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-

-

Over the past 3 years I have developed a method at 
our local primary school for teaching kids advanced 

usually leave till years 10 and 11. This programme has 
been recently covered by ‘The Australian’ and the ABC 
7:30 Report.  
I have been privileged enough to teach alongside a 
dedicated and informed, though non-specialist class-

school students.  In the process Adrian has also ad-

openly supported the introduction of this innovation into 
his school.

understand atomic theory, they can then tackle the 
“branch” subjects of biology, geology, genetics, and 

learning progression that students can build upon over 
time. They can return to it throughout their schooling 
and build more elaborate conceptual versions as they 
mature. (I think this is called “spiralling” in education-
speak.)  Importantly, students can then connect their 

-

-
-

the universe’s alphabet at the same time?  

-

formulae of important common substances such as 

acids.  Apart from playing a key part in chemical theory, 
these special molecules are important in our everyday 
lives, and a couple of them play a centre-stage role in 

is earth’s principal greenhouse gas).  Furthermore, they 
understood these formulae in terms of the electron con-

They comprehended that electron quantum leaps be-

emission or absorption of light.  They also constructed 

-
covered by themselves that some molecules can be 
cyclic in structure.  

broken and reformed in chemical reactions.  They de-
veloped the concept of a balanced chemical equation 

-
evant to Queensland as an energy state. 

Developmental Stages
-

dents to handle atomic structure (protons, neutrons, 
electrons, nucleus and electrons shells).   Atomic struc-
ture is normally delayed and separated from teaching 

perspective, atomic structure precedes the other con-

found it surprisingly easy to understand because they 
-

formation of covalent and ionic bonds makes more 
-

Credit: ABC 7:30 Report
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pushing the boundaries of teaching atomic theory, so 

seems out of the question in current pedagogical cir-
cles.  Piaget’s developmental stage theory might ac-
count for much of the collective conviction to constrain 
teaching advanced conceptual science early in school, 

-

-
erational and concrete operational stage pigeon holes, 
and learning 10th century science.  In spite of this, kids 

from TV, video games, internet searches and possibly 
discussions in the playground than they are from the 

as the taboo subject in early educational curricula?  My 
anecdotal observation is that kids already arrive in early 

notions about atoms, molecules and DNA from CSI and 
-

ing this incidental learning, and others see concepts 
of atoms and molecules as contemporary cultural arti-

and molecules that kids bring into the classroom are 

more accurate concepts.  

92 Kinds of Atoms

This turned out to be counterproductive because the 

moved on quickly to discuss the 92 different types of 

their minds.

-
-

tion of the atomic number as equating to the number of 
-

to rank elements, and to group them into families and 
posit periodicity.

the different kinds of atoms from the lightest atom (hy-
drogen) to the heaviest (uranium), and number them 
from 1 to 92, then those numbers are called the atom’s 
atomic number.  The atomic number is just a statement 

This is its symbol.

Scientists have noticed that some elements have some 
properties in common, and so put them in vertical 

and heavy elements, like hydrogen and helium at one 

they handled the elements they got an immediate “feel” 

position in the Periodic Table.  
Visit 
for a 10-minute introduction of atoms and elements that 

-
ity” i.e. unique set of properties.  One of the activities in-
volved students recording the state, colour, shininess, 

Microscopic & Macroscopic

microscopic (atomic) and macroscopic (elemental) 

mulling over this notion of scale informally, and they 

quadrillions of incredible tiny particles observed in their 

single invisible atom.  Connecting the microscopic and 

microscopic atom of carbon, or a macroscopic sample 
of the element carbon. The element carbon may be 
black in colour, but is a single atom of carbon black?  

early and makes future discussions clearer.
To underline the importance of the microscopic/macro-

-

Credit: ABC 7:30 Report
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the other end of the microscope, and some students 

-

Repeating the process, the students then imagined di-
viding a micrometre into a thousand even tinier lengths.  

about 1/2 to 1/10th of a nanometre in diameter.  This last 
method had the advantage of introducing formal micro-
scopic units of measurement-  the micrometre and the 
nanometre.  It also launched interesting class discus-
sions about nanotechnology, molecular machines and 

-
mentaries that many students had seen.  

-

--> millimetres) then proceeded to an abstract mag-

-

-

invisible to the eye.

Which model of the atom to use?

the planetary model, the hard sphere model, or the 

the class a 30 cm high model of a dinosaur, and asked 

plastic.  The kids then quickly corrected themselves 

-
er model of the skeleton of the same Brontosaurus, to 
make the point that different models of the same object 

-

study the outside or the inside of the dinosaur.

developed an “inside” model of the atom (protons, 

atom using polystyrene balls to represent the hypothet-

atomic structure teaching materials involving spinning 

but that they spent most of their time near a particu-

about this, and students seemed to accept the model 

an attempt to resolve any conceptual roadblocks.  The 
-

position of the electrons, it parallels the energy of elec-

lifestyle, it does possess a precise quantum energy 

the accompanying energy emissions or absorptions, 

-

encourages students to develop plasticity in their use, 
both in terms of scale and meaning. Scientists do it all 

Atomic Structure

move quickly or risk boring them as they considered 
this to be repetition. The charges on each sub-atomic 

Credit: ABC 7:30 Report
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“bought” by them after the activity involv-
ing electrostatic charges, using a charged 
plastic ruler to manipulate a small piece of 

-
es repel and unlike charges attract, and 

-

also that unlike magnetic poles attract and 
like poles repel.  There is an opportunity 

The relative masses of the sub-atomic 
-

tioned it in passing as the charge is the most impor-
tant sub-atomic particle property at this stage of their 
concept development.  After all, it is the charge that 
determines the elemental identity and its chemical 
behaviour.  

-

mentioned that, because protons both carry positive 

stave off the repellent forces to keep them apart and 

-
gic decision to remove the role of neutrons from further 
models from this point in time, until a later point in their 
conceptual development (indeed, a later year) , as stu-
dents could then focus on the electrical aspects that 
determine the layout of the Periodic Table.  This simpli-

-
dents to consolidate the principles of electron transfer 
and sharing in more depth.

around the nucleus), but the rules of electron occupan-

-

-
denses the disparate aspects of atomic theory into a 
simpler, coherent system.  This also demonstrates one 
of science’s most majestic characteristics- the search 

Periodic Table
Once atomic structure is understood, the periodic rable 

-

number of electrons in each shell, and the groups cor-
respond to the number of electrons in the outer electron 
shell.  Trends can also be discussed, like the increas-
ingly metallic properties of elements to the left of the 
Periodic Table.  

achievement, and it is a false economy to separate and 
delay the connection. This is like a universal key that 

arrived at this intellectual milestone.
Visit  
to see a 2-minute animation making the connection 

-

-

It became a badge of honour that our students learn 

fact, even the younger siblings of class members are 

Covalent and Ionic Bonding

sharing to form covalent bonds, because I thought it 
-

scape (and because I rarely picture covalent bonds as 

much like you put a comma after a phrase in a sen-

-
nection before moving formulae.  He turned out to be 
right, and the students could see the basis of covalency 

The Periodic Table - Edited with class by Ian Stuart
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-

-
dent asked if the outer electrons could be shared in 

covalent bonding?  This opened up the topic of elec-
tron transfer - a thief atom and a victim atom - and the 
conversion of neutral atoms into positive and negative 

-

-
-

scopic level by discussing ionic lattices and the fact 
that all ionic substances are solids, electrolytes, etc... 

from the above treatment of atomic structure and elec-

of chemical formulae to covalent bonding in molecu-
-

-
ing rule” method of determining a formula.  
An early analogy to represent a molecule and formu-

-

-
sulting in a “molecule” or HuD2.

and convert structural formula into molecular model 
versions, and vice versa. Double bonds, triple bonds  

model constructions, and eagerly sought teacher feed-

stepping stone to move to polypeptides and other poly-
mers. This could have been done at this point in time, 

-

-
-

dents that it contained H2 molecules, and outside in the 

-

-

-

molecules as the products of the reaction. 

models they handled to represent the chemical change.  

-

rules and conservation of mass in their rehearsed ver-

H2   +   H2    +    O2     
reactants    

--> H2O     +     H2O
products

to condense multiple formulae of the same molecule.  

chemical reaction is the one that propels rockets 

2H2    +    O2     
reactants    

--> 2H2O
products

to take a break and optionally delay this section till a 
later year.  
Teaching materials

Chemical Reactions Credit: ABC 7:30 Report
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My career has been spent teaching at year 11 and 12 

-

both these aspects into account, so focused rotation 

progressing along the designed conceptual path.  As 
a result I spent several years developing cute contrap-
tions in my garage before testing them in situ.  Many 

the classroom’s natural selection process to create 

enrich this curriculum unit for young minds.  Most con-
ceptual steps are thus accompanied by one or more 
hands-on activities and/or demonstrations.
These teaching materials can be replicated by other 

effort required for their construction. Once assembled, 

enough to use for many years. I can provide advice 
-

ing hours of trial and error.
Here is a list of successful teaching materials devel-
oped at this point in time:

Collection of elements for observation:   H, He, C, 
Mg, Al, Si, P (red), S, Ti, Cr, Mn, Fe, Co, Ni, Cu, 

e.g. C, Al, Fe, Cu, Pb Co, Ni. Some can be pur-

scouted around Australian tertiary and commercial 
-

and gold bullion at spot prices from Ainsley Bullion 

au.  Although costly, they are also an investment 
hedge against future central bank money printing. 

through them. Of course, risk assessments needed 
to be completed, and appropriate storage found.]

of the Atom activity, and a set of plastic rulers and 

copyright licence (Attribution-Non-Commercial 
-Non-Derivative).
Animation connecting atomic structure to the 

.
Beginning of a set of videos to back up the class-

be re-edited for better sound.  Other videos in pro-

Structure” , “The Periodic Table” and “Chemical 
Bonds”, “Chemical Reactions” and “Chemical 

Plasma Ball for emission of photons due to quan-
tum leaps demonstration.

demonstrate the concept of a model.  

board to demonstrate chemical reactions.
Magnesium ribbon and holder to demonstrate 

laboratory supplier.

-
loon (see previous photo).  I purchased the per-

to hold it upright.
Class set of test tubes, test tube racks, test tube 

-

laboratory supplier.

atom models to form molecular models. The ad-
vantage of this design over the traditional Molymod 
design is that the magnetically connected bonds 
better mimic the attraction-at-a-distance character-
istics of electrically formed covalent bonds.  The 

a “feel” for the effort required to pull bonds apart 
(requiring energy) and the spontaneous manner of 
bond formation (releasing energy).  This prompts 
the topic of energy transformations during chemi-
cal reactions.

Assessment
After teaching year 12 Chemistry and Physics for 

Atomic structure wire circle models  
with protons and electrons
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-

of mostly formative testing instruments, including the 

selection tasks (true/false and multiple choice).

and sometimes collected for appraisal.

performance tasks, including the observation of 
elements by recording colour, lustre, magnetism, 

-

-
lecular models from atomic components based on 

-
um ribbon to a test tube containing 0.1M HCl, then 
testing the evolved gas as hydrogen.

-

(Student has created a molecular model of butanoic 
acid.)

this molecule?

atoms.

2 spaces for sharing electrons.

Opportunities
It is thrilling to discover that early primary school kids 

offer.  

microscopic - until years 9 and 10, and then only 

and/or Physics, and, as most students do not choose 
these subjects they miss out on any detailed coverage 

much of their Biology relies.  

or 7 years compared to the Australian Curriculum, and 

then it treats it in more depth and breadth.  
From another perspective, the course can be consid-
ered to be complementary to the Australian Science 

students of this course could make the connection be-
-
-

them.  This connection could be made for most topics 

treated as a “bolt-on” course.  

curriculum.

of intellectual capital in our nation’s young people and 
prepare our country up for a future of innovation and 
productivity. 
The broader task is to introduce atomic theory in all 
Australian primary schools. Our main strategy is to in-
troduce it into individual schools and hope it spreads 
and reaches a critical mass.  A number of schools have 

-
ful thing by teaching these concepts to their students, but 

Novak, an American academic, performed controlled longitu-

molecular concepts not only do better in science throughout 
-

ceptions in science. For more details about teaching molecu-
lar concepts in the early and primary years, see the article 

-

Magnetically connectable atom models  
to form molecular models
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Proudly presented by STAQ
Gain expert knowledge from keynote speakers 
Associate Professor Jim Watters, Faculty of 
Education, QUT and Associate Professor Elizabeth 
Coulsen, Queensland Brain Institute, UQ.

Participate in several workshops presented by 
experienced educators and researchers in science 
education at the primary level. 

Visit trade displays, network with experienced 
colleagues and enjoy the atmosphere of 
Queensland’s premier conference for primary 
teachers of science.

What: Science is Primary Conference 

When: 23 March 2013

Where: Holland Park State School, 

59 Abbotsleigh Street, Holland Park

Time: 8am - 3pm

Other: For more details, visit staq.qld.edu.au or 
scan this QR code:

Ticket prices:

STAQ Members: $99 / $49

Teachers: $109

Pre-Service Teachers: $59


