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Three major influences on 21st century learning
https://www.challengebasedlearning.org/wp-content/uploads/2020/11/acot2_background.pdf
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The flow experience in learning
https://www.challengebasedlearning.org/wp-content/uploads/2020/11/acot2_background.pdf
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Deep learning versus Shallow learning

https://www.challengebasedlearning.org/wp-content/uploads/2020/11/acot2_background.pdf
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• Challenge Based Learning is an
effective learning framework initiated
at Apple, Inc. and used in
universities, schools, and institutions
around the world

https://www.challengebasedlearning.org/wp-content/uploads/2020/11/acot2_background.pdf
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• Challenge Based Learning provides
a framework for participants to
accomplish learning while building
21st century skills, developing a
framework for life-long learning, and
making an immediate impact on the
world

https://www.challengebasedlearning.org/wp-content/uploads/2020/11/acot2_background.pdf
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• Challenge Based Learning framework is
collaborative and hands-on, asking all
participants (students, teachers, families,
and community members) to:

• identify Big Ideas
• ask good questions
• identify and solve Challenges
• gain in-depth subject area knowledge
• develop 21st-century skills
• share their thoughts with the world

https://www.challengebasedlearning.org/wp-content/uploads/2020/11/acot2_background.pdf
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• Moving beyond the traditional
hierarchy of the school and
classroom, we can create
environments where all stakeholders
are working together to meet
academic objectives while solving
authentic Challenges

• Learn by doing
https://www.challengebasedlearning.org/wp-content/uploads/2020/11/acot2_background.pdf
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ENGAGE
• During the Engage Phase, the Learners move 

from an abstract big idea to a concrete and 
actionable challenge using the Essential 
Questioning process.

• The goal is to personally connect with 
academic content through the identification, 
development, and ownership of a compelling 
challenge.
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ENGAGE
Big Ideas
• A Big Idea is a broad theme or concept that 

can be explored in multiple ways and is 
important to you and the larger community. 
Examples of big ideas include Community, 
Relationships, Creativity, Health, 
Sustainability, and Democracy …, and 
OCEAN
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ENGAGE
Essential Questioning/ 
Essential Question
l By design, the big idea allows for the 
generation of a wide variety of essential 
questions that reflect personal interests and the 
needs of the community (e.g. Why is this 
important to me? Where does this concept 
intersect with my world? etc.). 

l At the end of the Essential Questioning process 
is the identification of one Essential Questions 
that has personal meaning
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ENGAGE
Challenges
l The challenge turns the essential question into 
a call to action to learn deeply about the subject. 
A challenge is immediate, actionable and builds 
excitement

l The Engage phase concludes with the 
identification of a compelling and actionable 
Challenge statement
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ENGAGE
Through essential questioning the 
learners move from a big idea to a 
concrete and actionable challenge
l big idea
l essential question
l challenge
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INVESTIGATE

l Building from the Challenge Learners
develop contextualized learning
experiences and conduct rigorous,
content and concept-based research to
create a foundation for actionable and
sustainable solutions
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INVESTIGATE
Guiding Questions
l The Investigation phase begins with generating 
questions related to the Challenge

l The questions include everything that needs to 
be learned to develop an informed solution to the 
challenge

l The questions are categorized and prioritized 
creating an outline for the learner’s journey
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INVESTIGATE
Guiding Activities/Resources

l Any resource or activity that helps answer the guiding 
questions and develop an innovative, insightful, and 
realistic solution can be used

l Examples of Guiding Resources include: online content 
and courses, databases, textbooks, and social networks

l Examples of Guiding Activities include: simulations, 
experiments, projects, problem sets, research, and 
games
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INVESTIGATE
Synthesis
l Once all of the Guiding Questions have been 
addressed and the results of the Guiding Activities 
recorded, the learners analyze the accumulated data and 
identify themes

l The Investigation phase concludes with reports and 
presentations that demonstrate the learners have 
successfully addressed all of the Guiding Questions and 
developed clear conclusions that will set the foundation 
for the solution

March 2022

25

universidade
de aveiro www.electroceramicsgroup.com Paula M. Vilarinho

INVESTIGATE

All learners plan and participate in a journey 
that builts the foundation for solutions
l Guiding questions
l Guiding activities / resources
l Analysis
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ACT

• In the Act Phase evidence-based 
solutions are developed and 
implemented with an authentic 
audience and the results 
evaluated

• The Learners combine a desire to 
make a difference with a 
demonstration of content mastery
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ACT

Solution Concepts
l Having completed the Investigation phase, 
the learners have a solid foundation to begin 
developing solution concepts

l Solution concepts may involve plans for a 
campaign to inform or educate, school or 
community improvement projects, product 
development, or other activities.
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ACT

Solution Development

l After the solution concept is approved, the 
learners develop prototypes, experiment 
and test

lThis iterative design cycle will most likely 
raise new Guiding Questions requiring 
further research and swing them back into 
the Investigation Phase
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ACT
Implementation and Evaluation

l After developing their solutions, the learners
implement them, measure outcomes, reflect
on what worked and what didn’t and
determine their impact on the challenge.

l When implementation is complete, learners
can continue to refine the solution or develop
a completion report and share their work with
the rest of the world.

l Evidence based solutions are developed,
implemented with an authentic audience and
the results evaluated
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REFLECT, DOCUMENT, & SHARE

• Throughout the Challenge, Learners 
document their experience using audio, 
video, images, and photography

• The ongoing collection of content provides 
the resources for reflection, Informative 
assessment and the documentation of the 
learning process.
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https://youtu.be/CFCSvvsPWUA
March 2022
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Challenge Based Learning

The Challenge

The Ocean
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The big SOCIETAL Idea:
The Ocean 1. ENGAGE

Through essential questioning 
the learners move from a big 
idea to a concrete and 
actionable challenge
l big idea
l essential question
l challenge
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1. ENGAGE

Stakeholders identification:
- Navy
- Weather control
- Governmental divisions
- Port authorities
- Water control division
- Scientists
- Fisheries & Fisherman
- Fish farmers
- Beach authorities
- Boats manufacturers
- Supermarkets
- etc

????
? ?
??
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1. ENGAGE

The challenge(s)
• Control of quality of
waters for bibalves
farms (toxins, virus,
bacterias, etc)

• In situ control
• Real time data
acquisition

• Data management
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1. ENGAGE

The challenge(s)
• Open Ocean buyes
- low cost
- self powered
- sensors

• In situ control
• Real time data
acquisition

• Data management
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2. INVESTIGATE
• develop contextualized 

learning experiences and 
conduct rigorous, content and 
concept-based research to 
create a foundation for 
actionable and sustainable 
solutionS

• generating questions related to the 
Challenge

• Varied sources: scientific literature, patentes, 
onlicontent, on line resources, books, 
interviews, etc

• accumulated data and identify themes
• built the foundation for solutionsMarch 2022
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2. INVESTIGATE

• Solution
• Implementation
• Evaluation

• generating questions related to the 
Challenge

• Varied sources: scientific literature, patentes, 
onlicontent, on line resources, books, 
interviews, etc

• accumulated data and identify themes
• built the foundation for solutionsMarch 2022
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2. INVESTIGATE

• FLEXIBLE ELECTRONICS
• PIEZOELECTRIC BASED DEVICES
• PIEZOELECTRIC HARVESTERS

• CHEMICAL 
SENSORES
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3. ACT

• FLEXIBLE ELECTRONICS
• PIEZOELECTRIC BASED DEVICES
• PIEZOELECTRIC HARVESTERS

• develop prototypes, experiment and 
test. 

• CHEMICAL 
SENSORES

• develop 
prototypes, 
experiment and 
test. 
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OBRIGADA
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•UA and CICECO
•our R&D
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•UA and CICECO
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UNIVERSITY OF
AVEIRO
In PORTUGAL

www.ua.pt
https://vimeo.com/univers
idadeaveiro
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University of Aveiro

16 Departments 
(14000 Students)

Dept. of Materials and Ceramics
Engineering

Degrees in
Materials Engineering: undergraduation, master and PhD   
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www.timeshighereducation.co.uk/world-university-rankings/
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4th in Portugal
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https://www.dropbox.com/s/m2u9kli1v203z7h/CICECO%20
PRESENTATION%202019.pptx?dl=0

CICECO
Aveiro Institute of Materials

www.ciceco.ua.pt
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RESEARCH LINES RESEARCH GROUPS
L1 - Nano and Micro-Structured 
Materials for Information and 
Communication Technologies

G1 – Inorganic Functional
Nanomaterials and Organic –
Inorganic Hybrids

G2 – Multifunctional Ferroic
Ceramics and Nanostructures

L2 – Materials for Energy and 
Industrial Applications

G3 – Materials for Energy 
Conversion and Storage

G4 – Carbon Materials, Composites 
and Funtional Coatings

L3 – Sustainability and Biomaterials G5 – Biorefineries, Biobased
Materials and Recycling

G6 – Biomadical and Biomimetic
Materials

Paula M. Vilarinho March 2022
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SUSTAINABLE
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NANOSTRUCTURING

ADDITIVE MANUFACTURING

FUNCTIONALITY
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ELECTROCERAMICS
GROUP

R&D INTERESTS
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ELECTROCERAMICS
DIELECTRICS

NON LINEAR DIELECTRICS
PIEZOELECTRICS
FERROELECTRICS

FUNCTIONS / APPLICATIONS

FABRICATION
M

AT
ER
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LS FO

R
M

S
Bulk Ceramics

Films - Thick, Thin
Nano Structures

Porous Structures
Flexible Structures

Single Crystal

CONVENTIONAL
Electric Related

NON CONVENTIONAL
Non Electric Related

ElectroMechanical (Piezo-based)
Micro (nano) Electronics Tissue Engineering

FLASH Sintering
Cold Sintering

Additive Manufacturing

Perovskites
LeadBased
LeadFree

Tungsten Bronze
Piezo Polymers

Piezo Composites

NON CONVENTIONAL

NEWApplications

ROOM

Temperature

NEW

Proc
es

sin
gConventional Sintering

Electrophoretic Deposition (EPD)
Ink jet printing

Sol gel
RF Sputtering

Single Crystals Growth

SUSTAINABILITY

CONVENTIONAL
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maker´s LAB 

Since February 2018

DOI: 10.13140/RG.2.219049.60007
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https://www.youtube.com/watch?time
_continue=5&v=4B647jKJT30

March 2022

71

universidade
de aveiro www.electroceramicsgroup.org Paula M. Vilarinho

AN
N

O
U

N
C

EM
EN

TS

Applications open 
8 March – 7 April 2022

Foundation for Science and Technology (FCT)

Pls see more info at:
https://www.fct.pt/apoios/bolsas/concursos/individuais2022.phtml.en
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THANKS FOR 
LISTENING

… to my ideas and EXPERIENCE
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l Department of Materials and Ceramics Engineering

l CICECO – Aveiro Materials Institute

l University of Aveiro, Portugal

l paula.vilarinho@ua.pt

l https://scholar.google.pt/citations?user=xLuit50AAAAJ&hl=pt-PT

l https://orcid.org/0000-0001-5161-1360

l www.electroceramicsgroup.com
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