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Introduction to 360Science

The student-centred curriculum

360Science is the new portfolio of qualifications from Edexcel. It encompasses the
following qualifications:

e GCSE Science

e GCSE Additional Science

e GCSE Biology

e GCSE Chemistry

e GCSE Physics

e Entry Level Certificate in Science

and the following specialist work-related qualifications:
e Level 1 BTEC Introductory Certificate in Applied Science
e Level 1 BTEC Introductory Diploma in Applied Science
e Level 2 BTEC First Certificate in Applied Science

e Level 2 BTEC First Diploma in Applied Science.

Most importantly, it refers to the range of opportunities in science that is accessible
to all students. 360Science is designed to meet the diverse aims and ambitions of
students — from those who simply want to understand the world around them, to
those who want to progress onto further, in-depth study.

For teachers, it means a flexible curriculum that allows you to select the most
appropriate teaching approach for the situation. 360Science provides clear guidance
on planning and delivering effective teaching, and values the importance of
teachers’ professional judgement.

360Science:

offers exciting and engaging content

e is accessible to students of all abilities
e is designed to meet students’ needs

e is designed to meet teachers’ needs

e enables flexible teaching

e provides full and ongoing support

o offers truly vocational qualifications through BTEC.
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The redevelopment has been driven by:

o the ‘14-19: Opportunity and Excellence’ policy document published by the DfES
(www.dfes.gov.uk)

e the announcement of changes to the National Curriculum at Key Stage 4
e anew Programme of Study for Key Stage 4 Science
e new Criteria for GCSE Science (www.qca.org.uk)

¢ the redevelopment of Key Stage 3 and the need for smooth progression between
Key Stages

e the requirement to continue to provide work-related learning for all students

e the success of context orientated science qualifications, in terms of student
motivation and achievement.

The new Criteria for GCSE Science incorporate the Key Stage 4 Programme of Study
and place far greater emphasis on the skills, knowledge and understanding of how
science works and much less emphasis on knowing scientific facts.

This suite of qualifications has a new, innovative approach that provides an applied,
contextualised route as well as a concept-driven approach. This makes for a very
flexible model to suit the needs and constraints of individual students.
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GCSE Science

This is a new qualification based on the Key Stage 4 Programme of Study for Science.
The content is relevant to students in their everyday life. The specification content
allows teachers the opportunity to explore work-related learning in science where
appropriate.

GCSE Additional Science

This is a new qualification equivalent to one GCSE and builds on the work covered in
GCSE Science. Successful completion of GCSE Additional Science along with GCSE
Science will allow progression to GCE, BTEC Nationals and other post-16 science and
science-related programmes.

GCSE Biology, GCSE Chemistry and GCSE Physics

These are single GCSEs which when taken together cover the Programme of Study for
Science. They include the relevant subject matter from GCSE Science and GCSE
Additional Science, along with specialist extension units.

Entry Level Certificate in Science

The Entry Level Certificate in Science allows students to achieve at National
Curriculum Levels 1, 2 and 3. It covers the Key Stage 4 Programme of Study and aims
at developing skills rather than depth of knowledge. It is designed to be co-teachable
with GCSE Science and students may be entered for both the Entry Level Certificate
in Science and the GCSE Science; or students can progress to GCSE Science having
taken the Entry Level Certificate in Science.

The Entry Level Certificate in Science:
e recognises small steps of achievement
e is 100% internally assessed, based on test and classroom activities.

The Entry Level Certificate in Science June 2006 specification (publication code:
WO018353) is available on the Edexcel website.

BTEC First Certificate and Diploma in Applied Science

The BTEC First Certificate in Applied Science is equivalent to two GCSEs at A* to C,
the BTEC First Diploma is equivalent to four GCSEs at A* to C both incorporate the new
Key Stage 4 Programme of Study. The qualification offers an approach based on

the student taking on the identity of an employee within the science industry.
Teaching strategies reflect the nature of the work within science based industries
using a series of assighments and activities, encouraging students to take
responsibility and ownership for their own learning. The qualification is 100%
internally-assessed. Students may progress on to BTEC Nationals in Applied Science or
related BTEC Nationals, GCEs or related NVQ qualifications, or enter employment.

The BTEC First Certificate in Applied Science specification (publication code:
BF017226) is available on the Edexcel website.
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BTEC Introductory Certificate and Diploma in Applied Science

This is a new qualification equivalent to two GCSEs D to G and incorporate the

new Key Stage 4 Programme of Study. The qualification offers an approach based on
the student taking on the identity of an employee within the science industry.
Teaching strategies reflect the nature of the work within science based industries
using a series of assignments and activities, encouraging students to take
responsibility and ownership for their own learning. The qualification is 100%
internally-assessed. Students may progress on to BTEC First Certificate and Diploma
in Applied Science or related NVQ qualifications, or enter employment.

The BTEC Introductory Certificate and Diploma in Applied Science specification
(publication code: BD018368) is available on the Edexcel website.
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GCSE Science, GCSE Additional Science, GCSE
Biology, GCSE Chemistry and GCSE Physics

Aims
e To develop students’ understanding of the science around them that affects them

in their everyday life.

e To develop students’ questioning, analytical and evaluative approach to scientific
problems and issues.

e To develop students’ practical skills in science and an understanding of how
science works.

e To encourage enthusiasm about science leading to continued study.

Key features

e Centres can choose a content-orientated or context-orientated approach.
¢ A framework of co-teachable qualifications, designed to meet student needs.

¢ Encourages an understanding of scientific concepts rather than recall of detailed
facts.

e Choice of weighting of internal and external assessment.

e Flexible approach to tiering.

e Encourages science teaching through practical learning activities.
e Practical skills are assessed by the teacher and non-moderated.

¢ Internal assessment prepared by Edexcel, designed to support formative
assessment/Assessment for Learning.

e All assessment components worth 10% of GCSE or multiples thereof.

e Gives teachers an opportunity to discuss real science issues, including the science
behind stories in the media, with their students.

o Teaching schemes indicate opportunities for ICT and key skills development.
e Endorsed textbooks and online resources.

e Professional development and training which covers all aspects of the course.
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Rationale

Specification design

GCSE Science GCSE Additional Extension units
Science

Unit B1 Unit B2 Unit B3 ::> GCSE Biology
|| [ ]

Unit C1 Unit C2 Unit C3 :> GCSE Chemistry

Unit P1 Unit P2 Unit P3 :Il> GCSE Physics

The Criteria for GCSE Science (March 2005) identify three approaches to teaching
science at this level:

¢ evaluating evidence and the implications of science for society
¢ explaining, theorising and modelling in science
e procedural and technical knowledge of science.

This suite of specifications has been designed to address equally all of these
approaches, to give a full, balanced approach to science at GCSE level.

Teachers will be able to select an approach for delivery and assessment that meets
their students’ needs. This suite of qualifications gives students the opportunity to
explore how science works in a range of interesting and relevant subject areas.

To support the flexible delivery of these specifications in a school, it offers subject-
specific units with two examination series a year available for external assessment.
Internal assessment is integral to delivery and approach, and should arise from the
day-to-day teaching of the qualification.

These specifications, along with sample assessment material and tutor support
materials, will help teachers to implement the flexibility that this suite of
qualifications provides.
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Concept Assessment questions include concept to Concept
context about everyday science.

A

A

Concept

Delivery Delivery

A
v

Needs of learners

Context/
vocational
approach

Assessment questions include context to

Context concept about everyday science. Context

A context-orientated or content-orientated approach is possible.

Students can, within Key Stage 4, prepare for certification in GCSE Science, GCSE
Additional Science, GCSE Biology, GCSE Chemistry and GCSE Physics. Post-16 students
may wish to follow a single separate science qualification only.

How science works

‘How science works’ (HSW) is a new requirement in the Criteria for GCSE Science.
The specification identifies opportunities to make ‘how science works’ accessible to
all students.

‘How science works’ is primarily about helping students to engage with and challenge
the science they meet in everyday life. Students need to adopt a critical, questioning
frame of mind, going ‘behind the scenes’ to understand the workings of science and
how it impacts on society and their lives. It will help students to:

¢ identify questions that science can, and cannot, address and how scientists look
for the answers

¢ evaluate scientific claims by judging the reliability and validity of the evidence
appropriately

e question the scientific reports they see in the media and communicate their own
findings

e consider scientific findings in a wider context — recognising their tentative nature

¢ make informed judgements about science and technology, including any ethical
issues that may arise.

The specification highlights a range of contemporary and historical science contexts
through which to explore how science works. Students need, also, to build on their
own experience — planning, carrying out and reflecting on their own scientific
investigations.
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The wider curriculum

There are opportunities for generating evidence to support the key skills in
application of number, information and communication technology, working with
others, improving own learning and performance and problem solving; these are
mapped to the GCSE Science suite of qualifications in Annexe 2.

Students are encouraged to develop and apply their ICT skills throughout these
qualifications and there are many clearly-indicated areas in which students can do
this. It builds on and further develops the students’ experience of ICT at Key Stage 3
(Key Stage 3 National Strategy: ICT across the curriculum).

Quality of written communication (QWC) is assessed in the internal assessments,
where students have the opportunity to express themselves freely when writing
about the applications and implications of science.

The specifications also offer opportunities to address other areas of the wider
curriculum including development of mathematical skills, education for citizenship,
environmental education, health and safety education and the European and global
dimension.
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Qualification structure: unit titles

Unit number

Topic title

B1

Environment

Genes

Electrical and Chemical Signals

Use, Misuse and Abuse

c1

GCSE Science

Patterns in Properties

Making Changes

There’s One Earth

Designer Products

P1

O (00 N[Oy U AN WIN =

—_
o

Producing and Measuring Electricity

You’re in Charge

— -
N =

Now You See it, Now You Don’t

Space and its Mysteries

B2

Inside Living Cells
Divide and Develop
Energy Flow

Interdependence

C2

Synthesis
In Your Element
Chemical Structures

How Fast? How Furious?

GCSE Additional Science

P2

V(00 N O U AN W N =

_ A -
N = O

As Fast as You Can!
Roller Coasters and Relativity
Putting Radiation to Use

Power of the Atom

B3

Biotechnology

Behaviour in Humans and Other Animals

C3

Chemical Detection

Chemistry Working for Us

Extension units

P3

o LA WIN =

Particles in Action

Medical Physics

See Annexe 9 page 197 for unit entry codes.
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Unit number Topic title
1 Environment
a
2 Genes
B1
b 3 Electrical and Chemical Signals
P 4 Use, Misuse and Abuse
o
© 1 Inside Living Cells
@
L 2 Divide and Develop
3 B2
O 3 Energy Flow
4 Interdependence
B3 1 Biotechnology
2 Behaviour in Humans and Other Animals
5 Patterns in Properties
a
1 6 Making Changes
7 There’s One Earth
- b :
g 8 Designer Products
E 5 Synthesis
v 6 In Your Element
& 2 :
8 7 Chemical Structures
8 How Fast? How Furious?
3 3 Chemical Detection
4 Chemistry Working for Us
9 Producing and Measuring Electricity
a
o1 10 You’re in Charge
b 11 Now You See it, Now You Don’t
§ 12 Space and its Mysteries
E‘ 9 As Fast as You Can!
(a
L - 10 Roller Coasters and Relativity
3 11 Putting Radiation to Use
12 Power of the Atom
p3 5 Particles in Action
6 Medical Physics

See Annexe 9 page 197 for unit entry codes.
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Summary of scheme of assessment

GCSE Science

Internal assessment (40%)

e Assessment of practical skills (10%), where the teacher is assessing the student’s
ability to follow instructions, collect data (by taking readings and measurements,
making observations and by using ICT) and to present their raw results. Non-
moderated.

o Assessment activities (3 x 10%), devised by Edexcel, marked by the teacher and
externally moderated by an examiner appointed by Edexcel.

External assessment (60%)

e 60% based on six tiered multiple-choice tests available in November, March and
June.

Further details can be found in the Scheme of assessment section on page 151.

GCSE Additional Science

Internal assessment (40%)

o Assessment of practical skills (10%), where the teacher is assessing the student’s
ability to follow instructions, collect data (by taking readings and measurements,
making observations and by using ICT) and to present their raw results. Non-
moderated.

e Assessment activities (3 x 10%), devised by Edexcel, marked by the teacher and
externally moderated by an examiner appointed by Edexcel.

A choice of further assessment routes available (60%)

Students must attempt two out of the three routes for each of biology, chemistry and
physics; each assessment contributes 10%.

¢ internally-assessed centre-devised

e externally-assessed multiple-choice tiered tests available in November, March
and June

e externally-assessed structured tiered examination papers available in November,
March and June.

UG018535 — Specification — Edexcel GCSE in Science — Issue 2 — September 2007 © Edexcel Limited 2007 11



% Internal % External

Possible assessment routes
assessment | assessment

Route giving maximum external assessment:
Compulsory internally-assessed unit plus two externally- 40 60
assessed units

Route giving maximum internal assessment:
Compulsory internally-assessed unit plus externally- 70 30
assessed unit plus centre-devised internally-assessed unit

Further details can be found in the Scheme of assessment section on page 153.
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GCSE Biology, GCSE Chemistry and GCSE Physics

The appropriate subject-based units from GCSE Science and GCSE Additional Science
contribute to GCSE Biology, GCSE Chemistry and GCSE Physics.

Assessment of extension units

Either

e Structured single-tiered examination paper available in June only.

or

e Centre-devised internal assessment. The centre-devised internal assessment will
be set by the centre and assessed using criteria provided by Edexcel.

Route | GCSE GCSE Additional Extension Internal External
Science Science units units weighting | weighting
units assessment assessment

. Compulsory internally- Internal
Appropriate .
. assessed unit plus two assessment for o o
1 subject . 60% 40%
: externally-assessed extension
units . .
units. units.
. Compulsory internally- External
Appropriate assessed unit plus two assessment for
2 | subject P ! 30% 70%
- externally-assessed extension
units . .
units. units.
Compulsory internally- Internal
. assessed unit plus assessment for
Appropriate centre-devised extension
3 subject . . . 70% 30%
. internally-assessed unit | units.
units
plus externally-
assessed unit.
Compulsory internally- External
. assessed unit plus assessment for
Appropriate centre-devised extension
4 subject - . : 40% 60%
. internally-assessed unit | units.
units
plus externally-
assessed unit.

NB: There is no need for a student/centre to follow the same model for each of the
separate sciences. For example, a student could be assessed externally for the GCSE
Biology extension units and internally for GCSE Chemistry extension units and GCSE
Physics extension units.

Further details can be found in the Scheme of assessment section from page 150
onwards.

See Annexe 9 page 197 for unit entry codes.
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Availability of external assessment

GCSE Science will be first awarded in November 2007. From June 2008 all titles
within the specification suite will be available:

e GCSE Science

e GCSE Additional Science
e GCSE Biology

o GCSE Chemistry

e GCSE Physics.

Edexcel has trialled on-screen assessment for multiple-choice tests in GCSE Science.
The option of on-screen examinations will be introduced at the earliest opportunity.

Availability of internal and external assessment for GCSE Science

Unit November | March June November | March June
2006 2007 2007 2007 2008 2008
GCSE Science internal
el I BT I B T
practical skills
A v v v v v v
g B v v v v v v
A v v v v v v
“ B v v v v v v
A v v v v v v
i B v v v v v v

From November 2008 onwards, availability will be the same as for 2007-08.

The internal assessment will be submitted only in the June series of examinations,
ie in early-May.

The subject award may be claimed in November or June, provided all of the
contributing units have been entered and assessed.
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Availability of internal and external assessment for GCSE Additional
Science

Unit Assessment Nov March June Nov March June
mode 2006 2007 2007 2007 2008 2008

GCSE Additional
Science internal
assessment, including
non-moderated Internal X X X X X v
practical skills and
centre-devised
internal assessment

B2 External x x x v v v
C2 External X X X v v v
P2 External X x X v v v

From November 2008 onwards, availability will be the same as for 2007-08.

External assessment refers to the availability of both the multiple-choice question
paper and the structured question paper.

The internal assessment will be submitted only in the June series of examinations,
ie in early-May.

The subject award may be claimed in November or June, provided all of the
contributing units have been entered and assessed.

Availability of internal and external assessment for GCSE extension units

Unit Assessment mode Nov 2007 March 2008 June 2008
GCSE Biology
Internal x X v
B3
External x X v
GCSE Chemistry
Internal x X v
C3
External x X v
GCSE Physics
Internal x X v
P3
External x X v

From November 2008 onwards, availability will be the same as for 2007-08.

The internal assessment will be submitted only in the June series of examinations, ie
in early-May.

The subject award may be claimed in November or June, provided all of the
contributing units have been entered and assessed.
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Qualification codes

Each qualification title is allocated a QCA National Qualifications Framework (NQF)
code.

QCA NQF codes

The QCA National Qualifications Framework (NQF) code is known as a Qualification
Accreditation Number (QAN). This is the code that features in the DfES Funding
Schedule, Sections 96 and 97, and is to be used for all qualification funding purposes.
The QCA QAN is the number that will appear on the candidate’s final certification
documentation.

The QANs for the qualifications in this publication are:
e GCSE Science — 100/5544/7

e GCSE Additional Science — 100/5545/9

e GCSE Biology — 100/5546/0

o GCSE Chemistry — 100/5547/2

e GCSE Physics — 100/5548/4.

National classification codes

Every specification is assigned to a national classification code indicating the subject
area to which it belongs.

Centres should be aware that students who enter for more than one GCSE
qualification with the same classification code, will have only one grade (the highest)
counted for the purpose of the school and college performance tables.

The classification codes for these specifications are:

e GCSE Science — 1310

e GCSE Additional Science — 1320

o GCSE Biology — 1010

e GCSE Chemistry — 1110

e GCSE Physics — 1210.

Prior learning and progression

GCSE Science, GCSE Additional Science, GCSE Biology, GCSE Chemistry and GCSE
Physics provide clear progression from the National Curriculum Key Stage 3
Programme of Study. The qualifications also offer progression from the Entry Level
Certificate in Science.

Students embarking on GCSEs in Science, Additional Science, Biology, Chemistry
and/or Physics should have achieved a general educational level equivalent to
Level 3 of the National Curriculum or Entry Level 3 in the National Qualifications
Framework.
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Students achieving GCSE Science and GCSE Additional Science or GCSE Biology, GCSE
Chemistry and GCSE Physics, can progress on to further education, training or
employment. Appropriate further education includes:

GCE AS and Advanced Biology

GCE AS and Advanced Chemistry

GCE AS and Advanced Physics

GCE AS and Advanced Psychology

GCE AS and Advanced Health and Social Care

BTEC Firsts and Nationals in related subjects.

Links with other subjects

The content of this specification complements other Level 2 qualifications such as:

GCSE Astronomy

GCSE Citizenship Studies (Short Course)
GCSE Engineering

GCSE Geography

GCSE Health and Social Care

GCSE History

GCSE Mathematics

GCSE Physical Education.

National Qualifications Framework criteria

These specifications are based on the GCSE Common Criteria and the GCSE Criteria
for Science, which are prescribed by the regulatory authorities, including QCA, and
which are mandatory for all awarding bodies.

UG018535 — Specification — Edexcel GCSE in Science — Issue 2 — September 2007 © Edexcel Limited 2007
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Specification content

Each unit begins with a rationale that describes the unit content and addresses how
science works (this rationale is aimed at the teacher). The rest of the unit is set out
under the following headings.

Guidance for students

This section informs students of the content of the topic on which they are about to
embark. The section can be photocopied and given to students as an introduction.

Have you ever wondered?

These are questions to engage students with the topic content; they might be
questions that the student has pondered or, having been asked, they are interested
in finding out the answer.

These questions are intended to be used to introduce the topic; they are not
examples of assessment questions. Answers to these questions will be provided in the
tutor support material.

Learning objectives

What the student will know/understand at the end of the topic. Students will be able
to expand on these statements, explaining the science behind them, using examples
where appropriate.

Glossary

These are words used in the delivery of the topic and with which students are
expected to become familiar. Any or all of these words may be used in assessment
activities (internal or external) and could be required in answering examination
questions.

Student Course Companion

Edexcel has produced a Course Companion for students for GCSE Science and GCSE
Additional Science for further details see the Edexcel website.
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Information for teachers

Learning outcomes

Students will be assessed on their ability to:

In GCSE Science and GCSE Additional Science, these are a series of referenced
statements that students are expected to know and understand. Learning outcomes
may be used for internal and external assessment.

The learning outcomes in each unit show the subject, unit number, component, topic
number and the learning outcome number in sequence. For example, GCSE Science
unit number C1 — Making New Products, component ‘b’, Topic 7 — There’s One
Earth, learning outcome statement 7 — ‘explain the importance of recycling waste
products such as glass, metal and paper’, is numbered C1 b 7.7 (see page 49).

Learning outcomes, words or statements in bold indicate that this content is
designated for higher tier students only

A glossary of terms used in the specification and in written tests can be found in
Annexe 8, on page 195.
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GCSE Science

B1 a
Topic 1: Environment

Topic 2: Genes

B1b
Topic 3: Electrical and Chemical Signals

Topic 4: Use, Misuse and Abuse

Cl1a
Topic 5: Patterns in Properties

Topic 6: Making Changes

Cib
Topic 7: There’s One Earth

Topic 8: Designer Products

P1a
Topic 9: Producing and Measuring Electricity

Topic 10: You’re in Charge

P1b
Topic 11: Now You See it, Now You Don’t

Topic 12: Space and its Mysteries
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Unit B1 a

Topic 1 — Environment

Environmental issues have become more important in people’s lives and feature
regularly in the media, even affecting local and national elections. This topic looks at
human impact on the environment and how it can be measured. Ways in which plants
and animals can be improved in order to feed the world are at the forefront of
modern agriculture and students will consider the energetics of food production. As
usual, new food production techniques raise new ethical, social and environmental
questions.

Organisms are classified according to how closely they are related and students will
learn to appreciate that ‘rules’ change as new evidence emerges. It is a competitive
world, all organisms compete for resources and only those that are best adapted will
survive in a changing environment.

There is an opportunity to study populations using computer models and also to use
secondary data to explore how human activity affects populations and the
environment. Students will also discuss the evidence for natural selection, examining
how Darwin’s ideas were received by his contemporaries and comparing this with
how current scientific theory is received by today’s scientific community.

Guidance for students

Have you ever wondered?

How can the Sun’s energy support all life on Earth?
Why don’t food chains go on forever?
Which grows more quickly — grass or cow?

How do different organisms make different changes to solve the same environmental
problem?

Does the number of foxes control the number of rabbits or does the number of
rabbits control the number of foxes?

Is evolution still taking place?

What would happen to the human race if we were all the same?
How does natural selection ‘know’ how to create a new species?
Why are so many people worried about GM technology?

Why did a cartoon of Charles Darwin drawn as an ape appear in a national newspaper
when he proposed his theory of evolution?
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Learning objectives

¢ Animals and plants depend on each other.
e All organisms are adapted to their environment.
e There is often competition between organisms for resources.

¢ Natural selection is a long process over many generations.

Glossary

You will be expected to be able to recall, explain, describe and use appropriately the
following words and phrases:

adaptation evolution intra-species prey
biomass extinct mutation quantitatively
characteristic food chain natural selection reproduction
classification fossil organic selective breeding
competition genetic engineering organism species
ecosystem genetically population

modified
environment interdependence predator
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Information for teachers

ICT is an integral part of the way science works, and students should be given
opportunities to experience and explore its use. It is expected that ICT will be used
where it enhances the learning and teaching of science and helps to make scientific
concepts easier to understand.

Some of the learning outcomes have been written deliberately in order to promote
discussion and expression of opinion. Where contentious, unresolved or other
scientific issues are discussed, it is expected that students will be exposed to the
facts, evidence and opinions from all sides of the argument.

Learning outcomes

Learning outcomes, words or statements in bold indicate that this content is
designated for higher tier students only.

Students will be assessed on their ability to:

¢ interpret food chains quantitatively using pyramids of biomass and B1a1.1
consider why this is more accurate than a pyramid of numbers

e describe how organisms in an ecosystem compete with each other for B1a.1.2
resources

e explain why it is more cost effective, in terms of energy, to produce a B1a1.3

field of wheat rather than a field of beef cows

¢ explain population data in terms of predator-prey interdependence and B1a1.4
intra-species competition

e use secondary data to explain how human activity can affect the B1a1.5
environment, especially changes in population size and in economic and
industrial conditions

e demonstrate an understanding of how computer models can be used to B1a1.6
study populations, and show an awareness of the advantages and
disadvantages of these models compared with real data

¢ demonstrate an understanding of the principles of natural selection, to B1a1.7
include:

how individuals within a species can have characteristics that promote
more successful reproduction (survival of the fittest)

how, over generations, the effects of natural selection result in
changes within species and the formation of new species from genetic
variants or mutants that are better adapted to their environment

how species that are less well-adapted to a changing environment can
become extinct

e explain how fossils provide evidence for evolution B1a1.8

e explain, compare and contrast selective breeding and genetic engineering B1a 1.9
in terms of changing the characteristics of a species

continued...
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discuss why Charles Darwin experienced difficulty in getting his theory
of evolution through natural selection accepted by the scientific
community in the 19th century

explain the principles of classifying organisms and the difficulties
encountered in attempting to do so, as illustrated by the five kingdoms,
the use of phylum, class, order, family, genus, species and the main
characteristics of the five vertebrate groups

discuss the ethics and principles of organic farming and explain why
organic products are more expensive than non-organic produce

demonstrate an understanding of how crop plants can be genetically
modified and the reasons for doing so and the ethical concerns this
raises.

B1a1.10

B1a1.11

B1a1.12

B1a1.13
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Topic 2 — Genes

We are living in an age of an explosion in the use and understanding of genetics. The
Human Genome Project may now be followed by many new medical treatments.

The activities of any organism are determined by the genes they possess. Chemical
reactions in the cell depend on the cell’s proteins. The structure of these proteins is
determined by the cell’s DNA. Genes are passed from parent to child in predictable
ways, but sometimes these mutate. Variation is produced by a combination of genes
and environment. There is now even more genetic manipulation of living organisms
for food production. Scientists are able to extract and modify genes in order to
change the properties of crops and animals used as food. Scientists are also able to
clone organisms and some scientists hope to produce cloned body parts for
transplantation surgery.

Studying this topic gives students opportunities to interpret data produced through
breeding experiments. Students can use various kinds of resources to consider the
benefits, drawbacks and risks of scientific opportunities in gene therapy, cloning and
genetic modification. Students can also investigate how scientific decisions are made
and how the ethical concerns of society can be considered, for example in relation to
cloning.

Guidance for students

Have you ever wondered?

Why can we not just breed a racehorse that will win every race?
Are clones really like they are in the movies?

Is it possible that Old English Sheepdogs and Yorkshire Terriers both came originally
from wolves?

How can cows make drugs in their milk?
When will | be able to get medicines especially made for just me?

How can genetics be used to cure diseases?

Learning objectives

e Characteristics of organisms are dependent on their genes.
e Sexual reproduction leads to variation.
¢ Genetic modifications are used for a range of purposes.

e There are many ethical considerations associated with advances in genetic
modification.
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Glossary

You will be expected to be able to recall, explain, describe and use appropriately the
following words and phrases:

allele cystic fibrosis gene therapy nucleus

antibody diploid genetics phenotype

asexual DNA generation

reproduction

cancer dominant genotype recessive

carrier environment haploid sexual

reproduction

cell fertilisation heterozygous transgenic

characteristic forensic homozygous transplant

chromosome gamete Human Genome variation
Project (HGP)

clone gene inheritance
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Information for teachers

ICT is an integral part of the way science works, and students should be given
opportunities to experience and explore its use. It is expected that ICT will be used
where it enhances the learning and teaching of science and helps to make scientific
concepts easier to understand.

Some of the learning outcomes have been written deliberately in order to promote
discussion and expression of opinion. Where contentious, unresolved or other
scientific issues are discussed, it is expected that students will be exposed to the
facts, evidence and opinions from all sides of the argument.

Learning outcomes

Learning outcomes, words or statements in bold indicate that this content is
designated for higher tier students only.

Students will be assessed on their ability to:

describe genes as parts of chromosomes which are found within the
nucleus and which control the cell’s activity

explain that the unit of inheritance is the gene which is a section of a
long chain (DNA) molecule

appreciate the emerging outcomes of the Human Genome Project (HGP)
and discuss some of their implications, including the use of DNA evidence
in forensic science and medicine

discuss how gene therapy could change the lives of two people, one
suffering from cystic fibrosis and the other from breast cancer, if
these diseases could be treated genetically

describe how asexual reproduction leads to genetically identical
individuals called clones, including Chlorophytum (spider plant)

explain how sexual reproduction, involving fertilisation, leads to variation
in the new generation (including the use of a monohybrid cross diagram)

explain how some inherited characteristics can be modified by
environmental conditions, including the influence of diet on human
growth and mineral resources on plant growth

explain, how alternative forms (dominant and recessive alleles) of a gene
cause variation in a characteristic

demonstrate an understanding of how some alleles can cause diseases
which can be inherited, for example, sickle cell anaemia, Huntington’s
disease and haemophilia

evaluate the potential for using transgenic animals, including the
production of ‘designer milk’, for example milk containing human
antibodies and low cholesterol milk

describe the social and ethical concerns of cloning mammals, including
the possibility of the cloning of human body parts for transplant surgery

consider the contemporary scientific theory of ‘designer babies’ and
explain why today’s scientists are finding so much opposition to the
use of this approach being publicly acceptable.
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Unit B1 b

Topic 3 — Electrical and Chemical Signals

People have always wanted to know how the brain works. Speedy responses are
possible through electrical impulses in nerve cells, and some are linked to muscles by
reflex arcs. Hormones can co-ordinate body functions, including the female
menstrual cycle. The contraceptive pill and fertility treatments are examples of the
ways in which sex hormones can be used medically. Some hormones can be produced
by genetic modification of bacteria for medical purposes, eg in insulin production.

In this topic there are opportunities to measure and interpret data on body reactions
such as reaction times and reflex actions. The development of a scientific
explanation of diabetes through experiments on animals can be demonstrated and its
ethical implications discussed. The application of science in controlling fertility and
helping infertile couples to conceive can be considered, and the benefits, risks and
drawbacks discussed.

Guidance for students

Have you ever wondered?

How does my brain tell my body what to do?

How do my hormones ‘know’ where to go?

How do contraceptive pills work?

Why do people with diabetics inject themselves with products from bacteria?

When travelling in a car, why do | duck down when a bird flies low over me?

Learning objectives

¢ The body needs to be maintained in an optimum state.
e The central nervous system lets your body respond to changes in its surroundings.
¢ Hormones regulate the functions of cells and organs.

e Artificial hormones can be used to control reproduction and alter body functions.
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Glossary

You will be expected to be able to recall, explain, describe and use appropriately the
following words and phrases:

bacteria
brain

central nervous
system (CNS)

contraception

diabetes

electrical impulse

follicle stimulating
hormone (FSH)

genetically modified

genetically modified
organism (GMO)

glucose

grand mal epilepsy

hormone
infertility

insulin

in-vitro fertilisation
(IVF)

luteinising hormone
(LH)

iris reflex

menstrual cycle

motor neurone

muscle

nerve

oestrogen

pancreas
Parkinson’s disease

peripheral nervous
system (PNS)

pregnancy

progesterone

reaction time

receptor

reflex

reflex arc

relay neurone

sense organs

Sensory neurone
stimulus

stroke

target organ

tumour

voluntary
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Information for teachers

ICT is an integral part of the way science works, and students should be given

opportunities to experience and explore its use. It is expected that ICT will be used
where it enhances the learning and teaching of science and helps to make scientific

concepts easier to understand.

Some of the learning outcomes have been written deliberately in order to promote

discussion and expression of opinion. Where contentious, unresolved or other

scientific issues are discussed, it is expected that students will be exposed to the

facts, evidence and opinions from all sides of the argument.

Learning outcomes

Learning outcomes, words or statements in bold indicate that this content is
designated for higher tier students only.

Students will be assessed on their ability to:

e explore ways of measuring reaction times

¢ demonstrate an understanding of the structure of the central and
peripheral nervous systems, including the main regions of the brain and
their functions (memory and thinking, hearing, touch, smell, taste, vision)

e explain how nerves carry electrical impulses from sense organs to muscles

e describe how strokes, brain tumours, Parkinson’s disease and grand mal
epilepsy disrupt the functioning of the brain

e explain that receptors in sense organs detect internal and external
changes, allowing the body to respond to these stimuli

e describe the difference between voluntary and reflex responses and the
advantages of reflex responses in helping to safeguard the body:

the iris reflex
accommodation
‘ducking’ reaction to objects travelling close to the head

¢ explain how the composition and function of the blood is related to its
function

e explain how hormones act as chemical messages affecting target organs
and/or cells

e demonstrate understanding of the role and interpret data to explain
that oestrogen causes the lining of the uterus to thicken during the
early part of the menstrual cycle

¢ demonstrate understanding of the role and interpret data to explain
that progesterone maintains the lining of the uterus during the middle
part of the menstrual cycl