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Design for
understanding



The Arabian oryx (Oryx leucoryx) is a mammal that was once extinct in the wild

The image shows an Arabian oryx.
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(c) The Arabian oryx uses its long horns to fight for territory and mates.

Describe how the long horns could have evolved.
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A rare orchid plant has been found in the mountains in China.
The orchid has pale yellow flowers.
DNA analysis of the genome shows that it is an ancestral species.

All other present-day orchids evolved from this ancestral species millions of
years ago.

One present day species has bright purple flowers.

Describe how an orchid with bright purple flowers may have evolved from
the ancestral species which has pale yellow flowers.
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yellow purple

“What caused this?”

JIJ \ “They became purple because bees

Low AO2 performer prefer brighter colours.”
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IS “Bees prefer purple flowers so they
visited the purple flowers more often,
so more purple flowers were
produced.”
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m Novice knowledge
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Disorganised ideas and facts are hard to use
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(j\ Disorganised ideas

Situations > Natural selection
Variation
Insects and camouflage
Birds and beaks \

Survival of fittest

y

Increase in characteristics

v

New species over time
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vellow purple

“What caused this?”
A _ —
oL
ey

“The plant evolved so having purple
High AO2 performer flowers must give the plants an
advantage.”

(@)
=
©

c

O
ol

(72]

S

O
-o

c

=

p

O
[Tt

c
L)

(72

O
o

blueprint  © mastery Science 2020



1.Variation *2. Competition * 3. Survival * 4. Reproduction

“Evolution happens because of natural selection.
There are four stages.

This is a template - | remember it from a lesson -
| have to fill in the gaps.”
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1.Variation

2. Competition

3. Survival

4. Reproduction

“In the past most orchids had yellow flowers.
But there was variation because of differences
in genes - some orchids were produced that had
different coloured flowers such as purple.

Plants compete for pollinating insects. More
insects were attracted to the orchids with
purple flowers and pollinated them.

(Nothing needed for this stage)

These orchids would then reproduce, and pass
on the genes for purple flowers to their
offspring. So the number of purple-flowered
orchids in the population would slowly increase

in each generation.”
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@7 Expert knowledge
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Knowledge organised around fundamental
principles — a schema - is easy to use
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M Schema

1. Situations Evolutionary changes  Limited resources Adaptations

Natural selection

2. Slots /7 \ \

Variation Competition Survival Reproduction

Characteristic Limited resource Adaptation Adaptation
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Solving problems with schema

1. Recognise situation gy utionary changes  Limited resources Adaptations

/

Natural selection

2. Fill slots

Variation Competition Survival Reproduction

/ Characteristic \ / Limited resource \ / Adaptation \ / Adaptation \
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\ Bright colour J k Bees / \ / \
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Knowledge
framework



Levels
S8KC-Natural selection Time

Mastery planner  8U-Life diversity unit
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(O Level 3 Natural selection: In a population of a species, some organisms have characteristics that help them survive and reproduce better in
8 their environment. Their offspring inherit these characteristics, which become more common over time. less
E Level 2 Evolution, Adaptations v
o o
Level 1 Species, Extinct
- p
N
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Mastery planner

Level 3

Level 3 idea
S8KC-Natural selection

8U-Life diversity unit

Natural selection: In a population of a species, some organisms have characteristics that help them survive and reproduce better in
their environment. Their offspring inherit these characteristics, which become more common over time.

4-stage process

1.Variation h

2. Competition [ 3. Survival s

4. Reproduction

Natural selection is the cause of evolution.
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Level 2 ideas

S8KC-Natural selection

Mastery planner  8U-Life diversity unit

Level 2 Evolution, Adaptations

LY.
S
O
3
o
=
O
.=
0
o)
3
9
3
0
v

blueprint  © Mastery Science 2020



Level 1 ideas

S8KC-Natural selection

Mastery planner  8U-Life diversity unit

Level 1 Species, Extinct
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AO2 is science in disguise

4

.

O

% A rare orchid has been found in the mountains in
= China. The orchid has pale yellow flowers. DNA
O New . analysis of the genome shows that it is an

= phenomenon ancestral species. All other present-day orchids
% evolved from this ancestral species millions of
O years ago. One present day species has bright
9 purpose flowers.

g Develop an

§ explanation > Describe how an orchid with bright purple

flowers may have evolved from the ancestral
species which has pale yellow flowers.
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How scientists develop an explanation

Enggge Find a problem or a big question you want to research
Fnable Research existing knowledge

EXp|Ore Do experiments to understand phenomenon
EXp|CIiﬂ Develop a theory to account for results

Ep”Ogue Theoretical framework to make sense of experience

Extend Provide extra knowledge and new situations

EVOIUOTE eSS e understanding and decide next steps
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Acquire follows the same stages

Rich, concrete

Enable representations .
Theory of progression
Explore towards understanding
, (Forbus & Gentner)

Explain
Epilogue Abstract theoretical

representations
Extend
Evaluate
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Activate stage




Activate purpose

To find out what a student’s ideas are on the prerequisites
BEFORE teaching.

O .
o Natural selection
[
(7]
@ Activate ...prior ideas & address gaps/misconceptions
O
.2 Prior 7KC-Competition, PS-Evolution: Animals and plants are adapted to suit their environment in different ways,
"6 8KC-Variation
O Goal To show understanding of prior ideas that are prerequisite for new learning.
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Pre-assessment

ASSESS
Prior understanding to
knowledge gaps and
misconceptions.
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What activity would you
Teach new choose for natural
concept selection?
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Example: Preassess natural selection

Check your understanding: Adaptation

1. The rock pocket mouse lives in deserts in the United

States and Mexico, Its home is a burrow where it stores
seeds for eating.

Here are some of its characteristics.

a) lives underground b) goed hearing
S | /
c) large eyes on the sides of its head //“ d) ple toloyr

e) strong teeth ) o

f) kidneys produce very little urine
How does each characteristic a) - f) help the mouse survive in its environment?

2. The sand where the mice lives used to be pale. Then a thousand years ago, 2 lava flow turned
the ground black. The population of mice in black areas changed. Gradually more and more mice
had dark fur.
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Look at these facts about rock pocket mice:

* Fur colour is inherited.

* Occasionally, a mouse is born with dark fur.

* The predators of rock pocket mice are owls, snakes and coyotes.

* Predators are more likely to spot mice whose colour doesn’t match their habitat

Can you use put these facts together to explain why their fur changed colour?
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Pre-assessment task

1. The rock pocket mouse lives in deserts in the United

States and Mexico, Its home is a burrow where it stores
seeds for eating.

e) strong teeth

% Here are some of its characteristics.
(@)
]
(7]
a) lives underground b) good hearing
()
e 4
(@ = _
E c) large eyes on the sides of its head / 8) pale:soloy
O
(@

f) kidneys produce very little urine

How does each characteristic a) - f) help the mouse survive in its environment?
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Pre-assessment task

2. The sand where the mice lives used to be pale. Then a thousand years ago, 2 lava flow turned
the ground black. The population of mice in black areas changed. Gradually more and more mice
had dark fur.

Look at these facts about rock pocket mice:

* Fur colour is inherited.

* Occasionally, a mouse is born with dark fur.

* The predators of rock pocket mice are owls, snakes and coyotes.

* Predators are more likely to spot mice whose colour doesn’t match their habitat
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Can you use put these facts together to explain why their fur changed colour?
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Re-think purpose

To teach any gaps in knowledge or correct
misconceptions that might be barriers to acquiring
new knowledge.
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Re-think purpose

Memory activation

— o =)

Learning stages
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Misconceptions to address

« If there is a change in the environment then
an individual organism can change its

o features to be more successful.
2 + changes to individuals only occur if there is
o an environmental change. f)
O . .
= « change happens to all organisms in A .
S population.
What activity would you

choose for natural
selection?
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Example: Rethink natural selection
Natural selection

« Activate
misconceptions.

* Immediately present
the proper concept.

« Explain WHY the
proper conception is
right.
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Acquire stage




Acquire stage: purpose

To builld a connected framework of knowledge fit for
problem solving.

()
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(70
.= Level 3 Natural selection: In a population of a species, some organisms have characteristics that help them survive and reproduce better in
- ) their environment. Their offspring inherit these characteristics, which become more common over time.
g Level 2 Evolution, Adaptations
U Level 1 Species, Extinct
Skill Suggest an explanation for a new observation based on a scientific idea.

Technique N/A

To explore an evolutionary change, and test a cause-effect hypothesis by simulating the steps in the process of natural
selection.
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Purpose

« The Engage question drives the acquire
» Show ideas as tools for explaining (for AO2)
* An intriguing phenomenon is motivation to think
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What phenomenon
could be used for natural
selection?
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Example

ENGAGE

| C ¢ That was so strange — an island of

» Puzzling giant and dwarf creatures!

phenomenon.
« Can only be
answered by
using ideas
about natural
selection.

How about you try to explain why
2

in your trip report.
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Why is Flores home to giants and dwarfse
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Purpose

¢ Students need to understand some basic ideas before

they can acquire the main understanding in ‘discovery
learning’.

* |n enable these are taught using direct instruction.
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« Adaptation,
evolution,
drawing

conclusions
(skill).

Example

ENABLE

All organisms have special features to help
them survive and reproduce in the
environment where they live.  1.c cnvironment

These are called adaptations.  includes all abiotic
and biofic factors.

There are 3 types of adaptafion:

structural behavioural functional
features you things the how cells, tissues
can see organism does and organs function

Which of the rock pocket mouse adaptations
. are structural, behavioural, functional?
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Purpose

« Students experience key features: hands on/minds-on
They start to build their own understanding of the main
ideaq.

» This prepares students for the explanation of the main
ideaq.
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Example

exrlore | How did elephants evolve to become dwarfs?

* Question 1o Was it a lack of food?

() . .
2 investigate. Let’s test the hypothesis.
0
O
?
O
O
O
What activity do you

normally use to teach
natural selection?
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Question to
iInvestigate.

Bean-Counter
Evolution

Hunt for prey and discover the meaning
of evolutionary “fitness” in this physically
active group game.

In this simulation game, teams of predators equipped
with genetically different “mouths” (utensils) hunt for
“prey” (assorted beans). Over several “generations” of
play, the fittest among the predators and prey dominate
the population, modeling the evolutionary process of
natural selection.

Note: This game works best with a group of 15 or more
people. See Teaching Tips, below, for ways to
accommodate smaller groups.

0 06
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Question to You can simulate = ~ "L

investigate. how evolution works * ¢< ¥
with these imaginary h - K
S.l.Ud.en-l-S -|-O ke Cred-'-ures. oppers jumpers waikers
partin a
simulation where . T :
Activity: Use a simulation to show evolution SS1
’rhey are the « Use a simulation fo model how species evolve.
organisms. » Use what you found out to improve the hypothesis.
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Purpose
Purpose

 Provide a theoreftical framework to make sense of
students' experience in Explore.

« Connect the abstract idea with the concrete
experience in the Explore.
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Example

EXPLAIN
In the simulation, the population of

e The simulation is creafures evolved in 4 stages.
broken down 1. Individuals in a population vary.
into s’rctges In the simulation, creatures varied on how they

moved. There were:
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: S

hoppers jumpers walkers

0 What did the creatures compete for?
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EXPLAIN

©)

CAUSES &
EFFECTS

The 4-stage process you have seen in
the simulation is called natural selection.

1.Variation #

NATURAL
SELECTION

2. Competition P

3. Survival b

4. Reproduction

Natural selection Is the cause of evolution.

120



EXPLAIN

NATURAL

e The same sta ges 1. Individuals in a population vary. SELECTION

Q Elephants on the island show variation in size.
9] are then used to
O .
g7 explain how the
I dwarf elephants
=
o evolved.
O Most elephants A few elephants
are large are small

0 What causes this variation?

blueprint  © mastery Science 2020



Purpose

« Return to the Engage question.

« Students use what they have learnt to answer it.
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Example

eriocue | Why is Flores home to giants and dwarfse

: ¢ ¢ Hi! How is th rt going?
+ Explain another = FIOW R ANe TEpULL 2008

O .
(0) Process using You showed that natural
-g natural selection can explain
@ : dwarf elephants.
4 selection.
8— Can it also explain why
g island rats become
giants? 99
Activity: Complete your report $S2

« Complete the flow chart to explain how rats
got bigger.
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Purpose

* To put the main idea into use.

« To generalise features of the situation where this key
idea can be used.
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Example

Natural selection e |
How do we know this is what happened?
O .
o) « Why are fossils |
< .y R X
A evidence for
g ﬂOTUFO' We need evidence to support the hypothesis.
= .
g selection?¢ Could studying fossils help?
(@

Explain what kind of fossils would prove how
‘ island rats got bigger
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Purpose

« To assess If students understood the main idea.
« Different strategies e.g. exit ticket
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Example

EVALLATE | Did you understand the science idea?¢
o B Do students ss;
O U ﬂderS'l'C] ﬂd The G What is the missing stage in natural
(@] . selection?
17 sfages in natural
Variation > - survival = reproduction

selection?

A Adaptation

B Competition

n
()
=
-
O
S
O

C Extinction

blueprint  © Mastery Science 2020



Solving problems with schema

1. Recognise situation gy utionary changes  Limited resources Adaptations

/

Natural selection

2. Fill slots

Variation Competition Survival Reproduction

/ Characteristic \ / Limited resource \ / Adaptation \ / Adaptation \

Size \ \Big = die, small = survivy \ small = reproduce /

blueprint  © mastery Science 2020
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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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