points

Cooperation

40

Communication

40

Creativity

40

Knowledge

40

Critical thinking

40
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Annex 2.2 Philosophy
Create a PowerPoint on the problems underlying the phylosophy of science, and on the
scientific method.
STEPS AND PROCEDURES
1. REFLECTION ON THE THEMES (ORAL AND WRITTEN SYNTHESIS)
a. Problems of the Philosophy of Science
i. THE DEMARCATION PROBLEM
1. Definition: “What is Science?”
2. Demarcation: “What is the criterion or criteria that allow to
distinguish Science from Pseudoscience and Protoscience?”
b. THE PROBLEM OF THE EVOLUTION OF SCIENCE
i. Does scientific knowledge evolve?
ii. If so, how and towards what?
iii. The truth: Will truth be the goal of scientific activity?
iv. Does science aim to faithfully portray the reality?
2. THE SCIENTIFIC METHOD
a. Application of the hypothetical deductive method (steps) to the construction
of the experimental plan of the STE (A) M IT project.
b. STEPS:
i. The Fact-Problem;
ii. Formulation of the hypothesis;
iii. Deduction of the consequences of the hypothesis;
iv. Submission of the consequences of the hypothesis to experimental
tests;
v. Experimentation
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Fact-Problem

Formulation

Deduction

Submission

Phase resulting from an Phase of creative activity on the part of the After formulating the The

hypotheses

Experimentation
are At this stage it is

active observation / The scientist and which results from abductive hypothesis,

the tested.

important to record the

problem arises due to a reasoning. The logical form of this reasoning is as consequences

are

data

particular interest or belief follows: “B (a set of data or facts) has been deduced from it.

observed,

to

Namely, in our case, analyze the results, to

observed and A can explain B. It is likely that A is

the verification of the test the weathering of

Which problematic fact correct. So, abduction is the inference in favor of In our case, wouldn’t it lower PH levels that the shells, for example,
triggers all the scientific the best explanation. Hypothesis A, by being true, be
activity that occupies us?

possible

explains B.; no other hypothesis can explain B formulate

to prove the consequence using an acid, always
a of

better than A. Therefore, A is probably true. " consequence

of

the

the previously

hypothesis considering
deduced, independent

the
and

Based on certain data, a broader conclusion is kind: “the greater the that is, to promote dependent variables.
sought.

acidification

the greater weathering of

greater the level of the shells.
Since

HYPOTHESES

=

PROVISIONAL weathering

of

the

EXPLANATIONS which is the hypothesis that, in shells?
our experimental plan, is the provisional
explanation (“conjecture”, that is probably the
true hypothesis) of our activity?
Table 1 scientific method explained
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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.

3. ELABORATION OF A CONCEPTUAL MAP
a. The student organizes a conceptual network showing a whole set of terms /
ideas related to the notion of science, the scientific activity and the theories
studied on the justification of what is “scientific”
4. RESOURCES
•

“Como Pensar Tudo Isto, Filosofia 11 ano, Domingos Faria, Luís Veríssimo,
Leya Editora, 2014.

•

https://pt.slideshare.net/j_sdias/mtodo-indutivo-vs-hipotetico-dedutivo

•

Dicionário Prático de Filosofia, Ed. Terramar, Lisboa, 1997

•

https://www.noaa.gov/education/resource-collections/ocean-coastseducation-resources/ocean-acidification

•

https://oceanexplorer.noaa.gov/okeanos/edu/collection/media/wdwe_offba
se.pdf

•

Ciência e Crenças de Controle, Filosofia da Ciência-Problemas e Implicações no
Programa do 11º Ano, Artur Galvão, Ação de Formação, 2009/2010

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.
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Annex 2.3 Webquest
“I am enough of the artist to draw freely upon my imagination. Imagination is more
important than knowledge. Knowledge is limited. Imagination encircles the world.”
Albert Einstein
Sónia Cerqueira I Isabel Oliveira I Augusto Fernandes
STE(A)M-IT Portuguese Secondary Team 2020

Create a PowerPoint or similar addressing the question “Does ocean acidification influence the
dissolution of calcium carbonate ?”
STEPS AND RESOURCES
1. INTRODUCTORY TEXT:
a. “Since the beginning of the industrial revolution, carbon dioxide level in the
atmosphere has increased due to humans burning fossil fuels (such as car
emissions) and changing the way land is used (such as deforestation). The
increasing carbon dioxide is changing ocean chemistry which can affect the
behavior of calcifying organisms and non-calcifying organisms. Imagine that
you dive in deep ocean and you put on a diver suit of a marine biologist. You
are working in a secret research project, which include collecting shellfish
specimens at sea, compiling data, and undertaking laboratory-based
experiments. It’s a top secret project, it has an important impact on ocean life
and on human life: Does the ocean acidification influence the dissolution of
calcium carbonate? You need to use your research skills and your teamwork
skills. As marine biologists, you must discover and understand what happens
when carbon dioxide dissolves in the ocean.
2. TASKS:
a. Students divide in groups of four/ each group froms a team of marine
biologists.
b. Each team has to build and present 2 schemes with the sets of chemical
reactions that occur in the oceans and contribute to
i. ocean acidity increase (scheme 1)
ii. calcium carbonate dissolution (scheme 2)
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c. Each team must predict the influence of the increasing acidity in the dissolution
of calcium carbonate taking into account the chemical equilibrium.
d. Each team must create a PowerPoint presentation with five slides containing
the register of the 2 schemes and final prevision.
3. PROCESS
a. Students choose team
b. Consult the links provided in resources, read and look at the information.
c. Take notes on think sheets while reading
d. Begin to create schemes and built your prevision on PowerPoint
4. RESOURCES FOR STUDENTS TO READ
•

http://www.oceanhealthindex.org/methodology/components/oceanacidification

•

https://globalherit.hypotheses.org/4385

•

https://ewwoceanacidification.weebly.com/impacts.html

•

https://www.pmel.noaa.gov/co2/story/Ocean+Acidification

•

https://seagrant.unh.edu/news/ocean-acidification-gulf-maine-nhsgsresponse-emerging-environmental-concern

•

https://www.epa.gov/ocean-acidification/understanding-science-ocean-andcoastal-acidification

•

https://www.lucyconklin.com/pages/infographics.html

•

https://commons.wikimedia.org/wiki/File:Ocean_Acidification_Infographic.jp
g
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5. EVALUATION
Score/Points

Observation Items
Cooperation

40

Communication

40

Creativity

40

Knowledge

40

Critical thinking

40

6. CONCLUSION
a. The increase in atmospheric CO2 and the absorption of CO2 by the ocean is
responsible for the increase in ocean acidity. Thus, acidification (the decrease
in pH) of the oceans has negative consequences for marine life and for society
since most of the food for human consumption comes from the marine
biodiversity. The organism that build shells and carbonate structures, such as
corals, are threatened. Understanding the ocean acidification process and the
process of dissolution of calcium carbonate helps to reflect on our behaviours.
What can I do?
i. Respect protected areas and the coast: Coastal pollution contributes to
the acidification problem.
ii. Reduce your CO2 emissions by:
1. Saving energy: Turn off the lights when leaving an empty room,
use energy efficient light bulbs and appliances.
2. Saving water: Turn off the tap when brushing your teeth or
shaving, take short showers instead of baths, and check for
wasteful leaks.
3. Greening your transportation: Use public transportation or bike.
4. Greening your home: Optimize insulation, heating and cooling
systems”
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7. REFERENCES FOR TEACHERS
a. https://www.vix.com/pt/ciencia/545797/ilha-no-pacifico-tem-maiorconcentracao-de-lixo-plastico-do-mundo-37-milhoes-dedetritos?utm_source=next_article
b. https://rotamarinha.wordpress.com/2011/06/04/recifes-de-corais-podemdesaparecer-com-oceano-mais-acido/
c. https://jobs.newscientist.com/en-gb/article/what-does-a-marine-biologistdo-/
d. https://www.academia.edu/30051054/WebQuest_Investigando_a_chuva_%C
3%A1cida
e. http://www.unesco.org/new/en/natural-sciences/ioc-oceans/focus-areas/rio20-ocean/blueprint-for-the-future-we-want/ocean-acidification/
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Annex 2.4 – Experimental activity
“There are many hypotheses in science which are wrong. That’s perfectly all right: it’s the
aperture to finding out what’s right. Science is a self-correcting process.”
Carl Sagan, Cosmos

Sónia Cerqueira I Isabel Oliveira I Augusto Fernandes
STE(A)M-IT Portuguese Secondary Team 2020

EXPERIMENTAL PROTOCOL
DOES OCEAN ACIDIFICATION INFLUENCE THE DISSOLUTION OF CALCIUM CARBONATE?
Paços de Ferreira Secondary School 2019/2020
Name __________________________________ _nº _____ 11 th grade

Problem: Does ocean acidification influence the dissolution of calcium carbonate?
Hypothesis: The pH change affects the dissolution of calcium carbonate.

Objective
-

Check the effect of pH variation on the dissolution of a limestone sample.
Check the effect of pH variation on the dissolution of a shell.
Check the effect of pH variation on photosynthetic organisms, where a limestone
sample dissolves and a shell dissolves.
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Material and Reagents1

-

3 Water tanks
2 PET bottles of
2L
2 PET bottles of
1L
Rubber tube
Funnel
Filter
Neubauer's
Chamber
Microscope
Clock / Stopwatch

-

3 Shells
3 Limestone samples
Lyophilized yeasts
Distilled water
Sea (or river or lake water): 1L+1L+1L

-

Figure 2 Experimental setup

Figure 3 Reactor vassel

Procedure
Preliminary tasks:
1. Measure the mass of the sugar
2. Measure the mass of the yeast
3. Measure the mass of the sodium bicarbonate

1

All the pictures and the graphs were created and/or taken by the team of teachers.
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Figure 4 Experimental setup A, B and C.
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PROCEDURE:
1.With a funnel place 600g of sucrose in two 2L bottles
(PET).
2. Mix 7g the lyophilized yeasts in 200mL of distilled
water. Repeat the procedure.
3. Put each mixture into each of the two 2L bottles.
4. Mix 200 mL of distilled water with 16g of baking soda.
Repeat the procedure.
Figure 5 Setup: bottles, sucrose, yeast
5. Put each mixture into each of the two 2L bottles
6. Add water until the mark, as shown in Figure 6.
7. Place a filter on the end of the tube that is inserted into
the water tank.
8. Establish the connection between o reactor vessel, the
safety container and the water tank.
9. Measure the mass of three identical shell samples.
Record the result.
10. Measure the mass of three identical limestone
Figure 6
samples. Record the result.
11. Place 2L of sea water in each of the three water tanks of the
same size: in water tanks A and B place previously boiled sea
water and sea water in water tank C.
12. Place a sample of shell and limestone in each of the water
tanks.
13. Record the initial pH in each of the water tanks, as shown in
Figure 7
14. Using a Neubauer Chamber (protocol for use) count
phytoplankton cells in water tank C at T0, as shown in Figure 8
15. Make a record of the pH in each of the water tanks, once a day
Figure 7
during a week.
16. Monitor the counting of phytoplankton cell in water tank C
(once a day during a week).
17. Remove the shell and limestone from the water tank. Put it
to dry.
18. Measure the mass of the shell and of the limestone sample
after drying for one week.
Figure 8
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Experimental Results

Table 2: Record of results

Water tank A

Water tank B

Water tank C

mshell i =

mlimestone i =

mshell i =

mlimestone i =

mshell i =

mlimestone i =

mshell f =

mlimestone f =0,61g

mshell f =

mlimestone f=

mshell f =

mlimestone f =



t /h

pH



t /s

pH



t /s

pH

Phytoplankton
cell
concentration*
cells/µL

* Calculate the concentration of phytoplankton cells, in cells/µl, following a Neubauer chamber protocol.
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Treatment of results
1. Create a graph of the pH variation over the time the experiment was run. Use the
spreadsheet or a graphing calculator (example in Figure 9)

Figure 9 Example of a graph on the pH variation over time

2. Create a graph of the phytoplankton concentration as a function of time. Use the
spreadsheet or a graphing calculator (example in Figure 10)

Figure 10 Example of a graph on the phytoplankton concentration over time
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3. Determine the variation of the shell mass in the three water tanks (see Table 3 for
inspiration)

Mshell i/g

Mshell f/g

m
variation/g

Water tank A
Water tank B
Water tank C

Table 3 Example table for shell variation

5. Determine the variation in the mass of limestone in the three water tanks (see Table
4 for inspiration)

1. mlimestone i/g 2. mlimestone f/g 3. m
variation/g
Water tank A
Water tank B

-

Water tank C
Table 4 Example table for limestone variation

Discussion / Conclusion

Group presentation of the discussion results obtained in the support that they find most
convenient.
In the presentation, the working group should present:
1. The graphs of the results.
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2. A summary table of the results.
In the presentation, the working group should address:
1. What is the role of yeasts in the experimental setup? Briefly explain the catabolic process
involved.
2. Write the chemical equation that translate the chemical reaction that occurs in the reactor
vessel by the action of yeast.
3. What is the possible interference of phytoplankton in the pH variation? Briefly explain the
anabolic process involved.
4. What is the function of experimental setup A?
5. What are the variables controlled in the experimental setup?
6. What is or are the independent(s) variable(s) in the experimental setup?
7. What is or are the dependent(s) variable(s) in the experimental setup?
8. Should they have been considered replicas?
9. Write the chemical equations that represent what happens when the CO2 dissolves in water.
10. Determine:
• 10.1. The variation of hydrogen ion concentration between the first and the last
measurements.
• 10.2. The variation of pH change between the first and the last measurements.
• 10.3. Compare the variation of hydrogen ion concentration between the first
measurement and the measurement after 48 hours, with the variation of pH between
the first measurement and measurement after 48 hours (determine the quotient).
11. Write the chemical equations that represent what happens when CaCO3 dissolves in water.
12. Do the results of the activity support the initial hypothesis?
13. Analyse the results by discussing what may not be what was expected.
14. Propose changes to the protocol to answer any questions raised by the analysis of the
results.
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Annex 2.5 - Assessment

“Always measure what was done with what could be done.”
Lao Tzu
Sónia Cerqueira I Isabel Oliveira I Augusto Fernandes
STE(A)M-IT Portuguese Secondary Team 2020
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1.Observation Grid - Brainstorming
Initial Assessment
ITEMS TO OBSERVE
Cooperation
Communication
Creativity
Knowledge
Critical Thinking

Score/Points
40
40
40
40
40

GA

GB

NO - Unobservable; NS- Does not satisfy; S - Satisfies; B - Good

2.Observation Grid - Construction and projection of a synthesis / scheme
Formative Evaluation
ITEMS TO OBSERVE
Cooperation
Communication c
Creativity
Knowledge
Critical Thinking

Score/Points
40
40
40
40
40

GA

GB

NO - Unobservable; NS- Does not satisfy; S - Satisfies; B - Good
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3.Observation Grid - Elaboration of the Experimental Protocol
Formative Evaluation
Score/Points
40
40
40
40
40

Cooperation
Communication
Creativity
knowledge
Critical Thinking

GA

GB

GA

GB

NO - Unobservable; NS- Does not satisfy; S - Satisfies; B - Good

4.Observation Grid - WEBQUEST
Formative evaluation
ITEMS TO OBSERVE
Cooperation
Communication
Creativity
Knowledge
Critical thinking

Score/Points
40
40
40
40
40

NO - Unobservable; NS- Does not satisfy; S - Satisfies; B - Good

43

STE(A)M IT PROVISIONAL INTEGRATED LESSON PLAN

5.Experimental Work Observation Grid - Experimental Activity
Formative evaluation
ITEMS TO OBSERVE
Score/points
GA
Compliance with the experimental protocol
20
Construction of the experimental assembly according to the
20
instructions
Systematic recording of information
40
Compliance with safety rules
40
Workbench organization
40
Cooperation Collaboration between team members
40
Each group will be responsible for monitoring one of the
assemblies.
NO - Unobservable; NS- Does not satisfy; S - Satisfies; B - Good

GB

6.Laboratory Work Checklist: Microscopy (Determination of phytoplankton concentration)
Formative evaluation

Uses the coarse
screws properly? (40)

Adjust the
diaphragm?(40)

Adjust the
lighting?(40)

Select the lens with
the lowest
magnification?(40)
Observe correctly
through the
eyepieces?(20)
Place the preparation
correctly?(20)

STUDENTS / ITEMS TO OBSERVE(Points)
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Source:
https://repositorium.sdum.uminho.pt/bitstream/1822/10039/1/As%20actividades%20laboratoriais%20e%20a%20avalia%C3%A7%C3%A3o%
20das%20aprendizagens%20dos%20alunos.pdf
NO - Unobservable; NS- Does not satisfy; S - Satisfies; B - Good

7.Observation / Classification Grid
Final Assessment
ITENS TO OBSERVE
Cooperation *
Communication *
Creativity *
Knowledge *
Critical thinking *

Score/points
40
40
40
40
40

GA

GB

* BG and PC
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Annex 2.6 - References
“In science, always read the newest books.
In literature, the older ones. ”
Millôr Fernandes
Sónia Cerqueira I Isabel Oliveira I Augusto Fernandes
STE(A)M-IT Portuguese Secondary Team 2020
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