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This series reflects the dual scientific and artistic nature of science
teaching and is based on the following premises that bridge the gap between
educational theory and practice:
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1. Although cognitive learning theory and the neurobiology of emotion,
perception and cognition are in the infancy stages of development,
the foundation for a science of interactive-constructivist science teaching
has been set and is ready for use. Teaching-learning is an interactive
process with respect to studentÅÆteacher, studentÅÆphenomena and
studentÅÆstudent encounters. It is a constructivist process of learnercentred conceptual construction (rather than transmission, reception
and absorption). Given research on the science and art of science
teaching, we no longer need to simply wait for great teachers to be
born. Whether we are preservice student teachers, novice practitioners,
competent experienced veterans or master teachers, there are best bet
steps we can take to enhance our pedagogical content knowledge (PCK)
and skills (Cochran 1997; Hagevik et al. 2010; Shulman 1986, 1987).
And as we grow as professionals, we become more effective at helping
our students develop as self-directed lifelong learners, our classrooms as
collaborative learning communities and our schools as exciting learning
organisations.
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2. Learners’ often somewhat hidden prior conceptions need to be activated
and challenged (Driver, Guesne and Tiberghein 1985; Driver et al. 1994;
Mintzes, Wandersee and Novak 1998, 2000) so valid precursor ideas can
be built on and extended, misconceptions can be clarified (see Appendix
A), experiential and conceptual holes can be addressed, and learners can
be deeply engaged in the fun work and hard play that is learning at its best.
Analogically, learning can be viewed as an act of continual collaborative
conceptual construction, renovation/remodelling and expansion, where
what the learner already knows (or believes to be so) influences how
educational interventions are perceived and re-conceived. Experientially
based teaching intentionally nurtures metacognitive awareness by
encouraging productive conversations between learners’ prior conceptions
and new experiences. Discrepant-event activities are powerful pedagogical
tools in that their unexpected, initially anomalous outcomes stimulate
the senses, catalyse conversation (both internal and external) and excite
exploration that leads to conceptual conflict resolution.

x

3. Teachers play a central, catalytic role in student learning as mediated by
more than their professional passions and idiosyncratic personalities.
Teachers design, implement and revise unit-level teaching cycles and
yearlong and multi-year learning progressions that address the following
questions: (a) Where do we want our students to travel? [curriculum
standards] (b) How can we best help them get there? [instructional
strategies and sequences] (c) Where are our students relative to the
target destination at any given point in a unit? [assessment system of
NST0935 • 9781760010935 • © 2015 Hawker Brownlow Education
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curriculum-embedded diagnostic, formative and summative metrics]
(d) Based on this continuous cycle of “intelligence gathering”, what
curricular and instructional adjustments are needed to scaffold and
support student learning? Curriculum-Instruction-Assessment (CIA)
is an integrated system with both feedback (within a given unit) and
feed-forward loops (that project into subsequent units); they are not
separate functions performed in a consecutive linear sequence without
input from changing circumstances (Enger and Yager 2001; Liu 2010;
Mintzes, Wandersee and Novak 2000). Effective CIA focuses on
“big ideas” and is somewhat holographic in that each individual
learning activity, lesson and unit contains elements of the whole.

n
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4. “Teachers tend to teach as we were taught” is a positive, promising
statement if:
we “stand on the shoulders of giants”, including our own exemplary
former teachers and models from the history of science

•

we become lifelong learners who engage in continual, collaborative
professional development by learning with and from our science
department colleagues, networking with teachers outside our school
and participating in professional associations that promote researchinformed best practices

•

we use our classrooms as action research labs and invite peers to join
us in job-embedded professional learning communities and critical
friends groups that collaborate on the design, implementation and
evaluation of educational experiments (Coalition of Essential
Schools Northwest n.d.; DuFour and Eaker 1998; Mundry and
Stiles 2009). Effective teachers, departments and schools reflect
on their actions (Schon 1983; Appendix B in this book). Critical,
collaborative analysis of our educational practices enables us to
articulate and reform our often unexamined pedagogical theories
in action. Rather than regression to the norm that spreads average
practice, enculturation of new teachers and revitalisation of
experienced ones should cause progression to best practices that
continuously challenge individual and institutional inertia.
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With these premises in mind, this series features science discrepant-event
activities as instructional activities that can be used for two distinct, but
linked, purposes. First, the activities serve as model inquiry-oriented science
lessons for use in preservice teacher education classes, in-service professional
development settings and the teachers’ own Year 6–12 classrooms. Whether
done as a hands-on exploration (HOE), interactive demonstrationexperiment or a data-based discussion, a discrepant event’s surprising, often
counter-intuitive, outcome creates cognitive disequilibrium that causes
learners to turn over or “HOE the ground” of what they already know
(or what they believe to be so). Anomalous outcomes generate a need to

© 2015 Hawker Brownlow Education • 9781760010935 • NST0935
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Potentially Energise “You CAN Do”
Science Attitudes
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Expected Outcome
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Two seemingly identical opaque cans are set against each other in a race on a
flat surface. Initially, both cans behave as expected as they roll in the direction
in which they were pushed. However, the Comeback Can slows down more
quickly than the other and then, most surprisingly, rather than coming to rest, it
stops, reverses direction and returns to the instructor.

© 2015 Hawker Brownlow Education • 9781760010935 • NST0935
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Learners predict-observe-explain the rolling behaviour of the two
cans in terms of kinetic and potential energy conversions and
friction. The internal “black box” system of the discrepant can
is investigated via hands-on explorations (HOEs) that include
designing, constructing and testing models that lead to a better
understanding of the nature of science (NOS). When a Comeback
Can is rolled in one direction, the suspended weight will cause the
rubber band to “wind up”, storing potential energy for subsequent
release as the can comes to a stop and reverses direction. A welldesigned, partially pre-wound can will, when pushed away, readily
return to a point behind its initial release position on a flat, horizontal
surface. If oriented properly, the can will even be able to climb up a
slight incline when released without pushing.

n

Science Concepts

Science Education Concepts

Australian Curriculum Connections
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This homemade science toy serves as a welcome-back activity to
reconnect with teachers at the start of a second class or an ongoing
professional development series (or from a break during a long
session). It is a both a visual participatory analogy and a prop to
emphasise how simple interactive experiential learning activities CAN
have students COME BACK to science class with anticipation and
later leave with regret (versus coming back with regret and anticipating
leaving). Teachers also consider the analogy of their work as a race in
which they sometimes need to slow down and perhaps even reverse
direction to maximise students’ learning outcomes.
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Take care to avoid
contact with any
sharp edges.

4

The following Australian Curriculum: Science content descriptions
can be addressed using this activity:
• A push or a pull affects how an object moves or changes shape
(ACSSU033)
• Forces can be exerted by one object on another through direct
contact or from a distance (ACSSU076)
• Change to an object’s motion is caused by unbalanced forces
acting on the object (ACSSU117)
• Energy appears in different forms including movement (kinetic
energy), heat and potential energy, and causes change within
systems (ACSSU155)
• The motion of objects can be described and predicted using the
laws of physics (ACSSU229)

NST0935 • 9781760010935 • © 2015 Hawker Brownlow Education

Comeback Cans

Some students
may have peanut
allergies, so make
sure jars are
cleaned thoroughly
before using.
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• The can used as a Comeback Can also needs an approximately
6 cm wide × 7–10 cm long rubber band, a piece of thread (or
twisty tie or pipe cleaner), and several 20–80 g weights (e.g.
heavy hex nuts).
• The second can is left empty (i.e. no internal energy storage
mechanism). If desired, larger (e.g. paint) or smaller (e.g. baking powder) cans or see-through, uniform diameter, empty,
clean plastic peanut butter jars can be used for student models
as a transparent model that reveals the “answer”.

n

• Two identical empty canisters such as standard 500 g coffee cans.
• Each can needs two plastic lids and two 50 mm paperclips.

Safety Note

at
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Materials

w

• A ball or level can be used to determine that a tabletop is flat or
horizontal (a slanted or inclined plane would cause even an empty
can to roll backward).
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A simple Comeback Can may be constructed in the following
sequence:

ro
w

1. Drill (or poke) a hole in the centre of both the metal bottom and
a plastic lid of a coffee can that is large enough to push a rubber
band through.

rB

2. Attach the weights to the middle of the rubber band with a piece
of thread or twisty tie.
3. Insert one end of the rubber band through the open end of the can
and secure it on the outside metal end with a 50 mm paperclip.

ke

4. Stretch the opposite end of the rubber band through the inside of
the can and out through the plastic lid.

Safety Note
Teacher should
check these
materials for safety.

5. Secure that end with a second paperclip.
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6. Place a second plastic lid on the other end of the can with the
metal bottom (so the can is balanced and rolls straight). Duct
tape or paper can be used to cover the two ends so the inside
mechanism is not visible. For visual effect, the cans may be
decorated with reflective wrapping paper if desired. See Internet
Connections for alternative designs. Note: If the activity is done
as a student team design, construct and test project, students will
need to bring in their own materials or the teacher will need to
provide the materials.
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5

Activity 1

at
io

The aim of science is to seek the simplest explanation
of complex facts … the guiding motto in the life of every
natural philosopher should be, “Seek simplicity and
distrust it”.
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Points to Ponder
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– Alfred North Whitehead, mathematician and philosopher
(1861–1947)
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In the matter of physics, the first lessons should contain
nothing but what is experimental and interesting to see.
A pretty experiment is in itself often more valuable than
twenty formulae extracted from our minds.
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– Albert Einstein, physicist (1879–1955)
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When Working With Teachers
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1. Welcome the teachers back from a break or previous session, and
acknowledge their willingness to critically examine previously
unquestioned answers about how to learn and teach science.
Briefly note how the context of public accountability has many
teachers feeling as if they are in a race in which their curriculum
and instruction are inappropriately pulled by high-stakes, stateimposed assessments. Suggest that research-informed teaching
practices internally align the separate CIA elements to be
mutually reinforcing so that the metaphor of the cart (testing)
before the horse (teaching) loses its negative connotation (see
Activities #11 and #22). Use Einstein’s quote to encourage
teachers to reconsider the analogy of CIA as a race to cover
content without first stimulating student interest and curiosity
via engaging experimental phenomena.

6

2. Ask for a volunteer to assist you and give him or her a can
that appears externally to be identical to yours (but lacks the
internal energy storage system of your Comeback Can). Roll the
cans parallel to each other (on the floor or a long table) in a
race in which the volunteer’s can goes further faster, while the
instructor’s can moves forward more slowly, then stops, reverses
direction and moves backward (it will even pass the point of the
initial release if it was pre-wound). If time and interest permit,
discuss the science via the inquiry questions listed in the When
Working With Students section before proceeding to the When
Working With Teachers section under Debriefing.
NST0935 • 9781760010935 • © 2015 Hawker Brownlow Education
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This activity can be used either in a unit on the nature of science or
as an Engage-phase activity in the 5E Teaching Cycle on energy and
motion that could culminate in students’ testing commercial toys
or designing and testing their own motion toys (see Extensions).
Students also can systematically play with related computer
simulations (see Java Applets on Physics and PhET in the Internet
Connections). Discuss the paradox in Alfred North Whitehead’s
quote on page 6.
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When Working With Students
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1. Spring-Powered Toy Cars: Toy shops sell a variety of cars that
operate in a similar fashion to the Comeback Can. The highestquality ones (e.g. German-designed, spring-powered Darda
cars and track system that are available from a variety of online
sources) can be used for high-level quantitative play in secondary
school physics classes when studying kinetic ÅÆ potential energy
conversions and amusement park rides. (Note: Search the web
for “amusement park physics”.) These accelerating toy cars can
be contrasted to battery-powered toy cars that travel at constant
velocity. Alternatively, students may wish to take apart toys for
young children that store and release energy in interesting ways.

rB

2. Smooth Sailing Science With Homemade Hovercrafts or Toy Air Pucks:
Use homemade or commercial toys to explore questions such as
these: How can a system in equilibrium be either at rest or in a
state of non-accelerated, constant velocity motion? Where can
one observe straight-line, constant velocity motion?
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A toy hovercraft or battery powered air puck can be pushed
across a long table or clean tile floor to demonstrate Galilean
motion under reduced surface friction (of course, air resistance
is still a factor). Measuring tape and stopwatches can be used
to make quantitative measurements for graphical analysis.
Construct a small, non-latex-balloon-powered homemade
hovercraft by drilling a hole in the centre of a plastic bottle cap
and gluing the cap, open end down, to an old CD. See Amateur
Scientist in the Internet Connections for a large, rideable version.
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3. Can-Rolling Competitions:
a. Race three identical-size cans of soup – one a liquid broth,
one a liquid with chunks of vegetables and meat, and one a
cream-type soup – down an inclined plane or plywood ramp.
Explore concepts such as the effect of mass on rate of fall,
translational versus rotational kinetic energy, moment of
inertia and internal friction.
NST0935 • 9781760010935 • © 2015 Hawker Brownlow Education

