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Does an Inquiry Based Learning Approach, merged
with Modelling and Visualisation, to the teaching of
the Particulate Nature of Matter lead to the
Transformative Education of early secondary school

students?
Enda Carr
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What is meant by Modelling / Visualisation?

« Written text, diagrams, cartoons, images, photographs
and models (static pictorial)

« Computer programs, drama and acting out a process
(dynamic pictorial) - Waldrip, Prain and Carolan's (2006)

« Molecular modelling programs, physical models e.g
Play-Doh - Jones, Jordan and Stillings (2005)

« Simulations - Mayer and Moreno (2002)



What is meant by Modelling / Visualisation?
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Action Researcher as a Personal Scientist
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Kelly’s Personal Scientist Model
Source: Kelly (1955 / 1991)
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Action Researcher as a Personal Scientist
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Repertory Grid 2013
Pedagogy - Cognitive
(n=20)
1Preferred Pole

Models look Realistic Al

2.6| 2.4
Gives a visual aid that tells me 18123
what a molecule is like Bl ) )
| can see how states of matter
2.0] 2.2
behave €1
Working in groups allows me 4 18
to see what others are thinking )
| get to make my own notes and
drawings El 2.0
“ATOWS TE 1O EXPress my own
way of understanding F1 1.5
| actually get to figure things 2 0
out for myself
Allows me to think about what
| have learned so that | can 2.0

understand and remember H1

Negative Pole 5

Molecules are not represented
properly A2

Can’t picture what a molecule
looks like B2

| don’t really know how states
of matter behave €2

| only have my opinion b2

Just given notes that i might
want to word differently E2

Just given the information and
i have to give it back exactly F2

| just look at and read the
information that is given G2

| just read over someone else’s

thoughts
H2




Repertory Grid
Pedagogy - Cognitive
1

| understand better if i make or
model something Il . . I2




Principal Component Analysis:
How I see the Pedagogy, (Cognitive)
I

Al
Models look realistic---Models are not represented properly



Principal Component Analysis:
How I see the Pedagogy, (Cognitive)
I

Bl .
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Gives a molecular visual aid---Can’t picture what a molecule
looks like



Principal Component Analysis:
How I see the Pedagogy, ggogni‘l'ive)
[

B1
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| can see how states of matter behave---I don’t really know how
states of matter behave



Principal Component Analysis:
How I see the Pedagogy, ggognitive)
[
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| see what others are thinking---I only have my own opinion



Principal Component Analysis:
How I see the Pedagogy, ggogni‘l'ive)
[

ci A1
| get to make my own notes and drawings---Just given notes | might
want to word differently



Principal Component Analysis:
How I see the Pedagogy, ggogni‘l'ive)
[
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Allows me to express my own way of understanding---Just given

the information and | have to give it back exactly



Principal Component Analysis:
How I see the Pedagogy, ggogni‘l'ive)
[
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| actually get to figure things out for myself---Just look and read the
information that is given



Principal Component Analysis:
How I see the Pedagogy, ggognifive)
[
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c1 Al
Allows me to think about what | have learned so | can understand and
remember---Just read over someone else’s thoughts



Principal Component Analysis:
How I see the Pedagogy ggognifive)
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| understand better if | make or model something---Just learn off notes
and pictures



Principal Component Analysis:
How I see the Pedagogy, ggogni‘l'ive)
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Modelling h
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61
Self- Reflection
N
I2

c1 A1 Thinkingon a
submicroscopic level

Variance: Component 1 (92.1%): Component 2 (5.8%) > 80%



Repertory Grid 2013
Pedagogy - Affective

1Pref2?rggc) Pole

| feel more confident as i know Al
what atoms can make up a
molecule

Negative Pole 5

Twould not be sure If | A2
understand how to make a
molecule properly with the
right atoms

| feel | get to help someone who
is confused (during group-work)

| don’t feel helpful B2

| know | understand and so | feel
more confident c1

Feel pressure as I’'m not sure
when | work on something on
my own if it is enough to solve
the problem (2

| use my own information to
learn and | know from the group
that it’s not wrong D1

It’s like maths where there is
only one way of getting the
answer D2

Get the opportunity to say

what | think El

2.1

3.5

2.4

Just given notes that i might
want to word differently E2




Principal Component Analysis:
How I see the Pedagogy (Affective)
\
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Variance: Component 1 (93.3%): Component 2 (5.2%) > 80%



Principal Component Analysis:
How I see the Pedagogy (Affective)
\

hinking on Confidence D2
ubmicroscopic s
Conveying level ‘
mental model | g4 A2
B
B1 7] T E2
Social
cognitive
C1
engagement
D1

i
A2

Variance: Component 1 (92.7%): Component 2 (5.7%) > 80%



Inquiry Based Learning through the Lens of A
Personal Scientist
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Kelly’s Personal Scientist Model BCSE:
Source: Kelly (1955 / 1991)



Inquiry Based Learning through the Lens of A
Personal Scientist
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Inquiry Based Learning through the Lens of A
Personal Scientist
A

Super-ordinate Construct
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Identifying Learning Gaps through the Lens of
A Personal Scientist

1. A blown up balloon with 5g of air in it was brought into a room to help decorate it for Martina’s
birthday. The balloon burst and the air inside was released into the room. The room already had
1,650g of air in it — did anything happen to the mass of the air in the room. Explain if you think
something did.

What

Reason




Identifying Learning Gaps through the Lens of A Personal

Scientist

Superordinate Construct: Students were able Yo convey a specific quantitative

understanding of the conservation of mass. They have displayed scientific protocol and

detail within their answer

Sub-ordinate Constructs

Preferred Pole

Negative Pol

Critical
Bifferentiation
Pale

Students were able to convey a
specific guantitative
understanding of the
canservation of mass. They
have displayed scientific
protocol.

23.5%

Student has displayed a lack of
acknowledgement of scientific
protocol or detail within their
ansSwer

Lack af scientific
protocol

Student understands the
additive nature of the process
and can convey it gualitativel

and gquantitatively. 3%.370

Student understands the
additive nature of the process
but portrays a mainly fully
qualitative understanding.

Full Quantitative

O |

Student understands diffusion
and gives partial qualitative and
quantitative detail.

Student appears to understand
diffusien and gives partial

17.67°quah'1a1|‘ve detail but lacks any

quantitative perception.

Partial
Quantitative

Additive nature of process
recoghized because they have
an understanding of the law of
conservation of mass.

Additive nature of process not
recoghnized because they are
likely to have a partial

17.6% understanding of the law of

canservation of mass.

Addition Operator

Partial understanding of the
Law of Conservation of Mass

.O?fo

Mo understanding of the Law of
conservation of mass

Mo Understanding
of Law of C of M




Formative Assessment Summary: Average Mark / Question
(n =17 in 2013; 40 in 2014)
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Formative Assessment Summary: Average Mark/Question
to include Total % Achieved
(n = 17 in 2013; 40 in 2014)

B | | 2013 Intervention
W 2014 Intervention
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Summative Assessment Summary 2013: Average Mark/
Question
n =120 (Intervention = 20; Control = 100)
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Summative Assessment Summary 2013: Average Mark/
Question to include Total % Achieved
n =120 (Intervention = 20; Control = 100)
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Conclusion
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