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Designing for
enquiry



Design criterion

Automatise enquiry skills

Develop ‘scientific thinking’ ability
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(d) The Baobab tree grows in

Botswana. Africa

The tree has no leaves for up to 9 months of the year.

Figure 2 shows the average temperature and rainfall each month in Botswana.
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Explain how having no leaves from March to November allows the Baobab tree to survive

in Botswana.
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Multiple ideas

Plant transport
Transpiration rate

Photosynthesis
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Adaptation
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Multiple skills

Plant fransport Find patterns in data

Transpiration rate = Determine variables

Photosynthesis Review hypothesis
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Challenge 1: cognitive overload

Plant fransport Find patterns in data

Transpiration rate = Determine variables ==

Photosynthesis Review hypothesis
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Solution

Automatise enquiry by learning
skills to fluency
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Challenge 2: ‘scientific thinking’

Detect’ strategy Determine variables

>/:

.o v
Transpiration rate <l

\

Transpiration

- Review hypothesis
. against evidence

'_ _ : 4% /
———— Find patterns in data
Lli;

Coordinating the ideas and skills

‘ ‘Solve’ strategy

Stomata v .
Photosynthesis
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Solution

Develop scientific thinking by
coaching students to think
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Progression in scientific thinking

E Primary: types of enquiry Secondary: types of thinking
£ Classitying »  Classifying
%‘ Fair tests > Experimental
e
v Patterns e + Quantitative
>
i -
= Observing ~  —oee - > Statistical
Researching > Theorising
(other's explanations) (own explanations)
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5 types of scientific thinking

 Classifying: categorising and distinguishing
» Experimental: cause-effect relationships

« Statistical: patterns and correlations

* Theorising: developing models

W
S
()
=
O
S
>
£
=)
O
c
()
>
s
=

« Quantitative: mathematising
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Types of thinking in action

Theorising
e.g. Atomic model

Rutherford

Classifying

e.qg. Periodic table

Mendeleev

Experimental
e.g. Radioactive decay

Curie

Statistical
e.g. System damage

Doll

Quantifying

Newton
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Detect scientific thinking in GCSE spec

4.2.3.2 Plant organ system

Transpiration is an

‘experimental thinking’

Students should be able to explain the effect of changing idea
temperature, humidity, air movement and light intensity on the rate
of transpiration.

Students should be able to:
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+ translate information between graphical and numerical form

« plot and draw appropriate graphs, selecting appropriate
scales for axes

« extract and interpret information from graphs, charts and
tables.
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Scientific thinking coordinates skills

2

% CIOssifying ——  Hypothesising Interpreting,

g Experimental ——  Hypothesising Investigating Interpreting
g- STO“S“CO' EE— Mathematics

)

_g Theorising ——>  Modelling

Quantitative ——  Mathematics
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Skills in Blueprint



Automatise enquiry by learning
skills to fluency

» Blueprint defines all enquiry skills

 Blueprint integrates all skills for teaching in Y7/8
 Blueprint repeats skills regularly in Y?-11

 Blueprint assumes ‘gradual release of responsibility’
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Interprehng
Recognise uncertainties
* Review a hypothesis against evidence
« |ldentify experimental limitations
« Draw areasoned conclusion

Modelllng
Compare a model with observations

Use a model's features
Represent with a model
Evaluate a model's limitations

e . . .
.E Make a reasoned prediction Find patterns in data
p S
: (] [}
= Argument E n q Uiry Hypothesising
- « Consider arange of perspectives « - « Invent a scientific hypothesis
R—l ° Make reasoned arguments ° . Think up an experiment
” skills
iy Hoati / Mathemahcs
(% nvesiiga mg Determine relationships from graphs
« Collect sufﬂmen’r'do’ro . Solve equations
: %2?}?;5 F?QF)z%rr%Fs)rIOTe method Literacy . Use froc’rior;.s and pdercin’roges
. . . . Judge rellob|l|’ry » Use proportions and ratios
Defermine variables « Construct charts & graphs

* Interpret complex texts

«  Write with coherence * Estimate true value
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Integrates all skills for teaching in Y7/8

Each acquire has a linked foreground skill.
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7 7KC-E
O -Energy
2 Mastery planner 7U-Energy unit
(a8
| -
© =
ﬂ Level 3 Potential energy: An object can store energy because of its position. When released, potential energy can be transferred to kinetic
o energy.
4 5 _
V) Level 2 Gravitational energy, Elastic energy
Level 1 Magnetic potential energy, Chemical potential energy, Chemical energy store
Skill Compare actual & predicted results. R ES-Review a hypothesis against evidence
Technique Measure length

To determine what factors affect the potential energy of a raised or stretched object.
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Repeats skills regularly in Y?-11

/KC-Energy

8KC-Elements & compounds

8KC-Gas exchange
<€«—————- ES-Review a hypothesis against evidence

9KC-Periodic patterns
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T10KC-Photosynthesis

11KC-Classification
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Skills in your
curriculum
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Skills

Typical ‘enquiry’ activity

Core Practical - Investigating Friction

Aim - To investigate how the material affects the amount
of friction.

Prediction - Puf the differenf surfaces in order from highest
to lowest friction. Explain your choice.

Method -

surlace block of newlgnmelér
Al

1. Set up equipment as shown above

2. Take 3readings for each surface by measuring the
force needed to keep the block moving

3. Calculate the mean of the 3 readings
4. Record in results table
Variables - [denfify the following varnables.
Independent variable -

Dependent variable -

Confrol variables -

Results - Copy and complete this fable.

Type of Force needed to keep block moving | Mean
surface (N)

Trial 1 Trial 2 Trial 3

Conclusion Questions — Answer in full sentences.

1.

Write the order of the type of surface from highest
to lowest friction.

2. Was your prediction comrect?

3. Use your results to explain your answer to Q1.

Use your knowledge of the surface o explain your
answer to Q1.

How repeatable were your resulis? Explain your
answer.

6. How else could you reduce friction?

7. Stretch: How accurate do you think this practical

is¢ How could you improve this experiment to get
more accurate results?
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Typical issues

Core Practical - Investigating Friction

‘ |nveSTigOTion ’ Aim - To investigate how the material affects the amount CO'CU'OT@ meO n

of friction.

Ep [

lessons that Prediction
Incorporate

several skills — - L e
no clear focus. oo

1. Set up equipment as shown above

2. Take 3 readings for each surface by measuring the Conclusion Questions — Answer in full sentences.
force needed to keep the block moving

1.. Write the order of the type of surface from highest
3. Calculate the mean of the 3 readings to lowest friction.

Repetition of ldentify variables Determine patterns

the same skills Repeatabillity
AcCcuracy
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Skills

Typical issues

No scientific thinking:
why the skill is being

used.

|dentify
variables

Method -

1. Set up equipment as shown above

2. Take 3 readings for each surface by measuring the
force needed to keep the block moving

3. Calculate the mean of the 3 readings
4. Record in results table
Variables - [denfify the following varables.
Independent variable -

Dependent variable -

Confrol variables -




Typical issues

lum

connect skill to

3 Aim - To investigate how the material affects the amount
.E N O of friction.

- . Prediction - Puf the different surfaces in order from highest
B SXperimen tal to lowest friction. Explain your choice.

L S

4 confexi o

>

=

Skills
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Typical issues

Skills are not
taught: no
teacher modelling
and student
practice.
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Typical issues

Skills are not
assessed.
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How to integrate
enquiry




Improve enquiry in your scheme

1. Choose associated enquiry skills
2. Add 'need to know' contexts
3. Teach the skills

4. Give opportunities for practise
5. Assess the skills
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1. Choose enquiry skill

FiInd the enquiry skill in the relevant Key Concept planner.

Level 3 Surface friction: The force always acts in a direction to resist relative motion between two surfaces. Its magnitude depends on the
roughness of the surfaces and the force pushing them together.

Skill Consider limitations of data as evidence and suggest ways of improving accuracy.
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Technigue Measure force

To choose a suitable material for an application, by investigating what variables affect the frictional force between surfaces.
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2. Add a ‘need to know’ contexi

Each year, 250,000
people in the UK go
to hospital after a
fall. Wet surfaces
increases the risk.

[. . C.
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pwow ow et o B9 RN
: g gl "'4".!}\' PR h

Engineers can reduce
the number of falls by
designing soles that
don’t slip.
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eneace | \What's the best sole for wet conditions?
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3. Teach the skill

Material of | Maximum force of friction (N)
sole

Reading 1 | Reading 2 | Reading 3

N EREE
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4. Give opportunities for practice

To interpret data about how particular variables affect friction using a model, To interpret speed-time data using resistive forces.

Goal To draw conclusions about the effectiveness of a product in minimising friction or air resistance.
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5. Assess the skill

 The evaluate stage of acquire
« As part of apply/analyse
« Summative assessment
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Teach skills



Added value: blending enquiry
with science ideas

science
ided

enquiry scientific
skill thinking

>
+—
=
D-
-
()
L
O
O
O
e
O
[ it
3
O
- -

blueprint  © Mastery sc ience 2020



How can you teach enquiry
efficiently?
Explain - clarify the need for this skill and where it fits
Demonstrate — worked example

Guide - coaching/support for students
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Empower — independent practice
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EDGE in action

; ExrloREA  How do you think height depends on genese
= ' Find out how height varies in your class.

=4 Explain v heig Y

c The pattern is evidence of whether one, many
L Oor no genes are involved.

L

S) " ; B}

-Iq—, : short al ’ DHI H E, g' [’ | = H
o height incm height snor .height el
'; one height gene many height genes no height genes
:g Activity: Collect data SS1

« Measure your partner’'s height and put it in the table.
« Record the height of the whole class.

« What pattern do you think the data will show?

« What axes would be best for the charte Why?<
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EDGE in action

.;" ENA!iI.‘I.E. @
g_ 1*?‘%\_;-; How do you draw a histogram? comE
4 Demonstrate 2 7| Follow these 6 steps: "
()] e e QIO
-5 1. Write out the data in order. r
O
9 Mass of monsters in kg:
O
; 9—-%ng“-9,;<}
:Icg 40, 41, 41, 42, 45, 46, 51, 51, 52 ..
G U|d e Activity: Draw a histogram to show monster mass $S2

« Continue to write the mass in order
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Activity: Display data
* Draw a histogram.

inherited?

EDGE in action

S, exrloreB - How do you think height depends on genes®
S

= Now draw a histogram to show the pattern of
(o) , .

- Em power heighfs. It vyull fell you whether one, many or no
) genes are involved.

=

O 5 e

U g’_ frequency H }_\ frequency 5

Q g short tall _r ‘T H H

o height in cm height height

'; one height gene many height genes no height genes
O

L

« Put the data for height info a frequency table.

 What does the pattern show about how height is
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When should practical work be
used?

1. As part of

[ ]
an a Cq uvire Level 3 Battery voltage: Current flows around a circuit because of a force created by a bati
bigger the current and the brighter the bulbs.

FO CUS |S on Level 2 Electric current
AC q U |r| N g 'l'h e Level 1 Circuit diagram, Circuit symbols, Ammeter, Cell, Electron, Battery, Voltage
m O | n SCIe n C e Skill Provide relevant evidence from the data, to support a conclusion.

. . Technique Construct circuits, Construct circuits, Measure potential difference, Measure curre
ideaq, using an

experiment
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To determine what affects current by constructing circuits with different numbers
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When should practical work be
used?

-

.5 .

2 2. As a practical lesson

()

L

O . . . .

8 FO CUS IS ON Level 3 (Practical lesson)

.9 TeOC hlng Level 2 Diffusion

% prOCTICOI Level 1 N/A

L Te C h n I q U eS O n d Skill Decide suitable independent, dependent and control variables to test an idea.

Th e e n q U Iry S |<|| | . Technique Measure area, Measure temperature, Measure time

To determine the effect of temperature on the diffusion of a substance.
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What about required practicals?

« AQA Combined science has 19 required
oracticals.

 These are in the planners as practical
acquire lessons.
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 Most are covered in a 9-11 key concept, @
few in year 7/8.
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Scientific thinking
in Blueprint




Develop scientific thinking by
coaching students to think

* Blueprint statements describe scientific thinking
* Blueprint tasks support scientific thinking
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Statements describe scientific thinking

Main idea —p Practice

Stomata open in light which lets in carbon questions

dioxide for photosynthesis but causes water '
loss. Water is replaced via the transpiration \/\
stream, which is partly caused by diffusion of o\ i
water out of the stomata. Therefore 4
temperature, humidity, air movement, R
number of stomata and light intensity affects

transpiration rate.
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Tasks support scientific thinking

e

=

L

% Acquire task ——p  Main idea Practice

% To make predictions questions

- about how variables :: | .
— affect the rate of ;3___\\/\;;;
2 tfranspiration and 1\
X then use data taken TN R
A from a potfometer fo .

check them.
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Teach
scientific thinking
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Oxidation & reduction

Lesson 1: Oxidation




ENGAG

e | Los Angeles, 1955

€< 0On some days, there is so much smog and
ozone in the air, Billy can hardly see the other
side of the road.

His asthma attacks come so
often that his parents have
forbidden him to play outside.

zgzi:;,/xl TET ) B —————
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"NEAS | New Jersey, USA, 1955

¢ ¢ Hello, I'm Eugene Houdry. Welcome to my
company. Our mission is to help children like
Billy.

| Smog and ozone
( \ are made when
- -
¢ = gases from car
> exhausts react
\ in sunlight.

Watch this clip. 99
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ENGAG

e | Los Angeles, 2000s

¢¢1n the future, I hope
@z children will be able to
. play outside and see
| Clear skles above LA

| PR B

Sl i
el
s | ;

How can we reduce air poIIutlon? 99
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9 ¢ First, my colleague will get you up to
,i; speed with the science and skills. 99

In this lesson, we will learn:

What happens when substances
react with oxygen

How to make a scientific

ooy hypothesis from your ideas
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ENGAG
E

Here are some gases that come out of a car’s
exhaust pipe.

0 How do these compounds form?
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Next steps



7KC-Cell structure blueprint

Mastery pianner  7U-Ceils unit

?

Prioe PS-Ufe pracesses Thavs e differances betwean things thet are living, dead and things that fiswe neves been sliva
Novice

Goal Te show Lnderstanding af prer Kass 1hat 3(e prerequisia o new lesrming

Levad 3 Bullng hincks: Stuttysig living orpsaeame with microscopes reveated that they are made of ane ar more celle - the smallest Wing
wets

Levsi2 NJA

( ; ‘ | | I I < Y ; / 8 D | O I I I I < r ; I I O W Lewell Mutticaller, Microscope, Single-calied orgamem. Scale of cells. Catoulats total magnficaton
. ‘ Skilt Argus for & olaim by axolaining how esch plece of evidente supports [t or not
Techaxque Use a meroscope

To chack 3 claim that an unknawn specimen o Blive by using @ moToscope to exaomng plant and animad calls and idantfymg
COMMaN STLCIUTES

Level 3 Lite tunctions: Calls wse energy 1o camy oot life proceases #e grawth and repraduction and hiave specific pans for these jobs
Lavsi2 Plant cell, Bactenal calls

Leall Ribosame, Cedl memtirang, Nuclaug, Cytoplasm, Mitochondrion, Chioroplast, Cell wall, Permanant vacuole, Flapeils

Skill Repeesant & real wordd event. process or systam ysing 8 modsl

Techaque

To examine dipgrama of 1ee animsl, plent and bacteria cells dantify simitantses and ddferences, and eaptam how those parts keep
tha cells alive

Level 3 NIk
Lavei 2 NJA
Lol Nk
Skill NA

Techangque N/A

Goal Te show secwate undarstanding of the dess &nd ectify gens and misconteptions befare problem-salving.

) Te sdennfy whnat type & urdamiar call s with reasons. by comp 1N 18 SINCTUres 10 hose of plant ond ammals, To work out an

apianation for hew a given ¢

ange In 3 ol will affact the whels organism

Goal To eiterprat expermeantal rasuts sbout calle and make en argument thet ceils cany out life processes

Expert

U =i KC = Koy Ceocept, PS~Pranary Sceroe, Lavel 3 = mein idoe. Levet 2 « other ideas, Levef 1 termeffocts © Nastery Science 2020
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