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Abstract

Energy is a principal concept in the learning of Physics, yet it is a concept that students found
abstract and challenging to grasp, especially the key ideas of Transfer, Transform and
Conservation. This paper proposes that a multiple representation approach in the teaching and
learning of this topic helps support and deepen students’ learning of the topic. Qualitative and
quantitative treatments have their place in the multiple representations of energy, which
allows teachers to scaffold students’ learning for deeper understanding, and enable students
to demonstrate their knowledge. This evidence-based sharing will illustrate how
representations such as Energy Bar Diagram (LOL) and Energy Cube manipulative are used
to (i) quantify conservation of energy (ii) show energy transformation within bodies, and (iii)
quantify energy distribution and energy transfer between interacting bodies.
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1. Introduction

Physics is the study of interactions and transfer of energy between matter. "Energy" is an
abstract concept for students to grasp. To deepen students’ learning of this topic, the
Professional Learning Team (PLT) at Yusof Ishak Secondary School and Academy of
Singapore Teachers proposes a multiple representations approach to teaching and learning as
well as in problem-solving.

In line with the Singapore Curriculum Philosophy, the “multi-modal” approach to teaching
and learning “Energy” recognises that every student can learn and has different strengths
which can be engaged in multiple ways.

There has been an ongoing discussion in the literature on how energy should be taught.
Energy is a difficult concept to teach for two reasons (Millar, 2005):
— it is an abstract mathematical concept which is difficult to be defined;
— it is used in everyday contexts in a way which is less than precise than its scientific
meaning e.g. “energy is used up” makes it sounds like energy is not
conserved.

Locally (Lau, et. al 2011), it has been reported that some students’ common alternative
conceptions are:
— energy is either a physical substance that flows out of one thing to another or as a
kind of force;
— work done represents energy stored in a body;
— energy is used up or lost during interactions.

WestEd Science Review (2011) reported some of the common alternative conceptions as
follows:
— energy is deemed to be something physical or made of matter;
— energy is a force;
— energy is involved only when objects are moving or things are changing;
— energy transfers are perfectly linear in the sense that one event triggers only one
energy ransfer.

Table 1: Summary of Common students’ learning difficulties and alternative conceptions

Common students’ learning difficulties Common students’ alternative conceptions

-Energy is either a physical substance that
-It is an abstract mathematical concept which | flows out of one thing to another or as a kind
1s difficult to be defined. of force.

-It is used in everyday contexts in a way | -Work done represents energy stored in a
which is less precise than its scientific | body.

meaning. -Energy is used up or lost during interactions.
-Energy is involved only when objects are
moving or things are changing.

-Energy transfers are perfectly linear in the
sense that one event triggers only one energy
transfer.
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Therefore, it is important for teachers to be aware of students’ learning difficulties and to
surface the students’ preconceptions/misconceptions (see Table 1) of the topic on energy and
use this data to design their teaching approach. To have an accurate understanding of energy,
it is important to address the 5 important concepts as listed below:
— Defining different objects of interest and different initial state and final state will
surface different energy data for analysis.
— In different state of the object, energy is called different names.
— Every interaction involves a transfer of energy during a timeframe of interest.
— Force is produced by the interaction between objects.
— Work done is a form of energy transfer by a force that is acting over distance. It is
possible to know how much work has been done by calculating the change in
energy during an interaction.

To facilitate the teaching and learning of the above 5 key concepts and to help overcome the
learning difficulties and challenges, we layered in both the qualitative and quantitative
treatments in a multiple representations approach. This would allow teachers to scaffold
students' learning for deeper understanding. Students would be able to demonstrate their
knowledge and make their thinking “visible” through this approach which will allow for
teachers’ quality feedback to students.

2. Lesson Preparation Considerations

This section presents the student’s prior knowledge and the teaching ideas to be achieved in
this approach. Knowing the prior knowledge and the teaching ideas to be taught allow
teachers to design the energy lesson building on students’ existing knowledge, hence
achieving a better progression of learning.

2.1 Prior knowledge

At the primary level, Singapore students learn that energy:

— is required to make things work or move and energy from most of our energy
resources is derived in some ways from the Sun, our primary source of light and
thermal energy.

— exist in different forms e.g. kinetic energy (movement energy), gravitational
potential energy (objects above the ground), elastic potential energy (spring, elastic
band), light energy, electrical energy, sound energy, thermal energy and chemical
energy (as a form  of stored energy: food, batteries, fuels).

At the lower secondary level, they learn that:

— work is the use of a force to move an object.

— energy is the ability (or capacity) to do work or to produce change (work done =
energy used) and there are different forms of energy e.g., kinetic, potential, light
and sound.

— energy is conserved and can only change from one form to another (the total
amount of energy before and after the change is exactly the same).

— sources of energy include fossil fuels (coal, oil, gas), kinetic energy from water and

wind, nuclear, solar, and biomass.
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2.2 Teaching ideas

In the course of their learning, students must be able to articulate the following key ideas:

— Energy can be categorised generally into two groups — energy of motion and energy
of relative position.

— Energy can be quantified.

— Energy is a numerical quantity that is conserved during interactions (in a closed
system).

— Energy can transform from one form to another during an interaction.

— Mechanical work is a pathway of energy transfer during an interaction and can be
calculated using work done = force x distance.

The remainder of this paper presents how the team go about the teaching of energy at upper
secondary level. We adopted Content Representation (Loughran et al., 2012), CoRe for short,
as a tool to develop our pedagogical content knowledge (PCK) in the teaching of energy. In
particular, the methodology of CoRe helped us in clarifying the big teaching ideas for the
topic and develop unique strategies that support students’ learning via multiple
representations approach (See Appendix 1).

2.3 The multiple representations

These multiple representations approach in teaching is deployed using qualitative and
quantitative treatments

2.3.1 Qualitative treatment

The team began teaching the topic on energy by eliciting students’ prior knowledge and take
the opportunity to address some students’ alternative conceptions about energy.

Among scientists, there is no standardized way to categorise energy, nor is there a single
convention for naming the various types of energy. Nevertheless, the team have adopted the
approach by WestEd (2011) to classify energy in terms of energy of motion and energy of
(relative) positions.

The team utilised the use of whiteboarding as a constructivist approach to allow students to
explain what they think energy is. During this activity, the teacher played the role of a
facilitator, bearing in mind that the students have brought with them a set of prior knowledge
and alternative conceptions.

Considerable amount of time was spent with the students to reflect on the definition of
energy. Teacher developed the concept that energy is a mathematical construct created by
scientists to describe how much change can happen in a system. Teacher co-constructed a
definition with students that includes the idea of energy being a numerical quantity that is
conserved during interactions.

Teacher steered the students towards a definition of energy. Some of the more accurate and
precise definitions of energy to teach the students are (WestEd, 2011):
— Energy is a measure of how much change can happen in a system. It is a quantity
that is conserved despite the many changes that occur in the natural world.

ISSN: 2189-1036 226



The IAFOR International Conference on Education in Hawaii 2023 Official Conference Proceedings

— Energy is the amount of work required to change the state of a physical system. The
numerical amount of energy of a system diminishes when the system does work on
any other system.

— Mathematically, energy is a numerical quantity that does not change when an
interaction happens in a closed system.

An example of a definition formed was to define “energy as a measure of how much change
has occurred due to position or motion during an interaction between bodies.”

The qualitative categorisation of energy and derivation of an energy definition form the
foundations for quantitative approach in problem solving.

See Appendix 2 for the worksheet used by the team to construct students’ understanding
about energy.

We felt that it is important in the analysis of energy transformations to bring in the idea of
system. Most teachers would struggle with the thought of introducing “system” to students.
However, during the course of interactions with our students, we realised the usefulness and
importance of identifying the objects of interest, the forces involved and the specific
timeframe during an event, a process or an interaction when analysing energy conversion. In
fact, the identification of objects, forces and timeframe defines the system of interest. So, the
idea of system does not need to be introduced formally if only when an accurate and deeper
analysis of energy conversion allows it to emerge naturally.

Another interesting area of discussion with the students is the relationship between force and
energy. This is a necessary discussion because students are confused between gravitational
force and gravitational potential energy. While the mathematical formula can be used to
highlight their differences, a fundamental understanding of their differences is necessary. It is
important to highlight that force is the cause of the change in position or motion but energy is
just a numerical quantity that is assigned to the system or objects of interest, and this number
is conserved at all times. Energy is not the cause of the change in position and motion of the
object of interest. This is a teachable moment to remind students that energy cannot be
created or destroyed.

As always, we could conclude the qualitative discussion by consolidating the learning points.

See Appendix 3 on how it might look like.

2.3.2 Quantitative treatment

Both the qualitative and quantitative treatments are interdependent and necessary to foster
deep understanding. To aid in the quantitative understanding of energy, teachers can provide

multiple means of representation:

Representation 1: Using energy flow diagram to analyse energy conversion/transfer (See
Figure 1 below).
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AK.E. (change in K.E.)

AG.P.E. W=F xs
(change in G.P.E.) (work done by an applied force)

Q=fxs

(thermal energy produced due to work done against resistive forces)

Figure 1: Energy flow diagram

With the help of the energy flow diagram, students can learn how to express the equation for
energy conversion mathematically. They should also be taught to describe and explain the
energy transfer that takes place conceptually in their own words.

Representation 2: Using energy bar chart to quantify conservation of energy during
interactions (at the initial and final states). See Figure 2 below.

Initial/Final State

Energy
Figure 2: Energy bar chart

An energy flow diagram can also be combined with the energy bar charts of the initial and
final states to form a so-called LOL diagram see Figure 3 below.
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Initial State Final State
O N Energy Flow Into / Out of System e S

K.E. G.P.E. Q K.E. G.P.E. Q
Figure 3: The LOL diagram

The concept of energy transformation can be reinforced here, and importantly, the Principle
of Conservation of Energy (COE) can also be introduced quantitatively and illustrated with
the energy bar charts or LOL using total energy at the initial state + energy transfer into the
system = total energy at the final state + energy transfer out of the system. Where work is
involved, the idea of work as amount of energy transfer/converted can be easily illustrated
using LOL.

Representation 3: Using energy cubes (See Figure 4) to quantify forms of energy and to
help in visualising interactions between objects of interest in a specific timeframe of interest
(in a system). The energy cube has six sides, each side has a form of energy attached to it, the
top face represents the form of energy associated with an object of interest at a particular
define state (Initial/final).

-

Figure 4: An energy cube. This energy cube is representing 1 unit of kinetic energy

The energy cube provides another option for “physical” expression of understanding of COE,
making students’ thinking more visible for teachers to give more accurate feedback. Every
representation has its limitation. Likewise, it is important to highlight to the students the
limitations that the energy cube does not suggest that energy is an object or exists as
something physical. Take the opportunity to emphasise that energy is a numerical quantity
that is conserved during interactions between bodies.
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3. Lesson Enactment

Here, we shall briefly describe how the energy flow diagram, energy bar chart or LOL and
energy cubes can be used for teaching and learning in a lesson. To make connection with the
new world application, hence making it more meaningful for the students, a real-world
scenario or authentic case study has to be deployed. To arouse interest, students can be
involved in the process of deciding on a case study. For us, we chose the re-entry of
Tiangong 1 (on 2 April 2018) as the case study (see Appendix 4).

3.1  Introduction (framing the learning)

Set the context for the real-world scenario or authentic case study (e.g., re-entry of Tiangong
1). Present qualitative / quantitative data to students for sense making (e.g., high temperature
during re-entry leading to vaporisation of components).

3.2  Hands-on / minds-on using multiple representations

Identify the objects of interest, the forces involved and specific timeframe of interest for the
energy transfer during interaction. In their own groups, students shall use energy flow
diagram, LOL and energy cubes to describe the transfer of energy and account for the
Conservation of Energy. Students shall present the group findings in class discussions. See
Appendix 5 for a sample of group presentation.

3.3 Checking for understanding

The suggested success criteria are:
Students are able to:
e identify the forces and objects of interest that are present during interactions,
e describe the energy transformation/energy transfer (using energy bar chart and energy
cubes),
e demonstrate that total energy is conserved (using energy flow diagram and energy bar
chart).

See Appendix 6 for a sample of worksheet on checking for understanding.
A lesson plan on the energy study of re-entry of Tiangong 1 can be found in Appendix 7.
4. Making connections

The topic on energy cannot be learnt in isolation, and it is important for students to see the
connections between energy and earlier topics of Newtonian Mechanics, i.e. kinematics and
dynamics. Students have to be adept in using different representations, e.g. force diagrams,
velocity-time graphs, mathematical equations, word descriptions, energy flow diagram, to
solve problems in Newtonian Mechanics. As energy is a principal concept that appears in
subsequent topics like thermal physics and waves, it is definitely a meaningful and
worthwhile endeavor to invest considerable amount of time and attention in the teaching of
energy. See Appendix 8 for a sample of the worksheet used in our classes.

ISSN: 2189-1036 230



The IAFOR International Conference on Education in Hawaii 2023 Official Conference Proceedings

5. Feedback from teachers and students

A ‘demonstration class/workshop on “A Conceptual Approach in Teaching of Energy Using
Multiple Representations” with lesson design described above was conducted at Centre for
Teaching and Learning Excellence (CTLE), Yusof Ishak Secondary School, in 2018, 2020
and 2022 for a group of pre and in-service physics teachers and teacher leaders. In post-demo
class discussion and their written feedback, teachers agreed that CoRe was a useful design for
reflective practice and developing the pedagogical content knowledge on teaching energy.
They affirmed that the multiple representations approach help students to learn better. They
also acknowledged that energy flow diagram, energy bar and energy cubes were useful
teaching aids that could support students in their learning.

Quantitative (four-point Likert scale) and qualitative feedback that were collected from the
students and teachers were encouraging too.

5.1. Impact on students

A survey (See Appendix 9) was conducted at Centre for Teaching and Learning Excellence at
Yusof Ishak Secondary School on 41 upper secondary physics students over 2018 and 2019
showed positive qualitative and quantitative responses on the use of this multiple
representations approach.

The average Quantitative (four-point Likert scale): A high rating of 3.60 out of 4.00 is
obtained.

Table 2: Student quantitative survey (Likert scale of 1 [strongly disagree] to 4 [strongly
agree]) on the learning activities of the Energy lessons using multiple representations

Learning Activities Mean
I learn better when lessons are conducted using models. 3.61
Hands-on using models with discussion in groups to verify teacher’s teaching 3.68
improves my understanding of the lesson. '
Explaining my individual/group’s answers to my group/class helps me to clarify 351
what I understand/do not understand. '
The lesson activities make it easier for me to understand the Law of 361

Conservation of Energy.

Some qualitative feedback from the students is highlighted below:

Use of Models
e Engaging and interesting
Easy to follow teacher’s instructions
Able to understand/visualise better with the models
The demo was clear and easy to understand
Demos are easy to visualize
Able to see better in physical form
Allows students to engage/participate actively
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Deeper Understanding

Activities allowed more clarification on issues faced and helps in understanding
concepts

There were many hands-on activities which is what I like as it is easy for me to
remember

Help me to understand better

Easier to consolidate learning using the energy cube

Lots of hands-on activities, gain more knowledge of the energy

5.2. Impact on teachers

A survey (See Appendix 10) was conducted on 73 Physics teachers who attended the
demonstration classes in 2018, 2020 and 2022 also showed positive qualitative and
quantitative responses on the use of this multiple representations approach.

Workshop rating: A high rating of 3.44 out of 4.00 is obtained.

Some Qualitative feedback from the teachers (useful ideas participants would like to apply
back in their own classrooms) are highlighted below:

Use of Multimodal representations

Use of Energy flow diagram

Use of CoRe in design for understanding

Using of energy cubes & Energy Bar Chart (LOL) to help with visualisation
Linking force and energy

Use of energy cube to quantify and also show the transfer/transformation of energy.
Enhance understanding of Conservation of Energy

Use of multiple representation to help students learn

The use of LOL and energy flow diagram as representation

Interesting use of tiangong-1

Use of the cube to redesign the lesson on energy.

Use energy cube to teach abstract idea

Use of change in energy

Use of energy cube to teach concept of energy conversion and conservation

Use of energy charts and energy cubes to help students understand ideas of energy
stores and energy transfer

The new idea of energy stores

Very revolutionary ways of teaching energy.

Using props like energy cubes to generate communications

Teaching energies in terms of stores and the different modes of representation

The scenario cards are innovative.

The multiple representations for students to visualize and the LOL chart

Terms used in energy stores and how energy is transferred in and out of the system.
The energy cubes is a good demonstration that energy is conserved

Conclusion

Energy is a principal concept in the learning of Physics, yet it is a concept that students found
abstract and challenging to grasp. Teachers can provide multiple means of representation by
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using (i) energy flow diagram to analyse energy conversion, (ii) energy bar chart to quantify
conservation of energy during interactions and (iii) energy cubes to quantify energy
distribution between interacting bodies as well as to reinforce principles of conservation of
energy.

As energy cannot be learnt in isolation from kinematics and dynamics, it is important for
students to see the connections between these concepts. Therefore, it is worthwhile to invest
time and attention in ensuring that students are adept at using different representations like
force diagrams, velocity-time graphs, mathematical equations, word descriptions, energy
flow diagram, to solve problems in Newtonian mechanics.

These multiple representations approach can be digitalized (self-assessing teaching app) for
self-directed learning. This approach can also be modified to teach Energy using a
pedagogical framework of Energy Stores (e.g. Kinetic energy store, Potential energy store,
Nuclear energy store, Chemical energy store, Nuclear energy store and Elastic energy store)
and four Energy transfers pathways (mechanically, electrically, propagation of waves and
temperature difference). This pedagogical framework of energy stores and energy pathways
and multiple representations approach allow the important ideas about interactions through
forces and field to be featured more strongly.

Moving forward, the mass production and National wide implementation of the physical
model (Energy Cube, LOL Energy Bar Diagram) in collaboration with Curriculum Planning
& Development Division (CPDD) and the dissemination of the digital model through the
Senior Teacher-Lead Teacher Network allow for scalability across all schools.
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Appendix 1: Content Representation (CoRe)- Tool for developing pedagogical content
knowledge (PCK)

Content Representation (CoRe) - Energy and Work Content Representation (CoRe) ~ Energy and Work
. * Cnergy con be quantiied . Work . © T T « Workisa measure of changein
(mies) well-sccepted types - energy of motion and enerey during an interaction (Tips) well-accepted types - energy of motion and energy during an interaction
energy of retative pasition energy of relative position
« mergycan raatorn o one frm 10 « Energy can transform from one form to
another during an interaction another during an interaction
« Energy is 0 quantity thatis conserved during « Energyisa quantity thatis conserved during
@ [ cic nergy £= Kimv'and | {g)recal and apph ; ~ Asystemis  the abjects ofinerest and forces " ~ Workisa in
(chemical, iona, & Gt o | done - fore s dtoce moved inthe || i iges (tnatyou donot ntarest energy during an interaction
dea? elastic,lght energy, . electrical Intend students toknow | - Closed system - Refer to Wested on limitations of the
energy and nuclear energy are exsmoles of surface) or o soive relsted problems hon " ey  how much change that happenin | “officil defintion” of Work
different forms of energy 0 syt o | 2 oytem) - Second Law of Thermodynamics
e | = work done / time token to
energy 1o 50 reated problems situations or o solve related probiems | | Difficulties / Limitations | - Energyis an abstract concept = Energy as a measure of the capacity of an | - Product of force and distance moved
connected with teaching object or system to do work is true only in | is a precise operational definition for
a9yt priocple of e corseveioncf connecte certan stuations mechanical work
0 aw situations orto salva related
preckms ¢ |- enersy o moving or thi N " itis possible to do al inds of work
0t the effcincy of n sneyy hich influences | - Energy isa substance or a physical object when energy is present
wsing the formula efficiency =
vt g iy i Your teaching of thisidea | - Energy is a cause.
- Energy s fuel
enegyinout
- Energy s force
B - D Swanter ol | - Work can'be & measure of he eneriy ~ Energy is power
moving or ‘one object in g - Energy can be created or destroyed
relaton tothe poztion of anather object Force s present whenever there s tramsfer | over distance - Energy transfers are perfectly linear i.¢. one event triggers only one event
— I dfferentpores of systern, energy s caled of energy, however, force isnot the cause. | - A 3 - e
i for transter of energy - Itis more useful to define a start and end o consider b useful to tal
- Thinki ne " - d states rather than get caught up in the " & rether
’:P:x . Zf‘ii‘ﬁ;’.‘l,‘;"l:?‘:&ﬁ?; i | trnsformed toother forms of energy e interaction ¥ & intermediate states when using energy thinking about amount of energy in a than thinking about amounts of
systems : : * thermal energy which cannot be uilsed transformations or considering energy particular place or form energy in different places or forms
changes

Physics Professions Learring Team 2018 Semester 1/ Centre for

Physics Professional Learning Team 2018 Semester 1/ Centre for Teaching and Learning Excellence @ Yusof Ishak Secondary School

Content Representation (CoRe) — Energy and Work

« Energy can 0 e * Workisameasure of change in
(TIPs) well-accepted types - energy of motion and ‘energy during an interaction
energy of relative position
« Energy can transform from one form to.
another during an interaction
* Energy is 2 quantity that s conserved during
closed system)
Teaching procedures (and | - Elicit prior knowledge
P g | - Address
- use h) to ® By is
idea) - Use of “energ gram” P related to PoCE
- 3 b - Energy ® ion (start and end of a
- Introduce the concept of energy. process/interaction)
- Classify energy into 2 typ - ple of C Energy using Total Energy = Total Energy
relative positions and energy o motion at the end
- Solve problems using PoCE and “energy flow diagram”
- Analyse energy transfer using “energy flow diagram”
~ ¢ kand amount of energy
Specific ways of - Use of diagnostic et for ntervention and extent of meetng learning outcomes

ascertaining students’ - Use of “energy flow diagram table” lated to PoCE
understanding or confusion
around this idea (include
likely range of responses)

Appendix 2: Sample learning activities for providing progression of learning and surfacing
students’ preconceptions (this is presented in worksheet format)

1. Listdown at least 6 different types of energy you encounter in your everyday life and/or 3. Describe what you think energy is or what it means to you.
read in newspapers and books.

4. Write down the energy transfer of the motion of a toy car powered by batteries.

2. Classify the list into 2 categories:

Energy due to relative positions Energy due to motion

5. Consolidation of learning.
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Appendix 3: Key learning points/Teaching Ideas to be accomplished in this energy

curriculum What we have learnt about Energy

1. Energy is a measurable quantity, a number,
that describes how much change can happen
in a system.

2. It is a quantity that is always conserved.

3. Energy transfers occur during interactions.
As a result of an interaction, energy can
change from one type to another.

4. Force is produced by the interaction
between objects.

5. A system can be defined by identifying the
objects of interest and the forces of interest
within a specific timeframe of interest.
Appendix 4: The lesson slides using the re-entry of Tiangong 1(Decommissioned space

station) as a real-life application for analysis of Energy Changes.

Stage 1: Before re-entry into the

Stage 2: In the mid air (air resistance

CASE STUDY
Tiangong-1 (literally: "Heavenly
Palace 1" or "Celestial Palace 1")
was China's first prototype space
station. It orbited Earth from
September 2011 to April 2018.

htts://en.wikipedia.org/wiki Tiangong: 4Re-entry
ttps://ww.space.com/27320-tiangong-L.html

OBy 0
ceorg/cordsireentry-predictions/tangong:1-reentry/ /) .

InJune 2013, Tiangong-1 was
put into sleep mode after 2 years
of service mission.

In March 2016, Tiangong-1
ceased functioning.

< Use the Energy Cubes provided to represent

+ Be ready to explain your representations to

“ After your teacher has given you the

atmosphere (negligible air
resistance)

the types and quantity of energy at Stage 1.
Tabulate the Energy Bar Chart.

your teacher.

feedback, whatsapp a group photo of the
Energy Cubes and tabulated Energy Bar,
Chart.(caption:Group[No.]Stage [NG])

is present)

< Use the Energy Cubes provided to represent
the types and quantity of energy at Stage 2.
Tabulate the Energy Bar Chart.

< Be ready to explain your representations to
your teacher.

< After your teacher has given you the
feedback, whatsapp a group photo of the
Energy Cubes and tabulated Energy Bar,
Chart.(caption: Group[No.]stage [N

Tiangong-1 was predicted to re-enter the Earth’s
atmosphere around April 1st, 2018 = 4 Days.

Launched: 30 September 2011
site: Jiuguan Satellite launch Center, China
Mission: Tiangong-1, First Chinese Space Station
Mass: 8500 kg at launch

Length: 105m

Diameter: 34m

Average density: 82.1kg/m?

Solar panels: 2 panels (approx. 7 m x 3 m)

W,

Due to its decaying orbit,
Tiangong-1 made a re-entry into
the Earth’s atmosphere over the
South Pacific ocean on 2 April
2018.

Stage 3: Before striking the ground

<« Use the Energy Cubes provided to represent

< Be ready to explain your representations to

“ After your teacher has given you the

(air resistance is present)

the types and quantity of energy at Stage 3.
Tabulate the Energy Bar Chart.

your teacher.

feedback, whatsapp a group photo of the
Energy Cubes and tabulated Energy Bar,
Chart.(caption:Group[No.]Stage [Nﬂ})

Group Sharing

Objective

To study the energy
transfers during re-entry of
Tiangong-1 using Energy
Cubes and Energy Bar Chart

Assumption?

What is the impact
if Tiangong-1 did
not disintegrate?

Group Consolidation
Worksheet
+
Individual Exit Pass

Appendix 5: Sample students’ cooperative learning work, using multiple representations
(white boarding, energy bar diagram, diagrams with explanations, energy cube)

Y ) \
LaeAy )\

Lo L]
»~
N Gruss (o b B0y
Fupe et
":v w fattt Mppleots

b

Figure A5.1: Left picture: Multiple representations of energy

data at stage one of space station reentry as presented by students
and Right picture: Multiple representations of energy data at stage

two of space station reentry as presented by students.
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data at stage 3 of space station reentry as presented

by students.
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Appendix 6: Sample students’ group submission for their reflection and consolidation of
their learning journey and exit pass, using multiple representations (energy bar diagram,
diagrams and energy flow diagram)

Figure A6.1: Sample group work of students’ using energy bar diagram and checklist for consolidating learning. Left
picture: stage 1 of space station reentry and Right picture: stage 2 of space station reentry

Figure A6.1: Left picture: Sample group work of students’ using energy bar diagram and checklist for consolidating
learning at stage 3 of space station reentry and Right picture: Exit pass for the whole learning activity.

Appendix 7: Lesson plan

7: Lessn
Appendix sl o
appropriae) iy
‘appropriate)
(< where =
appropriate) MINS | TEACHING AND LEARNING ACTIVITIES | | it
MINS [ TEACHING AND LEARNING ACTIVITIES' RESOURCES
4
‘l i —|]Smuul-ﬂlhmmmm EREAC L
aro ablo o
4 10| andany s o s vatalomalion ol e
mins | and KE_ Students are abie o idealiy he forces 10 | Introduction (Framing The Learning) Video, whiteboards
10 | Introduction (Framing The L eaming} Video, whkaboards that are present (L., gravitational force). mins. ‘and markers
i and mar o|o|o
alole ) Succnss crtoia o nfomaton caphrd at
Energy cubes Poson 2 studerts e sl o e enrgy s . ‘sets the context for Tian gong 1 ey ees
¢ Toschorsas o oot Tonaong 1 E-nrx-u.-r'fmmm-mwmuu:- . Rmm;‘puummcoelnym Laminated LOLs.
. kit bavoon Tingonp 1 amd saroundeg * Student altative / quantitative.
‘Studantto be ghven quaitative | quaniative 10 | atmosphere. Stadents sre sbie 1o idently the data ot sense making 8.0 hioh lemperatura Handphones (2 per
dusing re-entry leading o voporisation of ‘groups) ming fuvuuhﬂam{'mla.mihu-d during re-entry leading to vaporisation of groups)
components. components
Uatsapp nstaled Whatsapp installed
acwrs apop 3) Sucoess ctriafo nformation capturod at installed on
Posion 3~ tuderts e sl o e energy s toachers lspicp
Hands-on / minds-on using multiple ‘energy bar 1o describe transfomation
e a0 KE (GPE = 0. just bafors it he round. and Hando-on/ minds-on
FRERE] 1o | KE & Qare maximum) Students are able fo representations
denty te forces thal are peesent e EREAE]
gravtational force and resstive forces
Usi o dagam LOL andenergy cubos
ey o m""‘ """Yd,,_, Mlmuwmmm!umm-snw Using energy flow diagram, LOL and energy cubes
gona ! from (1) poslon 1~ o et foedback (These are leachers bl 1o describe energy ransformation / transfer of Tian
Zinside the eyt ot mansat o chack i e et wal qnnglﬁnm(i)pmi outer space to
hits the surface of Earth. bout) 2 inside the atmosphere to position 3 just before it
Srudatsaro o make 80 ot snay bar 10 hits the surface of Earth.
demoncrate hatloll energy s conserved fom
atpostions 1, 2 and 3 will oo 133
e oo camara nd sred v
il osotatons o poions 1.2 043wl
‘Consolidating the L eaming umdwmhkmu
30| Checking ot of Checkistfacltated by eachers 2 |o|o whatsap web for class discussions.
min
‘Checking for Understaning via whitehoarding:
S st of s oo o
e neacion nerg anser e ks lce
s interaction between badies. and Checking for Understanding via whiteboarding:
Peboe (e Mo St & Lo et .
B CTxcineModes S & Loing Cotn

roup wodk: thik pei share, etc.
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2) Success crtena for Informabon captured at
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and energy bar 1o deacrioe transformation of GPE.
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1an gong 1 and sumounding
atmosphere. Students are abie 1o idenily e
grawtabonal force and

3) Sucoass crera fo nformation cagtured at
ble 10 use energy cubes

ooy 7 bar o descrioe yangtomaton o GPE
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Tt groups o presend o leacher o gve
foedback @ the groups
not manage o theckin Gurng the feacher walk

sse energy cubes
idensty the forces

that teachers dd

Students are fo make s=nse of e energy bar fo

‘Gemanstrate mat otal energy Is conseved from
"Hands-on / minds-on using multiole posiions 1103
representabons

ENENE]

Gonsolidating the Leaming
Using energy flow diogram, LOL and energy cubes 30 | Checking out of Checkistfaciitsled by eachers. 2 (oo
o descrbe enery anafomaion! snser of T mins
gong 1 fram (1) pesion 1 — outer space fo position Students need to know the limeframe of inlsrest
Sinedo e amesohero o poston 3 ot peere § e skech o iaeuet, e oo vsind
hits the surface of Eartn e nlracion ey st only ks place

Erere 5 nferachion betwe

Toloos & peset dutng nerachons and ranser

of energy
Energy representabons i posibons 1, 2 and 3 wil
be captured via mobie camera and shared via
ehatsa0p e for class discussions.
Checking for Understanding via whiteboarding:
1) Success ctera for nformation captured at ERENE]

Appendix 8: Learning activity to help students to make connections to their understanding of
motion of an object across the 3 topics of Dynamics, Kinematics and Energy.

Appendix 9: Student Survey

Student Survey 2018

‘COURSE INFORMATION
Title of session: Laws of Canseration of Energy:
using Energy Flow diagram,
Energy Bar Diagram and Energy
cube

A Study of Motions Using Kinematics, Dynamics and Energy
E.q Students can present their understanding of the motion of objects of interest for:

1. an object undergoing downward vertical motion under the achion of wesght in the presence
of air resistance;

2. for an object moving up an inclined plane under the action of an applied force in the

presence of friction.
Dynamics Kinematics Energy, Work & Power
1. Draw free body Describe the motion in | Describe in terms of energy

diagram toshow | terms of the acceleration | flow diagram, energy bar
all forces acting on | and/or velocity-time graph | diagram, energy transfer and
e body principle of conservation of
energy

~

Identify the
netresultant force
acting on the

body)

Student Survey 2019

EVALUATION FORM
(using simulation/model kits)

Title of Lesson(s) : Laws of Conservation of En
Bar Diagwm(LOL) and Eneray Cube
Dats(s) 30 May 2019

Eneray Flow diaqram,Ener

Datels] of session: 17 May 2018

class Code (if appicable]

Conducted by (delete occordingly):  Wir Yap Boan Chien and Mr
Donovan Lau

Failitator{s)

Name of Teacher(s): Mr Donavan Lau and Mr Yap Boon Chien

1 Piease give us your evaluation of the lesson by ticking the relevant box for every
ftem below.

raree [5] Diaree

Strongly Disagres.

Number of forms =20

Your feedback will assist us in future planning. A A D__SD L Mean
e | s won sz are conees sing i el o [ o o
50 Indicator = .39 Hands-on using modelswih discussion ingroups | 1 | g
(2) OVERALL FEEDBACK ON COURSE/WORKSHOP/SEMINAR/MASTER CLASS 1.2 | verfyteacners eacning mproves my understanang || il o | o |an
Ploas shadetck the cppropriats crck. of the acon 0%
1a | BRI my st ez omy T [
= = oy Do | Bgee | Sy | i rnilss el e o Sareywhat | ndersnse || it | o
mpree agree
T lzssan sctuities make it sasisrfor me to G
T3 [ esmbrter when essons 3 conducad uang R S v IR INENES [ e ] o | 0 [
models. w2o%) | E71%)
12 | Hands-on models with discussion in groups to verify 3 " 367 2 What are the sirengths of the lesson(s)?
teacher's teach; derstanding of the
o oINS IMproVES My ngSrstandine ° ° | | e + Through notes | can understand the lesson
|| esson. * Make the lesson more interesting
T3 | Explaiming my InGidU Eroup s SREers 1 T S ” 3% © leamloam better
groupjclass helps me to clarify what | understand/do ° wrn | 2o | saen * The demo was clear and easy to understand
not understand « Really encouraging
L2 | The lesson activties make F easier 1o me 1o 3 = 362 « Demonstrations
understand the general wave properties. @ @ (3813 | (519%) *  Easytounderstand
+ There were many hands-on activities which is whatl ike s itis easy for
] students ta remember
+4-Same strengths of the lesson: * The lesson s el conductec | ieamed ot fomtis lesson. teacher's
+ Ensazing and interesting explanitions ate i
»  Activities allowed more darification on issues faced and helps in understanding concepts . Hel ":“zy‘;:"d":!z
- Help me to understan
»  ble to understand/visualise better with the models e o isualise
+ a5y tofollow teachers mstructions Ao s e gy o
«  easier to cansolidate learning using the energy cube: . y to visualise and understand using the models
« Allows students to engage/participate actively * Enable students o visualise castly
2o + Itis casy to visualise
me ways that an « Understand befter
 More realife y cube (ather than . teresting, we can play with the cubes
+ Have competition between groups « By doing demonstration to make us understand more
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What are some suggestions for improvement?

Give more games activities

Demonstrations from the teachers.

Ho, itis good enough

There is nothing to improve on, everything is good
More demo

Can shorter the time

1'am not sure

Maybe the lesson time can be longer

More of these

More demo on energy cubes

Do not need. Good enough

Extend the timing. Have more demonstrations
More demonstrations

Nothing
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Appendix 10: Teacher Survey from CTLE Demonstration Classes (2018, 2020 & 2022)

Teacher Survey 2018

Teacher Survey 2020

{ealiated)
T Demarsraton Giass on anceptuol Approochin Teaching of Encrgy (1) COURSE INFORMATION & The faciltator s skiful at faciitating the ° ° 7 3 330
o 1oy 2018 participants’ learning. o | @o%)

Title of Course/Workshop/Seminar: Teaching Energy
9. | The course/workshop/seminar/master class ) ) 8 2 3.20
Date(s) 11 August 2020 I (0%) (20%)
ractices
Class Code: NIL i
. 10, | The duration of the Tooshort | Justright | Tos lon
o =T 2l il I —J Your feedback will assist us i future planning, course/workshop/seminar was sufficient to 1 x‘ 1 *
The sjective: of the warkanap were schisved. S ez Your feedback wil aaist s Infutue planring, meet the objectives of the (10%) (80%) (10%)
e learing esousocs supportcd me n my earring, o| °|* = —
of 10 = Jsefulness: 3.
1 can pply the deas/kromledge/skts leammed from the workshop | © Uatuness 337 1 which would ke o apply:
O £
[ —— o
== (&) OVERALLFEEDBACK ON COURSE/WORKSHOP/SEMINAR + Use o the cubetoreesin the esson onenergy.
T o B e o The cube for visual learning.
Please shade/tick the appropriate circle « Use of the cubes and chart
V would recommend the workshop to my collagues o °| 7 = e e e actides
P — T = e o e R e B e ey
T e objectves were shveved 5 - YT « Using of multiple representations n esson
The faciitatar iz shilfal st Facftating the participants leaming o 1" 22 et e © (60%) ao%) ’ « Use of energy cube to teach concept of energy conversion and
Too | Just | To 2. | The learning resources (25, videos, book o ° 7 3 330 conservation
sha [ rgh | on chapters, websites, notes, lsb protocals, etc) 0% | 0%
i supported me in my leaning
The duration of the workshop waz aufficent to meet its objectives s 3. | I can apply the ideas/knowledge/skills learnt o ) 6 4 3.40
from the course/workshop/seminar. (60%) (40%)
= - : Trros 3| The presentation was dar > B 5 3 340
Wtimodal represcrtators 0% | 0%
Enargyfow & |
Use of CoReindesign for understanding 5. [The course/workshop/seminar met my ) B 7 3 330
Using of energy cubes & Ensrgy Bar s L0L) learning needs. oon | mom
Linkingfree snd enerey |
Use of enerzy cube to quantify and slsa show the transfer/transformation of enery. 6. | 1 would recommend the ) o 7 3 330
s course/workshop/seminar to my collagues 0% | eow
J—— _
B i ot Comstmston ot Evres 7. The questions were adequately addressed. S s - 3 340
Use of muttipie representation to help students leam (60%) (a0%)
w01
The s of LOL and energy flow Gagram s epreseatation
£
Encrgy bar rather than cube
nteresing use of angang 1
energycube
Usageofthe cnergy cubes and bars o help with wiasalsasion
st of 01308 energy e
COURSE INFORMATION
Title of Session: Using Multiple Represantations 5 | The course  workshop | seminar/ master class helped me to 5 N 11 17 156
to Teach Energy- An Alternative refiect on my clasroom pramices. (35%) [61%)
Conceptual Approach The duration of the course/workshop/seminar/master cdlass =
. o 10 | was sufficient 1o meet the objectives of the @ z 5 = 330
Dateis) of Session: 21 April 22 courze/workshop, seminar/master class. (6%) {29%) =)
Class Code (if appiicable):
X . 3] OVERALL FEEDBACK ON COURSE/WORKSHOP/SEMINAR/MASTER CLASS [Onfine)
Conducted by (delete accordingly): MTT Pleasa shads tick the appropriats circls.
Facilitator(s): Boon chien, Siew Lin S o Coaree Werkehap e Wt O o— — 5
o ) Disagree Agres
vour feedback will assist us in future planning. PRl e — R " 7 " o
Mo of forms =28 [F2F) / 12 (Online) (8%} (58%) 33%) 2
Indicatar 2 | e learming resaurces {e.z., videns, book chapters, wetsites, R L 7 4 150
E—u Iness (25 3.50 rotes, b proweols, etz.] supported me in my leaming. (8%) 158%) 33%)
satisfaction (F2F): 3.58 3 | I can appiy the ideas/knowledge/ skills kearmt from the - o 0 z .
usefulness (online): 3.53 course/warkshop,/semirar/master clzss 183%) 7%}
Satisfaction (Online): 3.49 4 | The presentation was ° 1 El z 150
Weightad average: (3.60/28+3.58x28:3.52x12+3.4012)/[40x2) = 3.57 ©%) | (5% (7%
5 | T fworkzhap/o friater clzzz met my lezmi 10 1
[2) OVERALL FEEDBACK ON COURSE/WORKSHOP/SEMINAR/MASTER CLASS (F2F) T courselwerishoplreminarimaser dasmet mylesmig | o e | e | ww 343
Please shada/tick the appropriats circla. = = ! d
6 | | would recommend the course/workshop/seminar/master R E] 2 150
Comments on Course/ Workshop,/Seminar/Master Clazs Strongly | Disagree | Agres | Stromghy Mezn class to my collesgues. (B%) (75%) (17%) )
Disagree Agree 7 | The questions were sdequately addrezed. 1 Fl 3
1 | The objectives were achieved. - s 7 n 360 @ (8%) (67%) 25%) 352
(25%) 75%) N
8 | The facilitator is skilful 3¢ facilitating the participants’ 1 ] 3 155
2 | The learning resources (e.s., viceos, book chapters, websites, o 1 9 18 138 learning. @ (8%) 1575 [25%) -
rotes, 13 protocalz, etc.] supported me in my lesming. %) (22%) (67%) ;
5 | The course  workshap | seminar/ master class helped me to - o E] 2 150
3 | I can apply the idezs/knowledge/ckills bearmt from the o 2 1 17 336 reflect on my cizszroom practices. {75%]) 5%} )
course/warkshop/seminar/master class. (395) [61%) - 3 =
The duration of the course/workshop, seminar/master iass a R
4 | The presentation was dear. 5 o E] 18 350 10 | wes sufficient to mest the objectives of the ®%) | (75%) =
(32%) (65%) - courze/warkshop/seminar/master clasz. arE
5 | The course/worishop/seminar/master dass met my leaming - 1 3 18 150
needs. 56) (3% 167%) i
6 | | would the rkshop e 9 18
o o 363
clazz to my colleagues [32%) [63%)
7 | The questions were sdequately sdéresed. 9 18
a ] sz 8% 363
8 | The facilitator iz skilful 3t facilitating the participants’ 5 R 3 0 158
Iearring. (28%) [71%) !

some useful idea(s) from the course'workshop,/'seminar/master class which | would like to apply: (F2F]

*  How touse LOL

{Online)

»  Useof energy charts and energy cubes to help students understand ideas of enengy stores and

energy transfer
Energy cubes & LOL template

» The new idea of energy stores

# Very revolutionary ways of teaching energy.

» Using props like cubes to generate communications

#  Teaching energies in terms of stores and the different modes of representation
»  Thescenario cards are innovating.

The multiple representations for students to visualize and the LOL chart
»  Terms used in energy stores and how energy is transferred in and out of the system.
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11. some useful ideafs) from the course/workshop/'seminar/master class which | would like to apply:

Theidea of distinguishing batween energy stores and transfers.

The use of LOL and Energy cubes in my dasses in future once | have the tools.

The shift in terminalogy, the idea of transfer in and transfer out instead of transform/converted.
How to teach this using an online platform that could passibly do it without the toals .
Manipulative and scenario cards help to visualise the concapt during introductory phase of the

topic

Introducing students to different enargy representations in the form of energy stores

Use of energy cubes and energy analysis

The use of energy cubes combined with the Energy transfer cards
| like the physical movement of cubes to represant the movement of enargy
the energy cubes is a good demonstration that energy is conserved.

Different enargy reprasentations.
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