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Brain-Powered Science and 
the Australian Curriculum

In recent years, the Australian Federal Government has been working close-
ly with state and territory educational offices in an effort to implement a 
national curriculum for all Australian schools. This Australian Curriculum 
sets consistent national standards, in an effort to improve learning outcomes 
for all students, as well as laying the foundations for future learning, growth 
and active participation in the community.

Effective science instruction is crucial to all students, as the skills they 
learn and cultivate in the science classroom are not only important tools for 
use in other subject areas, but also in everyday life. The Australian Curricu-
lum: Science emphasises the need for students to apply their scientific think-
ing in all aspects of  their studies, encouraging exploration, investigation, 
observation and problem solving. The curriculum also prompts students to 
look back at the influence science has had on their own lives, as well as on 
society as a whole. Ultimately, the Australian Curriculum: Science is de-
signed to provide students with the knowledge, skills and reasoning abilities 
to make informed decisions not only about their own lives, but about global 
issues and concerns.

This revised Australian edition of  Brain-Powered Science features correla-
tions with the three strands – Science Understanding, Science as a Human 
Endeavour and Science Inquiry Skills – of  the Australian Curriculum: Sci-
ence, including various content descriptions for 31 of  the science activities. 
These content descriptions describe the knowledge, concepts, skills and pro-
cesses that teachers are expected to teach and students are expected to learn.

The Australian Curriculum content descriptions found in Brain-Pow-
ered Science are taken from Foundation (Prep, Reception, Kindergarten etc) 
to Year 12, but it should always be assumed that these are only a guide. 
While this book is designed for use with Year 6–12 students, F–5 Australi-
an Curriculum: Science content descriptions are also included to illustrate 
the appropriate prerequisite work that students should engage in prior to 
the meaningful review and extensions they will participate in subsequent to 
those year levels. These content descriptions mainly focus on the physical 
and chemical sciences, but many of  the lessons also draw strong analogies 
to biological science concepts.

While it is recommended that teachers use the science activities in this 
book with their Australian Curriculum: Science instruction, the activities 
featured in Brain-Powered Science can just as easily be used with other educa-
tional frameworks at the state or institutional level. For a full overview of  the 
Australian Curriculum please visit http://www.australiancurriculum.edu.au/.
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Activity 1

Expected Outcome
Teachers explore how teaching shares some attributes with a variety of other occupa-
tions; students consider their respective roles as learners; and both consider the recipro-
cal, interactive nature of the teaching-learning partnership by way of analogies (see pp. 
ix–x for a discussion of analogies). This mixer activity is designed for a group-learning 
context, though individual teachers can use it as a self-reflection activity.

Analogies:
Powerful Teaching-
Learning Tools
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Science Concepts
Other than modelling the science process skill of analogical reasoning, 
this activity is not intended to teach any specific science concept. This 
is the only activity in this book that is not based on a science discrepant-event 
activity that can be used with Year 6–12 students (although teachers may wish 
to use a modified form of  the activity with their students to introduce the idea of  
analogies and the need for them to be active learners). Analogies help explain 
non-observable, abstract or otherwise conceptually difficult concepts 
in terms of more easily visualised, familiar phenomena and processes. 
Historically analogies have played a critical role as provisional mental 
models to help scientists move beyond previous, more limited paradigms 
(e.g. consider the historical evolution of increasingly sophisticated 
atomic models from the indivisible, uniform density, billiard ball atoms 
 plum pudding  solar system  quantum mechanical wave/
particle duality – all models for what we thought atoms “looked like”). 
The popular writings of modern-day scientists-authors-teachers such 
as Isaac Asimov, Richard Feynman, Stephen Jay Gould, Stephen 
Hawking, Carl Sagan, Lewis Thomas and Edward O. Wilson are also 
replete with analogies (e.g. “think of it like this … ”, “this is similar to 
that because … ” and “picture it like … ”).

Science Education Concepts
This activity models the use of  analogies as both a probe to activate 
and assess student understanding and a concept-building tool to ex-
tend students’ prior knowledge. In this activity, the focus is on the 
interactive, reciprocal nature of  teaching and learning and the related 
implications for curriculum, instruction and assessment.

Analogies provide a type of  cognitive scaffolding that builds bridg-
es between familiar, known concepts (analogues) and unfamiliar or 
unknown ones (targets). This is done by explicitly constructing links 
between the concepts’ shared attributes (i.e. structural and/or function-
al properties). This process of  constructing links is called mapping. 
Analogies can be used as internally visualised, as externally verbalised 
constructs, as external visual images and/or as actual physical models.

Textbooks commonly use a limited number of  analogies (e.g. cell: 
city; electrical current: water flow in pipes; atoms: billiard balls), typi-
cally without highlighting the dissimilarities (or unshared attributes) be-
tween the analogue and target. This pedagogical omission, along with 
the selection of  analogues that are not well understood by students or 
are not well articulated in the lesson, can actually create misconcep-
tions and leave students with “one more meaningless thing to memo-
rise”. Conversely, well-selected analogies are a powerful pedagogical 
tool that can help students visualise and comprehend abstract con-
cepts and develop the metacognitive skills and dispositions to generate 
their own analogies. Whether teacher- or student-generated, analogies 
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can motivate students to recall, retrieve, report, refine and/or recon-
struct their prior conceptions in terms of  more scientifically accurate, 
explanatory models (i.e. they learn to think more like scientists).

Australian Curriculum Connections
The use of  analogies in the science classroom directly correlates 
with the Science Inquiry Skills strand of  the Australian Curriculum: 
Science:

Science investigations are activities in which ideas, predictions 
or hypotheses are tested and conclusions are drawn in response 
to a question or problem. Investigations can involve a range of  
activities, including experimental testing, field work, locating 
and using information sources, conducting surveys, and using 
modelling and simulations. The choice of  the approach taken 
will depend on the context and subject of  the investigation. 
(ACARA 2014)

The “context and subject” of each science investigation is vital, as 
it can help students ground new or difficult scientific concepts in a fa-
miliar setting. By using analogies, the teacher is presenting the subject 
matter in a way that is already familiar to most students, helping to 
conquer early misunderstandings or misinterpretations of the material.

Science understanding is evident when a person selects and 
integrates appropriate science concepts, models and theories 
to explain and predict phenomena, and applies those concepts, 
models and theories to new situations. Models in science can 
include diagrams, physical replicas, mathematical representations, 
word-based analogies (including laws and principles) and 
computer simulations. (ACARA 2014)

The use of  analogies in the science classroom addresses aspects 
of  all three strands of  the Australian Curriculum: Science, and will 
help to establish a strong basis for learning as students move through 
their science instruction.

Materials
  One card for each learner
  For Method A or Method B in Procedure step #2: Prepare 

the cards ahead of  time by using the table “Sample Analogies 
for the Interactive Nature of  the Teaching-Learning Process,” 
page 10. Select one occupation from the left-hand column and 
write that word on each of  the cards (use from three to five 
cards). Then select a second occupation and write the word 
on the next set of  three to five cards and continue this until 
you have enough card sets for your overall group size. A com-
plete class set might consist of  four or five different occupation 
analogy cards.

  For Method C in Procedure, step #2, cards are not needed.
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Möbius Strip:
Connecting Teaching 
and Learning

Expected Outcome
A thin strip of  paper is twisted 180 degrees and taped end-to-end to form a strip 
that surprisingly has only one continuous surface (rather than two sides). The 
strip’s length is double that of  one side of  the original strip.

Activity 2

© H
aw

ke
r B

ro
wnlo

w E
duc

at
ion



Activity 2

14 NST0805 • 9781760010805 • © 2015 Hawker Brownlow Education

Science Concepts
A Möbius strip is a non-orientable, two-dimensional surface with 
only one side. The one-sided nature of  the Möbius strip is an exam-
ple of  an emergent property (i.e. a property that is found in a system 
as a whole, but not in any part of  the system). The Möbius strip 
serves as discrepant paper-and-pencil puzzle entry into scientific in-
quiry (“What will happen if…”). It also models the nature of  science 
(NOS) as an empirically based but creatively driven process. The 
Möbius strip can be used as an introduction to topology – the mathe-
matical study of  properties that are preserved through deformations, 
twisting and stretching of  objects.

Science Education Concepts
Teaching is an interactive process designed to activate attention and 
catalyse cognitive processing in one or more learners. While we can’t 
“learn a student”, we can teach a student and become a learner our-
selves at the same time. This topological puzzle serves as a visual 
participatory analogy (go to p. ix for a discussion of  this term) to chal-
lenge teachers to reconsider the connection among their curricular, 
instructional and assessment plans; implementation efforts; and ef-
fect on learners.

This puzzle also introduces the predict-observe-explain (POE) ap-
proach to teaching with discrepant events (discrepant events is discussed 
on p. ix. Activities #2–#33 in this book are all based on discrepant 
events). Students “playing” with this simple, hands-on-exploration can 
be challenged to think about how learning requires minds-on effort 
on their part. They need to exert this mental effort if  they are to inter-
act with the phenomena and ideas introduced by their teacher. Both 
teacher and students should see the need to stay connected with – and 
provide feedback to inform and to teach – each other.

Australian Curriculum Connections
The requirement for students to commit their full attention and men-
tal exertion to their science instruction correlates directly with vari-
ous aims of  the Australian Curriculum: Science. These specific aims 
hope to ensure that students develop:

• an interest in science as a means of  expanding their curiosity 
and willingness to explore, ask questions about and speculate 
on the changing world in which they live

• an ability to communicate scientific understanding and findings 
to a range of audiences, to justify ideas on the basis of evidence, 
and to evaluate and debate scientific arguments and claims

• an ability to solve problems and make informed, evidence-
based decisions about current and future applications 
of  science while taking into account ethical and social 
implications of  decisions (ACARA 2014)
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Encouraging students to fully engage with this simple task pre-
pares them for more intense lines of  thinking in later years, and gives 
them practice in discussing their thoughts and ideas with their teach-
er in a safe classroom environment early on.

Materials
  Transparent tape
  Scissors
  A 3 cm wide × 27 cm long strip of  paper for each learner. Pre-

pare these strips by photocopying on one side the following 
(including arrow line) TEACHING ---------------------------------

  On the reverse side, photocopy upside down but with the ar-
row pointing in the same direction (when viewed through the 
topside to the backside) LEARNING -------------------------------

  Note: A font size of  50–60 pts. (Times New Roman) will fit on 
a 3 cm long strip of  paper. An A4 sheet of  paper can hold 6 or 
7 such strips. Alternatively, construct the strip using the words 
OBSERVATION  THEORY  (include the arrows) to em-
phasise the interaction of  these two elements in the nature of  
science.

  Optional music: “Circle of  Life” from the The Lion King or other 
songs that feature the ideas of  cooperation and community.

Points to Ponder
Teaching may be compared to selling commodities. No 
one can sell unless someone buys. We should ridicule 
a merchant who said he had sold a great many goods 
although no one had bought any. But perhaps there 
are teachers who think they have done a good day’s 
teaching irrespective of what pupils have learned.
—  John Dewey, philosopher and educator (1859–1952) in How 

We Think

The strangest and best thing about teaching is that a 
seed dropped into what looks like rocky ground will 
often stick and take root gradually, and spring up years 
later … still carrying the principle of life … The best 
kind of teaching … stops being the mere transmission 
of information and becomes the joint enterprise of 
friendly human beings who like using their brains.
—  Gilbert Highet, writer and academic (1906–1978) in The Art of 

Teaching
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