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The problem...

In the wake of the startling growth of science and
technology in our recent past, some areas of human
activity have undergone megachange.
Telecommunications, entertainment, and transportation,
as well as medicine, are among them. ...

Why, through a period when so much human activity has
been revolutionized, have we not seen comparable

change in the way we help our children learn?
Papert, S. (1993). The Children’s Machine. NY: Basic Books, p.2.
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C20th vs C21st century education

What is taking shape today ... is 20th century,
industrial age education supercharged by
[standardised] testing and high-tech tools for
doing 1920s types of child-centred education.

The target of true 21st century education should
be the advanced knowledge processes that
scientists, scholars, and employees of highly

innovative companies engage in daily.
Scardamalia (2001), p. 173.



A profound and
worrying disconnect

... formal Science and
Technology Education is failing
to engage a Net Generation’s
passionate curiosity




On one hand, a dismal picture...

Debate about teaching across disciplines (science and
technology, but also English, anatomy, geography...)

Worsening student attrition in the enabling sciences

Concerns about science and maths scores in
international testing

Shortage of science, maths and technology teachers

Continuing challenges with respect to primary science
and technology education

Urgent risks and threats, requiring a scientifically and
technologically literate citizenry ...



Complex issues yet to be

understood/addressed in our age

Climate change, global warming, global dimming
and greenhouse gas emissions

Consciousness, memory and learning
Employment, unemployment and quality of life
Indigenous population concerns

Infection, disease and disease prevention and
ageing

Migration, population destabilisation and lack of
political self-determination

Poverty

Reproductive technologies and genetic
engineering

Resource depletion

Security, war and terror

Species extinction

ALL

PRESENT
SIGNIFICANT
LEARNING
PROBLEMS




On the other hand,
the Net Generation is busy
with big ideas and questions

Here are some...




How come the rain falls in drops but it all
sticks together in the bath?

A mother reported this question,
asked by her two-year-old
in the bath.

Compare this question:

What would | see if | travelled on a beam
of light?

The young Albert Einstein




An adolescent’s unexplored idea forewarns
of tragedy

.. the only reason we do not commit

suicide on a regular basis is
because we have evolved some
chemical mechanism that tells us
not to. ... The mechanism telling
me not to kill myself is broken.

Campbell

Four Corners: A Deathly Silence. Reporter:
Quentin McDermott,
15 May 2006



Students’ theories can evolve over minutes




Some students’ questions

How much weight can a see-saw lift? (James, yr 4)

Why is DNA shaped in a spiral shape? (Nidhiraj, yr 4)

How come space never ends? Does it keep on going? (Tom, yr 6)
Why do we think? And how?

Why does the world spin around? (Ajeet, yr 6)

Why does DNA curve like a screw? (Kevin, yr 4)

Did cavemen think like us? (Harriet, yr 6)

If it wasn’t for gravity, how would we live? (Danica, yr 6)

If not one cockroach was touched (killed), how long would it take for
cockroaches to double the human race?

What are the differences in tongues of people who like different foods?
(Joseph, yr 6)

How come we are not born with the knowledge we know now? (Naomi,
yr 6)



Most of all, GENESIS students
wanted to know

Human Body:
How do different medicines work?

The Universe:

What is gravity and how is it involved with the pattern and movement
of stars and planets in our universe? What happened at the Big Bang
and is space really empty?

Human Brain:

Why do we think and how do we think? How come we’re not born
with the knowledge we know now?



A possible way forward...

Might
e-learning environments,

built around
have better take-up

in schools?




GENERATING E-LEARNING SYSTEMS IN SCHOOLS

GENerating e-learning Systems
in Schools

An Australian Research Council Linkage Project
2002-4
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The GENESIS Journey

Students drove the conception, prototyping and

trialing of their own e-learning environment:
Framing and choosing their most urgent questions
Investigating them in their own ways

Designing an e-learning environment in which other
students could engage with these investigations

Evaluating their prototype’s worth for learning



Student Investigations
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Student design

A learning journey




Navigation




Links to websites

CMENND 3

Snacks

Memory Games

Seeing, hearing and smelling the world
BrainPop

BrainsRule

BrainWeb

BrainyKids

Hotfood Coldfood

You try it!
DNA Detective

Secret Life of Brains
Inside the Animal Mind

Brain Anatomy
Dissections of the Human Brain A What do babies know?

What is DNA anyway?
Changing your mind Babies® Brains

Drinks

Electric Brain

Neuroscience for Kids
Thinking about the way | think!
Using 10% of Our Brain
Chimps - Chatter

Memorising With Music

Learn gorilla sign language!

Face Recognition, 2, 3




Experiments




Watching Experiments

Kindergarten response drawings
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Discussion Board

New Topic |

Drawing Tests

=1 Wondering One

=31 Wondering Two

Responses to "Wondering One":

* Mark Simpson *
» Navroz Sodhi *
* Namratha Dave *
Alana Giddy *
Emily Centner *
jennifer You *

lyn Ooi *

* People have responded to this entry

Wondering One

Elizabeth and Fiona wondered what is it about you that makes you unigue? Is it to do with who you are,
what you do or how you look - or something else altogether?

Please enter your comment below and then click 'Respond'.

From: Nerida McCredie
Subject:
Message:

(Respond )

Do you have an idea, question or challenge that doesn't fit here? Visit the

Post Office and add it there.




Ideas Wall EEERCLEGED

Notebook

Each of us is unique. One identical twin is
different from the other one — and a clone is
different from its parent. They have the same
genes, but they are not the same person, as
Professor Dan Brock of Brown University argues.
He says that a person's traits, character, and
complete life history are the product not just of

their genome, but also of their environment and

choices. «

Reference:
hitp:/iwww.abce.net. aulscience/news/stones/s529254 him

Personal
Notepad

Hello Nerida McCredie

What would you like to do?

* Read or add to your
personal notes?

* Browse through your
stored files?

Browse your stored information | Return from the web

Ideas Wall Drawing Tests house

Each of us is unique. One identical twin is different from the other one - and a clone is different from its parent.
They have the same genes, but they are not the same person, as Professor Dan Brock of Brown University argues.
He says that a person's traits, character, and complete life history are the product not just of their genome, but also
of their environment and choices.

Reference: http://www.abc.net.au/science/news/stories/s529254.htm




Welcome back Map

Welcome back
Cathy Hill!

The last house you visited on the
Genesis Journey was:
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GENESIS

Inside and outside a typical house

» NOTEPAD

P GLOSSARY

GENESIS

In the folder

Report
Matt's dream investigation

Hil My name is Matt. 1 am very curious about
dreams, not what they mean but what they
really are. I'm also interested in the different
theories people have developed about
dreams. | want to see if the theories make
sense - by proving and disproving them and
even constructing my own theory about
dreams.

To explore my question, | first went to the
school library. There were a few psychology
books but they didn't have a whole lot — they
gave more of an overview rather than actually
saying what dreams are. So then | did some
research on the Internet and found out about
quite a few dream theories — what people
think they are — but again, they mostly tell
what dreams mean, not what they really are. |
wanted to know what happens when the
majority of people - people in general -
dream.

» NOTEPAD

| realised that dreams are not something
specific. When you're dreaming. everybody
dreams differently. | knew my sister was
having repetitive dreams of falling and stuff
like that. I'd heard quite a few strange stories
about people dreaming. One teacher told me
that her daughter went to the Netherlands and
she sleep talked in Dutch and English at the
same time ~ she was speaking Dutch-English
and English-Dutch! | asked my parents — and |
asked around and | had read in one book
about people lucidly dreaming ~ knowing
what's happening when theyre dreaming.
They know that they're dreaming and can
choose where to go — maybe for a ride or
something. And I've read that some people
dream about things in the past and one
person dreamt that their daughter has just had
a bad accident or something like. | needed to
do some research o find why this happens.

» GLOSSARY

Dreams House d otep.

» GLOSSARY

From the
computer
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Kirsten wanted to see how everyone’s
minds are unique and different

=) Wirlaring Ons

| had loads of fun and learnt a lot. | am very excited and just can’t wait until
[our e-learning environment] is completed! If you get the chance to be
involved in a project like this, you should take the opportunity, as it is really
worthwhile ...

What we want to do with the project is actually find out a way that we can
get other people to learn as well as us. So everyone’s here to try and
[design a site] that will give everyone learning — like it's there for everyone.
(31 July 2003)



What do we see in Kirsten’s investigation?
Do we recognise curriculum here?
Assessment?

Kirsten discusses uniqueness:

So do | [think how people think makes
them unique], but it can also have
something to do with what we have
seen in our past that makes us think
those thoughts

... yes there is a different part in everyone['s
brain], though would you say that many

people’s thoughts are similar or completely
unique? (Drawing Test House, Discussion Board, 14 Sep 2004)




Compare Edelman’s (2005) view

The most important thing to understand is that the brain is
‘context bound'. It is not a logical system like a computer
that processes only programmed information; it does not
produce preordained outcomes like a clock. Rather it is a
selectional system that, through pattern recognition, puts
things together in always novel ways. It is this selectional
repertoire in the brain that makes each individual unique,
that accounts for the ability to create poetry and music, that
accounts for all the differences that arise from the same
biological apparatus — the body and the brain. (Edelman,
2005, p. 1)




Living Things

Outcomes

1 Early Stage One: Identifies ways in which living things are different and
have different needs

1 Stage One: Identifies and describes ways in which living things grow and
change

1 Stage Two: Identifies and describes the structure and function of living
things and ways in which living things interact with other living things and
their environment

1 Stage Three: |dentifies, describes and evaluates the interactions between
living things and their effects on the environment

Indicators

1 Early Stage One: Observes and reports on the differences between plants
grown with and without light

1 Stage One: Designs and publishes a timeline that shows how a student
has grown and changed since birth

1 Stage Two: Devises a model to demonstrate how a system of the human
body functions, eg. The respiratory system

1 Stage Three: Devises and implements a means of comparing physical
characteristics (eg eye colour) of a family over three generations and
presents findings



The Drawing Test:
Beyond syllabus outcomes and indicators

1 Kirsten’s interest was in the most complex of individual differences - in
thinking.

1 She devised and implemented a good way of seeing them - in fact, she
really wanted an online drawing test.

1 She sensed that the key issue was not simply difference (as in the
syllabus) but uniqueness.

1 She used new technologies to build possible explanations for uniqueness:
Drawing on personal experiences,
Pooling views,
Assessing the logic of predictions coming from a range of positions.

I She drove towards the explanatory crux of the matter in discussion: is it
uniqueness in brain structure that accounts for uniqueness in thinking?
And if it is, how might such uniqueness accrue?




Are these new
technologies
assisting learning?

How should we think about learning?
How should we support learning?




From old to new psychologies...

Three entrenched ideas about learning:
Stimulus-response connections (instruction)
Development in stages
Active building - “constructivism”

A new idea - deriving from recent advances in the
philosophy of biology and from neuroscience:
Might learning be an adaptation (hedging our survival chances)?
Might learning occur through selection?
To learn is to discard.
(Changeux, 1986)



Learning as selection: A biological pattern

A three-step repeated pattern:
Generating variants (might we say ideas?)
Testing (selecting) them on their value

Regenerating - keeping - those that survive these tests, ready for the next
cycle

We see this learning pattern in all of the following places:
Genetic inheritance/knowledge (natural selection)
Organ systems - immune systems and brains

Cultures
Plotkin (1994, 1997, 2002, 2004)
Edelman (1992, 1993, 2004); Schaverien and Cosgrove (1999, 2000)



Generative learning

. Generating ideas

We think there will be gender differences in children’s
strategies for completing an obstacle course.

. Testing ideas on their value

We set up an obstacle course to see how boys and
girls completed it.

. Regenerating ideas
We found boys were quicker
and more confident and girls
liked to size up their options.




Developing e-learning Systems to Celebrate and
Nurture Teaching in Science and Technology

An Australian Research Council Linkage Project
2003-5
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The DESCANT-SciTech Colony

Teachers conceived their own e-learning environment for
professional development in K-6 Science and Technology:

Framing its purpose

to understand better how we (students and teachers) learn, initially by
consideration of a generative model of learning, specifically in the context of
designing and making and investigating in order to improve student
learning in K-6 Science and Technology.

Developing an e-design for cohorts of teachers to achieve that
purpose in an education system



The Prototype DESCANT Colony
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Sally uploads her video:
Leaving her trace in the Colony

In my pre-generative era, | would
probably have built this equipment

myself, demonstrated it and given the

children step by step instructions on

making it and they would have “learnt”
about evaporation and condensation.

Students discuss a still they plan to
make.

Sally detects generate-test-regenerate
in students’ discussions of the water
cycle and their plan to simulate it.

She comments on her choice of video
clip: Students puzzling over their
difficult question.

She contrasts this with her past
preference for correct answers to direct

teacher questions and her
dismissive[ness] of the children’s
evolving and partially formulated

thoughts and ideas.

She is able to set out an alternative
learning support strategy based on her
new understanding.



Cohorts 2 and 3 enter the Colony

Helen engages with Sally’s learning event.
She writes in the forum (14/7/05),

: @ Show
- This is now what I'm struggling with in thoughts, the balance between known knowledge, =now & postings

given/researched concepts and those that you allow to generate and test and regenerate. Questioning 2 show today's postings
- along the way | can see as important in this video to test some of their ideas. ie the temperature of

. the water? Does the temperature of the ocean make a difference? (The weather man seems to have D show weeks postings

- blamed a lot on that over the last few years.) Obviously the children were very engaged and Os son by post date
~ interested to go so quickly to building a prototype to test their ideas. | think it is an interesting g
. statement that the children built something the teacher didn't even think of L ¥ Sait hy thread

§¢ Sort by author



Cohorts 2 and 3 upload, rate and discuss
their own annotated video

In this part of the video students are discussing the results of their experiments. They have tested their ideas
about what objects magnetic force will pass through and the various thicknesses they tried. It is interesting to note
that they added the dimension of water and whether magnets would also work when wet. This aspect highlighted
another trend in the class, where groups tended to copy the ideas of other groups. even if only in part.

The discussion about the results also showed the thinking students were doing during the experimental phase.
When talking about the glass. Rachel comments on being surprised about the result when the magnet didn't work
when wet and did work when dry. Simon had obviously generated his own idea about this and was able to
elaborate by saying he thought it was because of the different strengths of magnets, that the magnets Raine had
been using were not very strong and so gave an unclear result. The students then tested the glass again using
stronger magnets to confirm their idea.

What Worked Well

Certainly the students were very motivated and focused on the tasks. Each week they would independently
prepare their experiments and write up results. | was impressed with the maturity they displayed in formulating



Generating, testing and regenerating ideas

about teaching

[DESCANT] made you kind of bring it
down from just, this is the outcome |
need them to achieve. Rather than just
they need to know that...we need
shelters for these reasons. It was kind
of watching them go through a process
to get to the same point, ... | think
when we were at school, it [was] totally
different... you were always just told
what were the facts in science and, ...
did experiments but it was carefully
planned experiments so you would get
the ‘right’ result. (Anya)



For me...we tended to do it more late at
night...you don’t often have that opportunity,
you might be thinking about it...but ... it's just
you and you're not sharing that. | suppose
[the Colony] gives you the forum to put that
out there and have somebody come back
who's doing the same thing. For me it's that
kind of connectedness... Some people you
could tell they were really, you know, they
learnt. ... So it was really like sharing that
stream of consciousness, | think. (Lisa)



| think it's changed the way we think
and approach things, like,
permanently. ... You think about it
now, when you're thinking about
next term’s Science ... and thinking,
“Well, what's a better way | could
approach that, rather than just doing
worksheets?”...It does! It makes
you think! It'll always ring in the
back of our minds, | think. (Ada)



So, can Education adapt to a
Net Generation?




By quantum leaps...

One could not move from a stagecoach to a |

making a series of small improvements. Is it

umbo jet by
nossible to

go from the school of yesterday to the schoo

of

tomorrow by a series of incremental improvements?

(Papert, 2004)

Such change requires [challenging] School’s

fundamental assumptions (Papert, 1993, p. 162).



...with imaginative technologies AND
strong ideas about learning

The Wright Brothers could succeed where Leonardo
could only dream because a technological
Infrastructure supplied materials and tools and
engines and fuels, while a scientific culture (which
developed in coevolution with this infrastructure)
supplied ideas that drew on the peculiar capabilities
of these new resources. (Papert, 1993, p. 15)



...through the vision of our Net Generation

The people who forge new technological ideas do not
make them for children. (Papert, 1993, p. 179)

Computers should serve children as instruments to work
with and to think with, as the means to carry out projects,

the source of concepts to think new ideas. (Papert, 1993,
p. 168)






The deepest problem...

For those of us who want to change education the hard
work is in our own minds, bringing ourselves to enter
intellectual domains we never thought existed. The
deepest problem for us is not technology, nor teaching,
nor school bureaucracies.

All these are important but what it is all really about is

mobilizing powerful ideas.
(Papert, 2004)



Thank you!

UTS: Education




