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Very simply, any pedagogical model (P-model) applied to the learning of science should:
1. Be easy to learn.
a. It should require the least possible student effort
b. provide the greatest possible accuracy of student reproduction
c. contain within itself the smallest possible set of structural errors.
2. Accommodate a wide spectrum of students in a given class.
a. Students differ in ability, age, previous achievement and future learning.
b. A pedagogical model should be within reach for most students within the class.
c. A P-model should enable each student to make progress, no matter their starting point.
3. Advance every student’s capacity to explore.
a. No matter their position on the spectrum, all students are driven to explore
b. Student’s own questions, investigations about chemical behaviour are supported.
4. Be scientifically tenable.
a. At the very least, it should have fewer errors than the B-R and Lewis models.
b. It should match the largest possible set of explanations of more advanced theories.
c. It should not contradict more advanced models, except at its very extremities
d. It should certainly not contradict more advanced models at its core.
e. It should support student’s learning more advanced models, without having to be “unlearned”
5. Advance students’ understanding of science.
a. The epistemology of science is not easy to convey to novices.
b. We know that naïve pedagogical approaches to the “methods of science”
i. distort the scientific enterprise
ii. alienate many students from the study of science.
c. A pedagogical model invite students to participate in scientific investigation
d. A pedagogical model rewards students with honest findings.
6. Invite students to create new knowledge.
a. The scientific enterprise is about creating and verifying new knowledge.
b. How can we initiate students into this epistemic activity?
i. Memorizing dead science has not worked.
ii. “Discovery science” has not worked.
c. A pedagogical model of the atom would support students as they create and express their own
new knowledge of chemical behaviour.

Scientists use specialized models to do scientists' work.
Teachers need pedagogical models to do teachers' work.
Items 1, 4, and 6 will be covered during this session.

A pedagogical model of the periodic table should require the least possible student effort to learn, provide the
greatest possible accuracy of student reproduction, and ensure the smallest possible set of structural errors.
Imagine taking your student through this scenario…

1…The student can easily sketch this outline of the
main block of the periodic table. This is sufficient
to describe the essential chemical trends, and the
widest variation of representative chemical
properties.

2 the student enumerates 1+ to 8+ along each row.
The circle represents the “atomic core”, that is, the
inner “noble gas” electrons, plus the nucleus. The
total charge on this object is the “core charge.”

3 The valence radius follows two simple trends.
First, the valence radius decreases monotonically
across each row. Second, the radii in each row are
a little larger than those in the row above.

4 The completed Ross table, including the valence
electron configurations. Because of its repetitive
patterns, this representation of the periodic table is
very easy for students to accurately reproduce. My
Grade 9 students demonstrated over 90% ability to
accurately reproduce the table.

OK… Teachers are the toughest critics. Is this model scientifically tenable? More than, less than, or about the
same as the Bohr-Rutherford model? How about the Lewis model?
1 Start with the B-R Model

2 Remove Some Features, Collect Others Together

The B-R diagram of sodium
consists of eighteen items, two
Na
of which are text expressions
11 p+
that must be considered
12 n0
together. This amount of detail
far exceeds the mental capacities
of teenagers, who can manage 3
to 5 things at one time.
Cl
The chlorine model is worse,
with twenty four items. To a
17 p+
0
novice, it can hardly be
18 n
distinguished from sodium at
first glance.
There
are
few
apparent
causative relations in this structure. The only exception is
that the total charge must equal zero (11 positive protons in
nucleus require 11 negative electrons in electron shells).
Beyond that, teachers (and students) have contented
themselves for a century with the notion that somehow the
chlorine atom "wants" electrons, and the sodium atom
"doesn't want" electrons.

Eliminate the empty shells to
get rid of some visual noise.
Group [nucleus + inner
11 p+
0
electrons] together to form a
12 n
single entity. We will call this
the core of the atom, or simply
the core. This object resembles
Ne neon in its electron
Cl
configuration. It cannot accept
electrons, because all of the
17 p+
18 n0
shells in the Ne configuration
are full. Furthermore, it
contains more protons than Ne
itself, so it is even less likely to
lose electrons than a neon atom. The atomic core, therefore,
is even more chemically inert than is neon itself.
Consider the valence electrons separately from the core.
The valence electrons spend most of their time outside the
atomic core. Imagine the valence electrons orbiting the
core.

3 Represent the Core as a Single Object.

4 Scale the Valence Shell to an Appropriate Radius

This is the step that bothers most
chemistry teachers. "You can't
Na
do that!! I would mark that
wrong!!" Relax... It's only a
1+
representation. There are many
ways to think of the atomic core.
Perhaps it helps to think of the
sodium core as a nucleus with
Cl
11+ charge, shielded by 10electrons. The effective nuclear
7+
charge is 1+. The chlorine core
is a 17+ nuclear charge, shielded
by 10- electrons, an effective
nuclear charge of 7+.
Another way to think of the core of the sodium atom is to
imagine it as an Na+ ion. The core of the chlorine atom as a
Cl +7 ion. The matching number of valence electrons orbits
around each central ion.
Finally, the diameter of the core is very much smaller than
the valence. The core is a tightly packed ball of charge,
unaffected by the chemical changes going on around it.

Na

Na
1+

Cl
7+

Chemists began measuring radii
of the atoms about a century
ago. They are well known. Yet
students seldom see
representations of the atom with
this important measurement.
The first thing the student sees
is that the single valence
electron of the sodium atom
orbits very far from the small
atomic core charge. Hmmm..
would that electron be strongly
attracted to the core?

The valence electrons of the chlorine atom are much closer
to the core. Hmmm.. would those valence electrons be
strongly attracted to the core? Could a chlorine atom attract
one additional electron into the vacancy in its valence
shell?
Even from where I sit... I can see that you are intrigued.

For the balance of the presentation, I intend to show you how students can use the Ross Diagram periodic table
to explain all of these essential chemical phenomena. It is so easy, so intuitive, and so very nearly perfectly
correct that students hardly consider it “learning.” The Grade 9 and Grade 10 students in my classroom have
learned all of the following topics.
1. Main block elements
2. Competition for electrons
3. Electronegativity
4. Metal and Non-metal behaviour
5. Noble gas behaviour
6. Metalloid identity and properties
7. Covalent bonding
8. Ionic bonding
In my grade 11 classes, my students use the Ross Diagram Periodic Table to explain
9. Acid behaviour of non-metals
10. Basic behaviour of metals
11. Polar bonds
12. Molecular polarity and dipoles
13. Solutions and solubility
14. Oxy acid structure and nomenclature
15. Relative strength of oxy acids
16. Combustion reactions: the how and the why
In my Grade 12 classes, my students use the Ross Diagram to explain:
17. Oxidation numbers
18. Redox reactions
19. Organic molecular behaviour and reactions
20. Chemical energetics
21. Reaction mechanisms
22. Gas, solubility and acid-base Equilibrium
23. Electrochemistry, including half-cell potentials
I will attempt to cover a representative sample of these topics during the half hour of my presentation. Please
bring pencils, pens, and paper.

Having learned a little about the Ross diagram,
my students have been able to tackle a great deal more.

For this Symposium, I thought that you would be much more interested in what the cognitive chemistry could
do for you, than hearing explanations of how or why it worked. However, it’s the explanatory part that puts the
“cognitive” into “cognitive chemistry.” While the ChemEd symposium is not the venue to explain this cognitive
part in any detail, I would like to add a little teaser here in order to start other conversations.
Since 1991, when I began studying the “misconceptions literature,” increasing attention has been paid to the
relationship between student misconceptions and student learning. Several compendia of chemistry
misconceptions have been drawn up, and are easily available. They have always struck me as a “phenomenon in
search of a theoretical explanation.” Where do these things come from?
So.. I’ve spent the past thirty years puzzling this out, and testing various theoretical understandings in my
classrooms. It appears to me that the most pernicious misconceptions arise from three main sources:

Students’ ideas about “what science is” are very different from scientists’ ideas.
Students’ category structures of are very different from scientists’ categories.
Students’ explanatory structures are very different from scientists’ explanations.

Even though these three are quite widely experienced by teachers, none of them are treated with great clarity in
teacher education courses. Consequentially, they tend to remain unchanged over decades. I believe that we can
negotiate with them, mostly by changing our point of view and taking a new perspective. By looking at all three
in a new way, together, I think that we can make some real progress in our science teaching. The Ross model
“works” because it corresponds with these three shifts in perspective. Let me deal with each in turn.

1. We teachers compound the problem by describing science as something greater than ordinary human
experience, something difficult to achieve, something arcane, only for “smart people.”
2. We further compound the problem by using a terribly over-simplified form of Francis Bacon’s method,
often summarized as the familiar “purpose – method – observations – conclusions.”
3. Teachers need a pedagogical model of science, that is, a model of science that is compatible with
teachers professional concerns: the learning and teaching of science.
4. If you will permit me to modify Bacon’s expression a little, we could state that:
Science is not the study of nature.
Science is the study of human representations of nature.
5. This modification permits teachers to focus the student’s attention on the representations that human
beings make. Science then becomes the activity of imagining, experimentally testing, refining, and
demolishing representations of nature.
6. More specifically, teachers can direct the student’s attention to the student’s own representations.
7. In my programs, the particle theory of matter is a fertile place for teachers to work out this new
epistemological program with young people. I’m happy to talk with you about this one.
8. I present the Ross model as a human representation of nature. Then I write the student experiments so
students must understand the model, use the model to make predictions, design their methods, and
interpret their results.
Using the Ross diagram,
teachers can present chemistry
as a program of empirical tests
of the representations.

1. Scientists’ categories are based ultimately on a small set of concepts that are simpler, more permanent
and more fundamental than the phenomena being considered. Scientists use theories!
2. Scientists’ categories are distinguishable by one or two well-defined experimental tests. Students’
categories are based upon tens of thousands of informal experiences each day.
3. A student’s idea of “solid, liquid and gas” has a very different basis from that of a scientist. For
example, a student might perceive that a stone on the beach is not as “solid” as the stone in her shoe, and
definitely not as “solid” as the little stone in her salad.
4. A student’s categories are therefore very difficult to dislodge, as they are so “real.”
5. Teachers need a pedagogical model of the student conceptual structure, so that we can work with
students, in the way that students actually think.
Student “misconceptions” are an epiphenomenon:
a corollary of the phenomenon of fundamental student cognition
6. In any compendium of misconceptions, student categorization accounts for about half of them.
7. I have organized the Ross table so that students seldom get to use their everyday experiential categories
for scientific purposes. Instead of setting the student up for a mis-use of his or her experiential
categories, the Ross diagram does not require the student to actually express her understanding of the
category itself.
8. Instead, I have organized the Ross table so that the objects in it behave like things the students are likely
to have experienced. The electrons are depicted so that kids can assume that they are like little solid
beads, for example. The atomic cores are depicted so that students might recall their experiences with
magnets.

In other words,
the Ross table makes use of the categories
that students are likely to posses,
but only in ways
that provide the student
with a useful answer.

1. Scientists explain phenomena by referring to concepts that are simpler, more permanent, and more
fundamental than the phenomenon itself. In other words, scientists use theories.
2. Students explain phenomena by referring to blurry “averaged memories” of thousands of similar
everyday experiences of “causing” various events.
3. Students imagine that all causation has a similar structure to their own experiences.
4. Teachers need a pedagogical description of how students reason.
Teachers must find ways to work
with the student’s explanatory structures,
not against them.
5. I am convinced that the evidence shows that students use a small number of schematic explanatory
structures, probably five, and perhaps six.
6. These schematic explanatory structures are emotionally meaningful to the student
7. These schematic structures are fleeting; students cannot easily make representations of them.
8. The student is unaware of the structure of the schemata as schemata.
9. The student is unable to describe the schematic structure explicitly.
10. The student invokes the explanatory structure “fresh” each time.
11. Once again, in any compendium of misconceptions, these structures can account for about half of the
most common and most pernicious misconceptions.
Because they are meaningful, experiential, fleeting and not conscious,
these structures are resistant to change, and difficult to dislodge.
12. . The Ross atom uses three of these natural reasoning structures. I call them:
a. The “causation” schema. The greater the effort, the greater the results
b. The “proximity” schema. The closer an entity, the greater its effects
c. The “win-lose” schema. If two things are comparable, one is stronger than the other.
By representing atoms with these schemata in mind,
the Ross model of the atom invites students
to use their natural reasoning structures
to obtain scientifically tenable results.
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If any of this appears to be worthy of further
discussion, I’d be happy to correspond with you.

