HOW REFRAMING

HABITS OF MIND CREATES
NEW OPPORTUNITIES IN
EDUCATION

Prof Bill Lucas

@ LUCASLEARN

L

111

!
’
{

i

|

IR 1118 10

1////;"//{///&"//‘
!

T
i / / / /i
’{I/: Iy

,-‘{ )

i '

UNIVERSITY OF

WINCHESTER

 Centre for R




diverse

ocking alibility Dyson reliable =27

. _Creations seeks must
d solve cnnce‘ljve r,-ararm::_-ntz_-r'i."""'::'I"'IE'"5 S scientific scientist effects .
Wwor ||'|1 ose ne encapsuiate = = constraints |anguaggbrm if imits
often GPT""HE thousands u":ker |th|n|rlfraﬁtructure . g
relies elemﬁnti generally  development q service creativity providing \yhether
roducts 5
socia Ite'stﬁ p distinguishing core SDITIEthlng p"nuples SUStﬂlnﬂbIE critical

engineers safeguard range
seaing distinguish companion prﬂ'dUCt 5ystem e objects TISI{

eed € nst: pEDpI concern
T Constant s~ economic Mathematics Por e

e eiaedeveloping ENgINEeEering  essenti gz

: realisation _ experimenting
possible Exlsted ] make filing decommissioning [l srsound  complexiy

body SﬂCIEty disciplines
nglne erln SOIUtlons T
limits @QUIPMeNt o yjare CONsequences, Emlre

conception experience  uncertain
ethically ‘ogayechniques testing health
predicted engineer cultural
5C|Entlﬁc encourage
refore ,4dresses purpmseful ea maintaining successful 1 jing natura] model
mes

COMMUNICate  rynning sharedgmd
hrmg aumlahle hundreds jeeting reallsatlun Ellmlnate

life-cycle sport
evident manage Eleaﬁer makes carned needs

viable




Google  enineer a Q # 0 0
All Images Maps News Videos More Settings Tools Viewsaved SafeSearch~

mechanical civil electrical anime work steampunk computer professional chemical software structural day electronics construction site industrial networ >

n a civil engineer . 2016 National Engineers Week is Here | IES / : Engineer - Wikipedia

2n.wik

R
.

Why Engineers Get Profes Civil Engineering - SOL Edu Engineer Jobs in Nepal With Expenence an Engineer in Singapore




aArdm,
A Frixls ke Z
1 1€ w2 e
: L" w9 'l« l
m ‘ N
¢ Repla ndMouny-
<qualace: & i
Year 8 Timetable = -
2016-2017 ; i e,
V4 ,7’ ~ \ S Iy =
| I ,\Q'
|:.'§==x: 3
x N /s /
\ 7 : /
: N AR
| B RE L RE
M4 M4
TUES R PE PE v MUS | MUS
YAN | YAN R1 R1
WED E RE N -
M4 S
[
A PE c 9 9 () ) \C 0 .
YAN -
o
K HE | H A 4 :
HE1 e
)
. A
* A
J A\
A a



http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjkrpmAlM_dAhUFUhoKHcDrCU4QjRx6BAgBEAU&url=http://theconversation.com/physics-is-taught-badly-because-teachers-struggle-with-basic-concepts-86083&psig=AOvVaw21wyCSwntfqkj4dUkTW2kj&ust=1537724410423051

THe T \MES

~accused of

ag"'“u‘;“ ton B Kot of the pritish W wio e bt oye
say ey will need Mot than ) milion
pritains 5 oriag dled €08 eer new pmﬁcssm \s olified 0 maths
phas beet i 4 scno® uffing phyv;\ca, a Aesigh 0 ok 0
cmtana\ palins YOI \'x\d(enm m\"'\metm\z utcupat‘m {20y
design make and fix things: put the \}m\\gu\}\ aped @ ay, 53Y
Lessons noutd ‘\mkc-ad mmu.ra\g,e the ans anould e e funda
eSSy \earnint in which jidren mental e ik of coach 1©
piron p\"am A (;m\i\emﬁ desian \:\\av:\\u a creative \earning
rototy P an fnket with 1he€ o The call was \}ai:\tﬁ‘-d Yast might oy ST
mprove theit designs: coport B the James st e { Br\ta\m‘s L
Royal A y of Engd neeting sand. 1o nent jovent and designe™®
The enpind arged reachers e said syound e cant earm concept: ;
esvec‘\a\ y in primary cho \\s,ma\\n out AEE ca, AN and forces \0 {he yack gigont he rcp\'-.e{\-.“?mb\.
childre oW \cmwmgef,\ aves sevel c\as»wom it s ot they are |parnin® pomes Frot the Lratning of
al We cpanning geverd) aubjects: ewmc(\ ndust | -relee y eaue” doctors n worth :‘\mt:.\"\cﬁ.“
such 83 (s LN puting and ¥ s they B nal mneecmg, syyhen i is dom \ v‘\g,amua\y 3 9
tec:\'mo\ag,\}. go hed o \ear? o ° peally ahov planne ont ored mm\a\. ATty '
“th‘m\-z\'\\m an vnp;mc\':r“. The pepot gound ¥ children by ured i 15 ONE @ most effec)f®
LAt ‘meeraacm\mtfm xm\;;Buercem aatufes Ayare ! Ry & Touie At WayS g ArTHTY plex concy 5 \
_ o = - I 1t
= an o>






https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiVpOqIlcTdAhVH2xoKHaThBpQQjRx6BAgBEAU&url=https://eltecenglish.com/2018/01/12/ielts-cue-card-january-2018-a-major-river-in-your-country/&psig=AOvVaw3DtEE01D3uJuYF5eBC9ZzI&ust=1537346744071275

The potential of (re)framing engineering in
schools

1. How do engineers think and act?
2. How best can the education

system develop learners who
think and act like engineers?




The idea of Habits of Mind

'Intelligence is the habit of persistently trying to
understand things and make them function better.
Intelligence is working to figure things out, varying
strategies until a workable solution is found.. One’'s

intelligence is the sum of one’s habits of mind.’

Lauren Resnick (1999). Making America Smarter.
Education Week Century Series. 18(40), 38-40



Mathematical Habits of Mind

Figure 2 - Mathematical habits of mind

Students who think like mathematicians should be:

Pattern sniffers

Experimenters

Describers

Tinkerers
Inventors

Visualizers

Conjecturers

Guessears

Always on the lookout for patterns and the delight to be derived from finding hidden patterns and then
using shortcuts arising from them in their daily lives

Performing experiments, playing with problems, performing thought experiments allied to a healthy
scepticism for experimental results

Able to play the maths language game, for example, giving precise descriptions of the stepsin a
process, inventing notation, convincing others and writing out proofs, guestions, opinions and more
polished presentations

Taking ideas apart and putting them back together again

Always inventing things - rules for a game, algorithms for doing things, explanations of how things
work, or axioms for a mathematical structure

Being able to visualize things that are inherently visual such as working out how many windows there
are on the front of a house by imaqgining them, or using visualization to solve more theoretical tasks

Making plausible conjectures, initially using data and increasingly using more experimental evidence

Using guessing as a research strateqy. starting with a possible solution to a problem and working
backward to achieve the answer.

Adapted from Cuoco et al 1996



Scientific Habits of Mind

Figure 3 - Scientific habits of mind

Open-mindedness

Scepticism

Rationality

Objectivity

Mistrust of arguments
from authority

Suspension of belief

Curiosity

Being receptive to new ideas, prepared to consider the possibility that something is true and
willing to change ideas in the light of evidence

Using critical questioning, adopting a critical appraisal approach, only according provisional status
to claims until proved otherwise

Appealing to good reason and logical arguments as well as a need to revise arguments in the light
of evidence and argument

Adhering to accepted modes of inguiry in different disciplines and recognising the need to reduce
the idiosyncratic contributions of the investigator to a minimum and always looking for peer
scrutiny and replication of findings

Treating arguments sceptically irrespective of the status of the originator

Not making immediate judgements if evidence is insufficient

Demonstrating a desire to learn, inguisitiveness and a passion for discovery

Adapted from Calik and Coll, 2012
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Disciplinary knowledge
Interdisciplinary knowledge KnDWlEdgE

Practical knowledge

Cognitive and meta-cognitive skills
Social and emotional skills Skills Habits of Mind
Physical and practical skills
Attitudes &

Values

OECD 2030 Framework for Education



The idea of signature pedagogy
What might it be for engineering?

Lee Shulman (2005) Signature pedagogies in
the professions. Daedelus, 134, 52-59
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Figure 13- The engineering design process

Source- NASAM
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reframe engineering education to include desirable engineering
habits of mind (EHoM) in addition to subject knowledge, and

clearly articulate the principles and practices through which these
EHoM can be cultivated in schools, and

offer teachers targeted support for changing practices along
with opportunities to co-design enquiries within the context of a
reflective professional learning community

we can better understand what school leaders and teachers
need to do to change their practices to embed more effective
engineering education

we can share this understanding widely, and

more effectively support the process of successful implementation
of engineering education in schools

more schools embrace engineering, and

more school students have high-quality experiences of
engineering education, and

more students choose to study engineering beyond school and,
potentially, choose careers in engineering.
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Learning to be an Engineer




Four principles for cultivating EHoM

1. Develop understanding of the habit

2. Create climate for it to flourish

3. Choose signature pedagogies to cultivate them
4. Build learner engagement




EHoM 1

CREATIVE PROBLEM-SOLVING is ... Generating
ideas and solutions by applying technigues from
different traditions, critiquing, giving and receiving
feedback, seeing engineering as a ‘team sport’

IMPROVING is ... Making things better by
experimenting, designing, sketching, guessing,
conjecturing, thought-experimenting, prototyping

PROBLEM-FINDING is... Deciding what the actual
question is, finding out if solutions already exist

by clarifying needs, checking existing solutions,
investigating contexts, verifying, thinking
strateqically

ADAPTING is ... Making something designed for one
purpose suitable for another purpose, by converting,
modifying, transforming, adjusting, changing, re-
shaping, re-designing, testing, analysing, reflecting,
rethinking

VISUALISING is ... Seeing the end product, being
able to move from abstract ideas to concrete,
manipulating materials, mentally rehearing practical
design solutions

SYSTEMS-THINKING is ... Seeing connections
between things, seeking out patterns, seeingwhole
systems and their parts and how they connect,
recognising interdependencies, synthesising

Sub-habit1l

Generating ideas: comes up
with suggestions in a range of
situations

Experimenting: makes small
tests or changes; sketching,
drafting, gquessing, prototyping

Checking and clarifying:
guestions apparent solutions
methodically and reflectively

Critical thinking: analyses
ideas, activities and products; able
to defends their own thoughts
and ideas in discussion and also
to change their mind in light of
evidence

Thinking out loud: puts 3D
ideas into words as they become
pictures or rehearses possible lines
of thought or action

Connecting: looks for links,
connections, relationships;
working across boundaries

Sub-habit 2

Working in team: has good
people skills to enable idea and
activity sharing; good at giving
and receiving critique/feedback

Evaluating: making honest and
accurate judgments about ‘how
it's going’; comfortable with words
and numbers as descriptors of
progress

Investigating: hasa
guestioning, curious and, where
appropriate, sceptical attitude

Deliberate practising:
disciplined; able to work at the
hard parts

Model-making: moves between
abstract and concrete, making
models to capture ideas

Pattern-making: uses
metaphors, formulae, images etc.
to find patterns to illustrate new
meaning



le

This is Bill.
Bill is a problem finder.

Bill questions the world around him
and verifies what is known.

Bill is an Engineer.

Be like Bill.




Three sighature pedagogies

3

The Goal

'Exploring through fiddling, toying,
messing, pottering, dabbling and
fooling about with a diverse range in
things that happen to be available in
a creative and productive pursuit to
make, mend or improve,



Theory of
change

|earning
to be an
Engineer

3 project

Collaborative
learning with
schools

Learning
community,
targeted
support, small

tests of
change

Learning
community,
targeted
support, small

tests of
change

Learning
Ccommunity,
targeted
support, small
tests of
change

Data
output

Evaluation and
reporting

Report
drafting.
teacher

validation of

case studies,

expert review
of report

ROYAL
ACADEMY OF
o ENGINEERING

Centre for
Real-World

Learning

Learning to be an Engineer
Implications for the
education system
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| took a step back and although this is so
hard to do as a teacher, as you feel you have
to always be in control, | began to see the
pupils flourish with their new found freedom
and their self- belief was huge by the end of
this project.

Learning to be an Engineer teacher



Leading for engineering in schools 3

7 Important characteristics

7% Very
Collaborative 76.3
Flexible 74.0
Resilient 72.9
Open-minded 69.5
Persistent 66.1
Optimistic 61.0

Courageous 42.4

Somewhat

22.0
23.7
254
28.8
28.8
35.7
356

OOOOOOOOOO




Ruby the engineer

Craftsmanship Confidence

Commitment Fcating Curiosity

Collaboration

Creativity

Communication



Web E-mail Twitter

www.expansiveeducation.net
www.winchester.ac.uk/realworldlearning
www.educatingruby.org
bill.lucas@winchester.ac.uk

@LucaslLearn
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