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The best teaching draws on the best evidence

BEST

Research evidence-informed
progression toolkits for key
conceptsin 11-16 science

Best Evidence Science Teaching * appropriately-sequenced steps
UNIVERSITY OF YORK for learning progression
SCIENCE EDUCATION GROUP
.. Salters IOP BestEvidenceScienceTeaching.org
.. Institute @BestEvSciTeach

Institute of Physics
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Best Evidence Science Teaching resources
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Compound A and compound B are added to a B
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small glass jar. Both compounds are white. A dynamics trolley is pulled with a steady force. l @

It is pulled by a weight hanging over a pulley.

Predict .
What do you think a distance-time graph of the Progression toolkit: Substance
trolley’s movement will look like?

A lid is placed on the jar. The jar is shaken.
A yellow colour appears.
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Were your prediction and explanation correct? Possible states

Try to improve your first explanation to explain what happens more clearly.

Unusual states
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] Pure or mixture?

Boiling observations

Cooling observations

\ Comparing melting \ Al that glitters...
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BEST Biology (age 11 to 16)

772
&‘ o/

The cellular basis of life

S

Variation, adaptation and
evolution

&

Heredity and life cycles
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Health and disease

Organisms and their
environment
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BEST Chemistry and Earth Science (age 11 to 16)

Substances and Particles and structure Chemical reactions
properties
Earth chemistry Dynamic Earth

Physics



BEST Physics (age 11 to 16)
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Matter Forces and motion

&)

Electricity and magnetism Earth in space

Sound, light and waves

ysics



of “Big Ideas”

* Matter (PMA)

* Forces and Motion (PFM)

* Sound, Light and Waves (PSL)

* Electricity and Magnetism (PEM)
e Earth in Space (PES)
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Where’s energy?

* Can something happen, not will it happen
* Calculations based on assumptions
* Does not explain how or why

Energy features in each of the “Big Ideas” of
physics.
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Primers

Using diagnostic
questions

An introduction to using diagnostic
guestions to provide evidence of learning,
diagnose misunderstandings and decide
what to do next.

Using response activities

An introduction to using response
activities to challenge
misunderstandings, encourage
metacognition and facilitate progress in

Teaching energy

An introduction to building students'
understanding of energy using the stores
and pathways approach.
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Primers

Diagnostic Questions

help you to collect:

* evidence of where your students
are in their conceptual
progression

* evidence of common
misunderstandings and
preconceptions.

Can be used formatively to decide
what to do next.

Response Activities

* encourage students to talk and
think about what they’re thinking
(metacognition)

* facilitate purposeful practical
work

* encourage meaning making.

Help to challenge misunderstandings
and overcome barriers to conceptual
development.
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* Guidance notes
— Challenging content, so teach late in 11-14
— Battery v cell
— Voltage v potential difference

* Learning progression
— Science story at age 5-11, 11-14, 14-16
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(PEM)

e Key concepts with
suggested order

11-14:

Topic PEM1
Simple electric circuits

Key concepts:

PEM1.1 Making circuits

PEM1.2 Electric current

PEM1.3 Voltage

PEM1.4 Static electricity

Topic PEM2
More electric circuits

Key concepts:
PEM2.1 Resistance
PEM2.2 Parallel circuits

Topic PEM3
Magnets and
electromagnets

Key concepts:
PEM3.1 Magnetic fields
PEM3.2 Electromagnets

14-16:

Topic PEMA4
Electric fields

Key concepts:

PEM4.1  Moving charge

Topic PEM5
Circuit calculations

Key concepts:

PEMS5.1  Analysing series
circuits

PEMS5.2  Analysing parallel
circuits

Topic PEM&
Circuit components

Key concepts:

PEMB.1 Components with
changing
resistance

PEMB.2 Sensing
components
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PEM Topics for age 11-14*

* Simple electric circuits
* More electric circuits
* Magnets and electromagnets

* Some BGE content will be in the 14-16 materials
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PEM Topics for age 14-16

* Electric fields

* Circuit calculations
* Circuit components
* Electromagnetism
* Mains electricity
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(PEM1.1: Making circuits)

* Developing understanding of big idea

— foundations for understanding of unfamiliar concepts
such as current and voltage (PEM 1.2 and PEM 1.3)

* Progression Toolkit(s)
e Research notes
 Guidance

IOP Institute of Physics

Scotland



Progression toolkit (PEM1.1 1 of 2)

Progression toolkit: Circuit diagrams

Learning focus Electric circuits are represented using circuit symbols and specific circuit diagram conventions

As Si‘tl,,ldeﬂ‘t&".’I COMNCEPTUAL PROGRESSION

conceptual

understanding Build simple circuits from Identify components from
their circuit symbols, and
draw the circuit symbol for

common components.

Identify circuit diagrams
that represent a series
circuit by tracing round the
circuit.

Interpret circuit diagrams
to build series circuits.

Use circuit symbols and
circuit diagram
conventions to draw clear
and precise circuit
diagrams of electrical
circuits.

Circuit from a picture Circuit symbols Circuit diagrams {1) Circuit from a diagram Circuit diagrams (2)

LR [ Pictures or
can: demonstrations.

Diagnostic
questions

Response

Building circuits (1 Building circuits (2 Drawing circuits
activities & (1) g (2) g

Key:

n Prior understanding from earlier stages of learning
IOP Institute of Physics
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DQs and RAs (PEM1.1 1 of 2)

Simple multiple choice

W st et s
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Circuit from a picture Circuit symbols Circuit diagrams (1) Circuit from a diagram Circuit diagrams (2}
BEST o BEST —— BEST e, BEST
Circuit from a picture ‘Circutt symbols.

Circuit diageams [1)

Circult from a disgram

BEST voesn mosssetr
Circuit diagrams {2)
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Building circuits (1)

Simple multiple choice

Simple multiple choice

Simple multiple choice

Confidence grid

Building circuits (2}

BEST

Bullding circuits {1}

BEST

Building circuits (1)
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Drawing circuits

BEST

Drawing cireuits

Application and practice - practical

Application and practice - practical

Application and practice - practical

e of Physics



Diagnostic Question PowerPoints

Bulbiin acircuit

Bulbiin & circuit

Bulbiin & circuit
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Bulb in a circuit

A torch battery has two A torch bulb has two contact
contact points. It has one at points.

each end.
One is at the tip and the other
is on the screw thread.

|I|||
|||||

SILVER
SeAL
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Developed by the University of York Science Education Group and the Salters’ Institute. Iu Ute 0 P ySICS

BE s I This question or activity may have been edited. Download the original from www.BestEvidenceScienceTeaching.org SCOtland
Biit Evidance Sciunce Tedching © University of York Science Education Group. Distributed under a Creative Commons Attribution-NonCommercial (CCBY-NC) license.



Bulb in a circuit

d. Will the bulb light?

SILVER
SeAL

T

A Lit

B Not lit

TOPinstitute of Physi

™ Developed by the University of York Science Education Group and the Salters’ Instltute I Ute 0 ySICS
This question or activity may have been edited. Download the original from www.BestEvid, hing.org

Best Evidance Sciance Teaching
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Diagnhostic Question Word Documents

 Student Worksheet

- — Laminate or assign online

Bulb in a circuit

a a
points. fthasone steachend One is stthe tip andthe otherison
the screw thread.

Overview
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Loak st the pictures belaw. They shaw diffsrant ways of cannectingthe battery and the bulb,

Far sach, tickane bax (] tashaw ifthe bulb & it arnat

g - = i — What is being checked

surraundings wilimpairthai abilty o recall what they know Ealoman, 2000). Familiarisation with
new equipmentis an important partaf this tsk.

When given a bulb, battery [not in holders) and a canne cting wire, many 8-12 year olds, and many
alderatudents tao, cannet make the bulb igt up (Shipstans, 1995). These studemss typicalfytreat
the bulb a a one-terminol sk and cannect the wire anly ne canns tian paint. Usually the ans on
the endaf the bulb
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= thraughthe wires, and supparts thescientific madai for the conservatian of current

Being able ta build s ars tause tadeveiop
their understanding of electricty

‘ays to use this question

Students should complete the question individually. This couldbe a pencil and paper exercise, or .
o cnid e M and

—
The arswers tathe

wallta spply it carractty.

IFthers s a range of ansers, you may choase to resp ond through structured chss dicussion. sk
anstudent to expl ‘the answer thay did;

o
e Hot " hot agree withthem; @k another to explain why they disagree, and sa on. This sort of discussian gives
[ e Studants the oppartunity ta explars their thinking and far you ta reallyunde stand their laarming.
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— Next steps

IOP Institute of Physics

Scotland



Building circuits (1)

Build these circuits

Circuit 1

Ib 1 lights up
this bulb is

Circuit 3 Circuit 4

Compared to bulb 1 .;e bulbs are Compared to bulb 1 ae bulbs are

TOPinstitute of Physi
BE ST'“ Developed by the University of York Science Education Group and the Salters’ Institute. i Ute 0 ySICS
This question or activity may have been edited. Download the original from www.BestEvidenceScienceTeaching.org
Bes b Serc et Scotland

@ University of York Science Education Group. Distributed under a Creative Commons Attribution-NonCommercial (CC BY-NC) license.



Building circuits (2)

Build these circuits
For each circuit describe what happens

Circuit 1 ‘cuit| !
I_

4®_o/o_ —®_®7

Circuit 3 Circuit 4

- |=

m ()
W

- Developed by the University of York Science Education Group and the Salters’ Institute.
This question or activity may have been edited. Download the original from www.BestEvidenceScienceTeaching.org
Biit Evidance Sciunce Tedching @ University of York Science Education Group. Distributed under a Creative Commons Attribution-NonCommercial (CC BY-NC) license.
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Response Activities

e Student Worksheet
S — — Poly-pocket / card

* Teacher Notes
— What is being checked
— What the research says
— Equipment list
— Technician notes
— Health and Safety
— Expected Answers
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Scotland



* Download a single key concept
* Check progression toolkit order
* Find 1 DQ that gives the best formative

assessment and embed into teaching
 Realise how useful it is, then add more
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Getting the most out of BEST

* Download a whole Big Area

* Check each key concept order and guidance
* Print progression toolkit(s) and DQ/RA list

* Pick the best and embed
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* (How) Would you add these to your teaching?
* Do you have any questions?
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