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FOREWORD
Whether global citizens or global scientists, we need to use scientific reasoning to make
everyday decisions informed by evidence. Science education that reflects realistic scientific
practices engages learners in a full spectrum of scientific inquiry including problem posing,
problem solving, and peer persuasion (the 3Ps). Students should have the opportunity to ask
questions, engage in problem solving experiences, and convince themselves and others of
the reasonableness of their conclusions. We believe that educators should focus on
strategies for bringing realistic scientific experiences into their classrooms and that they
should collaboratively develop curriculum projects focused on relevant issues their students
will face. The main problem we face is how to enable our educators to accomplish this goal.
One tool is Investigative Case-Based Learning (ICBL) which we developed in the mid 1990s
as the melding of two different pedagogies: Problem-Based Learning (PBL as done at
Harvard Medical School among others) and simulation-supported science investigations
using the 3Ps model of scientific inquiry as developed by the BioQUEST Curriculum
Consortium.
PBL methods as used in medical schools needed to be drastically modified for the realities
of science teaching in the classroom. The luxury of tiny classes and 6-10 hours per week for
a single case as done at Harvard are just not feasible for other settings. Importantly, medical
PBL is also not about learning to do science; it is about covering content.
BioQUEST’s approach engages students in inquiry-based science, especially using the
power of ICT. We saw the potential of PBL to set meaningful contexts for investigations,
reflecting the science learning approach in BioQUEST’s 3Ps. This merging of PBL and
collaborative scientific investigation was unique in the 1990s and is more readily found in
many PBL and case study curriculum materials today.
Our ongoing ICBL work has led to major funding from the U.S. National Science Foundation,
to the publication of several books featuring investigative cases, the founding of the Science
Case Network, multiple peer-reviewed articles and work with thousands of science teachers
from around the world, from Peru, to India, New Zealand, China, France, South Africa, and
Singapore.
We are thrilled that the ICBL project has been active for the past five years in Singapore.
This has been a rich collaboration with the Ministry of Education and the National Institute of
Education. We are pleased to have had the opportunity to work and learn with over 300
Singaporean science educators during this time. We are proud of the quality and relevance
shown in the case modules developed by these science educators. We are inspired by their
dedication and creativity. We hope you, too, are inspired by their case modules and find
ICBL to be a useful tool. We wish you success as you work to bring to fruition a vision of
students engaged in solving real problems with science.

Margaret Waterman, Ph.D., Southeast Missouri State University, Missouri, USA
Ethel Stanley, Ed.D., Three Rivers College, Missouri, USA

CONTENTS

Chapter 1.

Preface

1

Acknowledgements

2

What is Investigative Case-Based Learning (ICBL)?

3

Chapter 2.

Why do we use ICBL in science teaching and learning?
-

Chapter 3.

Chapter 5.

5

Lau Chor Yam

How do we use ICBL in science teaching and learning?
-

Chapter 4.

Darren Wong Jon Sien

11

Daniel Lim Poh Yeong

ICBL case modules for primary and secondary science

20

-

Japanese Occupation – Muthu and family
Lianhua Primary School

21

-

Put on your warm clothes
New Town Primary School

59

-

Racing Robert
Princess Elizabeth Primary School

71

-

Floods paralyse Philippine capital Manila
Sembawang Primary School

93

-

An affair with veggies
Ang Mo Kio Secondary School

106

-

Not too hot, not too cold
Commonwealth Secondary School

128

-

Ah boy to NS man
Methodist Girls’ School

151

-

Towards a livable city – solutions for Singapore’s future
School of Science and Technology

165

Practical tips for ICBL implementation in schools
-

192

Lim Hwee Ting

References

194

PREFACE
Science as an inquiry, as espoused in the MOE science curriculum framework, has been a
core emphasis in guiding curriculum design and instruction for more than a decade. In
particular, the outer ring in the framework reflects how inquiry should be grounded in
knowledge, issues and questions that relate to the roles played by science in daily life,
society and the environment. In more recent years, there has been much discussion
internationally of the idea of 'scientific literacy' being an essential part of the school science
curriculum. The OECD PISA defines scientific literacy as the ability to engage with sciencerelated issues, and the ideas of science, as a reflective citizen. This includes the ability to
understand media accounts of science, to recognise and appreciate the contributions of
science in society, and to be able to use science in decision-making on both everyday and
socio-scientific issues.
In the latest round of curriculum revisions, the development of students’ scientific literacy
and 21st century competencies have been added as important components in the ‘2014
Primary Science’ and ‘2013 Lower Secondary Science’ syllabuses. The goal is not only to
develop students’ basic understanding of the knowledge and processes in science, but also
their understanding of the applications of science in real-world contexts. This includes the
understanding of the nature of science and the interactions that science has with society,
technology and the environment. Science as a body of knowledge (e.g. facts, concepts,
theories and laws), and as a set of methods and processes (e.g. observing, inferring,
predicting, hypothesising, experimenting) have traditionally been important aspects of the
school science curriculum. But what has been given less prominence is the understanding of
science as a way of thinking (e.g. the nature of science, the characteristics of the knowledge
it generates and the social aspects of scientific practice).
Hence teachers are encouraged to adopt a broader understanding of the goal of school
science. Science teaching needs to go beyond the basic concepts of science to explicitly
incorporate learning experiences that would deepen students’ understanding of what science
is and how it is practised and applied. Emphasising how science is applied in a range of
situations allows students to be able to better appreciate the relevance of science. Contextbased approaches to learning science, such as Investigative Case-Based Learning (ICBL),
help students connect the science concepts that they are learning to their everyday lives.
Indeed, research studies have shown that the middle school years (10-14 years old) are
critical in maintaining positive student attitudes toward science.
It is our hope that this handbook, with the contributed case modules that have been
developed and implemented by our teacher collaborators, will serve as a useful introduction
and guide on how to better balance students’ learning of content, their development of the
skills and competencies, and the nurturing of attitudes and values with science education.
The challenge for science teachers is to start making small adjustments in our teaching,
given our own school contexts, to better balance the interrelated curriculum demands of
school science.
We wish you all a fruitful journey in making science interesting and culturally relevant for our
students!
Editorial Team
Darren Wong Jon Sien (Dr)
Lau Chor Yam
Daniel Lim Poh Yeong
Lim Hwee Ting
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CHAPTER 1: WHAT IS ICBL?
Investigative Case-Based Learning (ICBL) is an instructional approach in science that uses a
case (a short story or scenario) that provides a rich context to stimulate students’ exploration
of questions for meaningful scientific inquiry. Cases have traditionally been used in business,
law and medical education. Some examples include the Harvard Business School which
uses the case approach to teach decision making skills (Christensen & Hansen, 1987) and
McMaster University which developed its student-centred, interdisciplinary problem-based
learning (PBL) instructional method for the entire medical school curriculum (Barrows, 1996).
PBL is based on ill-defined and complex problems encountered in the real world as a
stimulus for learning and for integrating and organising learnt information in ways that will
facilitate its recall and application to future problems. Barrows (1996) defined PBL as having
the following characteristics:
•
•
•
•

Learning is student-centred
Learning occurs in small student groups
Problems form the organising focus and stimulus
New information is acquired through self-directed learning

ICBL blends the well-established PBL methods with scientific inquiry in a way that frames
the learning of science within the broader context of scientific, technological and
environmental issues faced by society today (Waterman & Stanley, 2004). For example, the
case could be designed to promote the awareness and the ability to analyse major issues
and challenges faced internationally, such as providing sufficient water and food, controlling
diseases, generating sufficient energy and adapting to climate change (UNEP, 2012).
Consequently, an important learning outcome is for our students at the personal level, to be
able to exercise sound reasoning and make informed decisions about practices that may
affect their own health and wellbeing or about appropriate use of materials, new
technologies and energy that may impact the environment.
Through analysis of the case, students have the opportunity to explore scientific questions
underlying real-world issues derived from the case and to apply scientific reasoning.
Students work collaboratively to frame their own questions and to identify and gather data
and additional information in answer to their questions. They employ a variety of methods
and resources, including traditional laboratory and field techniques, software simulations and
models, data sets, internet-based tools and information retrieval methods. Finally, the
students produce materials which can be used to provide support for their conclusions and
to communicate and persuade others of their findings.
The cases featured in this handbook range from contemporary issues such as environmental
conservation for developing sustainable cities, to a historical case on the Japanese
Occupation to teach light and shadows. Personal health and fitness is a common context
which leads to learning concepts such as the human respiratory and circulatory systems,
energy, nutrition and body mass index. Other examples of everyday situations embedded in
the cases include why a jacket keeps us warm, ways to keep vegetables fresh, and how
buildings from different parts of the world are designed to maintain a comfortable
temperature.
By developing instruction focused on real-world cases, students learn science beginning
from a familiar context, enabling them to make connections between abstract science
concepts and their applications in everyday life. Students are motivated in their learning
through the case stories that are written about people who are trying to make sense of
What is ICBL?
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issues facing them. This method is learner-centred with intense interaction between
participants as they build their knowledge and work together as a group to examine the case.
The rationale and benefits of ICBL, with particular connections to the development of
scientific literacy and 21st century competencies, will be further discussed and elaborated in
Chapter 2.
ICBL incorporates a three-phase process of problem posing, problem solving, and peer
persuasion (Peterson & Jungck, 1988) that models how scientists work: how they define
problems, develop methodologies to collect evidence, and justify their findings. Students
take ownership of their learning and are active inquirers throughout the problem solving
process. The instructor's role is that of a facilitator while the students collaboratively analyse
and address problems and resolve questions that have no single right answer. The important
considerations in planning and implementing effective ICBL instruction based on the socalled ‘3Ps’ will be described in more detail in Chapter 3.
At this point, one may ask how ICBL (or more generally, case-based learning) and PBL
relate to inquiry-based learning (IBL)? While we are mindful that there is no universally
agreed upon definition or distinction, one can think of IBL as an umbrella term to refer to
teaching approaches that enable students to experience the processes of knowledge
creation, for which both ICBL and PBL are examples of. An early advocate of IBL was the
American educator and philosopher John Dewey (1859 – 1952). He believed that the child is
an active learner who learns best by doing. He argued for the constructivist approaches to
learning, where students construct their own understanding and knowledge of the world
through experiencing things and reflecting on those experiences.
We can think of PBL and ICBL as aligned with IBL in that both tap on the learner’s innate
curiosity and desire to answer a question or solve a real-world problem or case. PBL and
ICBL are examples of models of instruction that are built on the principles and philosophy of
IBL. At the risk of oversimplifying, we can consider ICBL, as a variant of PBL, which tends to
take a more guided approach to inquiry. Of course, the actual implementation of ICBL can
range from more structured inquiry to open inquiry, depending on the amount of guidance
given to students.
In summary, ICBL aligns to PBL methods with the scientific investigative approaches and
lends itself well to the development of 21st century competencies necessary for the
globalised world we live in. With its focus on investigation into problems set in authentic
complex contexts that incorporate social, cultural, economic and technological perspectives
in society, ICBL serves as an instructional model that can help marry two aspects regarded
by scientists and educators as major goals in science education: an inquiry-based ‘science
for future scientists’ orientation; and a functional ‘scientific literacy for all’ understanding of
science in real-world situations.
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CHAPTER 2: WHY DO WE USE ICBL?
Since the turn of this century, many education systems have embarked on school science
reforms in the hope of bringing about innovative changes in the science curriculum, science
teaching and supporting curriculum materials. One common goal of these reforms is to
better prepare school students for the volatility, uncertainty, complexity and ambiguity in a
rapidly changing, globalised 21st century environment driven by scientific and technological
advancements.
This chapter will first examine recent trends in science curriculum reforms to make school
science accessible to all students, and the emphasis on developing and assessing students’
scientific literacy. Following this, we will look at a brief summary of MOE’s 21st century
competencies framework and the science curriculum’s emphasis on developing students’
scientific literacy and 21st century competencies. Finally we examine how the features of
ICBL may support students in their learning of science and their development of life-ready
competencies.
Shift towards science education for all
As early as in 1970, the National Science Foundation (NSF) Advisory Committee for Science
Education in America recommended that science education should emphasise
understanding of science and technology by all students. The notion of ‘scientific literacy’, a
term commonly used to denote ‘science education for all’, serves to highlight the role of
science education as a context to promote a socially responsible and competent citizen. In
the contemporary practice of science (and technology), it has become increasingly obvious
that the traditional concept of science disciplines as distinct entities amongst themselves and
separate from technology does not hold. Science today is now less directed into establishing
new theories and laws in the traditional disciplines, and more focused on the functional
aspects of science and technology in relation to improving the quality of life, human welfare,
economic development and social progress (Hurd, 1998).
Millar and Osborne (1998), in their ‘Beyond 2000’ report on science education in the United
Kingdom, emphasised the need for reforms in the school science curriculum to cater to the
majority of young people who will not pursue a career in science or technology. According to
them, the primary aim of the science curriculum should be to provide a course which can
enhance ‘scientific literacy’, and produce a populace who is comfortable, competent and
confident with scientific and technical matters and artefacts, whatever their career
aspirations or aptitudes may be. A similar call was made in another important policy
document, ‘Science for All Americans’. In this document, a publication of the ‘Project 2061’
committee, the emphasis on scientific literacy is seen as a means to prepare people to lead
personally fulfilling and responsible lives, with the belief that a science-literate person is one
who: is able to view science, mathematics and technology as interdependent human
enterprises with strengths and limitations; understands key concepts and ideas in science; is
familiar with the natural world; is able to use scientific knowledge and ways of thinking for
individual and social purposes (AAAS, 1989).
The call to emphasise scientific literacy as a major goal in science education may be seen
as a reform of science teaching to address the rapid growth of scientific knowledge enabled
by advancements in technology, and the increasing impact of science and technology in
almost every aspect of our lives. Rather than to try to increase content coverage in an
already content-heavy science curriculum, which may ultimately impose a greater burden for
the majority of students, and thus further alienating many students from higher achievements
in science, the focus should be to identify core science concepts and ideas that will provide
Why do we use ICBL?
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‘knowledge of science’ for functional understanding of science. Perhaps more importantly,
students must also develop their ‘knowledge about science’ or the epistemological
knowledge of science – norms for working with variability in measurements; methodologies
in gathering empirical data; justification for claims; development of theoretical models and
their inherent assumptions used to explain phenomena. This knowledge would enhance
students’ ability to take an active interest in and make informed decisions on science issues
in their personal lives and in society (DeBoer, 2000; Holbrook & Rannikmae, 2009).
Assessment of scientific literacy
While there is no one fixed definition of scientific literacy shared by all academics, a
functional definition provided by the OECD ‘Programme for International Student
Assessment (PISA)’ is now being used by education systems in many countries that have
participated in this international benchmark assessment programme. PISA, created in 1997,
is an attempt to monitor the outcomes of education systems in terms of 15-year-old students’
achievement in reading literacy, mathematical literacy and scientific literacy. In the PISA
2015 study, the definition of scientific literacy is stated as “the ability to engage with sciencerelated issues, and with the ideas of science, as a reflective citizen” (OECD, 2013, p. 7).
A scientifically literate person, therefore, is willing to engage in reasoned discourse about
science and technology which requires the competencies to:
1. Explain phenomena scientifically:
Recognise, offer and evaluate explanations for a range of natural and technological
phenomena demonstrating the ability to:
•
•
•
•
•

Recall and apply appropriate scientific knowledge;
Identify, use and generate explanatory models and representations;
Make and justify appropriate predictions;
Offer explanatory hypotheses;
Explain the potential implications of scientific knowledge for society.

2. Evaluate and design scientific enquiry:
Describe and appraise scientific investigations and propose ways of addressing
questions scientifically demonstrating the ability to:
•
•
•
•
•

Identify the question explored in a given scientific study;
Distinguish questions that are possible to investigate scientifically;
Propose a way of exploring a given question scientifically;
Evaluate ways of exploring a given question scientifically;
Describe and evaluate a range of ways that scientists use to ensure the reliability of
data and the objectivity and generalisability of explanations.

3. Interpret data and evidence scientifically:
Analyse and evaluate scientific data, claims and arguments in a variety of
representations and draw appropriate conclusions demonstrating the ability to:
•
•
•
•
•
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Transform data from one representation to another;
Analyse and interpret data and draw appropriate conclusions;
Identify the assumptions, evidence and reasoning in science-related texts;
Distinguish between arguments which are based on scientific evidence and theory
and those based on other considerations;
Evaluate scientific arguments and evidence from different sources (e.g. newspaper,
internet, journals).
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Demonstrating these competencies in the PISA assessment involves using the knowledge
that 15-year-old students can reasonably be expected to have of the concepts and ideas of
science (content knowledge), the procedures and strategies used in all forms of scientific
enquiry (procedural knowledge), and the manner in which ideas are justified and warranted
in science (epistemic knowledge). In recognition that attitudes also form a part of the
construct of scientific literacy, the PISA assessment evaluates students’ attitudes towards
science in three areas: interest in science and technology; environmental awareness; and
valuing scientific approaches to enquiry, using contexts that raise issues and choices
relating to the self, family and peer groups (personal), to the community (local and national),
and to life across the world (global).
Developing students’ 21st century competencies
Introduced in 2010, MOE’s 21st century competencies framework (revised in 2014) serves to
guide schools in the development of key competencies in all students through both
academic and non-academic curriculum programmes, so that they may thrive in a fastchanging and highly competitive world. The framework essentially sets the direction and
focus for schools to better position their students for the future, to take advantage of
opportunities in a globalised world by being equipped with life-ready competencies like
creativity, innovation, cross-cultural understanding and resilience (MOE, 2014).
In this framework, four desired outcomes for every student are presented. These are:
1. A confident person who has a strong sense of right and wrong, is adaptable and resilient,
knows himself, is discerning in judgment, thinks independently and critically, and
communicates effectively.
2. A self-directed learner who questions, reflects, perseveres and takes responsibility for
his own learning.
3. An active contributor who is able to work effectively in teams, is innovative, exercises
initiative, takes calculated risks and strives for excellence.
4. A concerned citizen who is rooted to Singapore, has a strong sense of civic responsibility,
is informed about Singapore and the world, and takes an active part in bettering the lives
of others around him.
Values, Social and Emotional Competencies, and the 21st Century Competencies necessary
to achieve the desired outcomes constitute the three main components of the framework.
Whilst schools may be familiar with the values, and social and emotional competencies, as
these are enduring components of education emphasised through Civics and Moral
Education (CME) and the Social and Emotional Learning (SEL) programme, the framework
brings to the fore their fundamental role in ensuring a holistic education for students as they
develop 21st century competencies needed to thrive in a fast-changing environment.
The three domains of emerging 21st century competencies highlighted in the framework are:
•

•

•

Civic literacy, global awareness and cross-cultural skills – refers to having
responsibility towards community and civic-mindedness; a sense of self, national and
cultural identity; an awareness of global trends and issues, as well as sociocultural
and religious sensitivity and awareness.
Critical and inventive thinking – refers to having skills and dispositions such as sound
reasoning and decision-making, reflective thinking, curiosity and creativity; and
managing complexities and ambiguities.
Communication, collaboration and information skills – refers to having openness to
new and diverse information, ideas and perspectives; being able to work effectively
with others to meet group goals; being able to manage information and communicate
effectively; and a sense of responsibility in the use of information.

Why do we use ICBL?

7

Scientific literacy and 21st century competencies in the science curriculum
Development of students’ scientific literacy and 21st century competencies are key
components in the ‘2014 Primary Science’ and ‘2013 Lower Secondary Science’ syllabuses.
“Students need to be equipped with the skills to be able to use scientific knowledge to
identify questions, and to draw evidence-based conclusions in order to understand and
make decisions about the natural world and the changes made to it through human activity.
They also need to understand the characteristic features of science as a form of human
knowledge and inquiry, and be aware of how science and technology shape our material,
intellectual and cultural environments. Lastly, they need to be equipped with ethics and
attitudes to engage in science-related issues as a reflective citizen.” (MOE, 2012/2013, p. 4).
The school science curriculum should also be strongly aligned to developing the desired 21st
century competencies. School science lessons must serve to build a strong foundation in
both scientific knowledge and methodologies that include the development of reasoning and
analytical skills, decision and problem solving skills. Students should also have opportunities
to respond to different contexts that require them to demonstrate an open and inquiring mind
that is willing to explore new territories and learn new things.
Essentially, teachers are expected to adopt a broader understanding of the goal of school
science and go beyond teaching the basic concepts of science to incorporate learning
experiences that would deepen students’ understanding of what science is and how it is
practised and applied. Roberts (2007) proposed that generally, science educators have two
broad and distinct ‘visions’ of the purposes of learning school science. In the first vision, the
discipline of science itself (the products, processes, characteristics of scientific enterprise) is
emphasised, whereas the second vision focuses on the situations where science plays a
role in human affairs (including, but not limited to scientific thinking, and activity).
Traditionally, the first vision – understanding the discipline of science has been given greater
prominence and prestige in schools. However, it is the second vision – understanding the
everyday life situations where science is applied that supports students in their ability to
cope with a variety of science-related situations that confront them after they leave school
and take on their role as citizens and parents.
Indeed, by emphasising how science is applied in a range of situations allows students to be
better able to appreciate the ‘relevance’ of science and provide an answer to their perennial
question – “Why are we learning this?” The range and diversity of situations will also allow
teachers to have a much wider scope for accommodating innovations in school science so
as to better interest and motivate students’ learning of science and develop their scientific
literacy and 21st century competencies. Teachers will need to make adjustments in their
teaching to balance and optimise the interrelated curriculum demands in their school
contexts to bring about effective and sustainable teaching and learning strategies to develop
students’ scientific literacy and 21st century competencies.
Why use ICBL in science teaching?
The ICBL approach, with its strong emphasis on inquiry-based learning and inquiry into
authentic problems, is very well-aligned to support the development of students’ scientific
competencies and inquiry skills. In the phases of ICBL, students are encouraged to use
concepts and integrate skills and processes to inquire about phenomena around them, and
gather and present evidence to make evidence-based evaluations and judgements on
various science-related situations. Table 2.1 shows the alignment of the ICBL phases with
the PISA scientific competencies, 21st century competencies, and the inquiry skills and
processes identified in the ‘2014 Primary Science’ and ‘2013 Lower Secondary Science’
syllabuses.
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Investigative cases approach in science teaching and learning thus provides teachers with
opportunities to make science content relevant and engaging. Students learn science in the
context of exploring societal and personal decisions and can better connect the content they
learn in school to its uses outside the classroom, and to careers related to that content.
Research shows that when new learning is set in a realistic context, students learn as much
and retain more than in traditional teaching. Students can also apply the knowledge they are
gaining to new problems more readily if learnt via cases than if learnt via traditional methods
(Stanley et al., 2012).
Another reason to use investigative cases is that this method requires students to ask
questions, a scientific inquiry skill that is emphasised in many science curricula. In the ICBL
problem posing phase, a two-part process based on the KWL chart (Know, Want to Know,
Learnt) methodology is used. During this process called ‘Case Analysis’, students identify
their own prior knowledge and then share that knowledge with peers in small groups that
collaborate to ask good, scientifically testable questions. Learners will then engage in
exploring, experimenting and investigating questions relevant to the case. The cases thus
set the stage for authentic scientific inquiry activities that become meaningful because they
are helping to solve a problem.
By using investigative cases, the teacher also allows the student to build on his or her
unique prior knowledge and learn in a way that best suits him or her. The Know/Need to
Know chart leads students to share what they know and then ask and answer their own
questions. That is, these cases allow learners to tackle scientific concepts at their own levels,
develop their own questions and then answer them in a meaningful way that makes sense to
them. Through this differentiated approach, students often perceive the use of investigative
case teaching as open and fun − students like it!
ICBL can also be used very flexibly, and thus allows teachers greater opportunities to align
students’ learning to accomplish a variety of important educational objectives, such as:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Pre-assess students
Set a meaningful context for a regular lab session
Teach how to ask scientific questions
Introduce experimental design
Introduce the need for a specific lab technology
Introduce models and simulations
Teach data analysis and interpretation
Prepare students for a field trip
Provide a common context for students to write about
Assess content
Introduce career possibilities
Teach life-long learning skills
Teach collaboration and team work skills
Have students show their learning in multiple formats
Use technology in a meaningful way

Why do we use ICBL?
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Table 2.1 Alignment of ICBL phases with the PISA scientific competencies, 21st century competencies, and the inquiry skills and processes
st

ICBL phases

PS and LSS skill sets

21 century competencies

PISA scientific competencies

Problem posing: Analysing a
case
• Introduce the case
• Recognise potential issues
and major themes or topics
• Pose specific questions via
Know/Need to Know
analysis

Engaging with an event, phenomenon or
problem through:
• Formulating hypothesis – making a
general explanation for observations or
events
• Generating possibilities – exploring all
alternatives, possibilities and choices
• Predicting – assessing the likelihood of
an outcome based on prior knowledge
• Defining the problem – identifying the
extent, scope and nature of the problem
(LSS)
• Posing questions – clarifying issues and
meaning through inquiry (LSS)

Civic Literacy, Global Awareness
and Cross-Cultural Skills
• Aware of community and national
issues and plays a part to improve
the community and nation
• Aware of global issues and trends
• Displays sociocultural and religious
sensitivity and awareness

Explain phenomena scientifically
• Recall and apply appropriate scientific
knowledge
• Identify, use and generate explanatory
models and representations
• Make and justify appropriate predictions
• Offer explanatory hypotheses
• Explain the potential implications of
scientific knowledge for society

Problem solving:
Investigating the questions
• Obtain additional
references/resources to help
answer or explore questions
• Define problems further by
sharing views and concerns
• Design and conduct
scientific investigations

Collecting and presenting evidence
through:
• Observing – using human senses and
instruments to gather information about a
particular object, event or phenomenon
• Using apparatus and equipment – being
able to select and handle various
equipment and apparatus appropriately
for various tasks

Peer persuasion: Supporting
methods and reasoning
• Produce materials that
support understanding of
the conclusions
• Evaluation of what was
learnt

Reasoning; Making meaning of
information and evidence through:
• Comparing
• Classifying
• Inferring
• Analysing
• Evaluating
• Verifying (LSS)
Communicating – skill of transmitting and
receiving information presented in various
forms (verbal, tabular, graphical or pictorial)
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Critical and Inventive Thinking
• Explores possibilities and
generates ideas
• Exercises sound reasoning,
decision making and metacognition
• Manages complexities and
ambiguities
Communication, Collaboration and
Information Skills
• Communicates and collaborates
effectively
• Manages, creates and shares
digital information thoughtfully,
ethically and responsibly

Evaluate and design scientific enquiry
• Identify the question explored in a given
scientific study
• Distinguish questions that are possible to
investigate scientifically
• Propose a way of exploring a given
question scientifically
• Evaluate ways of exploring a given
question scientifically
• Describe and evaluate a range of ways
that scientists use to ensure the
reliability of data and the objectivity and
generalisability of explanations
Interpret data and evidence scientifically
• Transform data from one representation
to another
• Analyse and interpret data and draw
appropriate conclusions
• Identify the assumptions, evidence and
reasoning in science-related texts
• Distinguish between arguments which
are based on scientific evidence and
theory and those based on other
considerations
• Evaluate scientific arguments and
evidence from different sources (e.g.
newspaper, internet, journals)

CHAPTER 3: HOW DO WE USE ICBL?
ICBL creates a teaching and learning environment that transforms students into active
inquirers, taking ownership in solving their own questions while teachers become active
facilitators of classroom inquiry. Students work together to construct new knowledge and
develop skill sets, values and attitudes desired in our education outcomes.
In this chapter, we look at the perspectives of teachers as planners and designers of the
ICBL instruction and how they can better facilitate ICBL in the classrooms. Firstly, we
examine the processes and considerations of case designing to see how ideas for cases are
hatched and developed. Then we explore the fine balance between the level of teacherguidance and student-directedness as we unpack the essential features of inquiry to decide
what is best for your students. Lastly, we look at how to monitor progress of students in ICBL
and how it can be used as an alternative assessment.
Planning the ICBL instruction
The planning of the ICBL is no different from the planning of any other instructions and
requires teachers to be mindful of all the critical considerations such as:
1.
2.
3.
4.
5.
6.
7.
8.

Goals and purpose of instruction
Topics and learning outcomes
Level and ability of students
Level of inquiry
Instructional sequence
Allocated time period
Available teaching and learning resources
Level of teacher-guidance and student-directedness

The nature of ICBL instruction which includes the 3Ps begins with a case at Problem posing,
which then leads to students’ investigative activity at Problem solving and subsequently
communicating their findings at Peer persuasion. To experience the full cycle of ICBL
instruction, teachers would have to plan for the three phases which may take more than a
single lesson to complete.
Depending on the teaching and learning goals for the purpose of ICBL as an instruction,
teachers would have to anticipate the kind of inquiry experience that would cater to their
students’ learning ability. It can be designed as a simple experience of attempting to find an
answer to a scientific question from a case or it can be an elaborate meaningful learning of
science incorporating topics from various disciplines for students to appreciate connections
between what they are learning in school to the issues surrounding their daily lives.
Table 3.1 shows an overview of the sample unit plan for a complete ICBL instructional unit
comprising of the 3Ps accomplished over a series of lessons. It also compares common
teacher and student activities between the ICBL and direct instruction. Unlike the latter
where teachers are more involved in directing the inquiry in the classroom, ICBL provides an
alternative environment to give students more autonomy to conduct inquiry on their own.
However, much decision lies in the teachers’ instructional plan to decide the type of inquiry
experience most suited for their students. Knowing them well enough, teachers can decide
when students can work for themselves and when to provide teacher-guidance at each ICBL
phase. This flexibility allows teacher to continually fine-tune their plans to provide the best
teaching and learning opportunity for their students.

How do we use ICBL?
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Table 3.1 Sample unit plan for a complete ICBL instructional unit
ICBL
ICBL
Instructional Phases
(3Ps)
Unit

ICBL Instruction

Direct instruction

Lesson
Opening
(1st lesson)

Teacher
• engages students with a
case

Teacher
• introduces the lesson
• provides overview of
lesson
• engages students
through a trigger

Problem
Posing

Students
recognise issues, themes
and topics
• generate list of questions
from the case
• decide on the question(s) to
investigate
Students
• obtain additional references/
resources to explore
questions*
• design and conduct the
investigation*
• collect data evidence
• formulate explanation and
draw conclusions*
•

Lesson
Development
(2nd - 3rd
lesson)

Lesson
Closure
(4th lesson)

Problem
Solving

Peer
Persuasion

( * - with teacher guidance if
needed)
Students
• communicate, justify and
defend explanations

Teacher
• explains science
concepts
• introduces group
activity/science practical
Students
• perform group activity/
science practical
• complete tasks/
worksheets
Teacher
• summarises and
consolidates concepts
learnt

Case designing
The cases in ICBL are the key drivers to inquiry instruction when they engage students from
the start at problem posing leading them to problem solving. The critical success factor of
the ICBL instruction depends on how the case shapes the entire learning experience. Case
designing is thus an essential skill for teachers to acquire.
The ICBL cases are unique compared to other case-based instructions. The narrative
usually describes observable events or phenomena that happened in settings which
students are familiar with, for example at home, at the playground or the market where
science is seen in action in their daily lives (Waterman & Stanley, 2000). Here, the
characters in the narrative play the critical role of shaping and scoping the context through
their casual conversation with one another, usually arising out of curiosity and is left openended for students to define and identify the issues in it, and raising further questions as
they read and analyse it.
The challenge is thus for teachers to craft a case that is interesting enough for students to be:
1. sufficiently engaged to generate questions to explore;
2. associated with the topic introduced for teaching and learning;
3. motivated and interested to pursue their quest for answers to the underlying issues in the
case.
12
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An example of a typical case can be as follows,
Ah Tan entered the kitchen right after coming back home from school one late afternoon.
Feeling famished, he zoomed straight to a Styrofoam box on the table. His mother could
have prepared it for his afternoon tea, he thought. As he flicked open the cover of the box
with excitement, small droplets of water hit his face which left him bewildered. Just then his
mother walked into the kitchen. “There are durian cakes in that box which I have just taken
them out from the fridge for you. Try them, it’s not bad”, she said. Ah Tan stood there quiet
as he touched the cool surface of the box……
This case would encompass topics (and themes) such as heat (energy), water condensation
(cycles) and heat insulation (diversity of materials).
Some possible questions that students would ask:
“Where do the water droplets come from?”
“Why is the surface of the Styrofoam box cool?”
“Why is Styrofoam box used to keep durian cakes in the fridge?
Cases can be made more challenging by extending views and perspectives from a personal
level to a national event or a global phenomenon as shown in the examples tabulated in
Table 3.2. Age-appropriateness relevant to the level of students experiencing the ICBL
instruction is another important consideration when choosing the context for the cases.
Table 3.2 Contexts for the PISA 2015 scientific literacy assessment (OECD, 2013)

Health and
Diseases

Personal
Maintenance of health,
accidents, nutrition

Natural
Resources

Personal consumption
of materials and
energy

Environmental
Quality

Environmentally
friendly actions, use
and disposal of
materials and devices

Hazards

Risk assessments of
lifestyle choices

Frontiers of
Science and
Technology

Scientific aspects of
hobbies, personal
technology, music and
sporting activities

Local / National
Control of disease,
social transmission,
food choices,
community health
Maintenance of human
populations, quality of
life, security,
production and
distribution of food,
energy supply
Population distribution,
disposal of waste,
environmental impact

Rapid changes (e.g.
severe weather,
earthquakes), slow
and progressive
changes (e.g. coastal
erosion,
sedimentation), risk
assessment
New materials, devices
and processes, genetic
modifications, health
technology, transport

Global
Epidemics, spread of
infectious diseases

Renewable and nonrenewable natural
systems, population
growth, sustainable
use of species
Biodiversity, ecological
sustainability, control
of pollution, production
and loss of
soil/biomass
Climate change,
impact of modern
communication

Extinction of species,
exploration of space,
origin and structure of
the Universe
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Some important considerations during ICBL case-crafting:
•

Avoid making the students a part in the case. They should not be role playing (e.g.
you are a scientist and you have a big problem to solve…). By making them a part of
the story will likely disengage and inhibit them from being more forthcoming in their
views and thoughts. Positioning the students as the ‘observers’ as the event happens
before them, would make them more willing to participate in providing third party
perspectives and criticise the decisions of others.

•

Avoid school and research lab settings, especially if the case is meant for school
students (e.g. Ahmed and Muthu were discussing their latest biology assignment
when…). Though the school setting is a real-world context, we would want to avoid it
since school is a major part of students’ lives. Having spent most of their time at
school, the last thing they would get excited about would be to read an event that
occurs in school.

•

Avoid science fiction scenarios, animated characters and movie scenes showing
unrealistic talking animals, microbes or plants which can lead to more confusion and
develop misconceptions among students, let alone appreciate them. The issues
which are science-related are hidden within the context which may be left unresolved
for students to identify and deal with during the problem solving phase.

Cases drawn out should be written clearly and succinctly to a recommended one A4 page or
less. Once crafted, a good tryout with a colleague acting as a student reading out aloud to a
group of colleagues and eliciting their responses is encouraged, to see whether they are
able to recognise what the case is about and the topics it is related to. Get them to generate
a list of questions from the case to see if they match what is expected by the teacher author.
This is to check for congruency between what the listeners and readers would gather about
the case versus that of what the teacher author has originally intended. If there is too much
incongruity, then the case scenario has to go back to the drawing board, taking into account
all the feedback and suggestions given by fellow colleagues and to recast the case to a new
scenario.
Teacher-guidance vs Student-directedness
In ICBL, the degree of teacher-guidance and student-directedness is dependent on students’
readiness and their ability to function independently as inquirers within a given instructional
time period. The resourcefulness of student groups, team dynamics, and even familiarity to
the ICBL method of instruction can all affect students’ learning outcomes. Teachers who
plan the ICBL instruction must be familiar with the needs and abilities of their own students
in order to provide the level of guidance and facilitation needed to maximise learning.
In Table 3.3, the boxed-up region shows the features of inquiry for students experiencing
ICBL. As can be seen, students’ experiences are generally more skewed towards selfdirected learning especially in the area of formulating their own questions. Unlike other
inquiry lessons, whereby sometimes questions are generated by teachers as a trigger to
stimulate inquiry, the ICBL instruction directs students to generate their own questions
independently from the case, without the help of teachers. The onus lies on the students to
read, analyse and think critically about the case on their own first and then in groups,
defining the problem and listing all possible questions from it. In this way, the inquiry in ICBL
is said to be ‘purposeful’ whereby students’ questions are ‘interest-generated’ and ‘owned’
by them. Students would then be naturally more motivated to pursue deeper into the inquiry
process to look for answers themselves (Hofstein & Lunetta, 2004).
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Table 3.3 Variations in features of inquiry adapted from Inquiry and the National Science
Education Standards: A Guide for Teaching and Learning. Table 2-6. p29 (NRC, 2000)
Essential
Features

More

Amount of student-directed learning

Less

Less

Amount of teacher-guidance

More

Variations in Features of Inquiry
Student
engages in a
scientifically
oriented
question

Student poses
a question

Student
selects among
questions and
poses new
questions

Student
sharpens or
clarifies
questions
provided by
teacher

Student engages
in question
provided by
teacher,
materials or
other source

Student gives
priority to
evidence in
responding to
questions

Student
determines
what
constitutes
evidence and
collects it

Student
directed to
collect certain
data

Student given
data and asked
to analyse

Student given
data and told
how to analyse

Student
formulates
explanations
from evidence

Student
formulates
explanation
after
summarising
evidence

Student guided
in process of
formulating
explanations
from evidence

Student given
possible ways
to use
evidence to
formulate
explanation

Student provided
with evidence

Student
connects
explanations
to scientific
knowledge

Student
independently
examines other
resources and
forms links to
explanations

Student
directed
toward areas
and sources of
scientific
knowledge

Student given
possible
connections

Student given all
connections

Student
communicates
and justifies
explanations

Student forms
reasonable and
logical
argument to
communicate
explanations

Student
coached in
development of
communication

Student
provided with
broad
guidelines to
use to sharpen
communication

Student given
steps and
procedures for
communication
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As discussed earlier, the decision on the type and number of questions to be investigated
lies within the teacher’s control in the instructional plan. Teachers would have planned the
activities in advance in accordance to the allocated curriculum time and deployed the
necessary resources for the targeted question to be investigated by students. In this manner,
ICBL is better managed and tailored for younger students who may require a more guided
approach to instruction as compared to PBL.
Teachers can decide that all students work on the same question generated from the case
or they can increase the challenge by allowing for more questions to be investigated within
the instructional time. More questions done would bring about greater diversity and richness
in student discussions during peer persuasion. It can also suggest a wider coverage of
topics/themes exposed to students. The recommended maximum of up to three related
questions is allowed at any one ICBL cycle so as not to compromise students’ learning
experience (Waterman & Stanley, 2000).
There are no limits to the level of openness in the inquiry and student-directedness as long
as students are independent and ready enough to manage themselves with minimal
supervision. Students can even make decisions to the questions that they would like to
investigate as long as their school can support their initiatives. This usually applies when
ICBL is used to kick-start a science fair project that is often student-initiated.
Two possible scenarios that can happen for a teacher who conducts the investigation with
the same question for all groups in the class (Scenario 1) versus another that assigns
different questions to different groups (Scenario 2) are illustrated as follows:
Scenario 1
For a teacher who plans for the class to do only one question,
Question 1: “Can different types of materials conduct heat at different rate?”
The class can conduct the same experiment comparing the rate of heat transfer for the three
different materials for example, plastics, ceramic, and metal, and then to analyse and
compare the data gathered amongst the student groups to draw their final conclusions
together as a class.
Versus
Scenario 2
For a teacher who plans for the class to do two possible questions that are related to the
same topic:
Question 1:“Can different types of materials conduct heat at different rate?”
Question 2:“Can different colours affect the conduction of heat at different rate?”
Teachers can divide the class into two groups to investigate the two questions independently
and then to discuss the data collected based on the physical characteristics (materials and
colours) relative to heat conduction.
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Considerations during implementation
Problem posing
In problem posing, students get engaged at the start of the instruction with an open-ended
case. A student reads aloud to the class and subsequently they spend time reading and
internalising the case individually to recognise the potential issues, themes and topics
associated with it. A ‘Know/Need to Know’ chart in the case analysis sheet as shown in
Table 3.4 is used to help students scaffold their thoughts to generate the list of ‘What else I
need to know’ questions that they are curious about. These issues, ideas and questions
about the case are further analysed, discussed and shared in small groups of three to four
before identifying the question for investigation in the next phase of the cycle, i.e. problem
solving.
Table 3.4 Know/Need to Know chart in the case analysis sheet (Waterman & Stanley, 2000)
What I know

What I need to know

The composition of small group dynamics can vary depending on how best students can
learn and collaborate with one another. Some teachers may decide that it is best for their
class to be grouped according to their varying abilities while others allow the groups to form
naturally where they work better with those around them or with ones they are more familiar
with. Only the teacher knows best the nature of the class makeup and abilities.
Problem solving
In problem solving, students would need to plan and design their scientific investigation on
the targeted question. They will collaborate to decide on the research question, the
hypothesis and the relevant data to collect as evidence for their investigation. Teacher
guidance can be provided at this phase to assist students if help is needed, especially for
those students who are not familiar with the scientific method. Teachers can provide a
window of learning opportunity dedicating a period or two to impart the knowledge of
scientific investigation. This could be seen as a teachable moment for teachers and certainly
students will see its worth and purpose learning these skills just-in-time as they will need to
use them to investigate their own research question. Depending on the ability and level of
students’ self-directedness, teachers can offer assistance and supervision in various ways
when necessary.
Once data is collected, the next phase of formulating explanation and linking them to
scientific knowledge can be a challenge for many students, especially when they may be
limited by their own prior knowledge and experience in the subject area.
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Teachers can offer students the content knowledge through:
1. explicit teaching that can be planned as a pre-activity in between periods of problem
solving to level up students’ knowledge. In this way, teachers can also be assured for
themselves that they have ‘covered the content knowledge required for the syllabus.’
2. providing selected references with all the relevant contents covered for the topic to
provide just-in-time information for students to read and draw scientific knowledge from.
These can be compiled through various recommended and reliable resources e.g. text
books, reference books, journals and informative websites.
3. directing students to where they can find, read and consolidate the information for
themselves. This is catered for the more self-directed students who can function
independently with minimal teacher guidance.
For (2) and (3), students are more engaged as ‘active inquirers’, learning through
researching and constructing new knowledge of science which is what ICBL is intended for.
They become more familiar with the application of science skills while doing science, making
learning relevant and meaningful for them. Studies have shown that students who use
knowledge of science and skill sets associated with scientific investigations develop deeper
understanding of the disciplinary knowledge and skills, as well as acquiring competencies for
critical thinking, sound reasoning, managing information and collaborative decision making
which are key elements in problem solving. These skills are reflected in the 21st century
competencies framework, which are desired for our students’ education today (see Table
2.1).
Peer persuasion
The final phase of the ICBL lesson is most critical whereby students are required not only to
present their findings but also to defend their own conclusions from their investigation. This
process provides students ownership for justifying and convincing their peers on the rigour of
their investigation. Peer persuasion is modelled after the practices of the scientific
community where research findings are shared with like-minded experts within the same
field and are often subjected to critical questioning and critiquing such that they have to
communicate to defend their findings. Likewise, it is expected of students to learn to
communicate effectively in a similar manner when challenged, as a means to demonstrate
understanding of their work.
Above all, it helps to develop a critical attitude in doing science, a value much desired in the
learning of science. This practice allows students to inculcate other values such as
openness and willingness to receive and respond to diverse views, information, ideas and
perspectives of others. More often than not, regular inquiry classrooms play down this final
feature as it is deemed not as important. However in ICBL, we make this an important phase
before the end of instruction for students to persuade their peers on their data findings and
to justify their conclusions based on their investigation. We encourage teachers to make
considerable effort for students to be given this opportunity to showcase and demonstrate
their learning.
As a matter of fact, it is not only the student presenters that stand to benefit but the student
audience themselves, who will also develop critical thinking and learning during peer
persuasion. Studies have found that communication is an important aspect of problem
solving which can better facilitate students’ learning and understanding of the content. Being
convinced with their peer’s reasoning and explanation is in a way reinforcing the knowledge
construction process, strengthening their mental framework and understanding of the subject.
Kuhn (1993) termed this new knowledge constructed as the ‘product of social activity
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through communication’ whereby students compare and evaluate their understanding to a
particular issue with the understanding of others, finding deeper meaning to it. Teachers can
encourage the listening student audience to generate critical questions as they hear, think
and analyse the presentation content by the presenting group. They can fill in a guiding
template as they generate questions while listening to their peers. Peer persuasion can be
done through various means, either through the conventional poster and PowerPoint
presentations, or with the use of ICT through knowledge-sharing platforms such as the
discussion board or forums, in which students can get to review each other’s work, be
engaged to provide comments and promote discussion online.
Teachers’ role in monitoring and use of ICBL in assessment
Teachers play a key role in facilitation. The amount of facilitation needed by teachers
depends on how independent and progressive their students are with respect to their
performance in reaching specific milestones for each of the three phases of ICBL. Students
need to be kept on task either working collaboratively or playing their specific roles in their
groups. Like in all lessons, expectations and instruction guidelines need to be clearly spelled
out at the start of each phase of instruction so that all students are clear with what is
expected.
Teachers can introduce a monitoring system in their plan to monitor students’ progress
throughout the ICBL instruction. This is to ensure that students are progressing according to
plan. If more help and guidance is needed by students, teachers will be in a position to
intervene, check progress and to take the necessary corrective measure to steer them back
on track. A way to monitor and check progress could be one that is similar to incorporating
formative assessment strategies in an instruction. At the end of each phase of ICBL,
teachers can check progress with the use of checklists, summary worksheets or concept
maps to consolidate students’ learning. A reflection journal can also record what the
students have done for each lesson and be reviewed by the teacher.
Teachers can also expect submission of deliverables at each phase of ICBL for their review.
For example, the list of generated questions in the ‘Know/Need to Know’ chart can be
submitted at the end of problem posing to allow teachers to evaluate the quality of questions
generated. Similarly, students can also submit draft research plans stating the hypothesis
and experimental design prior to doing the experiment for teachers to provide qualitative
feedback so that students can learn and improve on their plans.
Through the creation of rubrics, student deliverables (e.g. final investigation reports) or
artefacts (e.g. presentation poster) can be assessed for specific performance task if required.
If the students’ work are graded and used for reporting, ICBL can serve as a form of
summative assessment. Likewise, the evaluation of specific science process skills, as well
as communication skills and teamwork can be made possible through the use of specific
rubrics. Self and peer assessments are alternative ways to get an evaluation of the group
members to encourage better team dynamics and group collaboration.
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CHAPTER 4: ICBL CASE MODULES
This chapter gathers the ICBL case modules that Singapore teachers had planned and
implemented in their schools. The contributors of the case modules were participants in the
ICBL workshops who have returned to their schools with innovative ideas for science
teaching and learning. Taking on the role of curriculum developers, as well as classroom
practitioners, they constructed new cases or adapted existing cases, and tested the lessons
in their classrooms.
With a collection of case ideas and resources, this handbook provides a good starting point
for educators who are interested in adopting the ICBL approach in their classrooms. Though
tried-and-tested, the case modules are customised based on the individual school’s context
and instructional aims. Therefore, they shall serve as reference guides and should be
modified where necessary to achieve the desired outcomes and learning experiences which
suit the level and ability of the students.
Each of these ICBL case modules was created in each school’s specific setting to support
the broad goals of the development of students’ scientific literacy and 21st century
competencies. Table 4.1 shows the summary of eight ICBL case modules. Each module
begins with a synopsis, which is followed by the case, instructional materials and a summary
of the lessons. Case analysis sheets were adapted from resources obtained in the ICBL
workshops. Other resources like lesson plans, assessment rubrics, teacher notes and
exemplars of student products from the schools are available in the e-book version.
Table 4.1 Summary of ICBL case modules
No
1

School
Lianhua Primary School

Level
Pri 4

Topic
Light and
shadows

2

New Town Primary School

Pri 4

Heat

3

Princess Elizabeth Primary School

Pri 5

Human system

4

Sembawang Primary School

Pri 5

Water cycle

•

Natural resources

5

Ang Mo Kio Secondary School

Sec 1

•

Food choices

6

Commonwealth Secondary School

Sec 2

•

Quality of life

7

Methodist Girls’ School

Sec 3

Transport
system in living
things
Effects of heat
and its
transmission
Nutrition in
humans

•

Maintenance of
health

8

School of Science and Technology

Sec 2

Environmental
conservation

•

Natural resources
Environmental
quality
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Context(s)
• Personal
consumption of
materials & energy
• Personal
consumption of
materials & energy
• Maintenance of
health

•

Case Module 1: Japanese Occupation – Muthu and Family
Contributors: Woan Shu Pei, Zainul Bin Rahim Shaffee, Poh Mun Ying, Wang
Xiaoxuan, Juliana Sung, Tan Jean Meng
Lianhua Primary School

Topic: Light and shadows
Target students: Primary 4
Synopsis
Our school emphasises on continual curriculum innovation in our Professional Learning
Community (PLC) to provide quality learning experience for our students.
With the knowledge gained from the ICBL workshop, our Professional Learning Team (PLT)
decided to adopt this new strategy (ICBL) to expose students to learn science concepts
within the context of a story/case. This provides students with the opportunity to pose
questions and actively seek solutions to the problem. This student-centred approach is in
alignment with our Science Department’s vision - Each child an Inquirer. By adopting ICBL,
our PLT hopes that it will help students to better grasp science concepts.
ICBL also provides an excellent opportunity to create empathy with the main characters in
the case. Hence, our group has integrated Character and Citizenship Education (CCE)
component into each lesson. The two school values emphasised in these lessons are
empathy and resilience. The use of the Japanese Occupation in Singapore during the
Second World War in the ICBL lesson package is intentional so as to provide students with a
localised context and this allows them to have a better understanding of the hardship faced
by the older generation of our nation.
The ICBL lessons have been implemented in 2013 at the primary 4 level. The feedback
gathered from teachers and students were positive so this ICBL lesson package was refined
and used the following years. There is also intention to broaden this approach to other topics
in other levels.
Instructional Sequence
Lesson
1

Phase
Problem posing
Problem solving

2

Problem posing
Problem solving

3

Problem posing
Problem solving
Peer persuasion
Problem posing
Problem solving

4

Activity
Introduce and analyse the case
Plan and carry out the investigation
Reinforce the concepts learnt
Introduce and analyse the case
Plan and carry out the investigation
Reinforce the concepts learnt
Introduce and analyse the case
Plan and carry out the investigation
Present the findings to peers
Introduce and analyse the case
Plan and carry out the investigation
Reinforce the concepts learnt

Japanese Occupation - Muthu and family
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Japanese Occupation – Muthu and Family
Chapter 1
February 1942! The army of Imperial Japan marched into Singapore.

Singaporeans were experiencing hardship. Food and water were scarce. Many houses were
destroyed or damaged by bombs and fire. Life was a misery for many families.
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Mr Raja’s family was one of the many families in Singapore who lived under the Japanese
Occupation.
Mr Raja

Mrs Raja

Devi
Muthu

During the Japanese Occupation, blackouts were quite frequent. While Muthu and Devi were
chatting in the house, the entire house blacked out.

Muthu and Devi were frightened. They screamed! Outside the house, a policeman heard the
scream. He went towards the window and tried to peek into the house. However, he could
not see anything inside because it was pitch-dark.

Japanese Occupation - Muthu and family
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Chapter 2
During the Japanese Occupation, people lived in fear.

In order to protect themselves, Muthu and his family hid in a basement below their house.

However, they became unaware of what was going on above them. They wanted to know
where the soldiers were and what they were doing without being spotted.
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So they constructed a periscope!

periscope

Soldier outside!

Japanese Occupation - Muthu and family
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Chapter 3
The ordeal of the Japanese Occupation continued and people still feared for their lives.
Mr Raja wanted to cover the windows in his house so that people outside cannot see what
they were doing in the house.

“What should we use to cover the window?” Muthu pondered.
He walked to the kitchen and picked up some materials. “How about these?” Muthu asked.

Cover the window, so that the
soldier cannot see us!
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Chapter 4
The Japanese Occupation continued and people continued to
live in fear.

Mr Raja tried to calm the children down by occupying them with some activities.
He started to use torchlight in the house and shone the light onto the wall. He created
puppet shadow and played with them.

Hey! How to create
a bigger shadow?

How to create a
smaller shadow?

Image credit:
Chapter 1
Thompson, P. (2005). The battle for Singapore: The true story of the greatest catastrophe of world
war two. London: Portrait.
http://ww2today.com/category/1942
Chapter 2
http://www.navy.mil/navydata/cno/n87/usw/issue_24/eyes2.htm
Chapter 4
Reproduced from http://www.shadow-puppets.com/shadow-puppet-6.html
Reproduced from http://www.magicalmoonshine.org/shadow.htm
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CASE ANALYSIS
1. What is this case about? (List at least 1 science topic related to the case.)

2. List what you have already known about the case in the “What Do I Know?” column. List
questions you would like to learn in the “What Do I Need to Know?” column.
What Do I Know?

What Do I Need to Know?

What Have I Learnt?

3. Put a tick on one of the questions listed in the “What Do I Need to Know?” column.
4. Plan and conduct an investigation on the question ticked.
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INVESTIGATIONS
Investigation Sheet 1
Your group will be designing, conducting and reporting an investigation related to the
questions ticked in the “What Do I Need to Know?” column. Use the given model to help you
in your investigation.
Muthu and Devi’s house

Window

1. Imagine you were the policeman. Would you be able to see anything through the window
when there was a blackout? Explain why.

2. Discuss and write down how your group decide to investigate the problem.

3. Conduct the investigation using your plan.
Are you able to see the inside of the house using the plan? If yes, explain how your plan
works. If no, explain how you can make your plan work.
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Extension
4. What can Muthu do so that he would be able to see and do his homework at night during
the blackout?

5. If the blackout were to happen in the daytime, would Muthu be able to see and complete
his homework? Why?

Conclusion
List down what you have learnt from the investigation in the “What Have I Learnt” column in
the case analysis sheet.
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Investigation Sheet 2
Design an instrument to help the Raja family to see what is going on above their basement.
1. Discuss and record your notes of discussion in the box below.

2. List the materials required and sketch your design in the box below.

3. Construct the instrument according to your plan. Are you able to see above the ground
without being spotted?
If yes, explain how your instrument works.
If no, explain how you can make your instrument work.
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4. After watching the video,
(a) Draw and label where the mirrors should be placed in the diagram below.
(b) Draw the path of light in the diagram below.
(c) Write the 2 properties of light in order for a periscope to work in the space provided
below.
How does a periscope work?

Property 1:
______________________________________
______________________________________

Property 2:
______________________________________
______________________________________

Extension
5. List the other possible situations where the periscope can be used.
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Investigation Sheet 3
Select a material to cover the windows of Mr Raja’s house to prevent people outside from
being able to see what is happening in the house.
1. What materials do you think Mr Raja can use to cover his windows to prevent people
outside from being able to see what is happening in the house?

2. You are given 6 materials – blue cardboard, colourless cellophane paper, red cellophane
paper, blue cellophane paper, green cellophane paper and cloth to choose from. Discuss
and write down how your group decide to investigate the problem in order to select the
most suitable material.

3. Conduct the investigation using your plan and record your observations in the table below.
Material

My prediction: Will this material allow
no light or some light or most of the
light to pass through?

Amount of light passing
through the material
(in lux)

Blue cardboard
Colourless
cellophane paper
Red
cellophane paper
Blue
cellophane paper
Green
cellophane paper
Cloth
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My decision:
Material chosen to help Mr Raja: _____________________
My reason:
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________

What have I learnt today?
1. What do we call materials that allow most light to pass through them?
______________________________________________________________________
Examples include: _______________________________________________________
2. What do we call materials that allow some light to pass through them?
______________________________________________________________________
Examples include: _______________________________________________________
3. What do we call materials that do not allow light to pass through them at all?
______________________________________________________________________
Examples include: _______________________________________________________
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Investigation Sheet 4
Your group will be designing, conducting and reporting an investigation related to the
questions ticked in the “What Do I Need to Know?” column. Use the given model to help you
in your investigation.

1. Imagine you were Mr Raja. What would you do to create a shadow?

2. Discuss and write down how your group decide to investigate the problem.
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3. Conduct the investigation using your plan and record your observations in the table
below.
Shadow

Distance between the puppet and the
torch (cm)

A

5

B

10

C

15

Height of shadow (cm)

4. How could Mr Raja make a bigger shadow of the puppet?

5. How could Mr Raja make a smaller shadow of the puppet?

6. How could Mr Raja make the shadow of the puppet sharper?

7. What I have learnt about the investigation.
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SUMMARY OF LESSONS
Lesson
Activity
and
Duration
Problem Posing
1
(1 h)
• The students read the case and identify the
problem.
• They fill in the case analysis sheet.
Problem Solving
• The groups carry out their investigation to test
out the proposed solution to the problem.
• The teacher reinforces the key concepts learnt.
2
(1 h)

Problem Posing
• The students read the case and identify the
problem.
• They fill in the case analysis sheet.
Problem Solving
• The groups design and construct an instrument
to help solve the problem.
• The teacher reinforces the key concepts learnt.

3
(1.5 h)

Problem Posing
• The students read the case and identify the
problem.
• They fill in the case analysis sheet.
Problem Solving
• The groups carry out their investigation to find
the best solution.

Resources
•
•
•
•
•

Case – Chapter 1
Case analysis sheet
Investigation sheet 1
CCE talking point sheet 1
Investigation pack
- Box with a hole
- Torchlight

•
•
•
•
•
•

Case – Chapter 2
Case analysis sheet
Investigation sheet 2
CCE talking point sheet 2
YouTube video
Investigation pack
- Cardboard
- Mirrors
- Scissors, string

•
•
•
•
•
•

Case – Chapter 3
Case analysis sheet
Investigation sheet 3
CCE talking point sheet 3
YouTube video
Light sensor pack
- Blue cardboard
- Cellophane paper
(colourless, red, blue,
green)
- Cloth

•
•
•
•
•

Case – Chapter 4
Case analysis sheet
Investigation sheet 4
CCE talking point sheet 4
Investigation pack
- Torch light
- Puppet
- White paper

Peer Persuasion
• The groups present the conclusion to the class.
• The teacher reinforces the key concepts learnt.
4
(1 h)

Problem Posing
• The students read the case and identify the
problem.
• They fill in the case analysis sheet.
Problem Solving
• The groups carry out their investigation to test
out the proposed solution to the problem.
• The teacher reinforces the key concepts learnt.

Additional resources which can be obtained in the e-book version include:
• Lesson plan
• Character and Citizenship Education (CCE) talking point sheet
Japanese Occupation - Muthu and family
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LESSON PLAN
Lesson 1
Subject: Science
Level: Primary 4
Theme: Energy
Topic: Light and Shadows
Duration: 2 period (60 min)
Instructional Objective(s):
By the end of this lesson, students will be able to:
1. Differentiate between objects which are light sources and objects which are not.
2. Recognise that the sun is a source of light.
3. State that we need light to see.
4. CCE LO4: Be resilient and have the ability to turn challenges into opportunities.
5. CCE LO7: Care for others and contribute actively to the progress of our community and
nation.
Key Science Concepts:
1. Light helps us to see.
2. Things that give off light are known as sources of light.
Prior Knowledge:
1. Nil
Duration
(min)
20 min

Activity
Tuning in

Resources

Rationale

Case –
Chapter 1

To provide a
context for
the story.

Talking point
sheet 1

To discuss
about the
values in the
story.

Teacher presents the case and students are to
identify the problem.
Case:
During the Japanese Occupation, blackouts
were quite frequent. While Muthu and Devi were
chatting in the house, the room blacked out.
They screamed. A policeman heard the scream
and ran towards the house. However, the house
was too dark and he could not see what was
happening.
Class discussion - CCE talking point
Teacher elicits responses from students using
the given questions. (Students need not write
the answers as they will be required to pen
down their thoughts at the end of the lesson.)
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Duration
(min)

Activity

Resources

Rationale

Key questions:
LO4: Be resilient and have the ability to turn
challenges into opportunities.
1. What can the policeman do in this situation?
- He should think of ways to solve his
problem.
- He should look for a torchlight.
2. How did the policeman feel when he heard
the screams?
- I think that he was scared too as it was dark.
3. What would you do if you are the policeman?
Answer 1:
- If I were the policemen, I would go to check
it out and help the family. (Why?)
LO7: Care for others and contribute actively to
the progress of our community and nation.
- As a policeman or a fellow country man, I
should care for others and help them out.
Only when everyone keeps a lookout and
helps everyone, then we can build a strong
community and nation.
Answer 2:
- If I were the policeman, I would walk away
and not help.
4. How would you feel if you are the one in need
of help and no one comes? Would you like
others to walk away when you need their help
too?
- I think I will be very troubled and upset.
5. What would you like people to do for you
when you are in need of help?
- I would like them to help me out.
6. Relationships are two-way. You need to take
the first step to help others too. Let’s rethink.
What would you do if you are the policeman?
- I think that I will go and help them.
Class discussion – Case analysis
Using the case analysis sheet, teacher to elicit
responses and list out the possible topics
related to the case.
Teacher to elicit responses.
Possible problems/issues (What do I know?)
- The policeman was unable to see anything
through the window.
Possible solutions (What do I need to know?)
- What can the policeman do in this situation?
- Can he break open the door?
- Can he look for torchlight and shine through
the window?
- Can he knock on the door and wait for

Case
analysis
sheet

To scope the
boundary of
group
discussion.
To allow
students to
generate
possibilities,
develop
critical
thinking and
problem
solving skills.
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Duration
(min)

Activity

Resources

Rationale

Investigation
pack
- Box with a
hole
- Torchlight

To generate
possible
solutions and
carry out the
investigation.

response? (Not very feasible; the family would
be too scared to open the door during Japanese
Occupation.)
- Can he use torchlight?
- How can he use the torchlight?
Teacher to discuss the feasibility of the possible
solutions generated. Teacher will guide the
class to the most feasible solution.
Why is the torchlight a feasible idea?
- Light source is needed for the policeman to
see.
Teacher guides the class towards the question
on the use of torchlight for the investigation that
the students would be conducting.
30 min

Development
Group work - Investigation
Teacher presents each group a box to simulate
Muthu and Devi’s house. The group needs to
investigate if the solution proposed would be
able to solve the problem.

Investigation
sheet 1

Teacher provides each group the investigation
pack.
Students to investigate the problem with the
given materials. Teacher to facilitate
investigation by monitoring all group activities
and intervene if any group faces problems.
Class discussion – Conclusion for
investigation
Teacher to discuss responses for Investigation
sheet.
If the group’s investigation is inaccurate, teacher
needs to conduct class demonstration or
present the successful solution of the other
groups to consolidate the science concepts to
be taught. (Teacher to collect back the boxes
from all groups.)
Teacher to reinforce the conclusion of the
investigation.
Teacher to continue the story and presents the
following scenario to the students.
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Duration
(min)

Activity

Resources

Rationale

Case extension
At night, Muthu wanted to do his homework, but
it was very dark in his house.
Teacher to elicit responses of possible light
sources that could be used to enable Muthu to
see at night. Teacher to also provide some nonexamples such as vase, mirror and others to
allow students to differentiate between objects
which are light sources and objects which are
not.
Teacher to provide some examples of artificial
and natural light sources (moon, sun, stars,
lamp, fireflies and others). Students to group the
examples into the two different groups.
10 min

Closure
Class discussion
Teacher to elicit responses from students what
they have learnt after the investigation and get
them to list down in the “What have I learnt”
column on the case analysis sheet.

To
summarise
the concepts
learnt and
values
applied in the
story.

Students to pen down their thoughts on the
issues discussed during the CCE Talking point
component, LO4 and LO7.
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Lesson 2
Subject: Science
Level: Primary 4
Theme: Energy
Topic: Light and Shadows
Duration: 2 period (60 min)
Instructional Objective(s):
By the end of this lesson, students will be able to:
1. State that light travels in straight lines.
2. State that light can be reflected.
3. CCE LO7: Care for others and contribute actively to the progress of our community and
nation.
Key Science Concepts:
1. Light travels in straight lines.
2. Light can be reflected.
Prior Knowledge:
1. We need light to see an object.
2. Things that give off light are known as sources of light.
Duration
(min)
10 min

Activity
Tuning in
Teacher presents the case and students are to
identify the problem.

Resources
Case –
Chapter 2
(pg 1)

Case:
During the Japanese Occupation, people lived in
fear. In order to protect themselves, Muthu and
his family hid in a basement below their house.
However, they became unaware of what was
going on above them. They wanted to know
where the soldiers were and what they were
doing without being spotted.
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Class discussion – Case analysis
Using the case analysis sheet, teacher to elicit
responses and list out the possible topics
related to the case.
- The Raja family was unable to see anything
above ground.

Case
analysis
sheet

Key questions:
1. What is needed in order for Muthu to see?
- Light.
2. Can he shine light from inside the house?

Investigation
sheet 2
(pg 1)
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Rationale
To orientate
the case to
the students.

Duration
(min)

Activity

Resources

Rationale

- No, he will be spotted.
3. Can he stand inside his house and walk
around freely?
- No, he will be spotted.
4. Can he open the door of the basement and
peep?
- No, the basement is inside the house.
5. What other materials does the family have?
- Mirrors, cardboards, string, etc
Teacher defines the scope of discussion about
the instrument that students have to make and
writes them on the whiteboard:
• It needs light.
• It must not be a light source.
• It must help the Raja family see from
underground.

To scope the
boundary of
group
discussion.

Have students to write the scope in their
Investigation sheet.
25 min

Development 1
Problem solving - Group discussion
Using the Investigation sheet, have students to
discuss and record their notes of the possible
solutions on the Investigation sheet.
Teacher provides each group with the materials
and walks around to facilitate students who are
having difficulties.

Investigation
sheet 2
(pg 1)
Investigation
pack
- Cardboard
- Mirrors
- Scissors
- String

To allow
students to
generate
possibilities,
develop
critical
thinking and
problem
solving skills.

Allow students with feasible solutions to
construct their instruments according to their
discussions.
15 min

Development 2
Conclusion
Teacher plays YouTube video - (from 2:16
onwards)
http://www.youtube.com/watch?v=1KaMtxWNH
EE

YouTube
video:
Cardboard
Periscope Sylvia's Mini
Maker Show

To apply
what had
been taught
to real-life
situations.

Teacher explains the 2 key concepts:
1. Light travels in straight lines;
2. Light can be reflected.
Teacher distributes Investigation sheet (pg 2) to
students and have students to complete the
diagram and write the two key concepts.

To teach the
key concept
explicitly and
conclude the
investigation.

Investigation
sheet 2
(pg 2)
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Duration
(min)

Activity
Notes:
1. The path of light must be a solid line drawn
using a ruler.
2. The arrows indicating the path must be drawn
accurately.

Resources

Rationale

Case –
Chapter 2
(pg 2)

Teacher shows the second page of the case
and closes the case.
Case extension
Teacher elicits responses to possible situations
where the periscope can be used:
- Land warfare in tanks
- Sea warfare in submarines
10 min

Closure

Talking point
sheet 2

Class discussion - CCE talking point
Teacher elicits responses from students using
the given questions. Have students to write
down their thoughts during the discussion.
Key questions:
1. What can Muthu and his family do in this
situation?
- They can think of ways to solve the problem
together. (How?)
- They can sit aside and not do anything.
(What will be the consequence?)
2. How would you feel if you are Muthu and no
one comes to your help? Would you like
others to walk away when you are in need of
their help?
- Disappointed. No, I would like them to help
me. (How?)
- No feeling. Yes, I do not need help from
others. I can solve my own problems. (What
will be the consequence?)
3. Will you be willing to share what you have
constructed with your neighbours? Why or
why not?
- No, because no one came to help me.
(What will be the consequence?)
- Yes, because I can help others and be
famous. (What if you did not become
famous?)
LO7: Care for others and contribute actively to
the progress of our community and nation.
- As a citizen, I must contribute actively to our
nation. I should care for others and help them
out. Only when everyone keep a lookout and
help everyone, we can then build a strong
community, followed by a strong nation.
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To teach LO7
of CCE
explicitly.

Duration
(min)

Activity

Resources

Rationale

4. Will you be willing to share your instrument
with your neighbours if you are Muthu?
- Yes, because I can help others and
contribute to the progress of my community
and nation.
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Lesson 3
Subject: Science
Level: Primary 4
Theme: Energy
Topic: Light and Shadows
Duration: 3 period (90 min)
Instructional Objective(s):
By the end of this lesson, students will be able to:
1. Differentiate between materials which allow light to pass through and materials which do
not.
2. Identify materials that:
a. allow light to pass through.
b. allow some light to pass through.
c. do not allow light to pass through.
3. Measure light using a light sensor that is connected to a datalogger.
4. CCE L04: Be resilient and have the ability to turn challenges into opportunities.
Key Science Concepts:
1. Light sensors are used to measure the brightness of light.
2. Some materials allow more light to pass through than other materials.
3. Some materials do not allow light to pass through.
Prior Knowledge:
1. Light helps us to see.
2. Things that give off light are known as sources of light.
3. An object can be seen when it reflects light or when it is a source of light.
Duration
(min)
20 min

Activity
Tuning in

Resources
Case –
Chapter 3

Teacher presents the case and students are to
identify the problem.
Case:
Mr Raja wanted to cover the windows in his
house so that people outside cannot see what
they were doing in the house.
Class discussion - CCE talking point
Teacher elicits responses from students using
the given questions. (Students need not write
the answers as they will be required to pen
down their thoughts at the end of the lesson.)

Talking point
sheet 3

Teacher talk: In this scenario, Muthu and his
family faced the challenge to come up with a
solution to prevent people outside from looking
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Rationale
The scenario
provides a
context for
students to
learn new
knowledge.

Duration
(min)

Activity

Resources

Rationale

into their house. Muthu sought solutions when
faced with this difficulty.
Key questions:
1. Which value do you think Muthu had
demonstrated in this scenario?
- Resilience
2. Why do you feel that it is important for Muthu
and his family to be resilient?
- If they are not resilient, they will give up
easily during the times of war or whenever
they have difficulties.
3. What will happen if they give up?
- They will not be able to think of solutions to
help in their survival during the war. They will
be caught easily during the war and everyone
will suffer.
4. Do you think that we need to be resilient in
our society? Why?
- Yes, it is. Competition is stiff and we will be
left behind if we do not persevere and learn
new things constantly. If we always give up,
we will never succeed.
5. What can we do to build our resilience?
- We should stay positive even when faced
with difficulties. We should learn to see
challenges and difficulties as opportunities for
us to innovate.
6. What other ways can we build our resilience?
- We should believe that we can do it. Press
on, and we will eventually succeed.
To sum up, can you share with us what you
have learnt in terms of values and character?
- We should be positive, resilient and learn how
to turn challenges into opportunities.
Class discussion – Case analysis
Teacher gets students to identify the problem in
the scenario. Teacher leads students to identify
the problem if necessary:

Case
analysis
sheet

What kind of material should they use to prevent
the people outside from being able to see what
was happening in the house?

Investigation
sheet 3

Teacher guides students to come up with a
procedure to solve the problem using the
following key questions:
Key questions:
1. What materials do you think we can use to
cover the windows of Muthu’s house?

To allow
students to
generate
possibilities
and develop
critical
thinking skills.
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Duration
(min)

Activity

Resources

Rationale

- Answers may vary but the choice of material
should be an opaque material. Students write
down their predictions.
2. Why do you say so?
- Most students should be able to say that
they cannot see through the material.
Teacher leads students to explain that the
object they choose must not allow light to
pass through.
3. How can you conduct an experiment to find
out?
- Students may be able to state that they can
find out how much light passes through the
material by shining a torchlight through it and
observing the amount of light that passes
through on the other side of the material. The
material which allows the least amount of light
to be shone through is the most suitable
material.
Teacher explains to students that they can find
out the amount of light passing through a
material more accurately using a datalogger and
a light sensor.
20 min

Development 1

Datalogger,
light sensor

Explicit
teaching of
the use of
datalogger
and light
sensor takes
place at this
stage.

Light sensor
pack
- Six
materials
(blue
cardboard,

Students can
learn from
one another
through
cooperative
learning.

Using the datalogger and light sensor
Teacher reiterates that the amount of light
passing through a material can be measured
using a datalogger and light sensor. Teacher
shows the equipment concurrently. Teacher
demonstrates how to attach the light sensor to
the datalogger and take readings with it.
Teacher distributes a datalogger and light
sensor to each group. Working in groups,
students explore the use of the datalogger and
light sensor.
Teacher explains that a datalogger and a light
sensor can be used to obtain an accurate
reading of the amount of light passing through a
material, hence allowing us to obtain more
conclusive results.
25 min

Development 2
How well can we see through different types
of objects?
Teacher shows students a light sensor pack
containing a LED projector and six materials –
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Duration
(min)

Activity

Resources

blue cardboard, colourless cellophane paper,
red cellophane paper, blue cellophane paper,
green cellophane paper and cloth.
Teacher gets students to predict whether each
material will allow none, some or most of the
light from the LED bulb to pass through.
Teacher introduces the parts of the light sensor
pack and demonstrates how to position the light
sensor and the materials in order to get a
reading.
In groups, students observe the variation of light
intensity with each change of material and verify
their predictions. Students record their
observations and readings in their Investigation
sheet. They are also required to decide on
which material to choose to cover the window
and support it with reasons.
Teacher summarises students’ findings.
Teacher asks the following key questions.
Key questions:
1. Which material allows the most amount of
light to pass through? How do you know?
- Colourless cellophane paper.
(How do you know?)
- The light intensity reading is the highest.
This means that most amount of light is able
to pass through it.
Teacher explains that materials that allow the
most amount of light to pass through are
called transparent materials. (Note: Not
possible to allow all light to pass through)
Teacher provides more examples: clear glass
and clear plastic.
2. Which material does not allow light to pass
through at all?
- Blue cardboard; the light intensity reading is
zero.
Teacher explains that materials that do not
allow light to pass through at all are called
opaque materials. Teacher provides more
examples: wood, metal, some plastics,
ceramics and clay.
3. What about the coloured cellophane paper
and cloth? Do they allow all, none, or some of
the light to pass through?
- They allow some light to pass through.
Teacher explains that materials that allow
some light to pass through are called

Rationale

colourless
cellophane
paper, red
cellophane
paper, blue
cellophane
paper, green
cellophane
paper and
cloth)

Investigation
sheet 3

Students
apply what
they had
learnt from
the
experiment in
the scenario
given.
Teacher
introduces
the
respective
scientific
terms to
conclude
what students
have learnt
from the
experiment.
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Duration
(min)

Activity

Resources

Rationale

Investigation
sheet 3

Teacher
reinforces the
concepts
taught.

translucent materials, and examples include
the coloured cellophane paper. Teacher
provides more examples: tracing paper,
frosted glass.
Teacher gets students to write their conclusion
in their Investigation sheet and share their
conclusion with the class thereafter to answer
the question posed at the beginning of the
lesson:
1. Which material will you choose to cover the
window? Why?
Some students may choose cardboard
because it allows the least amount of light to
pass through. However, teacher to explore
that cardboard is not feasible as it is not
durable since it may not be able to withstand
wet weather. Some students may choose
cloth as it is more durable than cardboard.
Teacher has to discuss both of these
answers. Comparatively, cloth is the more
logical answer.
2. Although cloth allows some light to pass
through, it is more durable than cardboard. If
we use cloth to cover Muthu’s window, what
improvements can we make to ensure that
nobody outside can see what is happening in
the house?
Students may suggest that they can use
multiple layers of cloth to cover the window.
Alternatively, students may suggest that they
can use a thicker cloth with a higher amount
of opacity.
15 min

Conclusion
Teacher summarises what students have learnt.
Students fill in the answers on the Investigation
sheet.
• Materials can be classified into 3 main
categories: transparent, translucent and
opaque.
• Transparent objects allow most of the light to
pass through it. In other words, we can see
every single feature of anything that is behind
the transparent object.
• Translucent objects only allow some light to
pass through it. As there are different degrees
of translucency, we may not be able to see
some of the features of things behind the
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Duration
(min)

Activity

Resources

Rationale

translucent object clearly.
• Opaque objects do not allow any light to pass
through it, so we cannot see any feature of
the things behind an opaque object.
Teacher asks the following questions to test
students’ understanding.
Key questions:
1. What material will you choose to make the
door of the school toilet? Why do you say so?
- Wood. We do not want anyone to see
through the toilet door at all, so we need
something that is opaque as opaque objects
do not allow any light to pass through them.
2. Why is the window panel of the LRT train
transparent at one time but opaque the next?
Show video to illustrate:
http://www.youtube.com/watch?v=ewt4nriedK
8
- Transparent to allow passengers to see
what is happening outside; opaque to prevent
passengers from peering into residents’
houses.

YouTube
video:
LRT
Singapore –
windows that
turn opaque

This allows
the teacher to
determine if
the lesson
objectives
have been
met and
whether
students
have
understood
the concepts
taught.
Students
apply what
they had
learnt in
everyday
scenarios.
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Lesson 4
Subject: Science
Level: Primary 4
Theme: Energy
Topic: Light and Shadows
Duration: 2 period (60 min)
Instructional Objective(s):
By the end of this lesson, students will be able to:
1. Tell that the size of the shadow of an object will get bigger when the object is moved
towards the light source.
2. Tell that the size of the shadow of an object will get smaller when the object is moved
away from the light source.
3. CCE LO4: Be resilient and have the ability to turn challenges into opportunities.
Key Science Concepts:
1. Light helps us to see.
2. Things that give off light are known as sources of light.
Prior Knowledge:
1. A shadow is formed when light is completely or partially blocked by an object.
Duration
(min)
20 min

Activity
Tuning in

Resources
Case –
Chapter 4

Teacher presents the case and students are to
identify the problem.
Case:
The Japanese Occupation continued and people
continued to live in fear.
Mr Raja tried to calm the children down by
gathering them.
Mr Raja started to use torchlight in the house
and shone torchlight onto the wall and he
started playing puppet shadow with them.
Class discussion - CCE talking point
Teacher elicits responses from students using
the given questions. (Students need not write
the answers as they will be required to pen
down their thoughts at the end of the lesson.)

Talking point
sheet 4

Key questions:
LO4: Be resilient and have the ability to turn
challenges into opportunities.
1. In the scenario, you learnt that there was a
power breakdown during the Japanese
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Rationale

Duration
(min)

Activity

Resources

Rationale

Occupation. Despite the fact that they are
undergoing such a difficult time, Mr Raja
managed to think of some simple form of
entertainment (playing with their hands to
form puppet shadows) for Muthu and Devi.
How do you feel that they are feeling at that
point of time?
- They are feeling very helpless and
despaired.
2. Yes, however, despite such negative
emotions, he created simple toys for his
children to play. What value do you think he is
exhibiting?
- I think that they are being positive and
resilient. They managed to find some simple
happiness despite the many difficulties that
they are facing.
3. Were his ideas simple or complicated? What
kind of impact did it have on his children?
- His ideas were simple. Simple creativity can
do wonders and gives amazing results. His
children were happy.
4. What do you think we can learn from them?
- We should always be positive and resilient.
Challenges will make us stronger.
What would you like people to do for you
when you are in need of help?
- I would like them to help me out.
Class discussion – Case analysis
Using the case analysis sheet, teacher to elicit
responses and list out the possible topics
related to the case.

Case
analysis
sheet

Teacher to elicit responses.
Possible problems/issues (What do I know?)
- In the midst of WWII, Mr Raja tried to calm
their children by playing simple but interesting
game.
- Mr Raja shone torchlight onto the wall and
created a shadow from an object.
Possible solutions (What do I need to know?)
- Will the size of the shadow change when the
distance between light source and object
change?
- Will the shape of the shadow change if the
orientation of the object shone by the light
source change?

Japanese Occupation - Muthu and family
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Duration
(min)
30 min

Activity

Resources

Development
Group work - Investigate how Mr Raja
created a shadow
Teacher provides each group an investigation
pack - torchlight, a puppet and white paper.
Students to investigate the problem with the
given materials. Teacher to facilitate
investigation by monitoring all group activities
and intervene if any group faces problem.

Investigation
pack
- Torch light
- Puppet
- White
paper
Investigation
sheet 4

Class discussion - Conclusion for
investigation
Teacher to discuss responses for the
Investigation sheet.
If the group’s investigation is inaccurate, teacher
needs to conduct class demonstration or
present the successful solution of the other
groups to consolidate the science concepts to
be taught.
Teacher to collect back the investigation packs
from all groups.
Teacher to reinforce the conclusion of the
investigation.
10 min

Closure
Class discussion
Teacher to elicit responses from students what
they have learnt after the investigation and get
them to list down in the “What have I learnt”
column on the case analysis sheet.
Students to pen down their thoughts on the
issues discussed during the CCE Talking point
component, LO4.
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Rationale

Talking Point 1

1. What can the policeman do in this situation?

2. How did the policeman feel when he heard the screams?

3. What would you do if you are the policeman? Why?

4. How would you feel if you are the one in need of help and no one comes? Would you
like others to walk away when you need their help too?

5. What would you like people to do for you when you are in need of help?

6. Relationships are two-way. You need to take the first step to help others too. Let’s
rethink. What would you do if you are the policeman?

Japanese Occupation - Muthu and family
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Talking Point 2

1. What can Muthu and his family do in this situation?

2. How would you feel if you are Muthu and no one comes to help? Would you like others to
walk away when you are in need of their help?

3. Will you be willing to share what you have constructed with your neighbours? Why or
why not?

4. The success of a nation depends on the active contribution of its citizens. What will
happen to Singapore if everyone is unwilling to contribute? Let’s rethink. Will you share
your instrument with your neighbours if you are Muthu?
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Talking Point 3

1. Which value do you think Muthu and Mr Raja had demonstrated in this scenario?

2. Why do you think it is important for Muthu and his family to be resilient?

3. Do you think we need to be resilient in our school? Why?

4. How can we build resilience?

Japanese Occupation - Muthu and family
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Talking Point 4

1. In the scenario, you learnt that there was a power breakdown during Japanese
Occupation. Despite the fact that they were undergoing such a difficult time, Mr Raja
managed to think of some simple form of entertainment (playing with their hands to form
puppet shadows) for Muthu and Devi. How did they feel at that point of time?

2. He created simple toys for his children to play. What values was he exhibiting?

3. Was Mr Raja’s idea simple or complicated? What kind of impact did it have on his
children?

4. What can we learn from them?
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Case Module 2: Put on your Warm Clothes
Contributor: Woon Wei Li
New Town Primary School

Topic: Heat
Target students: Primary 4
Synopsis
To help the students relate the concepts learnt in the classroom to the real world, the ICBL
approach was adopted as part of the Science department’s A-Star curriculum for the high
ability students. To equip these students with the higher order process skills, the thinking
strategies in the CeTPHA (Certificate in Teaching Pupils with Higher Ability) course are also
incorporated in the curriculum.
Using ICBL and the CeTPHA strategies, the higher ability students will be able to carry out
in-depth thinking of the concepts learnt in the Science lessons through purposeful
investigations based on the cases derived from real-life scenarios. This provides an
opportunity for the students to apply and relate the concepts learnt in the classroom to a
real-world setting. Some of the CeTPHA strategies used in the process include Socratic
Questioning and content enrichment using Kaplan’s Iconic Pathway.
The Predict-Observe-Explain sequence is infused into the investigations to provide a
structure to the exploration process. Through the stating of predictions, teachers will be able
to identify the misconceptions students might have about the topic. As students plan and
carry out the fair-test investigations, they develop various scientific process skills such as
observing, predicting, analysing, inferring and evaluating. The students become self-directed
learners as they evaluate their thinking and explain the concepts based on evidences that
they gathered during the investigations, thus making them competent in investigative skills.
Besides developing the students in their thinking, they are also developed holistically as they
learn about the attitudes and values through the active collaborations with their classmates.
The school values: resilience, integrity, self-discipline and love are emphasised and
practised during the course of their investigations.
Instructional Sequence
Lesson
1

Phase
Problem posing

2

Problem solving

3

Peer persuasion

Activity
Introduce and analyse the case
Finalise the investigative question
Plan the procedure
Carry out the experiment
Present the findings to peers
Evaluate the peers’ presentation

Put on your warm clothes
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Put on your WARM Clothes!
“Put on your warm clothes”, said mother just as Jacob was about to head out of the door on
his way to school. He knew better than to argue as it was windy and cold outside. So Jacob
reached into the closet and pulled out his wool jacket. When he put the jacket on, it felt cool.
“I guess it takes a little time for the jacket to warm up,” Jacob thought.
So Jacob headed out the door and down to the bus stop. There were other school children
at the bus stop too. Not long after, Jacob noticed that his body was now quite warm. He was
feeling cosy despite the cold wind.
“I guess I was right,” Jacob said to Sharon who was standing next to him.
“Right about what?” asked Sharon.
“A jacket takes a while to start giving out heat after you put it on. It was really cold in the
closet but now that I have had it on for a while, I can feel the heat.”
“A jacket gives out heat? What are you talking about?” said Sharon. “You have got some
sort of electric jacket or something?”
“No, just ordinary wool jacket,” explained Jacob.
“Then what’s all this stuff about the jacket giving out heat?” exclaimed Sharon.
“Well, my mother made me put the jacket on and called it ‘warm clothes’ so I guess it must
give out a lot of heat to keep me warm. But now that you mention it, I wonder where did the
jacket get its heat energy to make me feel warm?”
Sharon just laughed and said, “I could tell you where the heat comes from, but maybe you
ought to figure it out for yourself.”
Jacob then tried to design a fair test to find out his queries.
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CASE ANALYSIS
1. Identify all the issues in this case scenario.
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
2. State the related concepts.
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
3. In a group, list what you already know about this case in the ”What Do I Know?” column.
List questions you would like to learn more about in the “What Do I Need to Know?”
column.
What Do I Know?

What Do I Need to Know?

4. Select the issue to investigate on.
______________________________________________________________________

Put on your warm clothes
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INVESTIGATIONS
Experiment Design
Aim:
_________________________________________________________________________
Materials:

Method:

Drawing of set-up:
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PREDICT
Expected results observed:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

Put on your warm clothes
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Experiment @ Work

OBSERVE
Results:

EXPLAIN
Conclusion:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
Other comments:
(Improvements suggested by other groups or teacher)
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
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SUMMARY OF LESSONS
Lesson
Activity
and
Duration
Problem Posing
1
(30 min) • The students read the case and identify the
problem.
• They fill in the case analysis sheet.
• Each group decides on the investigative question
they want to explore.
• They will also identify the key concepts related to
the investigative question.
2
(1 h)

3
(30 min)

Resources
• Case
• Case analysis sheet

Problem Solving
• The groups design a fair test to explore their
investigative question.
• They carry out the experiment, collect the data
and draw conclusions from the data.

• Investigation worksheet

Peer Persuasion
• The groups present their findings.
• They also feedback and critique their peers’
presentation.

• Investigation worksheet

Additional resources which can be obtained in the e-book version include:
• Lesson plan
• Exemplars of student product

Put on your warm clothes
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LESSON PLAN
Topic

Heat

CeTPHA
strategies

• Lesson remodelling to infuse Thinking Skill - Application
• Socratic Questioning

Core Objectives (Taken from SOW)

Differentiated Objectives (Revised SOW)

• Identify some common sources of heat.
• Relate the change in temperature of an
object to the gain or loss of heat by the
object.
• List some good and bad conductors of
heat.

• Design an experiment to demonstrate that
an object gains heat (i.e. feels warm) due
to the presence of a heat source.
Misconception – Poor conductors of
heat produce heat.

Situating the Lesson
• What should have been covered prior to this lesson? (Instructional objectives)
Students should be able to:
- identify some common sources of heat
- differentiate between heat and temperature
- relate the change in temperature of an object to the gain or loss of heat by the object
- list some good and bad conductors of heat
- read the thermometer and use the datalogger effectively
• What will be covered in this lesson?
Based on the story, students can identify a few investigative questions to work on:
- Do poor conductors of heat produce heat?
- Do poor conductors of heat gain / lose heat slower than good conductors of heat?
- How do poor conductors of heat keep an object warm?
They are expected to plan and carry out a fair-test using the “Investigation template”. A
short presentation or gallery walk is then conducted to showcase findings.
Assessment of Outcomes
• How to assess the learning outcomes for this lesson?
Students should be able to:
- design a fair test based on the investigation template to demonstrate that poor
conductors of heat do not produce heat. They only aid in keeping an object warm by
retaining heat
- state the methods specifically
- draw conclusion based on the results gathered
- suggest suitable improvements to the planning of the fair-test
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Focus
(Content/Skill)

Activities
(Processes)

Resources /
Materials

Essential Questions

1. Analysis of case:
“Put on your WARM
clothes”
2. Identification of
problem
3. Linking to concepts
about heat

Case analysis
sheet

Questions about an Issue

1. Planning of fair-test
investigation – Aim,
Materials, Method,
Drawing of set-up,
Results and
Conclusion
2. Execution of
experiment

Experiment
design
worksheet

Introduction:
Problem
Posing
(How can the
woollen
clothes keep
you warm?)

1. What are the issues in this
scenario?
2. What is the topic and
concepts related to this
scenario? Why?
3. What are the evidences you
can draw from the scenario
that make you link the topic
and concept to the problem?

Development:
Problem
Solving
(Experiment
design and
execution)

Reason and Evidence
Questions

1. What would be an example
Experiment @
of this concept?
work
2. What evidence are you going
worksheet
to use to solve this problem?
3. Why do you think this is a
reliable evidence to show the
concept?

Conclusion:
Peer
Persuasion
(Presentation
of experiment
designed)

1. Explanation of
experiment results
by groups
2. Critique of
experiment

Students’
work Experiment
design
worksheet

Reason and Evidence
Questions
1. Can this experiment be used
to solve the problem? Why?
2. Do you understand the
experiment? What other
information do you need?
3. Is there reason to doubt the
evidence?
4. What other improvements
can be done to this
experiment planned?

Put on your warm clothes
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EXEMPLARS OF STUDENT PRODUCT
Experiment Design
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Put on your warm clothes
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Experiment @ Work
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Case Module 3: Racing Robert
Contributors: Gui Wan Ping, Tan Yingya Rebecca
Princess Elizabeth Primary School

Topic: Human system
Target students: Primary 5
Synopsis
The school aims to nurture every student to the fullest potential by providing the students an
environment that promotes all-round development. The school also believes in developing
the students holistically by balancing the acquisition of knowledge with the development of
skills and values. This is to prepare the students for the fast-paced and globalised world.
In line with the school vision and mission, we see the potential of ICBL in supporting Science
teaching and learning, as well as developing the skills necessary to meet challenging
demands of the dynamic future in the 21st century. Through ICBL as a pedagogical approach,
we also aim to achieve the school’s outcomes where every student is innovative, curious,
cooperative and confident.
For this Iesson unit, we have incorporated ICBL in the 5E instructional model that the
Science department has adopted as a school-based approach to Science teaching and
learning. Based on the past results analysis, it was found that most students had difficulty in
applying the concepts of how the digestive, circulatory and respiratory systems integrate to
carry out life processes. Thus, this case module was carefully designed to help primary 5
students achieve the learning outcomes in alignment with the Primary Science syllabus.
In this case module, the students would be given opportunities to direct their own learning
and work in collaboration with each other in conducting research and experiments that they
had planned and designed. The students would be assessed based on their content
knowledge, experimental design and presentation.
Instructional Sequence
Lesson
1

Phase
Problem posing

2

Problem solving

3

Problem solving

4

Problem solving

5

Peer persuasion

Activity
Introduce and analyse the case
Brainstorm on the resources
Recap on the prior knowledge
Consolidate the key ideas
Plan the procedure
Conduct the gallery walk (optional)
Carry out the experiment
Prepare the posters
Conduct the gallery walk
Reinforce the concepts learnt

Racing Robert

71

Racing Robert
Robert and Danny are best friends and also very fast runners in their school. They decided
to meet up at Bukit Gombak Stadium at 4 p.m. after school to train for the coming Sports
Day selection race.
“Let’s race each other for 100 metres,” suggested Robert. Danny agreed and the two boys
raced. Robert, who was usually the faster runner, started getting tired halfway through the
race and finished the race after Danny. He was panting much more heavily than Danny.
“I won! This is really rare! What happened to you?” Danny asked. “I thought I was going to
have a hard time keeping up with you.”
“Not sure. Maybe it’s because I didn’t have lunch today.” Robert mumbled, still trying to
catch his breath.
“What has lunch got to do with this?” Danny was puzzled. “I think my regular jogging
sessions with my dad 3 times a week for the past few months have helped me improve. I’m
not even panting as badly as you are!” Danny exclaimed with a smile.
“Yeah, I haven’t really been exercising much. But anyway, good job on the race!” Robert
gave Danny a pat on the back. “However, it’s not too late to train up for the selection race.
Let’s continue with our training.”
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CASE ANALYSIS
Recognise some potential issues or topics about the case
What is the case about? Underline key words or phrases that suggest some issues about
the case.

List down points relevant about the case
Write down what you know about the case in the “What do I know” column.
Write down what you need to know about the case in the “What do I need to know” column.
What do I know

What do I need to know

Racing Robert
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Focus on one important question
Choose one question that you think is the most important to explore. Write it down here.

Research to find out more
What kind of references or resources will help you answer your question? Write down a list
of references and resources that can help you answer the question.

What I have learnt
Write down what you have learnt after your research.
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INVESTIGATIONS
Experiment
Your group will be designing, conducting and reporting an experiment related to the case
Racing Robert.
Based on the materials given, you will have to design and conduct the experiment, and
prepare a poster to report on your experimental findings.
Materials given:
• Stopwatch
• Stethoscope
• Datalogger
Your poster should include:
• Title
• Hypothesis / aim of experiment
• Experimental procedure
• Table containing data
• Conclusion
You may add diagrams to illustrate your experiment.
Experimental design
Work in groups of 4 to discuss and decide on the aim of the experiment and the hypothesis
you are testing. Use the following questions as a guide to help you design your experiment.
1(a) Write down the aim of the experiment. Use the “To find out if …” format.
(e.g. To find out if the amount of water affects the growth of the plant.)

1(b) Write down the hypothesis you are testing. Use the “If …, then…” format.
(e.g. If the plant has more water, then it will grow taller.)

Racing Robert
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2(a) What is the variable you are changing?

2(b) What variables are you going to keep constant?

3
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What outcome are you going to measure?
Define how you are going to measure the outcome.
(e.g. Count the number of fruits produced after using different amount of fertilisers.)
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4

Prepare a table to record your data.

5

What is your conclusion based on the aim of the experiment?

Racing Robert
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SUMMARY OF LESSONS
Lesson
Activity
and
Duration
Problem Posing
1
(1 h)
• The students read the case and have a thinkpair-share about their thoughts.
• In groups of 3 or 4, they fill in the case analysis
sheet.
• The teacher leads in class discussion and puts a
check mark on 1 to 3 questions that are of the
most important and possible to explore in the
“What do I need to know” column.
• The students brainstorm on the resources.

Resources
• Case
• Case analysis sheet

Problem Solving
• The students watch a YouTube video and take
notes.
• The teacher leads in class discussion, elicits
students’ responses and consolidates key ideas.

• YouTube video

3
(1 h)

Problem Solving & Peer Persuasion
• The students design the experiments in their
groups.
• They present their experimental designs in a
gallery walk. (optional)

• Experiment worksheet
• Butcher sheets
• Markers

4
(1 h)

Peer Persuasion & Peer Persuasion
• The students conduct the experiment in their
groups.
• The groups report their findings in posters.

•
•
•
•
•

Peer Persuasion

• Posters
• Assessment rubrics
• “Integration of 3 Systems”
worksheet

2
(30 min)

5
(30 min)

• The groups present their posters in a gallery
walk.
• The students consolidate learning using
“Integration of 3 Systems” worksheet.
• The teacher provides feedback and sums up key
learning points.

Stethoscopes
Stopwatches
Dataloggers
Butcher sheets
Markers

Additional resources which can be obtained in the e-book version include:
• Instructional sequence for 5E model
• Lesson plan
• Worksheet for consolidation of learning – “Integration of 3 Systems”
• Teacher assessment rubric
• Teaching notes
• Exemplars of student product
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INSTRUCTIONAL SEQUENCE FOR 5E MODEL
Week
1

2

3

Period
2

Learning outcome
Identify the organ systems in human
(digestive, respiratory, circulatory, skeletal
and muscular).

What is done
Engage activity

1

Identify the organs of the human respiratory
and circulatory systems and describe their
functions. (At awareness level)

Explore activity

2

Identify the organs of the human respiratory
and circulatory systems and describe their
functions. (Focus on circulatory system only)

Explain I activity

2

Identify the organs of the human respiratory
and circulatory systems and describe their
functions. (Focus on respiratory system only)

Explain II activity

3

Compare how plants, fish and mammals take
in oxygen and give out carbon dioxide.

Explain III activity

1

Recognise that air is a mixture of gases such
as nitrogen, carbon dioxide, oxygen and
water vapour.

Elaborate I activity

Recognise the integration of the different
systems (digestive, respiratory and
circulatory) in carrying out life processes.

Elaborate II activity (ICBL)
• Introduce case and
analyse case using K-W
components of KWL
• Explore concepts using
resources
• Formulate hypothesis
and design experiments
• Groups present their
experimental designs in
a gallery walk (optional)
• Carry out experiments
and prepare posters for
the presentation
• Groups present their
findings in a gallery walk
• Consolidate learning
Elaborate III activity

2

1
2

4

2

5

1

6-7

3

Compare the ways in which nutrients, water
and oxygen are transported within plants and
humans.
- plants: tubes that transport food and water
- humans: blood vessels that transport
digested food and other substances

3

All learning outcomes

Evaluate activity

Racing Robert
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LESSON PLAN
Topic: Human Systems (Respiratory and Circulatory Systems)
Duration: Case story and analysis - 2 period (60 min)
Concept exploration - 1 period (30 min)
Experimental design - 2 period (60 min)
Investigation - 2 period (60 min)
Presentation - 1 period (30 min)
Learning Outcome:
At the end of the lesson, students will be able to apply concepts of how the digestive,
circulatory and respiratory systems integrate to carry out life processes.
Materials:
•
•
•
•
•
•

Case: Racing Robert
Case analysis sheet
Youtube video: Magic School Bus - Works Out
Experiment worksheet
“Integration of 3 Systems” worksheet
Assessment rubrics

Information for the Teacher:
A system consists of a group of organs and tissues working together to perform different
functions.
For example:
(a) The circulatory system which consists of the heart, blood and blood vessels, transports
digested food, water and oxygen to the body and carries away waste materials.
(b) The respiratory system which consists of the nose, the windpipe and the lungs, brings
oxygen into the body and removes carbon dioxide from it.
(c) The digestive system which consists of the mouth, the gullet, the stomach and the
intestines, breaks down the food we eat into simple substances and absorbs them for
use in growth, repair and producing energy.
These three systems integrate and work together so that the necessary substances that we
need for life processes get transported to the appropriate places in the body for our use.
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Estimated
Learning experiences
time
Activity: Case Story & Analysis - Racing Robert
60 min
•
•
•
•
•
•
•
•
•

•
•
30 min

Teacher introduces the case: Racing Robert to class.
Students read the story quietly.
Teacher gets volunteers to narrate the story to the class.
Think-pair-share: Individually, students pen down their
thoughts in the case analysis sheet before they share with
their partner.
Teacher gets volunteers to share their thoughts about the
case.
Teacher instructs students to work in groups (of 3 to 4) to
fill up the K-W columns, i.e. ”What do I know” and “What
do I need to know” columns.
Teacher facilitates group discussions and monitors the
progress of students’ work.
Teacher compiles students’ responses.
Teacher leads in class discussion and puts a check mark
on 1 to 3 questions that are of the most important and
possible to explore in the “What do I need to know”
column.
Teacher gets students to list down a set of resources that
they could use to find the answers of the questions posed.
Teacher consolidates the list of proposed resources.

• YouTube
video:
Magic School
Bus - Works
Out

Activity: Experimental Design
• Students recap case and concept learning.
• Teacher distributes experiment worksheet.
• Students work in groups of 3 to 4 and design their
experiments.
• Teacher facilitates group discussions and experimental
designs.
• Students present their experimental designs in gallery
walk. (optional)

60 min

• Case:
Racing
Robert
• Case analysis
sheet

Activity: Concept Exploration
• Students recap the 3 human systems: digestive,
respiratory and circulatory systems (discussed in earlier
lessons).
• Students watch a video: Magic School Bus - Works Out
and take notes.
• Teacher leads in class discussion, elicits students’
responses and consolidates key ideas.

60 min

Resources

• Experiment
worksheet
• Butcher paper
• Markers

Activity: Investigation
• Students in their groups conduct the experiment using the
materials that they have chosen.
• Teacher facilitates group investigations.
• Students report findings in posters.

•
•
•
•

Stethoscopes
Stopwatches
Dataloggers
Butcher

Racing Robert
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paper
• Markers
30 min

Activity: Presentation
• Students present their posters in gallery walk.
• Teacher uses assessment rubrics to assess students
learning.
• Students work on the “Integration of 3 Systems”
worksheet.
• Teacher provides feedback based on students’ artefacts
and sums up key learning points.
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• Posters
• Assessment
rubrics
• “Integration
of 3
Systems”
worksheet

WORKSHEET FOR CONSOLIDATION OF LEARNING
Human System – Integration of 3 Systems
1. In the circles, write down why each body system is important to us.
2. In the boxes, explain how the systems interact with each other.

How do the respiratory
system and the
circulatory system work
together?

Respiratory System

Circulatory System
How do the digestive
system and the
circulatory system work
together?

Digestive System

Racing Robert
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TEACHER ASSESSMENT RUBRIC
Scientific Poster
Category
Content
coverage







Aim and/or hypothesis
are not stated.

Aim and/or hypothesis
are not clearly stated.

Aim and hypothesis
are all clearly stated.

Experimental
procedure is not
shown.

Experimental
procedure is shown,
but with missing
steps.

Experimental
procedure is clearly
shown.

Conclusion is not
relevant to the aim.

Conclusion may not
Conclusion is relevant
be relevant to the aim. to the aim.

Results
layout

Results of experiment
are not included or
are poorly displayed.

Results of experiment
are displayed and
presented in a table.
A graph may be
included but is either
not clear or irrelevant.

Results of experiment
are clearly displayed
and presented neatly
in a table. It is
accompanied by a
graph or a chart.

Organisation

The information
appears to be
disorganised.

Information is
organised, but titles
and subheadings are
missing or do not help
the reader to
understand.

Information is
organised with clear
titles and
subheadings.

Presentation

The presentation was
not clear and relevant
in most areas.

The presentation was
clear in some areas.

The presentation was
clear in most areas.

Comments:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
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TEACHING NOTES
Problem Posing
Racing Robert is a story about two boys, Robert and Danny, competing in a race.
Surprisingly, Robert who was usually the faster runner did not come in first. There could be
various factors resulting in Robert losing to Danny. From the conversations in the story, the
students analysed the case and raised questions that led them to their research and
experimental designs. With the guidance of the teacher, they identified resources that could
support them in their research and scientific investigation. They used their textbooks,
teacher-prepared information sheets on the three human systems (digestive, circulatory and
respiratory systems) and a YouTube video (Magic School Bus: Works Out) to promote their
conceptual understanding on how the three human systems work together to support life
processes. A case analysis sheet was used to facilitate this component of ICBL.
Problem Solving
Based on their prior experience of the case analysis and knowledge gained from the
resources, the students discussed in groups and decided on their hypotheses for the
investigation. Given a number of materials, e.g. stopwatch, datalogger and stethoscope to
choose from, the students designed their experiments to test the hypotheses they had
written. Facilitated by the teacher, the students conducted their experiments and report their
findings on posters.
Peer Persuasion
The students were tasked to present their experimental designs and results on posters. In
the posters, they were expected to show their ability to generate a hypothesis / write an aim
of experiment, plan the experimental procedure, present their results and write a conclusion
based on the aim of the experiment. Additionally, the students were assessed on their
overall presentation. These were the criteria in the assessment rubrics. To monitor and
consolidate student learning on the concepts of this unit, a separate worksheet “Integration
of 3 Systems” was used.
Things to Note
As a guide for teachers, the ICBL module could be conducted using the lesson plan. The
estimated duration for each component was proposed for the average group of students.
Adjustment to the duration of each component could be made depending on the ability
profile of the students.
Most students had little difficulty in filling up the K-W table in the case analysis sheet.
However, the teacher could facilitate the process of filling up the “What do I need to know”
column if the students were provided with question starters, e.g. What, Why and How. This
could also improve the quality of the questions posed by the students.
As a follow-up from the case analysis, the teacher could upload the rest of the questions in
“What do I need to know” column that were relevant for further discussion in a Google form.
This could be done during or outside curriculum time. The student responses collated were
useful for formative assessment. The teacher could check for any misconceptions that the
students might have and address them as the unit progressed.
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EXEMPLARS OF STUDENT PRODUCT
Case Analysis
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Racing Robert
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Experimental Design
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Racing Robert
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Worksheet for Consolidation of Learning – “Integration of 3 Systems
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“What do I need to know” Further Discussion on Google Form

Racing Robert
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Case Module 4: Floods Paralyse Philippine Capital Manila
Contributor: Yang Binglin
Sembawang Primary School

Topic: Water cycle - Purification of water using recyclable materials
Target students: Primary 5
Synopsis
With the school’s mission of “Preparing our children for life, for service to nation and
humanity”, we hope to foster and nurture our children's intrinsic motivation to learn and help
them become more skilful at and excited about learning. The ICBL case, presented through
a news article, reflects the real-life situation that people have to face and tackle. This
arouses the students’ interest and triggers their curiosity for problem solving. At the same
time, it helps to develop the students’ 21st century competencies, as they work in groups and
take on different roles.
This ICBL case module is incorporated into Integrated Project Work as a whole level
approach for the primary 5 students. Through this case module, we hope that students will
be able to appreciate the supply of potable water in Singapore. Also, we want our students
to know how water can be purified by using simple layering of materials. In the problem
posing phase, the question formulating technique is employed to allow students to generate
questions that they want to explore. In the problem solving phase, students will be required
to carry out research to gather information. In the peer persuasion phase, students have to
come up with a prototype of the filtration system. They have to choose their own materials,
formulate procedures and build the prototype. With the prototype of the filtration system, they
will need to convince one another on how their system is able to filter unwanted substances.
They will also compare the differences between dirty water and the water which is purified
using their filtration system. In line with the poetry and drama week of the English
Department, each class is to select the best filtration system and prepare an advertisement
skit to showcase their product. This will allow them to apply the drama techniques they have
learnt to persuade their peers using the evidence-based solutions.
Instructional Sequence
Lesson
1

Phase
Problem posing

2, 3
4, 5, 6

Problem solving
Problem solving

7, 8, 9
10, 11 12

Problem solving
Peer persuasion

Activity
Introduce and analyse the case
Brainstorm on the resources
Carry out the research
Plan the procedure
Carry out the experiment
Prepare the presentation
Present to the peers
Reflect on the learning
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Floods Paralyse Philippine Capital Manila

BBC's Kate McGeown: "Roads have been turned into rivers."
At least nine people have been reported dead as torrential rain caused flooding that
paralysed most parts of the Philippine capital, Manila.
The flooding - neck-deep in some areas - forced tens of thousands of people to flee their
homes, closing schools, offices and the stock exchange.
Nine members of one family died after a landslide hit shanty houses in Quezon City, a
government report said.
More than 50 people died when Typhoon Saola struck more than a week ago.
Widespread flooding has been reported in the capital and the surrounding provinces,
according to a statement from the National Disaster Risk Reduction and Management
Council.
It said "the south-west monsoon enhanced by Tropical Storm 'Haikui' located 300 km [184
miles] north-east of Taiwan" was expected to bring more rain.
What worries many people here is that it has been raining almost continuously for more than
24 hours now. That is what caused such bad floods after Typhoon Ketsana in 2009.
This time, the government is better prepared - tens of thousands of people have been
evacuated.
But many do not want to leave, especially if they cannot take their belongings. I've seen one
family going repeatedly back into the floodwaters to salvage all they could.
"Expect landslides and flashfloods in mountainous areas and floods in low-lying areas."
President Benigno Aquino met civil defence officials to discuss the situation. "Everybody
who is supposed to do something is doing what he is supposed to do," he said.
Casualties
Four members of another family were rushed to hospital in the landslide that killed the family
in Manila's Quezon City, according to the government's disaster council.
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"This is where my house used to be, this one is the end of our fence," Jessie Bailon, one of
those affected by the landslide, was quoted by the Associated Press news agency as saying.
He said that his wife, two children and one grandchild were still missing.
“When I woke up this morning, the sky was so dark it looked like dusk - it's been an endless
dusk. The rain never stops, it's almost deafening.” Sara Suguitan from northern Philippines
said.
Floods: Eyewitness accounts
Another resident said that "the ground was shaking" and that he barely made it before the
landslide hit his home.
A local police official was also quoted as saying that four people had drowned in another
province, but this has not been confirmed.

Rescue workers are trying to help stranded residents in flooded areas
Weather officials warn that the floods could get worse as the overflowing La Mesa dam,
which holds back Manila's main reservoir, spills more water.
"If we put it in a percentage, at least 50% of Metro Manila is flooded," Jean Navarez, from
the state weather service, was quoted as saying.
Residents living in slums and shanty towns on low ground have taken shelter in community
buildings, reports said.
Several key roads were impassable and power had also been cut in some areas, mostly as
a precaution, officials said. Dams and waterways in affected areas are also being closely
monitored. Rescue efforts are now underway to help stranded residents.
"As of now, it's difficult to rescue the trapped residents, as we are battling strong currents
with our life crafts," police rescuer Eric Baran told Reuters news agency.
"It's been raining continuously for over 24 hours now," resident Justin Robertson told the
BBC from Quezon City.
"We live on a hill and at the bottom of the hill there is a junction which is covered in water.
Most offices and schools are closed today and we've decided to remain indoors as the main
roads are either flooded or blocked with broken down vehicles."
Adapted from http://www.bbc.co.uk/news/world-asia-19159509, accessed on the World Wide
Web on 22nd November 2012.
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CASE ANALYSIS
Doing Research
a) Identifying Keywords for Research
•
Background research is necessary so that you know how to design and understand
your experiment.
•
Identify the keywords in the question for your science project. Brainstorm additional
keywords and concepts.
•
Generate research questions from your keywords.
•
(How, What, When, Who, Which, Why and Where)

b) Finding Information
•
Find at least three sources of information.
•
Find and read the general information contained in an encyclopedia, dictionary, or
textbook for each of your keywords.
•
Search the Internet to get information from an organisation, society or online
database.
•
Evaluate if the information found is credible and current.

c) Acknowledging Sources of Information
•
Make a list to keep track of ALL the books, magazines, and websites you have read.

Adapted from Pei Chun Public School primary 5 Project Work 2011.
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INVESTIGATIONS
The Problem
The Philippines is being hit with torrential rain and has caused roads to turn into rivers. The
flooding has caused the people in Philippines of not being able to obtain clean and potable
water for use. Being in a team of renowned engineers in The Philippines, you are tasked to
come up with a system that allows the floodwater to be filtered in order for the people to
survive using the “Water Kit”. This task is of utmost importance and urgency, as weather
officials warned that the floods could get worse as the overflowing La Mesa Dam, which
holds Manila’s main reservoir, spills more water.

The “Water Kit”
This kit consists of:
• One empty 1.5 litre water bottle
• Fine sand
• Coarse sand
• Pebbles
• Coffee filter

The Final Product
A Filtration System that will allow the people of The Philippines to solve the problem of
having dirty and non-potable water using the materials in the “Water Kit”.

Floods paralyse Philippine capital Manila
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Creating Your Own Filtration System
Materials chosen:

Sketch of your filtration system:
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Procedure to build your own filtration system:
Step

Procedure

Floods paralyse Philippine capital Manila
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How can this system help in obtaining clear water?

How is the appearance of the “dirty water” as compared to the “purified water”?
Let’s compare.
“Dirty Water”

100

“Purified Water”
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Project Presentation
It is time to showcase your project to your classmates and teachers. Some presentation
skills to remember are stated below. Remember to use all these skills as you present your
project in the 10 minutes given.
1. Eye contact: Maintain eye contact with the audience when you speak. Once in a while,
look up from your notes at them and make sure that you have got their attention.
2. Volume: Please speak at a volume that your classmates can hear throughout the
presentation.
3. Facial expression and body language: Show enthusiasm as you present. Involve the
audience in your presentation. You can do so by questioning. Remember to put on a
smile. 

Post-Presentation Reflection
Congratulations! You have successfully presented your project.
Reflect on how well your team has performed. Remember to be honest in your reflection.
•

•

My role in the presentation

3 things that went well in my group

• My observations of other groups’
presentation

• 3 things to improve on for my next
project work

Floods paralyse Philippine capital Manila
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SUMMARY OF LESSONS
Lesson
Activity
and
Duration
Problem Posing
1
(1 h)
• The students sit in groups of 4.
• They decide the roles of the group members.
• The teacher introduces the project.
• The students read the case.
• The groups state the problem. They also identify
the keywords and concepts related to the case.
• The groups generate research questions from
the keywords.

Resources
• Delegation of students’
roles in the group
• Case
• Case analysis sheet
• Investigation worksheet

2&3
(1 h
each)

Problem Solving
• The students do research on filtration systems.
• They list down observations and information
gathered.

• Investigation worksheet
• Laptops

4, 5 & 6
(1 h
each )

Problem Solving
• The students discuss the procedures in their
groups. They list the steps in building a filtration
system capable of obtaining clean water.
• The groups carry out the steps planned.

• Science lab
• Investigation worksheet

7, 8 & 9
(1 h
each)

Problem Solving
• The students prepare for the presentation in their
groups.
• They produce an advertisement to showcase
their filtration system.

• Butcher sheet

10, 11 &
12
(1 h
each)

Peer Persuasion
• The students present their poster to the class in
their groups.
• They also complete a post-presentation reflection
of their learning.
• The teacher evaluates the groups’ collaborative
work and presentation.

• Rubric for collaborative
work
• Rubric for presentation

Additional resources which can be obtained in the e-book version include:
• Delegation of students’ roles in the group
• Rubric for collaborative work
• Rubric for presentation
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DELEGATION OF STUDENTS’ ROLES IN THE GROUP
In my group, we
have decided that

Put a (√ ) for your duty in the following roles.
When I am with my group, I …

is Leader.

let everyone speak
one at a time.

remind everyone to
talk only about the
topic.

give an equal
amount of work to
everyone.

When I take notes, I write down …
is Reporter.

the duties of each
member.

when each member
has to finish his/her
work.

the ideas of
members in point
form.

When I am not sure, I raise my hand and …
is Questioner.

ask the person
to repeat the
idea.

remind
everyone to
talk only about
the topic.

ask to meet
the person
later.

ask the person
to explain the
idea.

When we are having a discussion, I pay attention and …
is Observer.

is Encourager.

listen to everyone.

look out for good
behaviour.

remember good
ideas given by group
members.

When my friend’s ideas are
interesting, I say…

When my friend keeps quiet, I …

good idea.

ask what
he/she thinks
of others’
ideas.

thank you.

remind others
to let him/her
speak.

Adapted from Pei Chun Public School primary 5 Project Work 2011.
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RUBRICS FOR ASSESSMENT ON COLLABORATIVE WORK
Individual mark
Criteria

Just getting started
(1 point)

Getting there….
(2 points)

Got it!
(3 points)

Attitude

Often is publicly critical
of the project or the
work of other members
of the group.
Often has a negative
attitude about the
task(s).

Occasionally is publicly
critical of the project or
the work of other
members of the group.
Usually has a positive
attitude about the
task(s).

Never is publicly critical
of the project or the
work of others.
Always has a positive
attitude about the
task(s).

Contribution

Rarely provides useful
ideas when
participating in the
group and in class
discussion. May refuse
to participate.

Sometimes provides
useful ideas when
participating in the
group and in class
discussion.

Routinely provides
useful ideas when
participating in the
group and in class
discussion.

Task focus

Rarely focuses on the
task and what needs to
be done.

Focuses on the task
and what needs to be
done some of the time.
Requires group
members or teachers to
remind to keep group
on task.

Consistently stays
focused on the task and
what needs to be done.
Very self-directed.

Problem
solving and
conflict
management

Does not try to solve
problems or help others
solve problems.

Does not suggest or
refine solutions, but is
willing to try out
solutions suggested by
others.

Actively looks for and
suggests solutions to
problems.

Task
completion

3 points awarded to the group for completion of the task of the day.

Adapted from Xishan Primary School primary 4 Project Work 2009.
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RUBRICS FOR ASSESSMENT ON PRESENTATION
Group mark
Criteria

Clarity in
speaking

Needs
Improvement
(1 point)
Often mumbles
softly or cannot
be understood
and
pronunciation is
very unclear
most of the time.

Satisfactory
(2 points)

Good
(3 points)

Excellent
(4 points)

Clear and
distinct only at
times and
mispronounce
several words.

Clear and
distinct most of
the time and
mispronounces
some words.

Clear and
distinct all the
time and does
not
mispronounce
any words.

Slouches, looks
uninterested and
not confident
most of the time.
Does not
establish eye
contact with the
audience at all or
most of the time,
resulting in
audience looking
uninterested.

Stands up
straight, looks
relaxed and
confident
sometimes.
Occasionally
establishes eye
contact with
everyone in the
audience,
capturing their
attention
sometimes.

Stands up
straight, looks
relaxed and
confident most of
the time.
Establishes eye
contact with
everyone in the
audience,
capturing their
attention most of
the time.

Stands up
straight, looks
relaxed and
confident all the
time.
Establishes eye
contact with
everyone in the
audience,
capturing their
attention all the
time.

Preparedness Does not seem
prepared and
ready to present.

Somewhat
prepared, but it
is clear that
rehearsal was
lacking.

Pretty prepared
and needed a
couple more
rehearsals.

Completely
prepared and
has obviously
rehearsed.

Content

Shows a good
understanding of
parts of the topic.

Shows a good
understanding of
the topic.

Shows a full
understanding of
the topic.

Posture and
eye contact

Does not seem
to understand
the topic very
well.
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Case Module 5: An Affair with Veggies
Contributors: Tay Siew Peng, Pang Ronnie, Toh Ghim Yeow Kenny
Ang Mo Kio Secondary School

Topic: Transport system in living things - Osmosis
Target students: Secondary 1
Synopsis
The revised ‘2013 Lower Secondary Science’ syllabus, which is aligned to the 21st century
competencies framework, aims to develop the students’ scientific inquiry skills which will
enable them to relate scientific concepts to their daily lives, society and environment. The
school believes in developing the students to become independent lifelong learners, who are
ready for the changes of the globalised world. ICBL is a suitable pedagogy that can help to
address these goals.
At the problem posing phase, the students are given opportunity to explore and pose
questions on a given realistic situation – the case. Other than stating the main problem
statement that the students wish to focus on, they will also need to write down any nonscience related issues that can be drawn from the case. These issues can be either social or
environmental-related. Such student-directed inquiry-based learning enables the students to
develop cognitively. This aligns to the goal of the science department, which is to develop in
the students an inquiring mind, innovative spirit and a heart for the environment.
At the problem solving phase, the students are required to be innovative and inquiring when
they are planning and carrying out their investigation to test their hypothesis. They will also
need to collect data and draw conclusions from the investigation. Between problem solving
and peer persuasion phase, lessons on transport systems are carried out. This serves as a
form of resource to help the students in analysing their data. At the peer persuasion phase,
the students will listen to their peers’ presentation and evaluate them according to the given
rubrics. After going through this ICBL lesson unit, the students will be more confident in
planning and conducting an investigation on their own.
Instructional Sequence
Lesson
1

Phase
Problem posing

2

Problem solving

3
4, 5
6

Problem solving
Lesson
Peer persuasion

7
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Lesson

Activity
Introduce and analyse the case
Formulate the hypothesis
Finalise the hypothesis
Plan the procedure
Carry out the experiment
Conduct PowerPoint lesson
Conduct the galley walk
Evaluate the peers’ presentation
Reinforce the concepts learnt
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An Affair with Veggies
Xuan Ting was very excited about her birthday party. She woke up early in the morning to go
to the market with her mum to buy some groceries. Xuan Ting loves to eat salads and
persuaded her mum to prepare it for her birthday party.
While her mum was busy choosing the lettuces from a stall, Xuan Ting noticed that the
stallholder was carrying a bottle of water and was constantly spraying water on the
vegetables. Xuan Ting was very puzzled and asked the stallholder why he did that. The
stallholder replied that this was to ensure that the vegetables remain fresh and firm.
As Xuan Ting was walking back home, she was wondering whether the stallholder could use
the refrigerator to keep the vegetables fresh instead. She felt that water is very precious in
Singapore and by using it to spray on vegetables, she found that that was a waste of water.
When Xuan Ting and her mum reached home, Xuan Ting quickly helped her mum to unpack
and keep some of the groceries they bought. Then she saw her mum wrapping the lettuces
with newspapers before storing them in the refrigerator. Her mum explained to her that that
was to absorb excess moisture so as to keep the lettuces fresh.
Now Xuan Ting was really confused by the two different methods of keeping the lettuces
fresh, so she decided to go online to search for the truth.

Image credit:
http://www.wpclipart.com/food/salad/side_salad.png.html
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CASE ANALYSIS
1.

What is the main topic or issue in the case? Underline the keywords.

2.

List 2 to 3 science related topics in the case.
•
•
•

3.

Complete the following table by listing down the things you already know and need to
know about the case in the respective column.
What do I know?

What do I need to know?

4.

Among those listed in “What do I need to know?”, choose one that you think is the
most important to explore.
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INVESTIGATIONS
Resources
You may refer to the following resources to help you in your investigation.
Keeping greens green
• http://www.nytimes.com/2011/11/15/science/does-spraying-greens-with-water-keepthem-fresh.html?_r=0
Osmosis
• http://hrsbstaff.ednet.ns.ca/jenmaci/Book/PDF/Unit%201/1%2008%20Osmosis.pdf
• http://highered.mcgrawhill.com/sites/0072495855/student_view0/chapter2/animation__how_osmosis_works.ht
ml
• http://www.glencoe.com/sites/common_assets/science/virtual_labs/LS03/LS03.html

Plan and Conduct an Investigation
By referring to the answer of question 4 in the Case Analysis, you are required to plan and
conduct an investigation. This investigation will be presented in the form of a poster.
The poster should include the following:
•
•
•
•
•
•
•
•

Introduction
Hypothesis
Apparatus and materials
Procedure for investigation
Results
Analysis
Conclusion
One other issue that you can explore for the case
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Hypothesis
It is the tentative way of explaining an observation or a scientific problem that can be further
tested through an investigation.

Example:
•

As the temperature increases, the mass of salt dissolved in the water increases.

•

The greater the mass of the fertiliser added, the taller the plant.

State the hypothesis of your investigation by filling in the blanks:
As the ____________ (Variable A) increases/decreases, the _____________ (Variable B)
decreases/increases.
Note: Both variable A and B should be something that can be measured. Variable A
should be one that you change while variable B should be one that you observe.

Apparatus and materials
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Procedure
Draw the set-up of your experiment/investigation in the box provided below. Label your
diagram clearly and it should include the variable A and B.

Suggest the procedure as a series of step-by-step instructions.
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

Repeat step 1 to step _________, using _________ (value 1), _________ (value 2),
_________ (value 3), _________ (value 4) of _________ (variable A).
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Results
(Variable A / unit)

(Variable B / unit)

Analysis
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
Conclusion
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
One issue to explore
_________________________________________________________________________
_________________________________________________________________________
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SUMMARY OF LESSONS
Lesson
Activity
and
Duration
Problem Posing
1
(1 h)
• The students sit in groups of 4.
• They read the case, and complete the case
analysis sheet in their groups.
• The students go through the website resources
as suggested by the teacher.
• The groups discuss about the hypothesis.

Resources
•
•
•
•
•

Case
Case analysis sheet
Resource web links
Laptops
PowerPoint slides on
Crafting of Hypothesis

Problem Solving
• The teacher checks the hypothesis of each
group.
• The groups finalise the hypothesis and start to
plan their experiment.

• Butcher sheets

3
(1.5 h)

Problem Solving
• The groups carry out their experiments to test
their hypothesis.
• They collect the data and draw conclusions from
the data.
• The groups are to complete the poster outside
curriculum time.

• Science lab
• Investigation worksheet
• Guidelines for poster
making

4&5
(1 h
each)

• The teacher provides students with more content
knowledge with the use of PowerPoint slides on
the Transport System in Living Things.

• PowerPoint slides on
Transport System in
Living Things

6
(1.5 h)

Peer Persuasion
• The groups present their poster in a gallery walk.
• They also evaluate their peers’ presentation
according to the given student rubrics.

• Student assessment
rubric
• Teacher assessment
rubric

• The teacher concludes the unit. The student
completes a reflection on the unit.

• Student reflection

2
(1 h)

7
(1 h)

Additional resources which can be obtained in the e-book version include:
• Lesson plan
• Guidelines for poster making
• Student assessment rubric
• Teacher assessment rubric
• Student reflection
• Exemplars of student product
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LESSON PLAN
Lesson 1
Subject: Lower Secondary Science
Duration: 2 period (60 min)
Topic: Osmosis
Class: Secondary 1 Express (average ability)
Prior Knowledge
1) Students should have an understanding of what diffusion is.
2) Students should understand what partially permeable membrane is.
3) Student should understand that cell membrane is partially permeable.
Learning Objectives
1) To let students understand what osmosis is.
2) To help students understand what hypothesis is and how to form their own hypothesis.
3) To help students to write the procedure for their investigation.
Specific Instructional Objectives
At the end of the lesson, students should be able to:
1) define osmosis.
2) write a hypothesis.
3) write the procedure of their investigation.

114

Handbook: Use of Investigative Case-Based Learning in Science Instruction

Time

21st century
competencies

5 min

15 min

Resources

• Get the students to sit in groups of 4
• Get the students to number themselves 1 to 4 within
each group
• Briefly share with the students on what ICBL is
• Go through with the students on what they are
expected to do for today’s lesson

Introduction

Lesson
Development
(I)

Learning Activity / Questions for students

Information &
communication skills
• Management of info
• Communicating
effectively

Activity 1: Introduce the case

Case: An affair with veggies

• Give the class 3 min to do the silent reading
• Get 2 students to read the case aloud to the class
Activity 2: Case analysis

Critical & inventive
thinking
• Curiosity and
creativity
• Sound reasoning and
decision making
Civic literacy, global
awareness & crosscultural skills
• Socio-cultural
sensitivity &
awareness

Case analysis sheet
• Get the students to discuss in their groups and
complete question 1 and 2 of the case analysis sheet
• Select 3 groups to share their answer with the class
• Instruct the students to complete question 3 in their
group through Round Robin so as to ensure that all
the students in the group are given a chance to talk
and contribute
• Select 3 groups to share their answers with the class
• Lastly, get the students to complete question 4
• While the students are doing question 4, the teacher
will walk round the classroom to check on the
answers that they have written
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Time
Lesson
Development
(II)
35 min

21st century
competencies
Information &
communication skills
• Management of info
• Communicating
effectively
• Responsible use of
info
Critical & inventive
thinking
• Curiosity and
creativity
• Sound reasoning and
decision making
• Managing
complexities and
ambiguities
Civic literacy, global
awareness & crosscultural skills
• Socio-cultural
sensitivity &
awareness

Lesson
Closure

Learning Activity / Questions for students
Activity 3: Forming hypothesis

Investigation worksheet

• Share with the class what are the components that
need to be included in their investigation
• Tell them what their end product should be
• Go through with the class what hypothesis is
• Give examples of hypotheses
• Provide websites and online simulations that can help
them in their discussion
• Students may use any other online resources that
was not provided
• Give the students about 25 min to go through the
online resources provided and discuss their
hypothesis
• Each student will explore 1 website and after that,
they will share with their group member
• As the students are discussing, teacher will go round
ensuring that the students understand what needs to
be done

Website:
http://www.nytimes.com/2011/11/15/sci
ence/does-spraying-greens-with-waterkeep-them-fresh.html?_r=1&

• Teacher is to sum up the lesson by getting 3 groups
to share their hypothesis

5 min

116

Resources

Handbook: Use of Investigative Case-Based Learning in Science Instruction

http://hrsbstaff.ednet.ns.ca/jenmaci/Bo
ok/PDF/Unit%201/1%2008%20Osmosi
s.pdf
http://highered.mcgrawhill.com/sites/0072495855/student_vie
w0/chapter2/animation__how_osmosis
_works.html

Simulation:
http://www.glencoe.com/sites/common
_assets/science/virtual_labs/LS03/LS0
3.html

Lesson 2
Subject: Lower Secondary Science
Duration: 2 period (60 min)
Topic: Osmosis
Class: Secondary 1 Express (average ability)
Prior Knowledge
1)
2)
3)
4)

Students should have an understanding of what diffusion is.
Students should understand what osmosis is.
Students should understand what partially permeable membrane is.
Student should understand that cell membrane is partially permeable.

Learning Objectives
1) To finalise their hypothesis and plan the procedure for the investigation.
Specific Instructional Objectives
At the end of the lesson, students should be able to:
1) state the objective of their investigation.
2) write the procedure for their investigation.
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Time

21st century
competencies

5 min

• Get the students to recap as a group what are the
keywords for the case
• Brainstorm on the keywords
• Get a few students to share the keywords

Recap
5 min

15 min

Information &
communication skills
• Management of info
• Communicating
effectively
Critical & inventive
thinking
• Curiosity and creativity
• Sound reasoning and
decision making
Civic literacy, global
awareness & crosscultural skills
• Socio-cultural
sensitivity &
awareness
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Resources

• Get the students to sit in groups of 4
• Go through with the students on what they are
expected to do for today’s lesson
• Assign roles to each of the students in the group
• The students are supposed to be playing that
respective role when they are doing discussion

Introduction

Lesson
Development
(I)

Learning Activity / Questions for students

Activity 1: Finalising the hypothesis
• Each group is given a butcher sheet and a few
markers
• Groups will write down their hypothesis on the butcher
sheet
• Students are required to underline the variable that is
stated in their hypothesis
• Remind the students that the hypothesis should be
related to the case
• Groups will present their hypothesis to the class and
share how it is related to the case
• Teacher will go through all the hypotheses with the
class
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Investigation worksheet

Time
Lesson
Development
(II)
30 min

21st century
competencies
Information &
communication skills
• Management of info
• Communicating
effectively
• Responsible use of
info
Critical & inventive
thinking
• Curiosity and creativity
• Sound reasoning and
decision making
• Managing
complexities and
ambiguities

Learning Activity / Questions for students
Activity 2: Planning the procedure

Resources
Investigation worksheet

• Using one example of hypothesis “As the temperature
increases, the rate of dissolving the salt increases”, go
through with the class on how to complete their
investigation worksheet
• Remind the students to check with the teacher the
availability of the apparatus that they need
• Students will discuss among themselves about the
procedure
• Teacher will go round to check on their progress

Civic literacy, global
awareness & crosscultural skills
• Socio-cultural
sensitivity &
awareness
Lesson
Closure

• Teacher will sum up the lesson by sharing with the
students what they are expected to do during the next
lesson and what are the things they need to bring

5 min
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GUIDELINES FOR POSTER MAKING

TITLE

HYPOTHESIS

DATA

DIAGRAM

ANALYSIS

CONCLUSION

OTHER ISSUE TO EXPLORE
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STUDENT ASSESSMENT RUBRIC
Scientific Poster
Poor
1
Totally do not
understand
what they are
presenting.

Fair
2
Clear, with
most sections
difficult to
understand.

Good
3
Clear, with
some sections
difficult to
understand.

Excellent
4
Clear and easy
to understand.

Presentation Voice is soft,
and
not confident
aesthetics
and unable to
answer some
questions.

Voice is clear
but not
confident and
unable to
answer some
questions.

Voice is loud
and clear,
confident but
unable to
answer some
questions.

Voice is loud
and clear,
confident and
able to answer
all questions.

Untidy and the
sections are
not placed in
order.

The sections
are placed in
order but
untidy.

Neat, sections
are placed in
order but with
very few
pictures/
illustrations.

Neat, sections
are placed in
order and with
many pictures/
illustrations.

Totally do not
understand
what they are
presenting.

Clear, with
most sections
difficult to
understand.

Clear, with
some sections
difficult to
understand.

Clear and easy
to understand.

Criteria
Contents

Other issue
to explore

Score

Question posed to the group:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
Answer the group has given:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
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TEACHER ASSESSMENT RUBRIC
Scientific Poster
Poor
1
Includes only
one distinct
variable in the
hypothesis.

Fair
2
Includes two
distinct
variables in the
hypothesis.

Good
3
Includes only
one distinct
variable in the
hypothesis.

Excellent
4
Includes two
distinct
variables in the
hypothesis.

There is no
scientific basis
behind the
hypothesis.

But there is no
scientific basis
behind the
hypothesis.

There is a
scientific basis
behind the
hypothesis.

There is a
scientific basis
behind the
hypothesis.

Procedure

Most steps are
missing and
some steps are
not in order.

Steps are in
order with
some steps
missing.

Steps are in
order, no
missing steps
but some steps
are not clear or
hard to
understand.

Steps in order,
no missing
steps, clear,
precise and
easy to
understand.

Data

Does not
present in a
table/chart.

Presents in a
table/chart.

Presents in a
table/chart.

Presents in a
table/chart.

No/wrong units
and inaccurate.

No/wrong units
and inaccurate.

Accurate but
no/wrong unit.

Accurate and
with correct
units.

Analysis

Does not
present logical
scientific
explanation
and does not
support the
hypothesis.

Presents
logical
scientific
explanation but
does not
support the
hypothesis.

Presents
logical
scientific
explanation,
supports the
hypothesis but
difficult to
understand.

Presents
logical
scientific
explanation,
supports the
hypothesis and
easy to
understand.

Conclusion

No scientific
concepts and
does not relate
to the case.

Relates the
findings to the
case but does
not include
scientific
concepts.

Includes
scientific
concepts but
not able to
relate the
findings to the
case.

Includes
scientific
concepts and
relates the
findings to the
case.

Criteria
Hypothesis
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Score

Topic
Other issue
to explore

Poor
1
Not able to
state any other
issue to
explore.

Presentation Voice is soft,
and
not confident
aesthetics
and unable to
answer some
questions.

Untidy and the
sections are
not placed in
order.

Fair
2
Able to state
one other issue
that is related
to science.

Good
3
Able to state
one other issue
that is not
related to
science.

Excellent
4
Able to state
more than one
other issue.
At least one
issue stated is
not related to
science.

Voice is clear
but not
confident and
unable to
answer some
questions.

Voice is loud
and clear,
confident but
unable to
answer some
questions.

Voice is loud
and clear,
confident and
able to answer
all questions.

The sections
are placed in
order but
untidy.

Neat, sections
are placed in
order but with
very few
pictures/
illustrations.

Neat, sections
are placed in
order and with
many pictures/
illustrations.

Score

Question posed to the group:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
Answer the group has given:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
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STUDENT REFLECTION
1. What I have learnt from the case analysis and the making of the hypothesis.
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________

2. What I have learnt from the planning of the procedure and conducting the experiment.
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________

3. What I have learnt from the gallery walk.
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
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EXEMPLARS OF STUDENT PRODUCT
Case Analysis
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Experimental Procedure
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Poster
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Case Module 6: Not Too Hot, Not Too Cold
Contributors: Lee Yihui, Matthew Paul Cheong, Koh Tat Siang, Tian Yilin, Tan Guan
Rui Jacob
Commonwealth Secondary School

Topic: Effects of heat and its transmission
Target students: Secondary 2
Synopsis
The school’s vision is to develop a community of passionate learners who spark imagination,
illuminate new frontiers and inspire change for a better world. Aligned to this vision, the
science department hopes to nurture independent, lifelong science learners with a sense of
wonder and curiosity. ICBL is a pedagogical approach which aims to engage students
through an authentic situation involving science. Through ICBL lessons, students are able to
learn social, scientific competencies and self-directed learning through the three phases,
which are problem posing, problem solving, and peer persuasion, which will spark off their
imagination, curiosity and passion in science.
Instructional Sequence
Lesson
1
2
3

Phase
Problem posing
Problem posing
Problem posing

4, 5, 6

Problem solving

7

Peer persuasion

8

Peer persuasion
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Activity
Introduce and analyse the case
Carry out the prescribed experiment
Review on the practical session
Finalise the investigative question
Carry out the research and investigation
Prepare the posters
Conduct the galley walk
Evaluate the peers’ presentation
Present the reflection from learning
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Not Too Hot, Not Too Cold
Michael has been a journalist for several years and he has been to different countries with
different climates. As Michael and his sister were browsing through the photographs he took,
they came across some pictures of igloos.
“Michael, if igloos are made from snow, how can igloos keep Eskimos warm?” his sister,
Marianne asked.
“Maybe it has to do with the way they are constructed. Here, take a look at these
photographs of these igloos. They are all shaped similarly.”

“Speaking of shapes, isn’t an igloo very small? How do people squeeze in there?” Marianne
asked.
“That’s a very good question, I really don’t know.” Michael replied.
As Michael looked through his collection of photographs of other houses in the world, he
mumbled to himself, “I wonder if houses in other parts of the world are constructed in any
particular ways to keep people comfortable.”
Image credit:
http://commons.wikimedia.org/wiki/File:Igloo_outside.jpg
http://commons.wikimedia.org/wiki/File:Iglu_1999-04-02.jpg
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CASE ANALYSIS
1. Recognise potential issues and major topics in the case.
• What is this case about?
• Underline and list terms or phrases that seem to be important.
• Then, list 3 to 4 related topics or issues in the case.

2. What specific questions do you have about these topics?
In a group, list what you already know about this case in the ”What do I know?” column.
List questions you would like to learn more about in the “What do I need to know?”
column.
What do I know?
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What do I need to know?
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3. Put a check mark beside the 1 to 3 questions or issues in the “What do I need to know?”
list that you think are most important to explore.
4. What kinds of references or resources will help you answer or explore these questions?
Identify two different resources and explain what information each resource is likely to
give that will help you answer the question(s). Choose specific resources or types of
resources.
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Evaluation Matrix
Adapted from CWSS MAD Programme booklet 2010 - 2012
The evaluation matrix helps the team to screen ideas and options. It is a good tool for
building consensus because it allows the team to select criteria and evaluate a variety of
promising options against the criteria they selected.
Step 1:

Establish criteria.
Some criteria include:
• Interest: How interesting is this research question to you?
• Realistic: How confident are you in finding out more information for this
research question?
• Impact: How impactful is this research question to your learning?

Step 2:

Revisit the ground rules.
The ground rules are:
• Consider what’s good about the research question.
• Give every idea a fair chance.
• Improve on ideas!

Step 3:

Set up the matrix.
Write your chosen criteria along the top of the matrix, forming a column for
each. Then, list your “Top Hits” from the brainstorming session down the left
side of the matrix.

Example:
Criteria

Interest?
How interesting is this
research question to
you?

Research
question

Realistic?
How confident are
you in finding out
more information for
this research
question? Do you
have enough ideas or
resources that you
can tap on?

How can snow
keep people
warm?
Why are the
entrances of
igloos so small?

Step 4:

Create a rating scale.
Low
1
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Moderate
2

3

High
4

5
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Impact?
How impactful is this
research question to
your learning?

Step 5:

Using the rating scale, fill in the boxes one column at a time by assigning a
value to the solution idea. This way, you systematically judge each option
against the same criteria. To help you rate, ask yourself: “If (option), to what
extent (criteria)?”

Example:
If we create a machine to produce snow or ice from air, to what extent is this solution
realistic?”
Criteria

Interest?
How interesting is this
research question to
you?

Realistic?
How confident are
you in finding out
more information for
this research
question? Do you
have enough ideas or
resources that you
can tap on?

Impact?
How impactful is this
research question to
your learning?

5

3

4

3

5

3

Research
question

How can snow
keep people
warm?
Why are the
entrances of
igloos so small?
Step 6:

Based on your evaluation matrix, look at the ratings that your team has given
to each solution idea.
Discuss in your team which solution idea(s) to select for your team’s issue.
You can expand on your solution idea to provide more details.
Your team can proceed to think of ways to modify the solution so that the low
rating can be increased to a higher rating.
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Template for students
Criteria

Research
question
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Interest?
How interesting is this
research question to
you?

Realistic?
How confident are
you in finding out
more information for
this research
question? Do you
have enough ideas or
resources that you
can tap on?
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Impact?
How impactful is this
research question to
your learning?

INVESTIGATIONS
Resources
You may refer to the following resources to help you in your investigation.
How to build an igloo? (without comments, but quick time)
• http://www.youtube.com/watch?v=AY4Zf6H8kpI
How to build an igloo? (with explanation)
• http://www.youtube.com/watch?v=x51IGHxqb1s
Heat transfer
• http://cyberparent.com/green-building/heat-transfer-green-building.htm
• http://www.bbc.co.uk/schools/gcsebitesize/science/aqa_pre_2011/energy/heatrev3.shtml
• http://www.wisc-online.com/Objects/heattransfer/
• http://www.youtube.com/watch?v=lDhFN49YAFE
• http://www.bbc.co.uk/schools/gcsebitesize/science/aqa/heatingandcooling/heatingact.sht
ml
• http://www.sciencekids.co.nz/gamesactivities/keepingwarm.html
• http://www.wbdg.org/resources/materials.php

Plan and Conduct an Investigation
By referring to the final research question obtained from the evaluation matrix, you are
required to plan and conduct an investigation. This investigation will be presented in the form
of a poster.
The poster should include the following:
•
•
•
•
•

Research question
Purpose
Background information
Findings
Conclusion

After presenting the poster in the gallery walk, you are required to produce a PowerPoint
presentation of the reflection from the learning.
The reflection should include the following:
•
•
•

What you have learnt from your own group’s presentation
The feedback which you have received from other groups
The modifications that you will make to your presentation
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Practical – Transmission of Heat
Part A: Conduction (Group work)
Set up the experiment and proceed with the other parts of this practical while waiting.
Knowledge, Understanding and Application:
• Identify and explain the applications of heat conduction (in insulation).
Aim:
• To observe the differences in heat conductivity (with and without a layer of insulator).
Apparatus and Materials
Metal cup with lid (wrapped in sock stuffed with cotton wool)

1

Thermometer

2

Metal cup with lid

1

Stopwatch

2

1000 cm3 beaker

1

250 cm3 beaker

2

Procedure and Observations
1. Set up the apparatus as shown in Figure 1.
Cup A is wrapped with the sock but Cup B
is not.

metal
cup
sock
stuffed
with
cotton
wool

Cup A

Cup B

Figure 1
2. Collect hot water using the 1000 cm3
beaker. Fill Cup A and Cup B with 150 cm3
of water each, by using 250 cm3 beaker to
measure. Immediately cover the cups with
the lids as shown in Figure 2.

thermometer
lid

3. Once the readings on the thermometers
have stabilised, record the temperatures of
the water in Cup A and Cup B at intervals
of 10 minutes, starting from initial
temperatures of 80.0°C each. (Use both
stopwatches if necessary.)

hot
water

Cup A
4. Record your readings in the table on the
following page.
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Cup B
Figure 2
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Results
Time elapsed / min

Temperature of Cup A / °C

Temperature of Cup B / °C

0

80.0

80.0

5. Does having the cotton wool increase or decrease the rate of heat loss?
______________________________________________________________________
6. Explain the function of the cotton wool in affecting the rate of heat loss.
______________________________________________________________________
______________________________________________________________________
7. Suggest a replacement for cotton wool.
______________________________________________________________________
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Part B: Convection (Teacher demonstration)
Knowledge, Understanding and Application:
• Identify and explain the applications of convection.
Aim:
• To observe the convection currents in air.
Apparatus and Materials
Air convection apparatus
(airtight box with two chimneys and a glass sliding door)

Candle
Matches
Paper

Procedure and Observations
1. Place a candle beneath one of the chimneys and
light it.
2. Roll a piece of paper and light one of its ends.
3. Hold the burning paper above the other chimney.

4. Record what you observe.
a) What happens to the smoke which has the lighted candle underneath it?
_____________________________________________________________________
_____________________________________________________________________
b) What happens to the smoke over the other chimney?
_____________________________________________________________________
_____________________________________________________________________
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5. Draw arrows on the diagram to show how the
smoke enters, goes through, and leaves the box.
6. Explain your observation.
________________________________________
________________________________________
________________________________________
________________________________________
________________________________________

7. If the box is modified as shown in the diagram below, draw arrows to predict how the
smoke will now enter, go through, and leave the box.
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Part C: Radiation (Group work)
Knowledge, Understanding and Application:
• Show an understanding that the rate of heat loss or gain by a body through radiation is
affected by the nature of its surface.
Aim:
• To determine which type of surface is a better radiator of heat.
Apparatus and Materials
Identical tins (one black and one silver)

1 set

Stopwatch

2

Thermometer

2

1000 cm3 beaker

1

250 cm3 beaker

2

Boiling water
Procedure

1. As with Part A, pour 150 cm3 of hot water into each tin. (Be careful!)
2. Cover them with the lids attached with thermometer. Leave the tins in a place free from
heat sources and wind.
3. Start the stopwatch. Record the thermometer reading at 1-minute intervals for 10
minutes, starting from initial temperatures of 80.0°C each. (Use both stopwatches if
necessary.)

Black tin
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Silver tin
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Results
Time elapsed / min

Temperature of black tin / °C

Temperature of silver tin / °C

0

80.0

80.0

Inference
Which tin is the better radiator of heat? Explain your answer.
_________________________________________________________________________
Questions
1. Both tins are now painted black. One tin is placed in a dark room while the other is
placed in a room with spotlights.
Will there be any difference in the rate of heat loss for both tins? If so, which tin loses
heat faster?
______________________________________________________________________
______________________________________________________________________
2. Both tins are now painted black and placed in the original room condition. However, one
tin has a rough surface while the other tin has a smooth surface.
a) Which tin is now the better radiator of heat?
______________________________________________________________________
b) Which tin is the better absorber of heat?
______________________________________________________________________
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SUMMARY OF LESSONS
Lesson
Activity
and
Duration
Problem Posing
1
(1 h)
• The students sit in groups of 5.
• They read the case and the groups consolidate
questions regarding the case.
• The class identifies the significant themes.
• Each group fills in the case analysis sheet.
• Each group decides the investigative question
they want to explore.
Problem Posing
2
(1 h)
• The students observe a teacher demonstration
on convection.
• In groups, they complete hands-on experiments
on conduction and radiation.
Problem Posing
3
(1 h)
• The students review their observations and
deductions from the practical lesson on how the
scientific theories may be applicable to their
investigative question.
• Each group finalises the investigative question
they want to explore.
• The teacher guides the students to related
websites/applets.
4, 5 & 6 Problem Solving
(1 h
• In groups, the students conduct online research
each)
to discover what they need to know with
reference to their group investigative question.
• They complete a poster to answer the
investigative question.
Peer Persuasion
7
(1 h)
• The students present their poster in a gallery
walk.
• They also evaluate their peers’ presentation
according to the given student rubrics.
Peer Persuasion
8
(1 h)
• The students showcase a summary of their
learning, feedback from peers and why this is
significant to them.

Resources
•
•
•
•

Case
Case analysis sheet
Laptops
Show students the
teacher assessment
rubrics and peer
assessment rubrics

• Experimental set-up for
three experiments
• Practical worksheet
•
•
•
•

Practical worksheet
Evaluation matrix
Laptops
Resource web links

• Laptops
• Butcher sheets

• Student assessment
rubric
• Teacher assessment
rubric
• Teacher assessment
rubric

Additional resources which can be obtained in the e-book version include:
• Student assessment rubric
• Teacher assessment rubric
• Teaching notes
• Exemplars of student product
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STUDENT ASSESSMENT RUBRIC
Scientific Poster
Criteria

Marks

Group

3

2

1

Organisation
of the poster

The poster is
well-organised
displaying
information in a
systematic
manner which
aids
understanding.

Most parts of
the poster are
well-organised
with some flow.

The poster is
not wellorganised
causing
confusion to the
reader.

Explanation
and answer

The team has
managed to
provide a
rigorous and
logical
explanation
leading to their
answer.

The team has
managed to
provide a logical
explanation
leading to their
answer.

The explanation
and answer
provided have
flaws in their
logic.

Supporting
evidence

The team
provides strong
scientific
evidence which
clearly supports
their conclusion.

It is unclear how
certain evidence
supports their
conclusion.

The evidence
provided does
not adequately
support their
conclusion.

Presentation

The presenter is
able to present
the information
in an interesting
manner which
attracts the
audience.

The presenter
knows the
content but is
not able to
present it in a
logical
sequence/
interesting
manner.

The presenter is
not sure of what
they want to
share.

Not too hot, not too cold

143

Template for students
Group No: __________________________

Group No: __________________________

1. Name of the poster you are writing about.

1. Name of the poster you are writing about.

2. List one of the questions you asked 2. List one of the questions you asked
about another group’s poster.
about another group’s poster.

3. Describe in your own words the answer 3. Describe in your own words the answer
the presenter gave.
the presenter gave.

4. Did the presenter’s response help you 4. Did the presenter’s response help you
understand more about their experiment?
understand more about their experiment?
If yes, elaborate how it helped.
If yes, elaborate how it helped.
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TEACHER ASSESSMENT RUBRIC
Scientific Poster
Criteria

Organisation
of the poster

Explanation
and answer

Supporting
evidence

Presentation

Evaluating
feedback

Evaluation of
what was
learnt

Marks

Group

3

2

1

The poster is
well-organised
displaying
information in a
systematic
manner which
aids
understanding.
The team has
managed to
provide a
rigorous and
logical
explanation
leading to their
answer.
The team
provides strong
scientific
evidence which
clearly supports
their conclusion.
The presenter is
able to present
the information
in an interesting
manner which
attracts the
audience.

Most parts of
the poster are
well-organised
with some flow.

The poster is
not wellorganised
causing
confusion to the
reader.

The team has
managed to
provide a logical
explanation
leading to their
answer.

The explanation
and answer
provided have
flaws in their
logic.

It is unclear how
certain evidence
supports their
conclusion.

The evidence
provided does
not adequately
support their
conclusion.

The presenter
knows the
content but is
not able to
present it in a
logical
sequence/
interesting
manner.
Useful feedback
was
incorporated
into the team’s
work to improve
it.
The learning
points are
significant.

The presenter is
not sure of what
they want to
share.

Useful feedback
was
incorporated
into the team’s
work to improve
it significantly
The learning
points
highlighted are
very significant.

No useful
feedback was
incorporated.

The learning
points are not
very significant.
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TEACHING NOTES
Lesson 1
To consider the dynamics of the groups assigned
• The students are not familiar with the group assigned. It took some time and prompting
before the students started to read the passage.
Use of google documents for case analysis sheet
• The teacher may want to open up 8 separate documents to prevent the students from
referring to responses from other groups, and in turn be influenced by what they read.
• The use of laptops caused distraction among the students. However, having laptops
have also made it easier to have a record of the students’ thinking process. The teacher
may want to request for the laptops to be switched off during discussion, or switch to
hard copy and ask the group leader to type out and post the contents after the lesson.
Case scenario
• Majority of the students were over-focused on the topic of igloo and tend to only steer
their research towards igloos rather than other types of housing structures.
Lesson 2
Students were able to inquire within their teams and asked several questions such as
• “Would the table that is in contact with the beaker affect the rate of heat lost?”
• “Is cotton the same as cotton wool? Does cotton come from sheep or tree?”
• “Can we use silk? But it’s too slippery? How about leather? But it’s too hot?”
Students’ responses/misconceptions
• Cotton wool traps heat, so it is a good conductor.
• Students were unable to explain why the air moves in a certain direction.
Lesson 3
Evaluation matrix
• Useful in helping students to organise their ideas and thoughts, prompting them to
research further and scope down to key terms for research.
• Encouraged inquiry in students when they conduct the evaluation, e.g. “Is conduction
through air or fluid?”
Instructions to be more explicit
• The teacher can explicitly indicate instructions on the whiteboard as students may be
unable to recall and follow all instructions when there are too many instructions.
• The teacher can remind students of the proper way of conducting online research and
focus on the task on hand; some students were distracted and ended up searching for
other websites that were irrelevant to their tasks.
• It was good that students were told that the poster presentation can be supplemented
with models and other supporting documents to enhance the engagement of the
audience. This encouraged students to be more creative and open to new ways of
presentation.
Lesson 4
Interesting conversations observed during the lesson:
• “Dark one traps heat better.”
• “Silver does not trap heat.”… “No! Silver does not trap heat as well as darker ones.”
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Suggested Answers by Teachers for Case Analysis
Potential Issues:
 Igloos are all similarly built
 Similarity in properties of chosen materials
 White as the preferred colour
 Retaining or releasing of heat
 Shapes of houses and strategic positioning of openings
•

Conduction:
o What is conduction?
o What makes a good conductor?
o Other applications of heat conduction such as in cooling, heating and insulation?

•

Convection:
o What is convection and what causes convection?
o Does the structure of a house aid in how well convection takes place?
o Other applications of convection such as in cooling, heating and insulation?

•

Radiation:
o What is radiation and how does radiation take place?
o Is the rate of heat loss/gain by a body through radiation affected by (i) nature of
its surface? (ii) temperature difference between the body and its surroundings?
o Other applications of heat radiation?

•
•
•
•
•

What do I know?
Heat can be trapped.
•
Examples of insulators and conductors.
•
Hot air rises and cold air sinks.
•
Heat is a form of energy.
Heat flows from a hotter region to a •
colder region.
•
•
•
•

What do I need to know?
Is snow an insulator?
How is snow an insulator? How can
something cold keep you warm?
Why are entrances of igloos so small?
Why are igloos dome-shaped?
How does the interior of an igloo look
like? Why is it shaped that way?
How big can an igloo be? Will it have any
impact on heating?
Can people light fires in an igloo without
melting the igloo?
How are other buildings in the world
constructed? Do the principles applying
to building igloos to keep humans warm
the same as the other buildings?

Not too hot, not too cold

147

EXEMPLARS OF STUDENT PRODUCT
Case Analysis

Recognise potential issues and major topics in the
case
Underline and list
What is
terms or phrases
List 3-4 related
this case
that seem to be
topics or issues
about?
important.
in the case.
Igloos
- If igloos are made
- Heat transfer
from snow, how
- Shapes
can eskimos keep
- Volume
warm?
- Conductivity
- If igloos are small,
how can people
squeeze in there?

How does
the
structure of
homes
keep
people
warm/cool?

- Igloos keep
eskimos warm,
they are all shaped
similarly.
- Houses from other
parts of the world
are constructed in
ways to keep
people
comfortable.

- Thermal energy
transfer
- Conduction of
heat
- Conductors and
insulators

Igloos

- “Maybe it has to do
with the way they
are constructed…''
- “…constructed in
any particular ways
to keep people
comfortable.''

- Heat
- Energy
- How do eskimos
fit in the igloo

Igloos

- Igloos keep
eskimos warm.

- How does the
structure, colour
or size of the
house affect the
warmth of the
interior of the
house
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In a group, list what you already know
about this case in the “What do I
know?” column.
List questions you would like to learn
more about in the
“What do I need to know?” column.

-

-

-

-

-

-

What do I
know?
Igloos are
made of
snow.
Igloos are
houses for
eskimos.
They are
found at
climate that
snows.
Igloos are
made of ice
blocks.
They keep
people warm
inside.
They do this
by insulating
the heat and
retaining it
instead of
conducting it
away.

- Available in
club penguin.
- Made up of
snow.
- Sustainable
only in cold
countries.
- It has a curvy
roof.
- Darker
colours like
black
absorbs heat
better
compared to
lighter
colours.
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What do I need to
know?
- At what shape will it
be able to have
maximum
conductivity?
- Will the igloo
collapse?

- What other types of
houses are
constructed to give a
warming or cooling
effect to its
occupants?
- What types of
theories/structures
support such effects of
igloos?
- Does the shape and
size of igloos affect
the warming effect of
the igloo?
- How long do igloos
last?
- Why won’t an igloo
collapse?
- How do they build the
igloo with snow?

- Igloos are made of
snow, which is white,
so how does it keep
the people living in it
warm?
- How does the round
shape of the igloo help
with keeping it warm
for very long periods
of time?

Recognise potential issues and major topics in the
case
Underline and list
What is
terms or phrases
List 3-4 related
this case
that seem to be
topics or issues
about?
important.
in the case.
Michael
- "…how can igloos
- Heat
wondering
keep Eskimos
- Matter
about the
warm?"
- "…How do people
conditions
squeeze in there?"
of igloo

In a group, list what you already know
about this case in the “What do I
know?” column.
List questions you would like to learn
more about in the
“What do I need to know?” column.

What do I
know?
- Eskimos live
in igloos
which are
made out of
snow.
- The structure
of the igloo
insulates
heat.

-

-

-

Shapes
and sizes
of igloos

Not too
hot, not too
cold

- Igloos are made
from snow.
- They are all
shaped similarly.
- And igloos are very
small.
- Igloos are made
from snow.
- They are all
shaped similarly.
- And igloos are very
small.

- Shape of igloo
- Size of igloo
- How the igloos
work

- Shapes and
sizes of igloos

- The shape of
the igloo is
able to trap
heat for
eskimos to
keep warm.
- Buildings in
the world are
built
differently to
suit the
different
needs of the
people.

-

What do I need to
know?
How do they construct
igloos?
Will the igloo collapse
when the temperature
rises slightly?
How do the conditions
of igloos affect
people?
What is the maximum
amount of people that
can live in an igloo?
Does the igloo require
proper maintenance?
How do people go into
the igloos?
How do people benefit
from the way the igloo
is constructed?

- How do igloos keep
people warm?
- How do the eskimos
build igloo out of
snow?
- How do people go into
the igloos?
- How do the eskimos
shape the igloos like
that?
- Why are igloos
shaped in that
manner?
- How long will it take
for the igloo to
collapse?

Not too hot, not too cold

149

Poster

•
150

Handbook: Use of Investigative Case-Based Learning in Science Instruction

Case Module 7: Ah Boy to NS Man
Modified from resources available in http://sciencecasenet.org/nie-workshops-2013/
Contributors: Jasmine Goh Sin-Yen, May Liow, Catherine Cheong, Elizabeth Lee
Methodist Girls’ School

Topic: Nutrition in humans
Target students: Secondary 3
Synopsis
The school goal is to build a robust curriculum that is grounded in sound educational
principles and authentic in application to real-world setting. The ICBL approach fits into the
school and department’s program as it provides a good platform to challenge students’ prior
knowledge, attitudes and competencies. The self-directed learning nature of an ICBL task
also allows students to take more ownership in the acquisition of new knowledge, analysis,
organisation and evaluation of the information which they have gathered. Through the
collaborative group setting, the students are able to learn from each other through peer
learning, teaching and presentations. This simulates a research mode in which scientists
engage. In addition, the use of Internet in research and sourcing for the relevant information
such as dietary needs and calories intake for each food type in this ICBL task opens up a
myriad of new learning possibilities for our 21st century learners.
This ICBL task is one of the alternative assessment assignments that students could choose
from among other topics related to Nutrition in humans. The students will have to present the
end-product in the form of a poster with oral presentation to their peers.
Instructional Sequence
Lesson
1

Phase
Problem posing

2

Problem solving

3

Peer persuasion

Activity
Introduce and analyse the case
Brainstorm on the resources
Carry out the research
Explore the PhET simulation and HPB database
Clarify with the teacher
Present the posters
Evaluate the peers’ presentation

Ah boy to NS man
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Ah Boy to NS Man
Eighteen-year-old Ah Boy is going to enlist in National Service soon. When he went for his
medical check-up, he was told that he was 1.7 m tall and weighed 98 kg. This means that his
BMI was in the Obese Class I range of 30-35 kg/m2. He does not want to go through the
extra NS training of ten weeks, so he aims to bring his BMI down to the Normal range of
18.5-25 kg/m2 in six months.
Ah Boy was very troubled. He told his friends about his problem.
His friend Aloysius told him, “Just diet! Don’t eat so much! You can bring down your weight
in no time!”
However, his buddy Lobang King told him, “Diet... no use! You must exercise every day.”
His other buddy Ken told him, “I saw an advertisement on the TV. There is this new type of
slimming pill which is very effective.”
Ah Boy knows that he has been eating a lot every day, and he does not exercise at all. Ah
Boy does not want to eat the slimming pills. He read in the newspaper that someone
became very ill after eating those pills.
Ah Boy wonders, “If I jog for 45 minutes every day, and cut down my calorie intake to 2000
calories per day, can I bring my BMI down to normal in six months?”

Image credit:
http://www.wpclipart.com/armed_services/personnel/soldier_4.png.html
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CASE ANALYSIS
1. Recognise potential issues and major topics in the case. What is this case about?
Underline and list terms or phrases that seem to be important to understanding this case.
Then list 3 to 4 topics or issues in the case.

2. What specific questions do you have about these topics? By yourself, or better yet, in a
group, list what you already know about this case in the “What Do I Know?” column. List
questions you would like to learn more about in the “What Do I Need to Know?” column.
What Do I Know?

What Do I Need to Know?

3. Put a check mark by 1 to 3 questions or issues from the “What Do I Need to Know?” list
that you think are most important to explore.
4. What kinds of references or resources would help you answer or explore these questions?
Identify different resources and explain what information each resource is likely to give
that will help you answer the question(s). Choose specific resources.

Ah boy to NS man
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INVESTIGATIONS
Task
In groups of 3 or 4, discuss and complete the following:
1. What is meant by BMI? What are some limitations of using this index as a measure of
obesity and/or fitness?
2. Explore the Eating and Exercise simulation at
http://phet.colorado.edu/simulations/sims.php?sim=Eating_and_Exercise
Use the worksheet to help you understand how different factors like exercise and
nutrition affect a person's BMI.
3. Discuss the potential harms and dangers of extreme dieting and extreme exercise.
4. Using data from the PhET simulation and SG Health Promotion Board “Energy and
Nutrition database” at http://www.hpb.gov.sg/hpb/ere/ere070101.asp, suggest a diet and
exercise plan for Ah Boy in order to bring his BMI to an acceptable range in 6 months.
The diet should be relevant to the local Singapore context. You may make more than
one recommendation but the best must be identified. Give reasons for your choice.

Product
1. In groups of 3 or 4, prepare a scientific poster or chart of your findings using PowerPoint.
2. Highlight in green, the parts of your poster which are sections of the Biology syllabus
related to your research. You may include sections of the syllabus that have not been
taught yet.
3. A bibliography of at least 4 references is to be submitted with the poster.
4. Only 2 slides are allowed in the PowerPoint presentation.
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•

1 slide is to be of your poster. Your poster can be A1 (841 x 594 mm) or A0 (1189 x
841 mm) size

•

The second slide should contain the bibliography.
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Worksheet - Eating and Exercise
Modified from resources available in http://phet.colorado.edu/en/contributions/view/3203
Open the Java simulation at:
http://phet.colorado.edu/simulations/sims.php?sim=Eating_and_Exercise
Once started, you should see this:
Food

Activity

Traits

Play
button
IMPORTANT!
This activity will ask a group member to input their personal measurements.
If nobody volunteers, make up a setting.

Use the notes, Internet, and the Java simulation to answer the following.
BMI:
1. What does BMI stand for? What does it represent?
______________________________________________________________________
______________________________________________________________________

Ah boy to NS man
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2. Adjust the traits. Which traits are linked to each other?
______________________________________________________________________
(a) Which are independent traits? (i.e. can be changed without causing another to
change.)
______________________________________________________________________
(b) Why are the independent traits like that? Remember that this can represent any
person at any point in his/her life.
______________________________________________________________________
______________________________________________________________________
3. Adjust the body fat percentage and look at the BMI.
(a) What happens to the BMI as body fat increases?
______________________________________________________________________
(b) Give a reason for the change in BMI. What is it linked to?
______________________________________________________________________
______________________________________________________________________
4. The 2 main body components that can be changed over time are muscle and fat. One of
these is metabolically active, one is not. Based on what you saw in the previous question,
which part, muscle or fat, is metabolically active? Why?
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
5. Change the gender of the person and observe.
(a) Which gender has a higher BMI?
______________________________________________________________________
(b) Why would 2 identical people of a different gender have different BMI? Consider the
previous two questions.
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
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Lifestyle:
The way a person lives his/her days has a general impact on the calories per day that
his/her body requires. (Note: 1 Calorie = 1000 calories)
Set the traits for a 20-year-old male who is 1.8 m, 80 kg, 15 % body fat, and is very
sedentary.
1. Click the “?” symbol and read about the different lifestyle types.
2. As a very sedentary person, how much total Calories is burned per day?
______________________________________________________________________
3. How much Calories is contributed from his type of lifestyle per day? (Check the Internet if
you cannot tell from the simulation.)
______________________________________________________________________
4. How can he have an even lower number of calories from his lifestyle per day?
______________________________________________________________________
______________________________________________________________________
5. Change the type of lifestyle to “very active”. How much total Calories is burned per day?
______________________________________________________________________
6. How much Calories is contributed from his type of lifestyle per day?
______________________________________________________________________
7. Why does a more active lifestyle require more calories per day, even when no exercise
is being performed on that day?
______________________________________________________________________
______________________________________________________________________
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Diet and Exercise:
Set the traits to any group member’s gender, lifestyle, height and weight. If nobody
volunteers, make up a setting. The body fat percentage slider will move automatically.
1. The percentage fat slider automatically moves with changes in height and weight.
(a) Is this an accurate measurement? Why or why not?
______________________________________________________________________
______________________________________________________________________
(b) Give a specific example where this measurement will knowingly be wrong. Explain.
______________________________________________________________________
______________________________________________________________________
2. Look through the food catalogue above the plate. Note the quantity and calories each
food item contains.
1 serving of orange juice is ______________ and has ____________ Calories.
1 serving of mixed nuts is ______________ and has ____________ Calories.
1 serving of oreos is ______________ and has ____________ Calories.
3. Drag a typical day’s food to the plate. Try to be as complete as possible and check the
amounts. If you cannot find something, get the closest possible one. When you are done,
look at the “Calories/day” bars next to the plate.
(a) How much total Calories/day is eaten for this person?

______________

(b) How much total Calories/day is burned?

______________

(c) Based on these numbers, what would you expect to happen over time if this is how
the person lives every day? Why?
______________________________________________________________________
______________________________________________________________________
4. Read the bar graphs and copy the Calories/day of each source. Based on the day’s diet,
calculate the percentage of calories from proteins, carbs, and fats.
Source
Proteins

Calories

% Calories

Carbs

Fats
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5. Choose any one activity from the list above the exercise log. For how long would you
need to perform this activity to burn off all of the Calories/day eaten? Keep dragging and
dropping the activity icons into the exercise log until the Calories/day is equal or just
greater than the Calories/day eaten.
(a) State the activities.
______________________________________________________________________
(b) Calculate the calories burned per activity.

(c) Calculate the duration needed to burn off the food calories per day.

(d) Does this seem like a reasonable thing to do? Why or why not?
______________________________________________________________________
______________________________________________________________________
6. Look through the activities and check the types and durations.
(a) Drag and drop the typical activities for a day. Do not forget the physical education
period, travelling between classes, and after-school sports. Again compare the
Calories/day eaten vs Calories/day burned. Which is higher now?
______________________________________________________________________
(b) If this person continues on this diet and exercise routine, what would you expect to
happen over time?
______________________________________________________________________
______________________________________________________________________
7. Refer to questions 4 and 5.
(a) If you think the person would gain weight, would he/she gain muscle or fat? Why?
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
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(b) (i) If you think the person would lose weight, calculate how much weight he/she
would expect to lose each day. Assume that 7700 calories is equal to 1 kg of fats.

(ii) How many kilograms would he/she lose over a month (30 days)?

8. Consider your answer to question 6. If a person eats 100 extra Calories/day every day,
will they indefinitely gain weight? Explain.
______________________________________________________________________
______________________________________________________________________
9. Click the “Play” button and see what happens over the course of time. You can manually
click the forward button to advance time faster. Are you correct? Describe what happens
after:
6 months: ______________________________________________________________
1 year: ________________________________________________________________
2 years: _______________________________________________________________
10. Describe what causes each of the following as shown in the simulation:
(a) Starvation
______________________________________________________________________
______________________________________________________________________
(b) Increased risk of heart attack
______________________________________________________________________
______________________________________________________________________
(c) High heart strength
______________________________________________________________________
______________________________________________________________________
If time allows, have each person input their own data and try the simulation.
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SUMMARY OF LESSONS
Lesson
Activity
and
Duration
Problem Posing
1
(30 min) • The students sit in groups of 3 or 4.
• They read the case.
• The groups brainstorm and discuss “missing
information” to be collected in order to solve
problems.

Resources
• Case
• Case analysis sheet

2
(40 min)

Problem Solving
• The groups carry out their research and
consolidate questions regarding their research.
• They clarify with teachers to check if they are on
the right track.
• The groups are to complete the poster outside
curriculum time.

• Laptops
• Worksheet – Eating and
Exercise
• PhET simulation
• SG Health Promotion
Board “Energy and
Nutrition database”

3
(40 min)

Peer Persuasion
• The students present their poster in a gallery
walk.

• Teacher assessment
rubric

Additional resources which can be obtained in the e-book version include:
• Teacher assessment rubric
• Exemplars of student product

Ah boy to NS man
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TEACHER ASSESSMENT RUBRIC
Scientific Poster

Level
Criteria
Select and
organise
information
(2x
weighting)

Demonstrate
accuracy
and support
arguments
(2x
weighting)

Graphics/
presentation

Required
elements
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Excellent
4

Proficient
3

Adequate
2

Limited
1

Information is
selected
carefully and
presented in a
concise
manner.
There is clear
organisation of
information to
make it easy to
understand.
Effort has been
made to edit
information to
make it
suitable for
your peers
without
sacrificing
accuracy.
Information is
accurate and
up-to-date.
Opinions
offered are
sound and
clearly justified
with evidence.

Selects
appropriate
information.
There is clear
organisation of
information.
Some effort
has been
made to edit
information to
make it
suitable for
your peers.

Includes
information
that may not
be relevant.
Some
organisation of
information
can be
discerned.
Most
information is
cut and paste
from sources.

Information is
selected
haphazardly.
Organisation of
information is
not displayed.
Most
information
has been cut
and paste from
sources.

All graphics
are easily
viewed and
related to the
topic which
makes it easier
to understand.
Poster is
neatly done up
and is easy to
read with
smooth flow of
information.
The poster
includes all
required
elements as
well as
additional
information.

Most graphics
are easily
viewed and
related to the
topic which
makes it easier
to understand.
Poster is
relatively wellorganised and
some flow is
achieved.

Information is
accurate.
Opinions
offered are
widely
accepted and
justification is
given.

All required
elements are
included on the
poster.

Most of the
information is
accurate.
Opinions
offered are not
widely
accepted. Little
justification is
given.
Most graphics
are easily
viewed and
related to the
topic.
Poster has
some
organisation.

Information is
largely
inaccurate.
Personal
opinions are
offered with no
justification
given.

All but one of
the required
elements are
included on the
poster.

Several
required
elements are
missing.

Many graphics
are too small
and unclear.
Graphics do
not relate to
the topic.
Poster is
untidily put
together with
no flow of
information.
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Insufficient/
blank

No score is
awarded
because there
is insufficient
evidence of
student
performance
based on the
requirements
of the
assessment
task.

EXEMPLARS OF STUDENT PRODUCT
Poster

Ah boy to NS man
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Case Module 8: Towards a Livable City - Solutions for Singapore’s
Future
Contributors: Justin Ke Kaijie, Evelyn Teo Yi Leng, Charles Low Soo Peng, Kassandra
Lim Lay Han
School of Science and Technology

Topic: Environmental conservation
Target students: Secondary 2
Synopsis
The school is founded to offer an educational experience that is relevant and authentic to the
21st century learner. It also seeks to provide opportunities for all students to challenge
themselves to learn science through inquiry and applied learning approaches, with the
ubiquitous use of information and communication technology.
Aligned to the school’s curriculum, ICBL allows assessment to move towards the application
of knowledge and skills to complex, authentic scenarios. It provides plenty of scope for
students to input their judgments and solutions, and reflects the context in which our
students will most likely find themselves in the future. Furthermore, the openness of cases
provides a platform for the mastery of scientific concepts to be transferred to a variety of
situations. In the process of learning through ICBL, students foster affective, social and
intellectual dispositions that will enable them to be engaged learners in the present and
world-ready leaders in the years ahead.
An e-learning environment is used to enhance the learning experiences with the ICBL
approach. The use of Google+ as a platform provides a flexible arrangement for students
and teachers by allowing a convenient means for the exchange of information and digital
media such as podcasts.
Instructional Sequence
Lesson
1

Phase
Problem posing

2
3, 4

Problem solving
Peer persuasion

Activity
Introduce and analyse the case
Finalise the investigative question
Carry out the research and investigation
Present the videos
Evaluate the peers’ presentation

Towards a livable city – solutions for Singapore’s future
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Towards a Livable City –
Solutions for Singapore’s Future
Mr Tan was reading his morning newspaper, The Straits Times on 29 Jan 2013 when he
gave a sigh.
‘What’s the matter?’, asked his 14-year-old daughter Isabella.
‘The government has just announced that they are projecting a population of 6.9 million by
2030.’
‘Can you imagine the amount of litter that will be produced each day? Where will it go? We
cannot afford to use space on our mainland to dump our rubbish while our only offshore
landfill, Pulau Semakau is expected to run out of space in 40 years!’[1]
‘Furthermore, can you imagine the number of vehicles that will be on the roads? Our petrol
prices have already been rising constantly and oil prices will only go up due to global
demand.[2] I am not sure if we can afford to keep the car anymore.’
‘Don’t forget, this will also mean food prices will also rise in tandem especially since most of
our food is imported from other countries.[3] Prices of our essential items such as rice have
been fluctuating due to the changing weather. Recently, Singapore has been ranked the
third most expensive city to live in Asia and the sixth in the world.’[4]
‘Hmm, I suppose this may also mean more carbon dioxide will be emitted into the
atmosphere by the cars and industries given that our economy is largely dependent on
manufacturing. This will not be good for the environment.’ elaborated Isabella.
‘Don’t worry daddy, the government has been increasing their efforts to go green over the
past few years. I’m also sure that with the advancement of technology we will be able to
overcome those problems.’ Isabella reassured her father.

References:
[1] Ministry of the Environment & Water Resources (MEWR). (1 Feb 2013). Managing our
waste. Retrived from http://app.mewr.gov.sg/web/contents/contents.aspx?contid=1538
[2] Low, E. M. (2013). Interactive historical crude oil price chart. Retrieved from
http://quotes.post1.org/historical-crude-oil-price-chart/
[3] Ministry of Trade and Industry. (14 Dec 2012). Rising prices. Retrieved from
http://www.gov.sg/government/web/content/cc8071804dce3bef8cadfdfa473ece34/MTIInflation-Cartoon-page1.jpg?MOD=AJPERES
[4] Tanoto, B. (4 Feb 2013). S'pore third most expensive city in Asia to live in: survey.
Retrieved from
http://news.xin.msn.com/en/singapore/s%E2%80%99pore-third-most-expensive-city-in-asiato-live-in-survey-1
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CASE ANALYSIS
1. Recognise potential issues and major topics in the case.
What is this case about? Underline and list terms or phrases that seem to be important.
Write them in the space below.

2. Based on the case above, think about the issues that Mr Tan and his daughter face. List
what you already know about this case in the “What Do I Know?” column. List questions
you would like to learn more about in the “What Do I Need to Know?” column.
What Do I Know?

What Do I Need to Know?

Towards a livable city – solutions for Singapore’s future
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3.

What kinds of references or resources will help you answer or explore these questions?
Identify different resources and explain what information each resource is likely to give
that will help you answer the question(s). Choose specific resources or types of
resources.
References / Resources

Additional information on how to gather supporting evidences:
You may also use Excel or Numbers to plot a graph based on data gathered or obtained,
and extrapolate it to obtain a possible scenario of the future as a means of providing
evidence (e.g. you may use the population growth rate for the past few years and estimate
that by 2030 Singapore will have a population of 6.9 million).
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INVESTIGATIONS
Resources
You may refer to the following resources to help you in your investigation.
Ministry of Environment & Water Resources, Singapore
• http://app.mewr.gov.sg/web/Contents/Contents2.aspx?ContId=1
National Climate Change Secretariat (Prime Minister’s Office, Singapore)
• http://app.nccs.gov.sg/
National Environment Agency
• http://app2.nea.gov.sg/home
Department of Statistics Singapore
• http://www.singstat.gov.sg/#
Summary of climate change strategy 2012
• http://app.nccs.gov.sg/data/resources/images/News_20120626_ST.jpg
Latest news articles relating to the environment
• http://www.bbc.co.uk/news/science_and_environment/

Plan and Conduct an Investigation
In groups of 3 or 4, each group is to produce a storyboard, video and group report.
Create a storyboard using Pages, and a video which identify the challenges society faces to
sustain a healthy environment, and how technologies can help to conserve our environment
from any of the following themes:
•
•
•
•

Increased carbon dioxide emission
Increased oil prices
Competing demands for food
Limited landfill space

Towards a livable city – solutions for Singapore’s future
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Performance Task
Young Environmental Advocates (Singapore), or YEA (Singapore), is a non-profit social
enterprise, which aims to establish a voluntary environmental movement, thereby creating
opportunities for active involvement by Singaporean youths, instilling a sense of commitment
and awareness of environmental issues and global hazards.
You should produce a video for an uninformed teenage audience to enhance their
understanding about environmental conservation. It should be submitted with the aim of it
being in conjunction with helping YEA (Singapore) reach a wider audience.
Learning objectives
At the end of this Performance Task, you should
• understand that humans are continually using and depleting or reducing Earth’s natural
resources,
• understand that Earth is an interconnected system and that human activities have led to
an imbalance,
• understand the challenges that society faces due to those activities and research on one
of them,
• be familiar with the different types of environmental technology that are emerging or
currently being used and how they can be used to answer those challenges,
• understand that conservation is necessary for maintenance of Earth’s biodiversity,
• appreciate the complexities in urban planning and the trade-offs involved,
• produce a well-written report, demonstrate proficiency and creativity in producing a video
and give a persuasive presentation that effectively conveys the objectives listed above.
Product
1) Storyboard
• Upload the first draft of story board for teacher to view and give comments.
2) Video
The video submitted by your team must meet the following specifications:
• The length of video is less or equal to 4 minutes.
• The video should contain footage on explanation of:
a) the challenges society faces on the theme you have selected
b) how technologies can help to answer some of the challenges
c) possible solutions that Singapore can adopt
3) Group report
• Written script to record the specific instructional objectives of the video
- what you know/understand about the content of theme you have selected
• Format:
- Cover page
- Minimum 500 words
- Reference page (citation in APA format)
Citing Resources:
http://www.library.cornell.edu/resrch/citmanage/apa
* All group discussions should be carried out in Google+ or Blogs.
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4) Peer persuasion
Based on the solution(s) proposed in the video, each group is to explain the reason(s) for
their choice(s) with supporting evidence. The evidence can come in different forms.
Some examples could be opinions of people knowledgeable in that field or charts/graphs
from reliable sources. They could also be measurements or observations collected
during an investigation, analysed and then interpreted. In addition, the group should also
explain why one solution is superior over the other and what trade-offs might incur due to
that choice so as to present a balanced and fair argument. During the peer persuasion,
the views and evidence provided should also be consistent with what is included in your
report and video. Lastly, the evidence should be presented in an appropriate and
professional manner.
Before the peer review, each group should have prepared a summary of what they will
be presenting. The class then proceeds to read the summary of that group. There should
be no discussions at this point. The group will then present their video and after doing so,
allow some time for all the other groups to discuss and come up with a point or a
question that the presenting group should answer. This could be in the form of a panel
session.
ICT platform / application
•
•
•

Pages (Storyboard)
iMovie (Video)
Pages (Group report)
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Peer Evaluation
Individually, spend 2 to 3 minutes to read each group’s summary quietly.
Then the presenting group will present the video. At the end of the video, each nonpresenting group will think of one question.
After the presenting group has finished, each of the 5 non-presenting groups will ask a
question, and the presenting group has to answer the 5 questions.
Submit this worksheet at the end of the presentation.
1. State the group number and the theme of the presentation.
______________________________________________________________________
2. List down one question your group intends to ask about the video presentation.
______________________________________________________________________
3. Describe in your own words (as a group), the answer the presenting group gave.
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
4. Did the presenting group’s responses help you to understand more about their theme
and were you persuaded by their answers? Were you convinced by the reasoning and
evidence given by the presenting group? List down the evidence presented that
persuaded you.
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
5. How did their answers alter your initial ideas?
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
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SUMMARY OF LESSONS
Lesson
Activity
and
Duration
Problem Posing
1
(1 h)
• The students sit in groups of 4.
• They read the case and recognise potential
issues.
• In groups, the students identify the significant
themes and complete the case analysis on
Google spreadsheet.
• The teacher categorises the students’
issues/questions into four themes.
• The groups decide on the theme for their
performance task.

Resources
• Case
• Case analysis sheet
• Laptops

2
(1 h)

Problem Solving
• The students discuss about the resources
required to complete the performance task in
their groups.
• The groups brainstorm, discuss and conduct
online research regarding their chosen theme.
• The groups are to complete the performance
task outside curriculum time, by using Google+
for discussion.

• Performance task
handout
• Laptops

3&4
(1 h
each)

Peer Persuasion
• Each group shows a summary of their video
before they present the video to the class.
• They evaluate their peers’ presentation
according to the given worksheet.
• They also feedback and critique their peers’
presentation in the Q & A session.

• Peer evaluation
worksheet

Additional resources which can be obtained in the e-book version include:
• Lesson plan
• Teacher assessment rubric
• Exemplars of student product
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LESSON PLAN
Lesson 1
Level: Secondary 2 Science
Unit: Environmental Science – Environmental Conservation
Steps of the lesson: learning
activities and key questions
(and time allocation)

Student activities /
expected student reactions or
responses

Teacher’s response to student
reactions /
things to remember

Goals and method(s) of
evaluation

Reading the case – 5 min
• The students read the case to
get a sense of the story and
issues.
• The teacher selects three
students to read the case aloud
(one student to be Mr Tan, one
student to be his daughter and
one student to be the narrator).
• The rest of the class reads the
case silently, following the
speakers.
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Are there any words you do not
know?

Communication
Are the students able to speak
clearly and mind their body
language?
Are the other students on task?

Steps of the lesson: learning
activities and key questions
(and time allocation)

Student activities /
expected student reactions or
responses

Teacher’s response to student
reactions /
things to remember

Goals and method(s) of
evaluation

Recognise potential issues
(Individual) – 5 min
• The students re-read the case,
this time noting words or
phrases that seem to be
important in understanding what
the case is about.
• They can underline these
phrases, jot down ideas and
questions they have about
these phrases.

Intellectual curiosity
Are the students able to utilise
their prior knowledge to generate
questions for further exploration?
Are the questions short and
superficial, or specific and
substantial?
Does the case motivate them in
their learning?

Making connections (Group)
– 5 min
• In their groups, students see if
there are underlying themes.
• They also brainstorm and list
questions they have as a result
of reading the case (using the
group Google spreadsheet).

Students may be unsure of how
to classify the questions into
themes.

Look for issues that you may wish
to explore further.
Possible themes: Population,
environment, technology, welfare,
governance, etc.

Intellectual curiosity
To what extent do the ‘nonquestioners’ (if any) appear to be
learning (e.g. gaining new insights
from others’ contributions)?
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Steps of the lesson: learning
activities and key questions
(and time allocation)

Student activities /
expected student reactions or
responses

Teacher’s response to student
reactions /
things to remember

Goals and method(s) of
evaluation

Posing specific questions
(Group) – 5 min
• The students spend time as a
group to identify their 3 most
significant issues/questions of
interest and key into the class
Google spreadsheet.

Inform students that all questions
are valid but the focus of this
performance task is based on
environmental conservation.

Collaboration
Are the students able to listen
well, contribute ideas and build on
them?

Class discussion – 5 min

Cross-cultural understanding

• The teacher categorises the
students’ questions/issues into
four themes of environmental
conservation and other possible
themes (as shown on class
Google spreadsheet).

Are the students able to accept
differences, value the diversity of
ideas and respect others?
Are the students able to
communicate their opinions
clearly?

Obtaining resources (Class)
– 5 min
• The students brainstorm on
possible resources that may aid
them in the performance task.
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Help students to see that other
resources are available to help
develop a persuasive answer,
e.g. textbooks; library materials;
results of computer simulations,
lab or field research; articles, data
sets, maps, emails, or other
electronically based resources;
pamphlets from organisations;
interviews with experts; museum
exhibits, etc.

Creative thinking
Are the students able to think of
resources that go beyond online
searches?
Are the students able to think of
other innovative sources of
information?

Steps of the lesson: learning
activities and key questions
(and time allocation)

Student activities /
expected student reactions or
responses

Teacher’s response to student
reactions /
things to remember

Goals and method(s) of
evaluation

Choosing of theme (Group)
– 5 min
• Each group chooses one theme
out of the four given. If too
many groups choose the same
theme, teacher will allocate.

Ensure that there are no more
than two groups doing one theme.

Introduction to performance
task (Class) – 15 min
• The students are given the
performance task handout.
• The teacher goes through the
description, requirements (e.g.
student products, assessment
and evaluation) and submission
deadlines.
• The students are shown
exemplary samples of student
products.
• The teacher explains the
rubrics.

Students may not understand
what is meant by peer persuasion
and why it is assessed.
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Lesson 2
Level: Secondary 2 Science
Unit: Environmental Science – Environmental Conservation
Steps of the lesson: learning
activities and key questions
(and time allocation)

Student activities /
expected student reactions or
responses

Teacher’s response to student
reactions /
things to remember

Goals and method(s) of
evaluation

Group discussion – 50 min
• The students carry out further
brainstorming, and carry out
collaborative discussions, with
the help of Google+ as a
platform.
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“Research is not complete, no
matter how many experiments
have been conducted, no matter
how many puzzles have been
solved, until peers outside of a
research team are persuaded of
the utility of the answers.
Persuasion is a social process
and an essential one for you to
experience in order to understand
the nature of scientific theories
and paradigm shifts.
Communication in the science
community is an active process
full of controversy and debate.
The productive side of science
involves open criticism of the
methods and conclusions made
by a research group. This
controversy and debate is
important to the creation and
acceptance of new scientific
knowledge.”

Critical thinking
Are the students able to use
Google+ confidently?
Do the students have a proper
planning procedure to carry out
their performance task?
At what levels of thinking are their
peer‐to‐peer questions? (e.g.
using the levels of Bloom’s
Taxonomy)
Are the students able to reflect
and evaluate on their initial ideas?

Lesson 3 & 4
Level: Secondary 2 Science
Unit: Environmental Science – Environmental Conservation
Steps of the lesson: learning activities and key questions
(and time allocation)
Silent reading (Individual)
– 2 min
• Students read the summary of the presenting group quietly, without
any form of discussion.

Goals and method(s) of evaluation

Commitment
Are the students on task and do they keep to the time given?

Showing of video by presenting group
– 4 min
• The presenting group shows their video.
Discussion and coming up with a question to ask presenting
group (Group)
– 2 min
• Group members share their ideas and opinions and come to a
consensus what they intend to ask the presenting group.
Q & A session (Group)
– 5 min
• Non-presenting groups ask their questions and presenting group
persuades them with supporting evidence.
Filling up of peer evaluation worksheet (Individual)
– 2 min
• Students fill up the questions in peer evaluation worksheet and
submit it at the end of the lesson.

Intellectual curiosity
Are the students able to utilise their prior knowledge to generate
questions for further exploration?
Are the questions short and superficial or specific and substantial?
Does the video motivate them in their learning?
To what extent do the ‘non-questioners’ (if any) appear to be learning
(e.g. gaining new insights from others’ contributions)?
Collaboration
Are the students able to listen well, contribute ideas and build on
them?
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Communication
Repeat for two other presenting groups.
Are the students able to speak clearly and mind their body language?
Total time = 45 min
Are they able to speak in the language of science and support their
points with evidence?
Are the other students on task?
Cross-cultural understanding
Are the students able to accept differences, value the diversity of
ideas and respect others?
Are the students able to communicate their opinions across clearly?
Are the students able to use Google+ confidently?
Critical thinking
At what levels of thinking are their peer‐to‐peer questions? (e.g. which
level of Bloom’s Taxonomy)
Are the students able to reflect and evaluate on their initial ideas?
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TEACHER ASSESSMENT RUBRIC
Performance Task
Please refer to the rubrics below for the grading of your group’s storyboard, video, report and peer persuasion.

Storyboard

Accomplished (4)
The storyboard includes
thumbnail sketches of each
video scene and includes
text for each segment of the
presentation, descriptions
of background audio for
each scene, and notes
about proposed shots.

Adequate (3)
The storyboard includes
thumbnail sketches of each
video scene and includes
text for each segment of the
presentation, descriptions
of background audio for
each scene, and notes
about proposed shots.

All the sketches are
organised and numbered in
a logical sequence.

All the sketches are
organised and numbered
in a logical sequence.

Developing (2)
The thumbnail sketches on
the storyboard are not in a
logical sequence and do not
provide complete
descriptions of the video
scenes, audio background,
or notes about the dialogue.

Limited (1)
There is no evidence of a
storyboard.

Notes of the proposed
transition, special effects,
sound, title tracks and
dialogue/narration text are
included.
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Accomplished (4)
Video
The content includes a
presentation clear statement of purpose
or theme and is creative,
compelling and clearly
Content/
Organisation written.

Adequate (3)
Information is presented as
a connected theme with
accurate, current supporting
information that contributes
to understanding the
project's main idea.

A rich variety of supporting
information in the video
contributes to understanding
the project's main idea.

Developing (2)
The content does not
present a clearly stated
theme, is vague, and some
of the supporting information
does not seem to fit the main
idea or appears as a
disconnected series of
scenes with no unifying main
idea.

Limited (1)
The content lacks a central
theme, clear point of view
and logical sequence of
information. Much of the
supporting information in the
video is irrelevant to the
overall message.

Some of the graphics
and/or animations seem
unrelated to the theme and
do not enhance concepts.

The graphics and/or
animations are unrelated to
the content. Graphics do not
enhance understanding the
content, or are distracting
decorations that detract
from the content.

The project includes
motivating questions which
provide the audience with a
sense of the presentation’s
main idea.
Video
The graphics and/or
presentation animations assist in
presenting an overall theme
that appeals to the audience
Graphics
and enhances concepts
with a high impact
message.

The graphics or
animations visually depict
material and assist the
audience in understanding
the flow of information or
content.

Graphics explain and
reinforce key points during
the presentation.
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The viewer is unsure what
the message is because
there is little persuasive
information and only one or
two facts about the theme.

Report
Synthesis of
information

Report
Citing
resources
Peer
persuasion
Evidence
and
examples

Peer
persuasion
Support for
position

Accomplished (4)
The report presents content
concisely with complete
relevant points, and with
supporting evidence.

Adequate (3)
The report presents most of
the content concisely with
some relevant points, and
with some supporting
evidence.

Developing (2)
The report presents content
which fails to maintain a
consistent focus, shows
minimal organisation and
effort, and lacks an adequate
amount of supporting
evidence.

Limited (1)
The report presents content,
which is unfocused and
disorganised. No relevant
point was identified, and the
content also lacks
supporting evidence.

All sources are properly
cited within the performance
task according to APA style.

Most sources are properly
cited within the performance
task according to APA style.

Few sources are properly
cited within the performance
task according to APA style.

No sources are properly
cited within the performance
task according to APA style.

All of the evidence and
examples are specific,
relevant and
explanations are given
that show how each
piece of evidence
supports the group’s
position.

Most of the evidence and
examples are specific,
relevant and explanations
are given that show how
each piece of evidence
supports the group’s
position.

At least one of the pieces of Evidence and examples are
evidence and examples is
not relevant and/or are not
relevant and has an
explained.
explanation that shows how
that piece of evidence
supports the group’s position.

Includes a wide range of
evidence (facts, statistics,
examples, real-life
experiences) that support
the position statement. The
group anticipates the
audience’s concerns, biases
or arguments and effectively
counter-argues using valid
points.

Includes sufficient pieces of
evidence (facts, statistics,
examples, real-life
experiences) that support
the position statement. The
group anticipates the
audience’s concerns, biases
or arguments and is able to
satisfactorily counter-argue
using valid points.

Includes very little pieces of
evidence (facts, statistics,
examples, real-life
experiences) that support the
position statement. The
group tries to anticipate the
audience’s concerns, biases
or arguments but can only
partially counter-argue using
valid points.

Includes one or no pieces of
evidence (facts, statistics,
examples, real-life
experiences). The group
does not anticipate the
audience’s concerns, biases
or arguments and is unable
to counter-argue using valid
points.

Maximum
attainable
score: 28
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EXEMPLARS OF STUDENT PRODUCT
Case Analysis

-

What I Know
CO2 emissions will increase.
Petrol prices rising.
Population will increase to 6.9 million.
Advancement of technology can help us to
overcome the problems we face.

-

What I Need to Know
What can we, as citizens, do to change
this?
What will the government do about
Singapore's increased population?
Is the population increase a benefit or
demise for Singapore?
What is the technology that can help us
face these problems?

- Singapore is running out of space to dump
our litter.
- Prices have already been rising constantly.
- Both land and air pollution will get worse
due to increasing population.
-

-

-

-

-

- How to prevent pollution without
compromising the increasing population?
- How will the population cope with the
increase in prices?
- Where Singapore will dump litter when
Pulau Semakau runs out of space?
Singapore's only offshore landfill, Pulau
- Can we find more space for our rubbish?
Semakau is expected to run out of space in - Is there a way to curb the number of people
40 years.
in the country but maintain a healthy
population with equal numbers of the
The population in Singapore is projected to
elderly and the working?
hit around 7 million in 2030. Many will be
- Is it possible for us to cremate the litter
over 50 if the reproduction rate remains
instead of burying it?
constant or declines.
Food which has been farmed is affected by
the environment, and crops can be
destroyed by floods etc.
Population expected to increase to 6.9
- Why is a population increase necessary?
million by 2030.
- Is there a more efficient way to dispose of
litter?
Future technology may be able to solve
- Is there any way the government can
these problems.
prevent this?
Prices of essential items (e.g. rice) rising
due to fluctuating weather.
More than one third of the world population - On the basic principle that energy and
suffers from food shortage.
matter cannot be created or destroyed, only
changed, is it possible to make a selfCarbon dioxide being emitted into the air is
sustaining world?
a form of pollution, air pollution.
Litter is a form of pollution, land pollution.
- Is it possible to restrict the growing
population?
- What is the real meaning of 'recycle'?
Pulau Semakau is expected to run out of
- Can we grow crops in our own country?
space in 40 years.
- Can we find a cheaper, renewable
replacement to crude oil?
Oil prices are continually rising.
- Where else can we dump our rubbish?
Food prices will rise due to the fact that
most of our food is imported.
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Storyboard
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Report
Increasing Demands for Food
Introduction

The graph shows three measures of the past and likely future growth in food demand [1]
Recent reports from the International Food Policy Research Institute (IFPRI) (PinstrupAndersen and Cohen, 1999) indicate that, between 1993 and 2020, global demand for
cereals is expected to increase by 40%; for meat the expected increase is 65%; and for
roots and tubers it is 40%. In the developing countries, the expected increases in demand
over the period are 59% for cereals, 120% for meat and 58% for roots and tubers. The
average annual percentage rates of increase in the developing countries are 1.7% for
cereals, 3.0% for meat and 1.7% for roots and tubers.
The expected increases are greater in developing countries because most future population
growth is expected to be in those countries. In addition, rising per capita income in those
countries is expected to stimulate increases in demand for food because present
consumption levels are low.
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Causes

This picture shows a drought [5]
There are a lot of factors that contribute to the rapidly increasing demand for food in the
whole world such as nature, war, poverty trap, agricultural infrastructure and overexploitation of the environment.
Natural disasters such as floods, tropical storms and long periods of drought are on the
increase with catastrophic consequences for food security in poor, developing countries.
Drought is now the most common cause of food shortages in the world. In 2006, recurrent
drought caused crop failures and heavy livestock losses in parts of Ethiopia and Kenya. In
many other countries, climate change is worsening already harmful natural conditions. Like
for example, poor farmers in Ethiopia or Guatemala traditionally deal with rain failure by
selling off livestock to cover their losses and pay for food. But successive years of drought,
increasingly common in the Horn of Africa and Central America, are exhausting their
resources. [4]
Since 1992, the proportion of short and long-term food crises that can be attributed to
human causes has more than doubled, rising from 15 percent to more than 35 percent. All
too often, these emergencies are triggered by conflicts. In war, food sometimes becomes a
weapon. Soldiers will starve opponents into submission by seizing or destroying food and
livestock and systematically wrecking local markets. Fields and water wells are often
contaminated, forcing farmers to abandon their land.
In developing countries, farmers often cannot afford seed to plant the crops that would
provide for their families. Craftsmen lack the means to pay for the tools to ply their trade.
Others have no land or water or education to lay the foundations for a secure future. The
poverty-stricken do not have enough money to buy or produce enough food for themselves
and their families. In turn, they tend to be weaker and cannot produce enough to buy more
food.
There are other related causes (also often related to the causes of poverty in various ways),
including the following: [3]
•
Land rights and ownership
•
Diversion of land use to non-productive use
•
Increasing emphasis on export-oriented agriculture
•
Inefficient agricultural practices
•
War
•
Famine
•
Drought
•
Over-fishing
•
Poor crop yield
•
Lack of democracy and rights
•
etc.
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Impact and Effects

A picture of people queuing for food in India.
There will be food shortages, especially in Asia, where over 600 million people suffer from
malnutrition or are malnourished, due to the lack of food. The number of people starving will
also increase, and this will lead to deaths. As more and more people will starve, this will then
cause more problems such as political instability and riots. Many years of drought combined
by civil wars in Somalia has resulted into Somali refugees in Kenya and Ethiopia as they flee
the country to seek for food and safety (BBC, 2011). [6] There will also be a significant
increase in the price of food as a result of demand and supply. Increasing the cost of food
production due to the increase in fuel prices including persistent drought in grain-producing
regions has contributed to the increase in the price of food in the world. Increase in oil price
also leads to the increase in the price of fertilisers, transportation of food and also industrial
agriculture. Increasing food prices culminated in political instability and social unrest in
several nations across the globe in 2007.
Solutions

A picture of hybrid seeds/high yield seeds
There are some solutions to the problem of food shortage. There is need to reduce
production of carbon emissions and pollution to reduce the resultant climatic change through
concerted and individual efforts. Rich nations should help poor nations to develop and use
clean and renewable energy in order to stabilise greenhouse emissions into the atmosphere.
Government needs to work in consultation with climatic bodies, World Bank and the UN to
engage in projects aimed at promoting green environment.
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Another method is to scale-up the dramatic success of Malawi, country in southern Africa,
which three years ago established a special fund to help its farmers get fertiliser and highyield seeds. Malawi's harvest increased after just one year. [7]
In recent years, agricultural companies have managed to produce a hybrid corn through
advance breeding. This hybrid corn is able to be grown with lesser amount of rainfall.
Though it requires at least some water to be grown, this allows crops to be grown in drier
countries, which increases the amount of crop yield, and there would be more food to supply
the demand of the world's increasing population. [8]
Food fights are also one of the greatest ways to waste valuable food. People would throw
perfectly edible food at each other. If we ever want to cope with the world's increasing
demand of food, we would need to stop doing this.
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CHAPTER 5: PRACTICAL TIPS
Understand student profile in order to choose case topics
Knowing the interests of the students will allow the teacher to choose or tailor a case which
will intrigue the students, right from the beginning. Are the students interested in sports? Or
are they keen in the arts? Selecting a suitable case will make the students eager to find out
more about the case and develop their own investigative questions. With investigative
questions they have set out themselves, their interest in exploring and solving the issue will
be sustained throughout the rest of the lesson unit. If the class has varying interests, a
current news affair, such as the haze, may make a good topic for the case as it inevitably
impacts the students’ lives. If an overseas issue, such as the typhoon, is selected,
connections to how it will affect the students or the country should be made explicitly for
them to see the relevance of it.
Organise the student grouping
Students have to work in groups throughout the ICBL lesson unit. Having a collaborative and
cooperative spirit will help in enhancing the learning in their groups. However, it takes time to
build up this habit of collaborative learning, especially if the students are not used to doing
group work. As the group members have to work together throughout a few lessons, for a
start, it may be better to group the students with someone who they are comfortable to work
with. The students will feel more at ease voicing out their ideas, constructing and critiquing
arguments with people who they are familiar with. Once the students understand how the
ICBL phases work and have increased in their confidence level from prior experiences, then
they will be more ready to mingle and work with different people. It is a challenge to
implement ICBL if the students have barely known each other, as they will tend to shy away
in group discussions. However, this is an important part of learning how to work
collaboratively. The teacher can support “new” groups by making sure they have something
to share during the group discussion. This can be done by giving time for each student to
write down one thing they know and one question they have before the group discussion
begins.
Guide students on how to collaborate
A successful collaboration includes discussing, framing arguments, negotiating about the
science involved and coming to agreement. Even if the students are familiar with their group
members, they may not know how to discuss or negotiate about science. This is especially
so if they have to switch their role from mainly listening about science to talking about
science in the classroom. ICBL requires the students to participate actively through
discussing in their groups, and thereafter solve the problem. If the students are not
discussing effectively, they will feel lost and disengage from the lesson soon. At the problem
posing phase, the Know/Need to Know chart provides a good structure for the students to
brainstorm on the investigative questions. The teacher can also provide an evaluation matrix
to help the students to narrow down to their final investigative question. As for the problem
solving phase, the teacher can scaffold the students’ learning by providing templates with
guiding questions which the students can refer to when discussing in their groups, and also
to write down what they have discussed. Lastly, at the peer persuasion phase, it is essential
that the teacher models the kind of questioning desired in the argumentation process. Prior
to the peer feedback or critique session, the teacher should explicitly address the guidelines
and expectations, and show samples of the kinds of questions students might ask of their
peers.
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Establish a good rapport with the students
The main role of the teacher is to be a facilitator during the ICBL phases. A good rapport
with the students will make them feel assured that while they are taking charge of their own
learning, the teacher will always be around whenever they need guidance. The teacher is
the resource person to help them learn what they want to learn, instead of directing them on
what they have to learn. The students will also not be afraid to voice out their queries and
concerns whenever they arise. The teacher will therefore be able to monitor their progress
more closely and adjust the instruction if necessary. It would be a pity if the students have
spent a few hours working together on a topic and not gained much learning, due to the fact
that they did not understand the requirements and the expectation of the task, as a result of
ineffective communication with the teacher.
Seek support from colleagues
It would be easier if a team of colleagues can collaborate as the planning and
implementation of an ICBL lesson unit requires much time and effort. This includes finding
inspiration for the case, gathering resources, crafting appropriate worksheets, deciding on
rubrics criteria, or even assessing the students together. There should also be a common
understanding that ICBL is not used to replace the usual lessons. Although ICBL lessons
take up more time as compared to usual lessons, it is to be recognised that students are not
only learning content and skills, but are provided with opportunities to develop 21st century
competencies which will prepare them to be self-directed and life-long learners.

Practical tips
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Relevant Websites
Resources for cases in science:
BioQUEST Curriculum Consortium. http://www.bioquest.org/icbl/cases.php
National Center for Case Study Teaching in Science. http://sciencecases.lib.buffalo.edu/cs/
Problem-Based Learning@UD Clearinghouse. https://pblc.nss.udel.edu/Pbl/
Problem Solving with Plants: Cases for the Classroom. http://myplantit.org/
Creating Active Student Engagement in the Sciences. http://www.cse.emory.edu/cases/
Starting Point: Teaching Entry Level Geoscience. http://serc.carleton.edu/introgeo/icbl/resource.html

Resources from the ICBL workshops:
2014: http://sciencecasenet.org/nie-workshops-2014/
2013: http://sciencecasenet.org/nie-workshops-2013/
2012: http://sciencecasenet.org/nie-workshops-2012/
2011: http://bioquest.org/nie2011/
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