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Science subject leader development materials: Handouts

HSW with additional guidance for supporting
EAL learners

The National Strategles

Objectives

» To understand how materials from Progressing
to Level 6 and beyond in science have been
developed for particular use with EAL learners.

*  To consider how to make effective use of these
materials in school.

* To be aware that good practice for EAL
learners is good practice for all learners.

¥ g

The National Strategles

Qutcome

Participants will have identified action peoints in:

« enhancing effective practice in HSW for EAL
learners

= making provision for leamers with lower
academic literacy.
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Science subject leader development materials: Handouts

Tha National Strategloes

Level 6 and beyond materials

* These materials identified ‘blockers to good progress’:
= schentific writing
- research skills

= effective group talk
= using models

= understanding misconceptions.

« These have now been modified to provide specific
guidance for teachers of EAL leamers.

» Access via CD-ROM or go toe
www.standards. desf. gov.ukinationalsirategies

and search for Progressing fo level 6 and beyond in
science.
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The National Strategies | Secondary 5

Science subject leader development materials: Handouts

The National Sfrategles

Task 1

*» |n your group consider one of these areas:
= Scientific writing
= Research skills
— Effective group talk
- Using models
= Understanding misconceplions

» Suggest why this might present a particular
challenge for learmers with low levels of
academic literacy.

* Be prepared to share key points.

F g i-'.'

The National Sirategles

Task 2

« Mow look at the materials produced for the
area your group considered.

= |dentify key features that will support the
progress of learners with low academic
literacy.

* Prepare to share the three most significant
of these with the rest of the group

WP i i e 'i-.'

The National Sfrategles

Outcomes

Participants will have identified action points in:

= enhancing effective practice in HSW for EAL
learners

« making provision for learners with lower
academic literacy.

¥ o - i-'.'
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6 The National Strategies | Secondary

Science subject leader development materials: Handouts

The National Sirategles

Plenary

» Identify relevant action points for your wark,
» Record them on the sheet provided.

¥ g - 'i-.'

Using data to analyse pupils’ attainment and progress

in science

The National Sfrategles
Objective

» To support the process of identifying
underperforming groups and individuals in

science.
N i KN
The National Sfrategles
Outcomes

» Subject leaders know how to access data on
attainment and progress in science,

» Science subject leaders and teachers know how
to identify gaps in attainment and progress in
their department.

¥ g 'i-.'

00004-2010DOM-EN

© Crown copyright 2010



The National Strategies | Secondary 7

Science subject leader development materials: Handouts

The National Sfrategles

Interrogating the data

« How do the attainment and progress of pupils
from different groups compare in science?

* How do these compare with attainment and
progress overall and in other subjects in the
schoal, in your LA and nationally?

F g

The National Sirategles

Pupil groups to consider

Thi first step towards ¥nowang the gaps’ in your science department
is to find out about each individual. Groups of pupils wha ane at risk of
maﬂmmn may ke those wha:
ane aligible for free school meals
* el o minarity ethnic and faith groups, travellens, asylum
seei.gtpsaﬂ refugees

*  hawve special educational needs
+ are gifted and talented
* need suppaort to leamn English &s an additional language (EAL)
+ are ‘looked after by the local autherity
are at risk of disaffection and exclusion

'l‘nu also need to consider the performance of boys and girls within
sCience

F g [ e 'i-}'

The National Strategles

In 2008, 54.8% of pupils nationally made three levels of
progress from Key Stage 2 to Key Stage 4. Where are the
national gaps?

= Free school meals Target ethnic groups
Mon-ree school meals — « Black African and whiteBlack
free school meals pupils Afrizan 6.5% better than national
2T + Black Carbbean 9,3%
+ Gender * White/Black Caribbean 10.8%
Girts = bays 1.5% « Black other 5.1%
» Gypay, Roma and Travellers of
Irish herilage 41.3%
« Pakistani 1.59%
* White other 4.9%
F g - 'i-}'

© Crown copyright 2010
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8 The National Strategies | Secondary

Science subject leader development materials: Handouts

The National Sfrategles
Local data
= Free school meaks Target ethnic groups
Hon-free school meals — + Black Afncan and white/Black
free school meals pupils Afican ¥xx%
0% +  Black Carbbean o
* Gender + White/Black Canibbean xoch
Girts — benys jo0c% +  Black other oo
+ Gypsy, Roma and Travellers of
Irish heritage xxx%
= Pakistani xoo%
= White other ooc%
o [ [

The National Strategles

Know the gap — Know the data

* |n pairs, share your knowledge of the lecal data for the
performance of underperforming groups.

= What are the main underperforming groups in your
LAY

- Does attainment and progress data reveal the same
issues?

= How does the performance of these groups in your
LA compare with the regional and national data?

g [
The National Sfrategles
Task 1
Worlang i small groups, be preparned o feed back your response to
the fiollowang questions:

«  Corsider the data contamed with Handout 2.1
+ What does the attainment data tell you about the perdformance of
giris and boys in this department? Consider;
2) year on year
b} compared to school performance
¢} compared o national

v IFyou were supporting the improvement agenda in this depariment,
what three questicns would you want to ask the subjlect leader in
this school with nefenence to this data.

¥ g - 'i-}'
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Science subject leader development materials: Handouts

The National Sirategles

Where to find the data

= RAISEonline

» The booklet Fischer Family Trust Analyses to
Support Self-Evaluation will provide progress
data for sclence, including comparisons of low-,
middle- and high-ability boys and girls.

= SSAT Data Enabler

= Progression to post-16 sciences

» Local authority data

» School internal analysis

¥ g 'i-.'

The National Sirategles

Other data
Mumerical data will give a picture of current
performance.

Add to your understanding of what learning in
science is like for pupils in your school by
undertaking focused:

* pupil voice questionnaires
* lesson observations.

WP s i e 'i-.'

Curriculum models

The National Sirategles
Objectives

* To explore the issues surrounding the planning
of effective curriculum pathways in science for
Key Stage 4.

* To consider the use of support and guidance
being made available.

¥ g - i-'.'

© Crown copyright 2010
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10 The National Strategies | Secondary

Science subject leader development materials: Handouts

The National Sfrategles

Qutcome

« Participants will have action points and
resources to support their planning of effective
pravision in school.

¥ g 'i-.'

The National Sfrategles

Case study

» Look at Handout 3.1, which describes a
schoaol's curriculum provision in science.

= Which pupils might this curriculum model best
sUit?

« Forwhich pupils will the model possibly not
provide an appropriate curriculum provision?

F g T 'i-.'

The National Sirategles

Resources to support and inform planning

» Material on the National Strategies website and
downloadable booklet,
= Structure:
— Reasons why the planning of curriculum pathways is
a challenge and an opportunity,
— Account of the requirements and expectations.
— Questions to guide thinking about solutions.

= Guidance about the kinds of courses available and
how these can be used to construct pathways,

¥ g R ER
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Science subject leader development materials: Handouts

The National Strategles
Planning activity

» You have been invited to make a submission to
your SLT on the planning of curriculum
pathways for science across the 11-16 age
range,

* Read the briefing sheet (Handout 3.2).

= Work with a group of colleagues to decide how
you will proceed with the planning process.

* Prepare to share key points from your
discussions with the rest of the group.

F g - 'i-.'

The National Sfrategles
Cutcomes from planning activity
* The feedback should be structured using these
headings:
= the key points you will raise

= the options you might explore
= the constraints you will draw attention to.

F o T R

The National Sirategles

Key questions for schools

»  What are the learning needs of the pupils?
*  What is the profile of the science department?

* What are the priorities in the School
Improvement Plan?

«  What is the wider context of the school?

¥ g 'i-.'

© Crown copyright 2010
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12 The National Strategies | Secondary

Science subject leader development materials: Handouts

The National Sirategles

Effective curriculum provision/models

» Share examples of local effective practice in
= making curriculum provision acrees the 11=19 age
range to meet a range of pupils’ needs in a school
= planning for progression in pupils’ achievement
across the 11-19 age range.

F g 'i-.'

The Mational Sirategles

Objectives

»  To explore the issues surrounding the planning
of effective curriculum pathways in science for
Key Stage 4.

» To consider the use of support and guidance
being made available.

QOutcome

= Participants will have action peints and
resources to suppaort their planning of effective
provigion in school,

WP s i e i-'.'

Supporting EAL pupils

The National Sfrategles
Objectives

» To describe what constitutes EAL

* To be more confident in identifying the
challenges and supperling practice in your
schoal,

» To identify some strategies for addressing
language issues in science for EAL leamers.

¥ 'i-.'

00004-2010DOM-EN
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The National Strategies | Secondary 13

Science subject leader development materials: Handouts

The National Sirategles

Cutcomes

Participants will have:

» used data to identify underachievement in EAL
learners

= identified features of science language and
teaching strategies that present barriers for EAL

learners.
g [ i-'.'
The National Strategles
Starter

= Test out your acronym knowledge!
» Complete the dominoes or loop activity,

W i e bt 'i-'.'

The National Sfrategles

What do you know?
Task 1
Discuss in pairs how your school supports

EAL pupils or pupils with low-level academic
language skills.

Identify from your table one aspect of
effective practice,

¥ g [ i-'.'

© Crown copyright 2010

00004-2010DOM-EN



14 The National Strategies | Secondary

Science subject leader development materials: Handouts

The National Sfrategles

Data analysis — Identifying gaps in
attainment

¥ g - i-'.'

The National Sirategles

2008 Key Stage 4. A*-C in science

| 4levels of progress | 3 levels of progress

- 1 Gap wihall | | Gaip with 2l
All pupils 252 548
Paklstani 254 +0.2 529 19
Black African, N
B African 28.4 32 613 +6.5
_Bla:h Caribbean 1 16.4 i -8.8 | 455 | 83
WIB Carlbbean 165 a7 440 -108
Gypsy Roma
Travelber 28 X2 3 135 413

F g R

The National Sirategles

Local data on underachieving EAL pupils

¥ g i-'.'
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The National Strategies | Secondary 15
Science subject leader development materials: Handouts

The National Sfrategles

Gap analysis approach

Task 2

» Look at the data for schoal A, B or C.

» Calculate the gap on the grid and identify the
key issues regarding standards,

» Share the issues around the table.

= What differences are there when you consider
achievement (progress) compared to attainment

(standards)?
PN S .
The National Sirategles
Looking deeper

+ Looking from the perspective of a subject leader
of school A, B or C, what might be the causes of

underperformance?

* How would you know and what would you do
about it?

F o T 'i-.'

The National Sfrategles

Challenging practice

¥ g i-'.'
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16 The National Strategies | Secondary

Science subject leader development materials: Handouts

The National Sirategles

Is it good practice?

Task 3

» Place the cards on the continuum using "gut
instinct’.

« Lise reusable adhesive to attach the cards,

 Compare your answers across the table and
provide peer support.

¥ g R i-'.'

The National Sfrategles

Successful strategies

* Pupil groups

Modelling (the activity; the language)

« Qluestioning techniguesfusing non-verbal clues
« Concrete referents {e.g. visual prompts)

» Kinaesthetic

* Use of heritage language

» Activating prior knowledge

F g [P i-'.'

The National Sfrategles

Scientific language

Task 4
» Use Handouts 4.7 and 4.8,

* How many of the barriers from Handout 4.7 are
present in the article on 'burgers'?

F g i-'.'
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The National Strategies | Secondary 17

Science subject leader development materials: Handouts

The National Sfrategles

Scientific language

Task 4
» Use Handouts 4.7 and 4.8,

* How many of the barriers from Handout 4.7 are
present in the article on 'burgers'?

F g i-'.'

The National Sirategles

Reflection

» How could you use this in your classroom?

* What else would you want to do to address the
needs of the pupils in your school?

* What are the implications for leading your

department?
F g | i-'.'
The National Sirategles
And finally

EAL exam howlers — |dentify the cause:

A Lack of understanding of vocabulary items
B. Lack of understanding of content
C. Understanding but inaceuracy of expression

F g R i-'.'

© Crown copyright 2010
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18 The National Strategies | Secondary
Science subject leader development materials: Handouts

Effective enrichment and enhancement in science
(as part of STEM)

The National Sirategles

Objectives

* Ta provide an opportunity to reflect on current
practice regarding enrichmeant and enhancement
opportunities offered within science.

= To consider guidance relating to effective STEM
enrichment and enhancement activities,

W i e bt 'I-'.'

The National Strategles

Qutcomes

Participants will have:

= considered the effectiveness and clarity of
purpose of current enrichment and
enhancement provision in science

« explored how the impact of enrichment and
enhancement activities could be increased.

W i e et 'I-'.'

The National Sfrategles

What is enrichment and enhancement?

+ What is it?

+ What does this look like in science?

* Why do we need &7 (Why is it important?)
What makes it effective?

Who is it for?

Where and when does it happen now?

Wha does it involve?

Who provides enrichment and enhancement?
Who can support specific activities?

¥ o - i-'.'
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Science subject leader development materials: Handouts

The National Sfrategles

Range of enrichment and enhancement

* What enrichment and enhancement activities do
you currently provide for your students?
— Which of thesa lake place outside the classroom?
— Which are an integral part of lessons in science?
(How dio you knowr?)
— Which do not fit into either of these categories?
(Where do they 17}
* How are these activities related to pupils’ learning:
— By all the leachars in the deparimeant?
— By the puplls involved?
— By pupils’ parenis?
= By the school leadership team?

¥ g I 'i-.'

The National Sfrategles

Management of enrichment and enhancement

* How are enrichment and enhancement opportunities
planned, coordinated, tracked and evaluated in the
department?

* How are opportunities evaluated and tracked within
the whole school?

= |5 practice the same in science as it is in PE, drama,
geography, music?

= Are opportunities identified in schemes of leaming?
Are they ad hoe?

F g [P i-'.'

The National Sirategles
Management of enrichment and enhancement

* How are external contributions supported by the
science team? (Who briefs visitors, pupils,
caretakers, other teachers and ensures the event
goes smoothly?)

* How are opportunities within science lessons
supported? (TAs, technicians, team teaching,
parents?)

¥ g 'i-.'

© Crown copyright 2010
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20 The National Strategies | Secondary

Science subject leader development materials: Handouts

The National Sfrategles

The effectiveness of enrichment and
enhancement

* How do you know that enrichment and
enhancement activities have been effective?

* Do you gather feedback from pupils perhaps by
using pupil voice activities?

* Do you gather feedback from science teachers
regarding the engagement of pupils and the impact
of specific activities on subsequent learning?

* Do you gather feedback from parents?

* Do you gather feedback from external partners?

¥ g - 'i-.'

The National Sfrategles

Next steps

» Reflect on the discussions that have taken place
today and the resources you have seen.

» How could you change the way in which
enrichment and enhancement is approached in
your school to make it more effective and to
increase the impact on pupils’ leaming and
engagement with science?

F g [ e i-'.'

Using study guides to support high-quality first

teaching

The National Sfrategles
Objectives

= To provide an update of the provision of study
guides on the Secondary Framework website.

» To share experiences of using materials
published in autumn term 2009,

= To develop strategies for the use of materials to
support high-quality first teaching.

F g - i-'.'
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Science subject leader development materials: Handouts

Qutcomes

Participants will have:
= an understanding of how they might make

The National Sfrategles

effective use of the study guides
» considered action points relating to the use of
the study guides.
F g 'i-.'

The National Sirategles

Overview
Phase Study guide Published
Cl ] e
2 "::xm::" Spring 2010
3 | seineianmeer | Swmwa0
4 Gmﬂg::mm Autumn 2010
F g [P i!‘
The Natlonal Strategles
Sharing good practice

* |n table groups identify one or more examples of
how the study guides on Cells or Particles have
been used.

« |dentify the features that were effective.
* Prepare to share ideas.

¥ g - 'i-.'

© Crown copyright 2010
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22 The National Strategies | Secondary

Science subject leader development materials: Handouts

The National Sfrategles
Role-play

You will need to be working in groups of three:

1. A science teacher who is planning their teaching of
a topic in which they lack confidence

2. A subject leader or lead practitioner in the school
supporting the teacher in the planning process

3. An observer, who will take notes and provide

feedback
P ia 'i_-.'
The National Sirategles
Role-play
Scenario!

*  One of the teachers in the department is relatively
inexperenced and has asked for support in
planning the teaching of a topic on particles. They
are effective in the classroom but ‘don't ke only
being a page ahead of the pupils’' and have asked
for support.

*  The support arranged is time with the subject
leader (or ather lead practitioner).

= This is the first meeting, when the lead practitioner
is suggesting the use of a study guide.

WP i it i-'.'

The National Sfrategles

Objectives

* To provide an update of the provision of study
guides on the Secondary Framework website.

» To share experiences of using materials
published in autumn term 2009,

= To develop strategies for the use of materials to
support high-quality first teaching.

¥ o - 'i_-.'
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Science subject leader development materials: Handouts

The National Sfrategles

Outcomes

Participants will have:

* an understanding of how they might make
effective use of the study guides

+ considered action points relating to the use of
the study guides.

¥ o [ i-'.'

The National Sfrategles

Plenary

= Consider the study guide material
available and planned.

» Reflect on the points emerging from the
role-play.

= |dentify action peints for using the study
guides.

F o T i-'.'

The Nafional Strategles
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Science subject leader development materials: Handouts

Handout 1.1: Aspects of How
science works (HSW) - teacher
guidance with additional notes
for EAL learners

The original teacher guidance for this aspect has hyperlinked resources. These materials can be
accessed from the bookcase in the ‘Local school’ or from the Grouped Resources tab.

This strand is about helping pupils to develop some of the more challenging aspects of the practical
HSW skills. While many pupils can draw graphs well, fewer understand how to interpret the graphs and
the principle of the ‘line of best fit". Variables can remain a mystery to many as they do not understand
the interplay between the different types, nor how the choice and range can influence the results of

an experiment. How often have pupils written ‘I could of done it better’ [sic] or ‘l needed to do more
readings’ [sic] as their evaluation? Pupils need to be able to identify and explain sources of experimental
error and to take account of these in their additional design.’

Moving from step 1 to step 2

Step 1 - pupil characteristics

Pupils can:

e present work or data as a graph although the scales may be incorrect;

e identify the pattern shown by the graph and possible anomalous results;

e identify the key factors to be considered and generally assign sensible values to them;
® measure a variety of quantities with precision;

e draw conclusions consistent with the evidence and generally analyse data qualitatively;
e explain how their planning and implementation could be improved.

Step 2 - pupil characteristics

Pupils can:

e choose an appropriate type of graph and scale(s) to display the data effectively;

e explain what the shape of the graph represents and interpret graphs with a negative scale on one axis;
o identify relevant independent and dependent variables;

e choose an appropriate range, number and value for each variable;

® make enough measurements, observations and comparisons for the task;

e draw conclusions consistent with evidence and use scientific knowledge and understanding to
explain them;

e explain how planning and implementation could be improved and how this could help
overcome experimental error.

1 Two useful publications are Watson, R. et al. (2000) Getting to Grips with Graphs, Association for Science Education and Goldsworthy, A. et al. (2002) Aksis
Investigations: Developing Understanding, Association for Science Education.

© Crown copyright 2010 00004-2010DOM-EN



26 The National Strategies | Secondary

Strategies to ensure progression from step 1 to step 2

Graphical skills
A) Model how to:
Assign appropriate scales.
Read a graph.
Describe what a graph is showing, that is, increase, decrease, no change.

Explain to pupils that a graph is not the end point of an investigation. Make it clear that a graph
is another way of presenting data, in a way that can make it easier to identify a pattern. Compare
tables and graphs for the ease of looking for patterns.

Give pupils copies of graphs from past papers or textbooks and ask them first to identify the
variables and units and then to give the graph a title.

Minibooster 4: Progressing to level 6+ and beyond, activities 1, 2 and 3.

Describing what a graph is showing (bullet 3, above) will be problematic for many pupils and could
present a particular difficulty for EAL (English as an additional language) learners. Pupils will need to

be taught the conventions of an explanation text and most particularly how to express the relationship
between the independent and dependent variables. In order to generate a sentence such as ‘the higher
the concentration of acid, the faster the magnesium reacts’, pupils will need to be taught:

how the independent variable affects the dependent variable;
how to use comparatives ( adjective + ‘er’ or ‘more’ + adjective) to express the relationship;

how to use superlatives (adjective + ‘est’ or ‘most’ + adjective) in comparing more than two
independent variables.

B) Demonstrate how to break line graphs up into discrete sections, read each section and then
sequence them to build up the whole story of the graph.

Collective memory task.?

Prepare a graph but keep it concealed from view. The pupils work in small groups to replicate
the graph. Pupils come up in turn and have 10 seconds to view the graph followed by 10 seconds
to reproduce it, from memory, for the rest of the group. This is repeated until all members of the
group have visited the graph. Pupils compare their own graphs with the original.

This is a good way to encourage pupils to look carefully at the component parts of an image and
to consider the strategies they have used to commit them to memory.

Minibooster 4: activity 5.
Minibooster 4: Progressing to level 6+ and beyond, activity 3.

C) Create opportunities to interpret a range of graphs including those with simple negative scales
on one axis, for example, change of mass.

Present pupils with a number of less common graphs - that is, not straight lines that begin at or near
the origin and slope upwards to the right and ask them to produce a results table from which the
graph could have been drawn.

Minibooster 4: Progressing to level 6+ and beyond, activities 2 and 4.
Minibooster 4: Progressing to level 6+ and beyond, activity 9.

2 Leading in learning: Developing thinking skills at Key Stage 3, available at www.publications.teachernet.gov.uk. Search using the ref: DfES 0034-2005 G.
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Variables, reliability and accuracy

A) Support pupils in using the correct language when talking about variables.
Minibooster 5: Progressing to level 6+ and beyond, activity 1.
Minibooster 6: Progressing to level 6+ and beyond, activity 1.

B) Demonstrate how the choice and range of variables might affect the quality of the
investigation, for example, pupils carry out the same investigation using different ranges and
numbers of variables and compare resulits.

Minibooster 3: activity 1.

Minibooster 6: activities 2 and 3.

Analysis and evaluation

For EAL pupils, analysis and evaluation, whether in spoken or written form, are text types which will need
to be taught explicitly. The main features of these text types may be found in ‘Resources for scientific
writing’, section B.

A) Explain the use of a table as an organiser within the experimental plan as well as a way of
presenting data in a report.

Discuss with pupils how tables can be used as an important part of the planning of an investigation
and that they may construct suitable tables before carrying out the work. They may use other tables
to summarise data after an investigation or from research.

Minibooster 4: activity 4.
Minibooster 5: activity 3.
Minibooster 4: Progressing to level 6+ and beyond, activity 6.
B) Create the opportunities for pupils to:
Compare the relative advantages and disadvantages of presenting results as tables or graphs.
Predict the design of an experiment from the table or graph.
Organise data into different tables and compare them.

Make it explicit to pupils why the numeric independent variable should change in equal steps. They
can compare it to looking for patterns in tables where the independent variables change in equal
and unequal steps.

Minibooster 5: activities 5 and 6.

C) Model how to interpret patterns in graphs and tables and to be aware of the limitations of the
data.

Minibooster 2: activity 1.
Minibooster 5: activity 2.
Use PowerPoint™ ‘Pattern’ or not?

D) Model how to identify possible sources of experimental error in the planning and
implementation.

Minibooster 2: activities 2 and 4.
Minibooster 7: activities 1, 2 and 3.

Minibooster 2: Progressing to level 6+ and beyond, activities 3 and 4.
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Moving from step 2 to step 3
Step 2 - pupil characteristics
Pupils can:
choose an appropriate type of graph and scale(s) to display the data effectively;

explain what the shape of the graph represents and interpret graphs with a negative scale on
one axis;

identify relevant independent and dependent variables;
choose an appropriate range, number and value for each variable;
make enough measurements, observations and comparisons for the task;

draw conclusions consistent with evidence and use scientific knowledge and understanding to
explain them;

explain how planning and implementation could be improved and how this could help
overcome experimental error.

Step 3 - pupil characteristics
Pupils can:
use lines of best fit appropriately;
make allowances for anomalous results in their graphs;
explain what the shape of the graph represents and interpret this correctly;

manipulate and transform data to represent negative changes, for example, osmosis, exothermic
or endothermic reactions;

identify and manipulate relevant independent and dependent variables and recognise that
some cannot be controlled;

plan for accuracy through the choice of equipment and technique;
consider whether the data they have collected is sufficient for conclusions to be drawn;
explain how they have made a numerical prediction based on the trend or pattern in results;

evaluate their planning and implementation and explain how this could account for errors and
anomalies.
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Strategies to ensure progression from step 2 to step 3

Graphical skills

A) Model how incorrect plotting or inappropriate scales can change or distort the pattern of the
graph.

Give pupils a copy of a graph without the labels on the y-axis; for example, use a graph showing the
growth of a plant over a number of weeks. Then secretly give each group of pupils a set of different
scales to add to the graph, such as 0-20 g, 0-100 g, 0-4 kg. Ask them to use the graph to answer
questions such as: ‘How much mass did the plant gain in the first three weeks?’ Ask pupils to work
out why the answers are different and why labelling the axis, with the correct scale, is important.

Use activity ‘Problems with scales’ from Getting to grips with graphs which shows the same set of
results plotted on axes marked with different scales and the effect on the pattern presented.

Minibooster 6: Progressing to level 6+ and beyond, activity 3.

B) Create a number of opportunities to represent data through a range of complex graphs. This
should include drawing graphs with negative scales.

Pupils work in pairs. Each pupil is given a different graph and five minutes to write down all the
important information from it. They swap information and then use this to recreate each other’s
graphs.

Minibooster 4: Progressing to level 6+ and beyond, activities 1 to 10.

C) Model how to decide whether a line of best fit is needed and how to draw it correctly and
whether it should go through the origin. Help pupils to realise that any point on a graph is only
ever an approximation.

Discuss and establish some rules about lines of best fit, for example, they do not always go through
all the points; they are not always straight lines; they do not have to go through the origin and there
may be more than one possible line of best fit on the same graph.

Pupils work in pairs using a table of results that has three repeat readings and an average value of all
three, that is, four columns of results. One of the pair plots a graph using the mean values only and
the other pupil plots all three readings (omitting the means) on the same graph. Pupils compare their
lines and discuss why they are different and whether a point on a graph is exact or approximate.

Present pupils with some graphs with pre-drawn lines of best fit that go through the origin. Check
that they are clear about what the origin represents. Ask them to discuss and explain if it makes
sense for the line to go through the origin.

Minibooster 4: Progressing to level 6+ and beyond, activity 5.

D) Create experimental opportunities to calculate negative values, for example, mass before and
after; temperature change during reactions.

Variables, reliability and accuracy

A) Create opportunities for pupils to identify the key variables in scientific newspaper articles or
adverts.

Minibooster 1: Progressing to level 6+ and beyond, activity 1.
Minibooster 4: Progressing to level 6+ and beyond, activity 1.

B) Demonstrate how accuracy can be affected by the choice of equipment or technique, for
example, pupils carry out the same investigation using different equipment and compare results.
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® Minibooster 1: activities 1 and 2.

® Minibooster 2: activity 3.

® Minibooster 1: Progressing to level 6+ and beyond, activity 1.

e Minibooster 2: Progressing to level 6+ and beyond, activity 1.

e Minibooster 2: Progressing to level 6+ and beyond, activity 7.

e Minibooster 6: Progressing to level 6+ and beyond, activity 1.

e Ask pupils to justify why they chose to use a particular measuring instrument.

C) Explain the differences between categoric, ordered and continuous variables and require
pupils to assign the correct classification to different investigations. Explain to pupils that
independent, dependent and control variables all have values but the values might be:

e categoric (for example, type of metal) or;
e ordered (for example, small, medium, large, very large) or;
e continuous — which are numeric.

This could give nine possible combinations. Either present a number of tables of results for pupils to
practise deciding the type of variable or ask them to think of examples for each space in the following
table.

Independent ‘ Dependent
Categoric Ordered Continuous
Categoric
Ordered
Continuous

® Minibooster 3: Progressing to level 6+ and beyond, activity 1.

Analysis and evaluation

A) Create opportunities for pupils to:

e identify mathematical trends or patterns and use these to make a prediction;
e devise criteria to decide whether the evidence is valid.

B) Create opportunities for pupils to assess each other’s experimental designs and explain where
they see possible sources of error.

® Minibooster 3: activity 1.

® Minibooster 2: Progressing to level 6+ and beyond, activity 5.

e Minibooster 7: Progressing to level 6+ and beyond, activity 3.

C) Discuss with pupils the range of errors associated with taking measurements.

® Minibooster 2: Progressing to level 6+ and beyond, activity 2.
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Moving from step 3 to step 4
Step 3 - pupil characteristics
Pupils can:
use lines of best fit appropriately;
make allowances for anomalous results in their graphs;
explain what the shape of the graph represents and interpret this correctly;

manipulate and transform data to represent negative changes, for example, osmosis,
exothermic/endothermic reactions;

identify and manipulate relevant independent and dependent variables and recognise that
some cannot be controlled;

plan for accuracy through the choice of equipment and technique;
consider whether the data they have collected is sufficient for conclusions to be drawn;
explain how they have made a numerical prediction based on the trend or pattern in results;

evaluate their planning and implementation and explain how this could account for errors and
anomalies.

Step 4 - pupil characteristics

Pupils can:
interpolate and extrapolate with accuracy;
explain and suggest reasons for anomalous results in their graphs;
identify key factors in complex contexts and in contexts where variables are not easily controlled;
plan for reliability through trial runs, repeat readings and accurate practical techniques;
identify and suggest reasons for anomalous results and allow for these when drawing graphs;
explain how the selective presentation of data can bias the conclusion drawn;

evaluate their planning and implementation and explain how this could account for errors and
anomalies and the subsequent impact on the conclusion drawn.

Strategies to ensure progression from step 3 to step 4

Graphical skills

A) Create opportunities for pupils to explain how they have made numerical predictions from the
interpolation or extrapolation of graphical readings.

Model this process for pupils, making the steps in your thinking explicit.

Ask some groups of pupils to make predictions from the table of results and others to make
predictions from the graph and to discuss and compare their answers.

B) Demonstrate the effect of insufficient readings and/or anomalous results on the graphical
representation of data.

Minibooster 4: Progressing to level 6+ and beyond, activity 7.
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Variables, reliability and accuracy

A) Discuss with pupils investigations where not all variables can be controlled and ask pupils to
explain how to account for this in their experimental design.

Minibooster 6: Progressing to level 6+ and beyond, activities 4, 5, 6 and 7.

B) Demonstrate how to increase reliability through repeat readings, use of a control and trial
runs; create opportunities for pupils to develop these techniques.

Minibooster 1: activities 4 and 5.

Give pupils the opportunity to carry out some short trial runs of simple investigations to generate
some preliminary data that they could use to make decisions about appropriate range, degree of
accuracy and number of repeats.

Ask pupils to justify why they chose a particular number of repeat readings or the use of a control
group.
Minibooster 2: Progressing to level 6+ and beyond, activity 6.

Analysis and evaluation
A) Discuss with pupils how and why bias in the evaluation of evidence might arise.

Use the table ‘Recognising the pitfalls’ from Developing critical and creative thinking to alert pupils to
possible sources of bias and look for examples of this in newspaper articles or on internet sites.

Minibooster 3: activities 3 and 4.
Minibooster 3: Progressing to level 6+ and beyond, activities 3 and 4.

B) Model for pupils how a change in experimental parameters can alter the validity of the data.
Minibooster 7: Progressing to level 6+ and beyond, activities 1 and 6.

C) Create opportunities for pupils to assess each other’s experimental designs and conclusions to
identify and explain inconsistencies between the two.

Minibooster 7: Progressing to level 6+ and beyond, activity 4.
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Science subject leader development materials: Handouts

Handout 1.4: Effective group
talk - teacher guidance with
additional notes for EAL learners

The original teacher guidance for this aspect has hyperlinked resources. These materials can be
accessed from the bookcase in the ‘Local school’ or from the Grouped Resources tab.

This strand is about developing productive talk to refine thinking and adjust ideas. Pupils need to have a
shared understanding of the behaviour that will produce effective group talk and develop strategies to
overcome potential barriers. Pupils need to move from an initial position of unplanned discussions in a
lesson to become reflective, independent thinkers, who can analyse information, formulate opinion and
argument, incorporate new ideas and critically evaluate a range of opinions.

Broadly speaking, talk may be divided into two types: exploratory talk and formal talk.
Exploratory talk’

e Partners engage critically but constructively with each other’s ideas.

® Relevant information is offered for joint consideration.

e Alternative ideas are proposed and reasons are given when ideas are challenged.
e Agreement is sought as a basis for progress.

® Reasoning underpins and is visible in the talk.

Formal talk

e Iscloser to a performance.

® Needs to be rehearsed initially.

e Has structures which resemble those in writing.

e (Can be used as a scaffold for writing.

Many of the ideas in this strand underpin pupil progress in the other strands, including pupil use of
modelling, research and scientific writing.

1 Adapted from Mercer, N. (2000) Words and Minds, London: Routledge
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A sequence for supporting pupils

Below are two sequences for supporting pupil talk: the first shows a possible progression in organising
and supporting exploratory talk, the second a possible progression for formal talk. It is important to note
that the sequences do not have to be followed in their entirety on every occasion as teachers will wish to
adapt to their context and pupils will need less scaffolding as their skills improve.

Sequence for exploratory talk
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Sequence for formal talk

Moving from step 1to step 2

Step 1 - pupil characteristics

Pupils:

o work effectively in a pair to share and develop their ideas;

e make limited contributions to a larger group discussion and debate.
Step 2 - pupil characteristics

Pupils:

® can share responsibility in a larger group;

e ask questions, listen to others and make contributions that are responsive to the views of others;

e explain the value of working as a group.
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Strategies to ensure progression from step 1 to step 2

Literacy across the curriculum, 2001( DfEE 0235-2001), Pedagogy and Practice: Teaching and learning in
secondary schools — Unit 10: Group work ( DfES 0433-2004 G) and Strengthening teaching and learning in
science through using different pedagogies — Unit 1: Using group talk and argument (DfES 0702-2004 G)
contain many resources to support effective group talk.

A) Establish rules for group talk

Discuss and agree ground rules for group discussion.

Discuss the advantages of assigning roles during group discussions.

Consider and use a range of strategies for organising group talk, e.g. Rainbow groups; pair talk; small
groups; whole class.

B) Plan short, structured discussions with clear outcomes based on challenging questions

Plan questions which require pupils to use higher-order thinking skills.

Use the Rich Questions from the science Framework as a focus for discussion.

Bloom'’s Revised Taxonomy

High-order thinking

Creating
Generating new ideas as products, or ways of viewing things
Designing, constructing, planning, producing, inventing

Evaluating
Justifying a decision or course of action
Checking, hypothesising, critiquing, experimenting, judging

Analysing
Breaking information into parts to explore understandings and relationships
Comparing, organising, deconstructing, interrogating, finding

Applying
Using information in another familliar situation
Implementing, carrying out, using, executing

Understanding
Explaining ideas or concepts
Interpreting, summarising, paraphrasing, classifying, explaining

Remembering
Recalling information
Recognising, listing, describing, retrieving, naming, finding

Bloom’s Revised Taxonomy by Kurwongbah State School, Australia
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C) Prepare pupils by activating prior knowledge and establishing context and key scientific terms

Use KWL grids, concept maps, concept cartoons, appropriate visuals and objects which introduce the
content and context.

Use ‘reveal tool’ on IWB to encourage pupils to speculate with partial knowledge.

Use ‘talking tins’ or other audio devices to introduce vocabulary and encourage pupils to make links
and predictions.

D) Model register - language appropriate to the task, audience and purpose

Show pupils how to disagree without offending others, e.g. ‘that’s an interesting idea, but..." or ‘I'm
not sure you're right when you say...because...".

Show pupils how to take turns without being aggressive, e.g. 'Might | just add...?’
Show pupils how to signpost a change of topic, e.g. ‘Another way to look at this might be...".

Show pupils how the use of modal expressions and modal verbs can soften the impact on a listener,
e.g. compare ‘You are mistaken!” with ‘Could you be mistaken?’

Show pupils how to use modal expressions and modal verbs to express certainty, probability,
possibility and intention, e.g. compare ‘You must consider’, "You ought to consider’, "You might
consider’,

E) Use DARTSs, graphic organisers and note-making formats to inform discussion and formalise
the outcomes

Use a range of graphic organisers to help pupils to organise their thoughts during different points in
the discussions. Ask pupils to consider which type of organiser they found most beneficial.

Model for pupils a range of DARTs activities — some for completion and some for analysis.
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F) Intervene in group talk to refocus discussion, introduce new elements of cognitive conflict and
to correct and model talk

Refocus discussion: ‘How does that fit with our objectives and outcomes?’ ‘How realistic do you think
that is?’ ‘"How relevant do you think that evidence is?’

Introduce new elements: ‘What if | told you that...?’, ‘Group A has discussed...what do you think?’
Model talk: ‘Is there a better word for that?’, ‘Can you think of another way of saying that?’
G) Organise formal feedback to whole class on outcomes
Refer pupils to objectives and outcomes and discuss what success will look like.
Model the appropriate language to use in feedback.

Provide sentence stems (e.g. ‘During our discussions, we.. ., ‘Initially we thought that...however,
once we had considered...., ‘For our group the key piece of evidence was...’, ‘In summary, our group
concluded that...).

Prepare pupils for listening with active listening tasks (e.g. ‘Did the feedback meet the objectives of
the lesson?’, ‘Did they link their ideas effectively? How?’, ‘Were arguments backed up with evidence?
[Note down examples] ‘Note down any subject-specific language used’).

H) Support pupils’ reflection on group dynamics and quality of thinking (metacognition)
Refer pupils to the agreed rules for talk and ask if they were observed.

Refer to roles of pupils during discussions and ask for two positive aspects and one area for
development.

Ask pupils to consider the benefits and limitations of groups of different sizes and compositions.

Moving from step 2 to step 3

Step 2 - pupil characteristics

Pupils:
can share responsibility in a larger group;
ask questions, listen to others and make contributions that are responsive to the views of others;
explain the value of working as a group.

Step 3 - pupil characteristics

Pupils can:

make valid contributions to discussions using talk as a tool for clarifying ideas, asking questions
and providing extended responses/explanations to group questions;

reflect on the progress made by the group and identify the strategies they used that were
effective.
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Strategies to ensure progression from step 2 to step 3

A) Plan longer, structured discussions with clear outcomes based on increasingly challenging
questions

Plan questions which require pupils to use higher-order thinking skills.

Plan whole-class structured discussion and argument. Suggested materials to inform the discussion
can be found at UPD8 (www.upd8.org.uk).

In Strengthening teaching and learning of interdependence: Session 3 Hedgehogs in Uist handouts
3.6-3.8 and Plants mop up metal pollution handouts 3.9-3.11.

See Bloom'’s Revised Taxonomy on page four of this document.
B) Require pupils to use a range of strategies to activate prior knowledge and key scientific terms

Provide pupils with tools like KWL grids, concept maps, concept cartoons, appropriate visuals and
objects from which they can select to help activate their thinking.

Ask pupils to discuss how they look for clues when the ‘reveal tool’ on IWB is used to encourage
speculation.

Ask pupils to use ‘talking tins’ or other audio devices for pupils to introduce vocabulary and ideas to
other pupils in the class.

C) Require pupils to use DARTSs, graphic organisers and note-making formats appropriately to
inform discussion and formalise the outcomes

Provide pupils with a range of graphic organisers to select from to help them to organise their
thoughts and ideas.

Discuss the benefits of making notes.

Explore with pupils some of the aspects of making notes they find difficult, e.g. difficulty in selecting
what to include in case a crucial bit is omitted.

See examples of Darts activities on pages six and seven of this document.

D) Continue to intervene in group talk to refocus discussion, introduce new elements of cognitive
conflict and to correct and model talk

Refocus discussion: ‘How does that fit with our objectives and outcomes?’ ‘How realistic do you think
that is?’ "How relevant do you think that evidence is?’

Introduce new elements: ‘What if | told you that...?’, ‘Group A has discussed...what do you think?’
Model talk: ‘Is there a better word for that?’, ‘Can you think of another way of saying that?’
E) Establish success criteria for formal feedback/group presentation/class debate

Model positive and negative types of contribution before small-group or whole-class discussion. This
could be a role play set up in advance and involve the teacher and two pupils, or you could provide
behaviour cards, for example:

Person 1: You continually interrupt.

Person 2: You are very inattentive.

Person 3: You are divergent, always going off in interesting but irrelevant directions.
Person 4: You understand the task and want to complete it properly.

Ask pupils to assess the effectiveness of the group using simple self- or peer-assessment strategies,
for example, Do or dice group presentation; Evaluating group practical work and ‘How did | do?’
sheets.
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F) Require pupils to use register-language appropriate to the task, audience and purpose
e Draw out the conventions of language and content appropriate to the task, audience and purpose.

® Use tables similar to the one below to agree 3-5 success criteria for the feedback/presentation/
debate taking account of the audience.

® Ask pupils to discuss and deduce the audience and purpose of a science article.

Explanation texts

Purpose To explain the causes and effects of drought

Text level ® General statement to introduce topic

® Sections organised from the most important cause of drought and its effect to
the least important

® Concluding section is a summary of the points made

Sentence level ® Third person
® Present tense

® Each section begins with a topic sentence which introduces what the section will
be about

® Points within each section work from the most important to the least important

® Connectives like since, because, so, as, therefore and connective phrases such as as
a result of which are important to show cause and effect

Word level ® Subject-specific vocabulary, e.g. precipitation, drought, make clear that the
context is science

G) Facilitate collaboration to prepare and rehearse the formal feedback/group presentation/class
debate

e Remind pupils of success criteria as a basis for planning in their groups.

e Provide pupils with a range of vocabulary to use, e.g. opinion, agreement, relevant, argument,
assertion, alternatives, challenge, reason, critical, respect, information, dialogue, thinking together,
idea, justify, propose, summarise, support, oppose, explanation, suggestion, evaluate, synthesise,
consider, contribute.
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H) Model feedback against success criteria prior to peer assessment

e Teacher models filling in feedback grid after the first presentation.

Success criterion Evidence Achieved

(Yes/No/Partially)

Effective opening section | ® General statement introduced topic

® Good use of connectives — therefore, as Y
aresult

® Good use of scientific vocabulary

Moving from step 3 to step 4
Step 3 - pupil characteristics
Pupils can:

e make valid contributions to discussions using talk as a tool for clarifying ideas, asking questions
and providing extended responses/explanations to group questions;

e reflect on the progress made by the group and identify the strategies they used that were
effective.

Step 4 - pupil characteristics
Pupils can:
o take different roles effectively during discussion and debate and make different contributions;

e askand respond to questions, and make contributions that clarify understanding, refine ideas
and incorporate the ideas of others into their thinking;

e critically evaluate the work of the group.
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Strategies to ensure progression from step 3 to step 4

A) Plan substantial discussion or debate of contemporary or controversial scientific issues

Use Bloom'’s Revised Taxonomy to frame discussions or debates which require the use of higher-
order thinking skills (@analysing, evaluating, creating).

Use the ‘Democs’ resources to structure a whole-class discussion.
www.neweconomics.org/gen/democsdownload.aspx

Give pupils opportunities to role-play a range of viewpoints and challenge the viewpoints of others.
For example, use topics such as ‘Should people be made to pay for hip replacements?’ or ‘No cars
should be allowed in city centres’. Ask pupils to review and perhaps modify their viewpoint at regular
intervals as you present them with new information. Use the group talk cards in the resource folder
to help to structure the discussion.

Plan a class discussion on a controversial subject. As a starter pupils position themselves on a
continuum. Use prompt or fact cards to aid the discussion, culminating in every pupil group
developing a statement of opinion to share with the class.

B) Prepare pupils for the discussion by providing appropriate material and signposting other
sources

Provide a range of appropriate materials covering a wide range of theories or viewpoints

Initiate discussion around the usefulness and reliability of source material (refer to Research skills -
teacher guidance and with additional notes for EAL learners).

Provide pupils with a range of information on a current issue; they discuss and share the risks,
benefits and consequences (moral, ethical, social, cultural or political) of this issue for future
generations.

C) Use collaborative group/pair talk to develop viewpoints, arguments and justifications

Use activities such as Six Thinking Hats or playing Devil’'s Advocate.

Use the Market place activity in which groups of pupils have to gather information from other
groups.

Ask groups of pupils to participate in collective memory activities: Group talk steps 3-4 fishbone
organiser and Group organisers.

Organise class discussions using ‘big’ questions such as ‘What would happen if plant cells did not
have a cell wall?” Groups use a fishbone organiser or group outcomes grid to record the main points.
They share this with another group and justify the structure of their fishbone or grid.

D) Intervene in group discussion to introduce new ideas or challenge current thinking

Focus interventions on reliability of evidence, research methodology, range of sources and synthesis
of information and ideas (e.g. "Why have you based your argument so much on Source X?’ ‘Did you
include any primary sources within your research?’ ‘What are the counter-arguments and how would
you rebut them?’ ‘Are sources B&C mutually exclusive or can you take ideas from both?’

E) After the debate/discussion, provide opportunities for pupils to reflect on the quality of the
debate/discussion, on the quality of their thinking and the development of their learning

Refer pupils to the objectives, outcomes and success criteria as the basis for their reflections

Pupils use the thinking words and phrases from the bookmarks to reflect on how the debate or
discussion has helped their learning.
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Ask pupils to think about what they should do when the group or members of the group face the
following problems:

One or two pupils are not contributing.

The group is stuck or runs out of steam.

The group stops talking when the teacher is near.
One person dominates the discussion.

Everyone wants to talk and no one wants to listen.

No one wants to feed back to the rest of the class.
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Handout 1.5: Research skills
- teacher guidance with
additional notes for EAL learners

The original teacher guidance for this aspect has hyperlinked resources. These materials can be
accessed from the bookcase in the ‘Local school’ or from the Grouped Resources tab.

This strand is about helping pupils to develop information-processing skills so that they can use and
interpret a wide selection of information. Pupils need to be able to:

e undertake some experimental or preliminary research;

e plan how to identify and select the most appropriate or valid sources of information or data;

e transform information into the most appropriate form for the task and audience;

® use criteria to decide on appropriate information to support a conclusion or argument;

e critically evaluate both the pieces of information used and the process for selecting the evidence;

® appreciate that their conclusion is a ‘best fit’ and be able to consider the validity of alternative
explanations;

e develop a range of skills allowing them to transform information into the most appropriate format.

Information-processing skills

These enable pupils to locate and collect relevant information, to sort, classify, sequence, compare and
contrast and to analyse partial or whole relationships.

In science pupils need to be able to access, use and interpret a wide selection of information and data;
sort, select and prioritise information that is relevant; group and classify observations and findings to
determine patterns. This is an essential aspect that underpins pupils’ understanding about the ways
in which scientists work and being a scientist. Using these skills can be an important early stage in
developing language for learning in science.

Pupils learning EAL (English as an additional language) might encounter various barriers to their
understanding of information and data, particularly when using texts. These barriers might occur at:

e textlevel
e sentence level

e word level.

Potential barriers at text level

o Level of formality - it may seem counter-intuitive, but many EAL learners, particularly those who
have experience of schooling overseas, will find more formal language easier to access than a less
formal register. It is important, therefore, not to ‘dumb down’ text, but to teach pupils strategies for
accessing texts with a more formal style.
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Cultural context — each culture has shared understandings of ideas and the way they are presented
and organised (see Access and engagement in science, DfES 0610-2002).

Tone of a text - for example, an EAL learner might not detect irony in a text and so read it literally
(e.g. see articles written by Ben Goldacre).

Length of a text - many inexperienced readers become disengaged when faced with a long text.
Pupils need to understand the different ways in which we read long texts — skimming in order to
understand the gist of a text and scanning to find particular categories of information. When close
reading is required, teachers might wish to use paired reading or guided reading to scaffold access
to the texts.

Layout of the text - pupils need to understand how different parts of a text — particularly features
such as diagrams, graphs and models — contribute to the overall meaning.

Potential barriers at sentence level

Use of the passive voice - EAL learners will have to be taught that they will often need to use skills
of deduction in order to work out who is the agent of an action in a sentence such as ‘the epidemic
was contained".

Collocation and idiom - these are commonly used expressions such as ‘GM foods are a political
hot potato’ (idiom) and words that frequently appear together such as ‘high probability’ (collocation).
Teachers should be aware of these in texts and, whenever they are encountered, challenge pupils
not only to explain, but to think of alternatives.

Degrees of comparison - in a sentence such as ‘The higher the temperature, the faster the
reaction’, EAL learners will need to be taught that this is showing a dynamic relationship between
the temperature and the reaction.

Pronouns - words such as ‘he’, ‘she’, ‘it’, ‘they’, ‘this’, ‘that’, which all refer to a noun elsewhere in the
text. In guided or shared reading sessions, teachers should ask pupils to identify the nouns to which
the pronouns refer.

Modal verbs - these express doubt, certainty, possibility, probability, obligation or permission and
EAL learners might not understand the subtle distinctions between them, for example, ‘the results
might indicate that..." and ‘the results must indicate that...". How certain is the writer in each case?

Potential barriers at word level

Delexical verbs - these are common verbs (such as ‘do’, ‘make’, ‘put’ and ‘get’) that can be used in
many different contexts. In order to encourage pupils to use more subject-specific verbs, teachers
should draw attention to the use of words and phrases such as ‘emit’ (delexical: give out), ‘increases
in temperature’ (gets hotter) or ‘decreases’ (goes down).

Specialist use of everyday language - teachers should draw attention to the specialist use of
words such as ‘cell’, ‘tissue’, ‘mass’ and ‘volume’, which can have different meanings in everyday
contexts.

In science teachers should plan for pupils to:

1

locate and collect relevant information — for example, researching the nature of planets in the solar
system, or using a habitat, such as the school playing field or local pond, to collect biotic and abiotic
information using both dataloggers and observation notes;

Goldacre, B. (2008) Bad Science, Harper Press.
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sort, classify and sequence — for example, ordering the planets in the solar system in relation to their
relative sizes, or identifying organisms and classifying them and/or using them to construct possible
food chains and webs;

compare and contrast — for example, comparing the sizes and gravitational forces on the different
planets, comparing the various invertebrates in terms of movement, nutrition and reproduction;

analyse partial or whole relationships — for example, predicting how the mass of the planet will
affect the relative size of the gravitational force on it, or identifying producers and consumers and
recognising their role in the maintenance of the ecosystem of the pond.

Moving from step 1 to step 2
Step 1 - pupil characteristics
Pupils:
can identify a few data items or evidence linked, but not always relevant, to a task;

have limited note-taking skills that do not include identifying the main ideas; they struggle to
translate the original language into their own words;

recognise that sources of information and data exist in several forms, for example, graphical as
well as textual.

Step 2 - pupil characteristics
Pupils can:
link the selected data items or evidence to reach a suitable conclusion;

produce notes that identify the main ideas and have a clear purpose but do not question the
‘authority’ of written texts;

plan how to collect relevant information and data from a variety of sources, both primary and
secondary.

Strategies to ensure progression from step 1 to step 2

A) Create opportunities for pupils to classify information based on concrete and then, if
appropriate, abstract categories using a range of, for example, mysteries, odd-one-out and
relational diagrams.

Use the mystery ‘Why did the dinosaurs die out?’ to help pupils make links between pieces of
information that may seem disparate and unconnected.

Pupils may have to read between the lines (supported by teacher modelling or inductive
questioning) and decide whether the information is relevant or not. Help pupils differentiate
between inductive and deductive approaches. The pupils’ thinking is physically evident as they
move slips of paper around. This helps them to share their thinking and allows the teacher a unique
opportunity for diagnostic assessment. It also gives much opportunity for the development of
creative thinking as pupils can generate their own hypotheses or suggest alternate explanations.

When designing mysteries it is important to start with a topic where there is the opportunity for
uncertainty and ambiguity. There need to be 15-30 data items, some of which can be red herrings.

Share the question with the pupils and then say that they will be given a set of cards with
information on them, which they can sort to help them decide on an answer. You may choose to
tell them that some of the cards are red herrings, or you might like to leave it up to them to decide.
Alternatively, you might decide to use it as a prompt question during the activity, if appropriate.
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After 15-30 minutes stop the task and explain to pupils that they need to come up with an
explanation for their answer. Give them a short time to do this and share the responses with the class
to see if there is agreement or a range of answers. Then ask the pupils to evaluate how they did the
task and the important things that they learnt. Again share these responses with the whole class.

It may be appropriate to split the work so that pupils begin the mystery in one lesson with time to
generate some questions that they then can research for homework. They continue the mystery in
the next lesson as above.

Background information

Quite a few possible theories have been suggested at different times as to why dinosaurs died out —
often based on rather flimsy evidence. These include:

Meteors hitting the Earth, increasing levels of dust, radiation, pollution and decreasing levels of light.

Volcanic eruption on a grand scale, increasing levels of dust, radiation, pollution and decreasing
levels of light.

Issues relating to diet, for example, increase in numbers of mammals and competition for food
sources.

Issues relating to reproduction, for example, increased temperature could have resulted in more
female dinosaurs because the determination of sex is temperature dependent; some chemicals or
pollution can decrease fertility or make egg shells thinner.

Increased radiation, for example, from solar flares and meteorites, can cause mental problems
through a reduction in brain size. As dinosaurs already had small brains this could have affected how
well they responded to environmental factors. Increased radiation could also cause cancer, infertility
and the death of dinosaur embryos.

Changes to levels of oxygen in the air, for example, high oxygen levels may have increased the
metabolic rate of some animals, leading to an increased demand for food with the result that many
of the larger animals could not find enough food to enable them to survive.

The evolution of plants resulted in more flowering species, many of which contained toxic alkaloids
that may have been lethal to animals. This may have been exacerbated if dinosaurs ate large
numbers of plants — see point above.

If pupils find this difficult you can use fewer cards or suggest some headings for the cards.

The mystery cards can also be used in different ways:

Put pupils into groups of three or four. One member of the group mixes up the mystery cards and
then deals four cards to each pupil in the group, placing the rest of the cards face-down on the table.
The object of the game is for pupils to collect a set of cards that supports only one theory of why

the dinosaurs died out, by discarding and picking up cards from the pile in turn. Once they have a
complete set they have to explain the link to the others in the group.

Use the cards to construct a graphic organiser diagram. One example is given below in which the
circles in the centre will contain points or issues common to both. The circles on either end are for
the points that are not similar.

In both activities it is not the placing of the cards that is important but pupils’ ability to articulate
their reasons based on scientific knowledge and understanding. Good questioning by the
teacher is vital and it is worth planning some key questions before the lesson.
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There are a number of different graphic organisers (sometimes thinking maps) that can be used to
organise information and two are shown below.

@ Mystery
card

Mystery Mystery Mystery
@ @ card card card

Some suggested questions:

e How did the graphic organiser help you to process, sort or classify the information?
— Was this a good graphic organiser to use? Why?
— Could you adapt the organiser to make it more fit for purpose?
— Could you add some questions to your organiser to clarify or to fill gaps in understanding?
— Could you add links in a different colour to other information or ideas that you know about?

e Relational diagrams can help pupils understand the similarities and differences between terms. This
is a useful link to classification as relational diagrams allow pupils to show whether NONE, SOME
or ALL of a particular group of things belong to one category. Pupils can be asked to annotate the
boundaries to show what distinguishes one area from another.

In many cases there is a correct version of the diagram, based on the recognised definition of terms
that may be restricted by pupils’ current level of knowledge. In some cases the task may be divergent
and different diagrams could be defended on the basis of the interpretation of terms or opinions, for
example, some terms could have everyday meanings that are different to the scientifically-accepted
ones. This could be tried with terms such as health, safety, risk, hazard or stem cells, embryo, clone,
disease.
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It is important to model the process for pupils using a simple example of animals, mammals and rabbits.

mammals

rabbits

This shows how a diagram can demonstrate simple relation