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Welcome! Starter:
Introduce yourself!
Why did you choose to attend this conference,

and this session in particular?
Why do you think physics teachers should (or

shouldn’t?!) engage with education research? 10P Institute of PhySiCS
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Introduction

 What are some barriers to physics teachers engaging with
education research?

 What do you think would make it easier for physics teachers

to engage with education research?

IOP Institute of Physics



Session plan

Welcome, introductions

Why set up PER club?

How does PER club work?

What has the impact been so far?
What's next?




Why set up PER club?

Research as something to...

 Address the ‘pebble in our
shoe’

e Challenge our assumptions

* Think with!

v' Remove barriers to engaging with research

v Build community © I0P Institute of Physics



How does PER club work?

1. Pre-
reading /
watching /
listening

IOP Institute of Physics



Types of research useful to physics teachers

* ‘General’ education research e.g. metacognition A Education
) ) ) ) Endowment
e Science education research e.g. effective practical work Foundation

* Physics education research e.g. misconceptions about circuits

T —p———
Physicseducation

* Maths education research e.g. rearranging equations

* Psychology & cognitive science research e.g. motivation

Journal for
Research in
Mathematics
Education

* Sociology research e.g. equity

* SEND research e.g. supporting students with autism

Practitioner
research,

theoretical, RCT, ‘% |
meta-analysis Ml

Inclusive

IOP Institute of Physics




Pre-reading & listening: EEF blog + podcast

1. Scaffolding

Zoom room (10-15 mins):

EEF Blog: Five evidence-based

RS LR aTe il strategies to support high- * Key take aways from the

3. Cognitive & quality teaching for pupils reading N
metacognitive * Anything surprising /
strategies unexpected?

Which of these do you
know about / use already?

Use technology «  Which are new to you /
would you like to find out
more about?

* Any implications for your

7 classroom / school?
Jambogarg

Flexible grouping

“High-quality teaching
for pupils with SEND is
good teaching for all.”

IOP Institute of Physics



explicit in the
use of x and +

1. Discuss key reading (10 mins):
+ What wera your main take-aways?
*« Ware anyof the ideas new to you? with students

+ Didyou disagree with any of the ideas?

Loved the bar

+ Canyou think of any examples fram your practice / any other

Main

ke-aways,

:WH_- Writing out ml Aportance of the
math equals sign and
operations highlighting that
mlw what you do to one

side you must do to
the other
The box plot Pmsssiing
Really liked equations
idea for differently
equations was the modelling M“M.:’“F'h
great. | tried it in the two it would help or
today. circle hild-tmﬂtl:nu
whan see
examples differently
elsewhere

2. Next steps (5 mins):

* What would you like to try cut / tweak about your own practice as a result of this reading / discussion?

models (in the
further
reading)
‘e the
Disagree /
challenge  [uaarroaches
are teacher-led.
What about
institutional
feedback /changa?
Emphasising on
units in equations. |
did it already but for
mm::mb: Found the bar
ng ont & meodel useful
more this weekc for KS3 but

*  Which other topics would you like future sessions to focus on?

wouldn't use

“past that.

Liked the section on

multi-step
calculations (p46)

amazing how often
this goes wrong

Need to find

I am not sure |
would write
mxa = F:axa

- Agreed!

time to work
with the
maths
mmﬂ.ﬂt when loo! at
d md. m:‘m
furthest, and
slowest went least
distance. Making
speed more visual
o to the students.
examples
—
Thou
qnﬂnnau
students to
factors that affecta
before
sty beeen
equation
Cognitive
Hinge point 5_ _ﬁ_'.'.'_cf A

even
mﬂiﬂ

Can do this

it

This can be
linked to

literacy with
variable

write y
=mx+c at thetop
of the board and
work with students

formulae in order to
know what to plot

IOP Institute of Physics



1. Maths: worked examples
2. Literacy: worked examples
3. Equity: culturally responsive teaching

IOP Institute of Physics



1. Maths: worked examples

1angr

TEACHING MATH
WITH EXAMPLES

nELIw

Podcast: Michael Pershan and Craig Barton

“students learn when they think actively

and deeply about a worked example”
Ritter Johnson

A Routine: Allows

1. Analyse g8energlic+;
isa

2. Explain tion

3. Apply

IOP Institute of Physics



The angles in a triangle are in theratio3:4: 5
What is the size of the largest angle?

OO
Aw 24¢+5= |

30~ 15°

Quietly in pairs

Take turns explaining each step until you both
understand it all then answer these:

1. Where did the 180 and 12 come from to do
180 = 127

2. If using a box model, how many boxes would
you draw and how much would you put in each
box?

3. How many degrees do the 3 angles add up
to?

Your turn

a) The angles in a triangle are in the ratio
1:3:6. What is the size of the Jargest angle?

b) The angles in a quadrilateral are in the ratio
3:2:2:5.What is the size of the smallest

angle?

c) Come up with your own similar question(s).

IOP Institute of Physics




v" Multi-step
calculations




Andrew skis down a hill.

v" Conservation of

energy calculations

¢) if we assume that no energy is lost to the environment, how much is Andrew’s kinetic
energy at the bottom of “Lhe hill? [1 mark]
%L)- 1)
a) Andrew starts from the top of the hill and his speed increases as he goes downhill. —fo e T
He controls his speed and direction by using his skis. d) Calculate Andrew’s s| t ;; bottom of the hill. [ 3 marks}
He brings himse!f to 2 stop at the bottom of the hill. (-::)\( £ = 20 0007 m= 30
he energy changes that happen between starting snd stopping. [3 marks]
= . - - \ 2]
-&ravitationod sotentiol eneay KE = 'h xywa(C e veloatu
5 kiwetic Pvovam NN $) 3000DT= Yo x A0 x N
'EN/(%/:J’\’}N\Q‘JM‘}Q 1 Ix 000 = A0 X N2 Lx2
dv!m Ve s tismes /?’Y{chﬂh - R | =30°
. v Lot &) W z %o
6 Yrirnal s
b sunmdiige

\ N
A\
\] 2<20000
b} The height of the hill is 100 m, and Andrew’s mass is70kg. if the gravitational field

¢) Forwhat reason wo
strength s 10 N/_Ig, what is Andrew’s gravitational potential energy at the tep of the
hill? [2 marks]

uld Andrew's speed be Iefs than calculated in part d)? [1 mark]
0 A A AR ‘C\’FOY\
,»;] = o N = - 3 -t
® u-ildm w=30ks 4= ION/pa sworoiwedt vac [Hawald store
€) “sr€z Mxaxh
9, = 30 X0 ¥ 100
(s) =30 000 T




v" Uncertainties

A student records the following data during an experiment to determine the internal reS|stance
of a battery. 4dd ab Ce { wle

Wicortt” of ”,j/
. J

{
]

emf.=(45+02)V
terminal p.d.=(3.0£0.1) V
current=(2.0+0.1) A

|1 Ab— A L
A \ A
A4NAan/) 1
A4 VYN /
K U

What is the percentage uncertainty in the value for the internal resistance of the battery? -

: 0.24% 0.] = ©.3
A 50% @ O 2 O.%
B 61% @ /Uw\wv('o’i ( V) = = 0« Zxie0
(£’ -\) (Lfs 530 |
cC 13% = 20
0, . D\ \ {
2 2t / WV-'O‘J— Oﬂt -~ \/Z—/ X (Oo ‘;_:/ /T///—\

Ny (l "
Your answer LD ensn alay ,V{;v

([Bfck 57 =387 ikl




l Complete the Steps, Solve the System I

1.

—6z +y = —50
y = —4zx
_6x + (-4x) = -50
-6x - 4x = -B0
-10x = -50

Xzh

2

-10y==
-bz — Ty = 43

-5(-10y) -7y = 43

50y - 7y = 43

3.

3z + 4y = 50
-2z =y

3x + 4(-2x) = 50

4.
y =2
-3z + 8y = 26




Key take away:

The goal is not to get the right answer...
The goal is to understand how to get the right answer!

IOP Institute of Physics



1. Maths: worked examples

A Routine:

1. Analyse

2. Explain

3. Operationalise
4. Apply

IOP Institute of Physics



2. Literacy: worked examples

Could the same ideas help students with extended writing?

A Routine:
1. Analyse
2. Explain
3. Apply

IOP Institute of Physics



Method A

1. Put the ice cubes in the funnel and cover it with one of the materials
2. Putthe funnel in a beaker and leave it for ten minutes
3. Measure how much water is in the beaker

« Would you know exactly
what to do if you were
given this method?

« What information is
missing?



Method B

1. Place each funnel in a beaker

2. Place 2 ice cubes in each funnel

3. Cover each funnel with a different material, using a rubber band to keep the
material in position

4. Start the timer and wait for 1 hour

5. Pour the water from the first beaker into a cylinder, measure the volume and
record it

6. Repeat with the other beakers e  How is this method
5 11| imprnvement on
the previous one?

¢ How could it be

improved further?



Which parts of this

MEthOd C method are
suggesting ways to
Place a funnel in a 250ml beaker - the funnel should be large make your results:

enough to hold two ice cubes e Accurate?
2. Place 2 ice cubes in the funnel - make sure the ice cubes are as * Precise?
similar in volume as possible
3. Cover the funnel with bubble wrap, as shown in the diagram, using
a rubber band to keep the bubble wrap in position
4. Repeat steps 1-3 three times, using a different material each time
(white paper, black paper and aluminium foil) - use as many layers
of the material as necessary to make it as thick as the bubble wrap
5. Repeat steps 1-2, leaving the ice cubes uncovered - this is the
control sample
6. Start the timer and wait f-::-r 1 hour
graduations, measure the volume and record it - make sure that you
measure it side on
8. Repeat with the other beakers



Success criteria for writing a method

Numbered steps

Verb at the start of every step

Specific about every piece of equipment - include the range and resolution
(maximum and smallest measurement it can make)

Accurate: include hints that will help make your results more accurate - e.g.
how you will keep your control variables the same every time

Precise: include hints that will help make your results more precise - e.g.
equipment with the smallest possible graduations (1ml more precise than
10ml)

Integrity: be honest about what you did, and why you did it

Redrafting: every time you redraft, ask yourself: "would someone who missed
the lesson be able to do exactly what | did if | gave them this method?”

L

L L

L

L L






Exemplar 1 4 marks

Describe the evolution of the Universa up-o the formation of the first nudei.
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Describe and
explain the

photoelectric

effect

Planni iting: The Photoelectric Effect

DOraw the process B annotate:

Photons J_FE'--'- E/J m/ilen:truns

oy

L’??q“ /‘

GoB @ 8 g
@2 @ @ e

rietal

Write the key words and relationships:

Threshold frequency +  Kinetic energy
€= hf * Intansity

W= his

Electrons

betal

*  Emitbad

*  Fhoton

- - - -

llet point description of process:

Bullet point explanation of aach step:



Describe the
energy changes as
the trampolinist
moves from the
top of one bounce
to the top of the
next bounce







2. Literacy: worked examples

Could the same ideas help students with extended writing?

A Routine:

1. Analyse

2. Explain

3. Operationalise
4. Apply

IOP Institute of Physics



3. Equity: culturally responsive teaching

* Importance of

classroom
culture A Model of Culturally Relevant Pedagogy in Physics

* What does a
{ e o ) Department of Educational Studies, St. Mary’s College of Maryland, St. Mary's City, MD 20686 USA
go O d p hyS I C I St acjohnson@smcm.edu

L]
I O O k | I ke ? Abstract. There has been a surge of interest in the United States recently in culturally relevant/responsive/sensitive teaching
® in physics and similar disciplines. Two brief examples: In his call for papers addressing race for The Physics Teacher,

Gary White lists “culturally responsive teaching™ as the first topic, and one of the two aims of a $4.9 million grant
received by the American Association of Colleges and Universities is to “empower STEM faculty to adopt culturally
sensitive pedagogies.” So the question is: What is culturally relevant physics teaching? How would we even know it if
we saw it? | argue that a framework for culturally relevant pedagogy developed by Gloria Ladson-Billings is a useful
model for university physics faculty.

Angela Johnson

IOP Institute of Physics



About me




Our physics values

Cu riOSity Precision Integrity

chtlonary of

Smence# -




About you — introductory letter

On the sheet of paper, write a letter introducing yourself S———

e What are your interests, hobbies and passions? ,Daerf]r Ms Kenrick,

Which subjects are you studying at A level?

Which jobs are you interested in doing in the future?

What are you thinking of doing after your A levels?

What are you looking forward to about physics this

year?

e What are you worried about when it comes to physics
this year? Yours sincerely,

e Isthere anything your other teachers do / have done
that really help you with your learning?

e Anything else you would like Ms Kenrick to know
about you?




Homework

Part 1 (40 mins)

Go the Institute of Physics career paths website:

https://www.iop.org/careers-physics/your-future-

with-physics/career-paths

Identify a physicist featured on this website whose
job looks interesting to you, and read their profile.
Write a fact file summarising what you’ve found out,

including:

What is their name?

What is their job?

Where do they work?
What do you think looks interesting about

their job?

Assistant Headteacher
Assistant Principa
Automated Test Endineer
Background Artist

Central Banker

Chief Executive Officer

Consultant Medica

Physicist

Education, Qutreach and

Diversity Officer

Section Leader

f Market Risk Project

Manager

§ Policy Researcher

| Senior Programme

Manager for Photonics

pace System Enginesr


https://www.iop.org/careers-physics/your-future-with-physics/career-paths
https://www.iop.org/careers-physics/your-future-with-physics/career-paths

End of half term reflection

Write a letter about your progress in
science this half term.

How have you shown our science values
(curiosity, integrity and precision)?

Is there any way you can improve next
half term?

What you have particularly enjoyed?

What are you most looking forward to in
our future science lessons?

Dear Ms Kenrick,

This half term | have shown
curiosity, for example when |...

Next half term | will try to show
more... for example, | will...

| have particularly enjoyed...
| am looking forward to...

Yours sincerely,










Impact: community

* A chance to pause, evaluate and reflect with other
practitioners

 New connections (local & online)

* My lessons, my coaching, department, ECT, other
networks.

IOP Institute of Physics



@r

central

Q-mu’éess

Top Tips
for Inclusive
Science Teaching

10OP nstitute of Physics




Build
numeracy and
literacy for
science

w




What’s next?

* PER Club 2.0 —sign up on talk physics!
e Evaluation of PER Club pilot

e Sharing learning

* Inclusive teaching booklet

* QOvertoyou...!

IOP Institute of Physics



 What can you ‘magpie’ from this session?

* Do any of the ideas shared apply to your setting?

* Would you be interested in participating in PER club?
 Would you be interesting in co-facilitating PER club?

* Would you be interesting in leading your own PER club?

What are your actions from this session?

IOP Institute of Physics



Limit Less campaign

Think you
know physics?
Think again

an Less

10P Institute of Physics

The Limit Less influencing campaign was launched by the IOP in
October 2020

Aim: Increasing the amount of young people taking physics post-16

The campaign is focused on five underrepresented and
underserved groups in particular:

Black Caribbean young people
Disabled young people

Girls

LGBT+ young people

* Young people from a lower socioeconomic background

* For more information visit: www.iop.org/LimitLess

*Sign up to our manifesto for change:
www.campaign.iop.org/manifesto

I0P Institute of Physics of Physics


http://www.iop.org/LimitLess
http://www.campaign.iop.org/manifesto
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