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Background Information
Introduction

1.1 Purpose This Teachers” Guide has been provided to help teachers in their
preparation for the delivery of AQA GCSE Sciences (Science A,
Science B, Additional Science, Biology, Chemistry and Physics).
These GCSE Sciences have common teaching units and a common
model for internal assessment, so one Guide has been produced to
support the teaching of all six specifications. Separate Teachers’
Guides are available for GCSE Applied Science (Double Award)
and GCSE Additional Applied Science.

This Guide should be read in conjunction with the specifications.
The specifications are available in hard copy, and may be
downloaded from the AQA website (www.aqa.org.uk). Specimen
assessment materials are also available for each specification.

1.2 Curriculum Planning The six specifications, GCSE Science A, Science B, Additional
Science, Biology, Chemistry and Physics, offer a variety of
possibilities for the KS4 curriculum, which can be extended by
Entry Level Certificate Science, GCSE Applied Science (Double
Award) and GCSE Additional Applied Science. The following
paragraphs attempt to explore some of the possibilities, but teachers
are encouraged to view these as a starting point only.

GCSE Science plus GCSE Before the introduction of these specifications the majority of

Additional Science candidates have been following GCSE Science (Double Award)
courses. The nearest equivalent for the new specifications is GCSE
Science plus GCSE Additional Science. These are two single award
GCSEs, each leading to the award of a separate grade. It is
anticipated that in many centres, candidates will complete GCSE
Science by the end of Y10 and then go on to take GCSE Additional
Science by the end of Y11. However, there is no requirement to
enter GCSE Science before GCSE Additional Science.

GCSE Science is available from AQA with two different types of
assessment (objective tests in Science A, and written papers in
Science B). The subject content for these options is exactly the
same. Both enable the statutory requirement to teach the KS4
programme of study for science to be met. Centres can choose the
type of assessment which suits their candidates, but cannot mix and
match the assessment for GCSE Science for a given candidate.

GCSE Science plus GCSE Additional Science are good preparation
for progression to AS and A Level Sciences. GCSE Science alone
is not. Some concern has been expressed that the new GCSE
Sciences contain fewer scientific facts than the previous
specifications. This is correct, as teaching time has been made
available to tackle ‘How Science Works’ and this has meant some
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GCSE Science plus GCSE
Additional Applied Science

GCSE Science plus another
science

deletion of topics. However, it should be remembered that GCE
Sciences are being revised for first teaching from September 2008/9
in time for the first candidates taking the new GCSE Sciences. The
starting point for the GCE specification development will be the
new GCSE Sciences; therefore, the GCE Sciences will be a
progression of these.

The DfES has for many years stated the expectation that 80% of
candidates will undertake two science GCSEs. This expectation
continues with the new specifications and will be enforced to the
extent that two GCSE Sciences will be an entitlement for
candidates; in other words, centres must make it possible for any
candidate who wishes to study two science GCSEs. GCSE Science
plus GCSE Additional Science is one of a number of ways of
achieving this.

One possibility that teachers may want to consider is to offer GCSE
Additional Applied Science as an alternative to GCSE Additional
Science. Where GCSE Additional Science considers the theoretical
and modelling aspects of science, the Applied specification
emphasises the vocational aspects relating to the use of science in
the workplace. It might be thought that this would be a sensible
option for the weakest candidates, but this would be a mistake. This
Applied specification has a high percentage of portfolio assessment,
which leads to a different teaching and learning regime, requiring a
good degree of self-motivation from candidates. That said, the
contexts chosen to deliver the content (food science, forensic
science and sports science) are motivating for many candidates.
GCSE Additional Applied Science might be a good option for
candidates of any ability who would prefer to follow the applied
route at GCE rather than the separate sciences route.

Another option is to offer one or more separate sciences to
candidates who have completed GCSE Science, so that for example
they follow GCSE Science with GCSE Biology. This enables
candidates to study their preferred science(s). Units which are
common between specifications (eg in this case Biology 1) have to
be retaken to count again towards the second GCSE. Candidates
cannot certificate both subjects in the same series. Further
information about this is given in Section 3.4 of this Teachers’
Guide.

Further possibilities are GCSE Electronics, GCSE Environmental
Science, GCSE Human Physiology and Health, and GCSE
Psychology, all of which qualify towards the 80% expectation, and
all of which are available with AQA.

All the combinations considered so far include GCSE Science, and
therefore fulfil the KS4 statutory requirement. A different way of
meeting the requirement is to offer GCSE Applied Science (Double
Award) from the beginning of the course. This has the same
features as GCSE Additional Applied Science, ie contexts which are
motivating and a high percentage of portfolio assessment.

AQA
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Curriculum time

Separate Sciences

Entry Level Certificate

It is expected that all the combinations of two single science GCSEs
will require around 20% curriculum time over 2 years. Teaching
GCSE Science over 2 years requires about 10% curriculum time.

In some instances, candidates may want to take two separate
sciences after GCSE Science. This should be possible in 20%
curriculum time over one year. For example, to take GCSE
Chemistry and GCSE Physics, candidates would need to cover
Chemistry 2, Chemistry 3, Physics 2 and Physics 3, and continue to
develop their understanding in these new contexts of ‘How Science
Works’. This is one more unit than for GCSE Additional Science
(which requires 20% over one year), so teachers would need to plan
teaching strategies accordingly. If candidates have already certified
in GCSE Science A or B, they will need to take Chemistry 1 and
Physics 1 again.

As now, some candidates will want, if their centre is able to offer
the option, to take all three separate sciences (GCSE Biology,
Chemistry and Physics). Doing so meets the KS4 statutory
requirement since, taken together, the three specifications include
all the content of GCSE Science. With careful planning, it may be
possible to cover the three qualifications in the time for two, ie in
20% curriculum time over 2 years. For example, teachers will want
to ensure that candidates are beyond the requirements for GCSE
Science by the end of Y10. The extra subject content of three
sciences is compensated by the fact that ‘How Science Works’ is
common content and this reduces the apparent load. Nonetheless,
each separate subject has been designed to occupy 10% of
curriculum time over two years.

ELC Science is available for candidates who are working towards
GCSE and are unlikely to obtain grade G for GCSE Science. This
is a certificated award which gives recognition to achievement at
Entry Levels 1, 2 or 3. Candidates could be entered for both ELC
and GCSE Science, as a safeguard against not achieving grade G.
Note that Entry Level Certificate qualifies for points for
Achievement and Attainment Tables.

ELC Science can be taught independently of GCSE Science, or it
can be co-taught, the content being a sub-set of GCSE Science. The
assessment of practical work is designed to fit with the requirements
of the new centre-assessed units in the GCSE Sciences. Candidates
do not have to submit work across the whole breadth of the GCSE
specification, but if they are taught the whole breadth, the KS4
statutory requirement will be met. This is important because it is no
longer possible to apply for disapplication from the programme of
study requirement for science.

Candidates could progress to GCSE Science from ELC Science, or
alternatively to GCSE Additional Applied Science which would
mean that they did not cover the same programme of study for
science content again.

AQY
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Specifications at a Glance
Science A

This specification is one of a suite of GCSE Science specifications
offered by AQA. The specification leads to a single award GCSE
Science A. The award has seven assessment units.

There are two tiers of assessment for the units which are objective
tests: Foundation (G—C) and Higher (D—A*). The centre-assessed
unit is not tiered.

GCSE Science A

GCSE Science A
Biology la Biology 1b
Matching/multiple choice Matching/multiple choice
questions questions
Objective test 12.5% | Objective test 12.5%
30 minutes 36 marks | 30 minutes 36 marks
Chemistry la Chemistry 1b
Matching/multiple choice Matching/multiple choice
questions questions
Objective test 12.5% | Objective test 12.5%
30 minutes 36 marks | 30 minutes 36 marks
Physics 1a Physics 1b
Matching/multiple choice Matching/multiple choice
questions questions
Objective test 12.5% | Objective test 12.5%
30 minutes 36 marks | 30 minutes 36 marks

4461

Science Centre-Assessed Unit (B1, C1 or P1)
based on normal class practical work 25%

40 marks
Investigative Skills Assignment
(an externally set, internally assessed test taking 45 minutes)
+ Practical Skills Assessment
(a holistic skills assessment)

AQA
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Science B

This specification is one of a suite of GCSE Science specifications
offered by AQA. The specification leads to a single award GCSE
Science B. The award has four assessment units.

There are two tiers of assessment: Foundation (G—C) and
Higher (D—-A*). The centre-assessed unit is not tiered.

GCSE Science B

GCSE Science B

Biology 1
Written paper 25%
45 minutes 45 marks
Chemistry 1
Written paper 25%
45 minutes 45 marks
Physics 1
Written paper 25%
45 minutes 45 marks

4462

Science Centre-Assessed Unit (B1, C1 or P1)
based on normal class practical work 25%

40 marks
Investigative Skills Assignment
(an externally set, internally assessed test taking 45 minutes)
+ Practical Skills Assessment
(a holistic skills assessment)

AQY
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Additional Science

This specification is one of a suite of GCSE Science specifications
offered by AQA. The specification leads to a single award GCSE
Additional Science. The award has four assessment units.

There are two tiers of assessment: Foundation (G—C) and
Higher (D—A*). The centre-assessed unit is not tiered.

GCSE Additional Science

Biology 2
Written paper 25%
45 minutes 45 marks
Chemistry 2
Written paper 25%
45 minutes 45 marks
Physics 2
Written paper 25%
45 minutes 45 marks

GCSE Additional
Science

4463

Additional Science Centre-Assessed Unit (B2, C2 or P2)
based on normal class practical work 25%

40 marks
Investigative Skills Assignment
(an externally set, internally assessed test taking 45 minutes)
+ Practical Skills Assessment
(a holistic skills assessment)

AQA
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Biology

This specification is one of a suite of GCSE Science specifications
offered by AQA. The specification leads to a single award GCSE
Biology. The award has four or five assessment units.

There are two tiers of assessment: Foundation (G—C) and
Higher (D—A*). The centre-assessed unit is not tiered.

GCSE Biology

4411

GCSE Biology
Biology 1
Written paper 25%
45 minutes 45 marks
Biology la Biology 1b
Matching/multiple choice Matching/multiple choice
questions questions
Objective test 12.5% | Objective test 12.5%
30 minutes 36 marks | 30 minutes 36 marks
Biology 2
Written paper 25%
45 minutes 45 marks
Biology 3
Written paper 25%
45 minutes 45 marks
Biology Centre-Assessed Unit (B1, B2 or B3)
based on normal class practical work 25%
40 marks

Investigative Skills Assignment
(an externally set, internally assessed test taking 45 minutes)
+ Practical Skills Assessment
(a holistic skills assessment)
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Chemistry

This specification is one of a suite of GCSE Science specifications
offered by AQA. The specification leads to a single award GCSE
Chemistry. The award has four or five assessment units.

There are two tiers of assessment: Foundation (G—C) and
Higher (D—A*). The centre-assessed unit is not tiered.

GCSE Chemistry

Chemistry 1

Written paper

45 minutes

25%
45 marks

Chemistry la
Matching/multiple choice

Chemistry 1b
Matching/multiple choice

GCSE Chemistry

4421

questions questions

Objective test 12.5% | Objective test 12.5%

30 minutes 36 marks | 30 minutes 36 marks
Chemistry 2

Written paper 25%

45 minutes 45 marks
Chemistry 3

Written paper 25%

45 minutes 45 marks

Chemistry Centre-Assessed Unit (C1, C2 or C3)
based on normal class practical work 25%
40 marks

Investigative Skills Assignment
(an externally set, internally assessed test taking 45 minutes)
+ Practical Skills Assessment
(a holistic skills assessment)

AQA
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Physics

This specification is one of a suite of GCSE Science specifications
offered by AQA. The specification leads to a single award GCSE
Physics. The award has four or five assessment units.

There are two tiers of assessment: Foundation (G—C) and
Higher (D—A *). The centre-assessed unit is not tiered.

GCSE Physics

GCSE Physics
Physics 1
Written paper 25%
45 minutes 45 marks
or
Physics la Physics 1b
Matching/multiple choice Matching/multiple choice
questions questions
Objective test 12.5% | Objective test 12.5%
30 minutes 36 marks | 30 minutes 36 marks
Physics 2
Written paper 25%
45 minutes 45 marks
Physics 3
Written paper 25%
45 minutes 45 marks

4451

Physics Centre-Assessed Unit (P1, P2 or P3)
based on normal class practical work 25%

40 marks
Investigative Skills Assignment
(an externally set, internally assessed test taking 45 minutes)
+ Practical Skills Assessment
(a holistic skills assessment)

AQY
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Background and Administration

3.1 Introduction The specifications, GCSE Science A, Science B, Additional
Science, Biology, Chemistry and Physics, have many features in
common. They share an approach to ‘How Science Works’ (see
Section 3.2) and a common model of centre-assessed unit (CAU)
(see Section 3.3). In addition, some assessment units are common
between specifications.

B3 C3 P3
CAU CAU CAU
>
3 £ 2
m 6 o

For example, GCSE Science is made up of four units: Biology 1,
Chemistry 1, Physics 1 and a centre-assessed unit. The unit
Biology 1 is the same as one of the four units for GCSE Biology
(Biology 1, Biology 2, Biology 3 and a centre-assessed unit). For
GCSE Science B, Additional Science, Biology, Chemistry and
Physics, each unit above is assessed separately and candidates
receive a grade, A*~G. For GCSE Science A, in addition to the
centre-assessed unit, each of Biology 1, Chemistry 1 and Physics 1
is divided into two subsections which are assessed by an objective
test (OT).

3.2 How Science Works All six specifications take the same approach to ‘How Science
Works’. This involves a separate section of content, the procedural
content, which needs to be taught and learnt to enable candidates to
understand how scientists obtain evidence and judge its reliability,
and how scientific discoveries impact on society. In each
specification, this content is in Section 10 and it is the same in all
six specifications. It is expected that this content is delivered in
parallel with and through the substantive content. It falls into two
areas: Sections 10.3—10.7 which deal with designing investigations,
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obtaining reliable evidence, presenting data and drawing
conclusions, and Sections 10.2 and 10.8-10.9 which deal with how
society uses scientific knowledge and understanding.

Each of the nine units (Biology 1, Biology 2, Biology 3,
Chemistry 1, Chemistry 2, Chemistry 3, Physics 1, Physics 2, and
Physics 3) is associated with a different section of substantive
content (the science facts). The substantive content which is
assessed by written papers (or objective tests for GCSE Science A)
is presented in Sections 11, 12 and 13 of each specification. This
content is cross-referenced to the ‘How Science Works’ content
using symbols which indicate where two different aspects of ‘How
Science Works’ can be delivered through the substantive content.

This symbol identifies parts of the content which lend themselves to
extended investigative work of the type needed to explore sections
10.3-10.7 of the procedural content. These sections are about
obtaining valid and reliable scientific evidence. These parts of the
content may form the contexts for the Investigative Skills
Assignments part of the centre-assessed units.

This symbol identifies parts of the content which lend themselves to
activities which allow Sections 10.2 and 10.8-10.9 to be considered.
These sections are about using scientific evidence, for example:
how scientific evidence can contribute to decision making and how
scientific evidence is limited.

The cross-referencing is not exhaustive, and is intended to be
indicative only.

A further guide to the delivery of ‘How Science Works’ is given by
the organisation of each subsection of Sections 11, 12 and 13 of
each specification. Each subsection begins with several statements:
‘Candidates should use their skills, knowledge and understanding of
how science works to ....". These identify activities that could be
used to enable candidates to practise ‘How Science Works’. The
subject matter that needs to be delivered to enable these activities to
be undertaken is then given in statements with the introduction:
“Their skills, knowledge and understanding of how science works
should be set in these substantive contexts’.

The arrangement of the specification content is described in
Section 9.1 of each specification, and further details of the ‘How
Science Works’ are given in Section 9 of this Teachers’ Guide.

3.3

Centre-Assessed Units

The model for centre assessment (internal assessment or
coursework) is the same for all six specifications. It involves two
parts, both of which are intended to fit into a normal teaching
scheme.

The first and smaller part is the Practical Skills Assessment (PSA)
which is a holistic assessment of a candidate’s ability to undertake
practical work skilfully and safely. The assessment would normally
be made towards the end of the course; this part is not moderated.

AQY
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Security of ISAs

The second and larger part is the Investigative Skills Assignment
(ISA). Candidates undertake an AQA-designed practical, during
which they collect a set of results. They then take an AQA-set test
in controlled conditions during normal lesson time, which is marked
by their teacher using an AQA mark scheme. Marking of the ISA is
moderated by an AQA moderator. The whole assignment,
including the test, is expected to take around two or three lessons,
and the practical work should arise naturally from the teaching of
the specification.

It might be said that there is significant scope for candidates to gain
unfair advantage in the centre-assessed units. Candidates who sit an
ISA after other candidates could get to hear about the questions.
There is some truth in this. However, the centre-assessed units are
‘coursework’ so the comparison is not with external examinations,
but with coursework tasks, where the same work is often set year
after year, or the same task is set for several teaching groups. The
ISAs are more secure because around half the questions relate to the
candidate’s own data, and so the answers are specific to the
candidate. AQA expects centres to store ISAs securely and they are
valid for just two years, so are less likely to become ‘public
knowledge’. Candidates who are first to take ISAs in a centre could
be reminded that it is not in their interests to help others get better
marks since it may downgrade their own achievement. There is an
added advantage as all work must be carried out under the teacher’s
direct supervision: candidates are not allowed to take work home.

Further details of the centre-assessed units are given in Sections 6, 7
and 8 of this Teachers’ Guide.

3.4 Administration

How do centres make entries
for GCSE Science exams?

Written papers and
objective tests

The centre-assessed unit

This section is presented in the form of FAQs.

Each examined unit (objective test or written paper) has a separate
entry code. This is so that candidates can take the different units in
a science GCSE in different exam series. The entry codes for the
OTs or written papers stay the same even if the unit could be used
towards different science GCSEs.

The centre-assessed unit entry codes are specific to the subject;
therefore it is important that the centre is clear about which subject
the candidate is certificating in. For example, if a candidate enters a
Physics ISA for GCSE Science (SCYC) it cannot be used towards a
GCSE Physics certification. The candidate would need to enter a
Physics ISA (PHYC) to be able to certificate in GCSE Physics.

If a centre has a set starting GCSE Science in Y9, then it may wish
to submit one of the ISAs that the candidates complete in Y9 for
moderation. Once moderated and banked the CAUs remain valid
until the end of the specification. The ISAs themselves have a shelf
life of two years and therefore a Y9 completed ISA would not be
current for moderation in Y11 and therefore must not be submitted
nYll.

AQA
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How do candidates get results
for GCSE subject awards?

Where do | find entry codes?

Can candidates resit units?

How does the AQA computer
work out grades when a
candidate has more than one
result for a unit?

What happens about the
other results which are not
used towards the total mark?

If a candidate gets a poor
grade for, for example, GCSE
Science, what can they do to

improve it?

How do candidates get, for
example, GCSE Science B and
GCSE Biology, which have a
common unit?

For which entries are fees
payable?

Will total entry costs for
centres increase?

Each subject award has an entry code. When a candidate has results
for all the units that make up a GCSE qualification (or will have
with the exams they are to take in the next exam series), the centre
makes a subject award entry. This entry has the effect of telling the
AQA computer to look for the marks that a candidate obtained for
the units in the subject award and to add them up to give a total
mark which is reported together with the equivalent grade (A*-G)
for the candidate.

To find the definitive list of entry codes for all AQA specifications,
go to www.aqga.org.uk/admin/p_entries.html and follow the ‘Entry
Procedures and Codes’ link. The entry codes are also in Section 3.2
of each specification.

Yes. The number of resits is unlimited (as long as the specification
remains available).

Before the computer adds up the marks, it finds the best mark for
each unit, so that the maximum total mark possible is calculated.

They are ‘used up’ and cannot contribute towards a different GCSE
subject award.

They can retake one or more units, re-enter for the subject award
and obtain a new subject award. If they retake, for example, one
unit and perform better, this better mark counts towards the new
subject award. If they do less well, their previous result is used
again. Unit results can be re-used, but only towards the same
subject award for which they were used originally.

Unit results cannot be re-used for a different subject award, even
where the unit can count towards more than one award, as all results
for a unit are ‘used up’ when an award is made. Therefore,
candidates who wish to get GCSE Science B followed by GCSE
Biology must re-take the common unit (B1) after obtaining the
subject award GCSE Science B. The new B1 result can then count
towards GCSE Biology. Alternatively, they could take the
objective tests Bla and B1b before they obtain GCSE Science B, as
these cannot count towards Science B so will not be ‘used up’.

There is a fee for every unit entry, including resits. There is no fee
for subject award entries.

The total fee for entering the four units for GCSE Science B, GCSE
Additional Science, GCSE Biology, GCSE Chemistry and GCSE
Physics (or the seven units for GCSE Science A) will match the fee
for a linear single award GCSE.

However, resits will cause additional costs. Also, since entries will
often be made earlier in KS4, fees may be payable earlier, eg if
candidates take units towards GCSE Science A or B in Y9 orY'10.

AQY
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Is an entry fee payable for
each Investigative Skills
Assignment (ISA) in the

Centre-assessed units?

Where can | find the dates of
exams?

What happens if the
examiners set a slightly more
difficult paper in one exam
series, so the candidates get
lower marks?

Won't that be unfair?

Where can | find more

information about the

administration of these
specifications?

No. The minimum requirement is a mark for one ISA, plus a mark
for the holistic Practical Skills Assessment, making a centre-
assessed unit mark.

If several ISAs are undertaken by candidates during the course, only
the highest mark is used to calculate the centre-assessed unit mark.
Therefore, there is only one fee per submitted CAU.

It is possible to submit another CAU for the same unit the next year
but this would be a ‘resit’ and therefore a fee would need to be paid.

Exam dates are in the AQA Timetable, available at
www.aqa.org.uk/admin/timetable.html

Wherever possible, AQA timetables exams to cause least
inconvenience to centres, and if advised of problems will attempt to
take account of centres’ requirements. Moving the first new
specification exams to the end of the June 2007 series is an example
of this, as it avoids current and new exams being on the same dates
which could cause problems in exam rooms with both Y10 and Y11
candidates having to be accommodated.

All raw marks from units will be transferred onto a Uniform Mark
Scale (UMS), on which each score represents the same degree of
attainment relative to the A*—G grading scale. So a lower mark on
a more difficult paper gets the same UMS score as a higher mark on
an easier paper which represents the equivalent attainment. The
UMS scores are added up to work out the final grade. (See

Section 23 of each specification for more details.)

There is a booklet on the AQA website at
www.aqa.org.uk/admin/library.html, then follow the
‘Administrative Procedures — GCSE Modular Specifications and
GCSE in Vocational Subjects’ link.
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External Assessment

Written Papers

4.1

Introduction

Each written paper consists of a number of compulsory questions
based on the unit content, and will allow candidates to apply the
knowledge, understanding and skills they have gained from
practical activities and teaching within the classroom.

All papers are presented as question and answer booklets, are set
and marked by AQA and are available in January and June each
year.

Two tiers of entry are available for the written paper for each unit:
e Foundation Tier, targeted at grades C—G
e Higher Tier, targeted at grades A*—D.

For all specifications different tiers can be taken for different
papers. It is important to target correctly the entry of individual
candidates for each paper. Centres should think carefully before
entering borderline grade C/D candidates for the Higher Tier paper.

Experience has shown that candidates whose expected performance
is unlikely to exceed that expected from a grade C candidate, are
more likely to achieve a grade C if they entered for the Foundation
Tier. This seems to be as a result of the confidence such candidates
gain in being able to answer many of the low demand questions that
appear first on the written paper.

The final grades for the award obtained by the candidate are
determined by the total UMS score achieved in the three written
units and the centre-assessed unit. See Section 23 of the GCSE
specifications for further information on UMS scores.

All of the Foundation and the Higher Tier papers are of 45 minutes
duration, with a maximum of 45 marks. Approximately 30% of the
questions are common. The remaining 70% of the marks on the
Foundation Tier paper are targeted at the least able candidates (E, F
and G). On the Higher Tier paper approximately 50% of questions
are targeted at the more able candidates (A*, A and B). The
common elements of these papers are identical standard demand
questions and the associated mark schemes are also identical.

For the Science A and Science B specifications there is no specific
Higher Tier content. Questions in the Higher Tier papers will be
more demanding, thus allowing candidates to access the higher
grades. For the Additional Science, Biology, Chemistry and
Physics specifications there is additional content for Higher Tier
candidates. The Higher Tier content is clearly indicated in the
specifications.

AQY
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4.2 Guide to Command Words in
GCSE Sciences

Calculate /| Work out

Compare

Complete

Describe

Draw a bar chart

Draw a graph

Evaluate

Explain

Give a reason (how/why)

The command words and phrases used in examination papers are
there to inform candidates of the style of answer required.
Ignorance of the meanings of one or more of these command words
or phrases could lose a candidate marks. The list below provides
the meanings of many of the most frequently used command words
and phrases.

Many questions are best asked as direct questions prefaced by the
words ‘What?’, “Why?” or ‘Where?’. So commonplace are these
words and so varied the context in which they might be used that no
attempt has been made to define them.

AQA’s guiding principle in producing its examination papers is to
set questions that are clear and unambiguous. While instructions
will normally be taken from the list that follows, AQA reserves the
right to substitute alternative expressions if it is felt that they make
the meaning of the question clearer.

The candidate must produce a numerical answer.

The candidate needs to describe the similarities and/or differences
in sets of data.

The candidate needs to enter the answer in the spaces provided in a
diagram, table, sentence, etc.

The candidate must state in words, or as diagrams, the important
points of the topic.

e  Where the axes are labelled and scaled, the candidate needs to
plot as bars a series of values.

e  Where the axes are labelled and not scaled, the candidate needs
to add scales and to plot as bars a series of values.

e  Where the axes are labelled and scaled, the candidate needs to
plot as points a series of values, and then to draw a straight or
curved line appropriate to the relationship between the points.

e  Where the axes are labelled and not scaled, the candidate needs
to add scales, to plot as points a series of values, and then to
draw a straight or curved line appropriate to the relationship
between the points.

Candidates should use the information supplied in the form of
articles, graphs and/or experimental results within a given context,
to consider the evidence for and against and draw conclusions.

The candidate should apply reasoning to the recall of theory. (This
command word will not be used if the required answer is no more
than a list of reasons.)

The candidate should give a reason that is an application of
scientific knowledge based on the recall of content stated in the
specification or based on information supplied in the question.

AQA
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Give/Name/State/Write down

List

Predict

Sketch a graph

Suggest

Use the information

Use your understanding/ideas

of ....to .....

What is meant by

A concise answer is required without supporting evidence.

Candidates should give a series of concise answers, each answer
being written one after the other.

The candidate must give a concise answer, without supporting
evidence, and should produce their answer by making logical links
between various pieces of information.

The candidate needs to draw a graph indicating a trend or pattern
without the need to first plot a series of points.

There is no unique answer: candidates are expected to base their
answers on scientific knowledge and/or principles.

Candidates should base their answers on information provided
within the context of the question.

Candidates should frame their answers around a scientific concept.

The candidate should give a definition, together with some relevant
comment on the significance or context of the question.

4.3 Tiering and Level of Demand

In all the written papers, candidates can be entered for one of two
tiers. The entry code denotes the tier being entered.

The grades awarded for each tier of the written papers are shown in
the table.

Higher Tier A* A |B |C |D

(E)

Foundation Tier C D E F G

In all units, candidates may take each written paper at either tier.

The allowable grade E is available for candidates who just fail to
achieve a grade D on a Higher Tier paper.

In order to allow candidates from the complete ability range to
demonstrate what they know, understand and can do, the style,
content and context in which a particular question is presented
match one of three levels of demand — low, standard or high.

At each level of demand, questions are written to target a specific
grade range:

e Jlow demand questions target grades G, F and E
e standard demand questions target grades D and C

¢ high demand questions target grades B, A and A*

The essential features of a question that distinguish it as being of
low, standard or high demand are shown in the table.
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Feature Low Demand Standard Demand High Demand
What knowledge is The specification The specification The specification
assessed? content, excluding content, excluding content, including

any content
designated as Higher
Tier only

any content
designated as Higher
Tier only

content designated as

Higher Tier only

What contexts are
used?

Familiar contexts
given in the
specification content

Familiar contexts
given in the
specification content
and unfamiliar
contexts described in
the question

Familiar contexts
given in the

specification content
and unfamiliar

contexts described in

the question

How much cueing is
provided?

High degree of cueing
provided

Some cueing provided

Limited cueing
provided

What tasks are
involved in answering
the question?

Tasks exemplified by
the grade descriptions
for grade F
candidates*

Tasks exemplified by
the grade descriptions
for grade C
candidates*

Tasks exemplified by
the grade descriptions

for grade A
candidates*®

* Details of the grade descriptions are given in Appendix A of each specification.

The table shows the approximate percentage of marks allocated to
each level of demand on each of the two tiers of written papers. No
questions targeting grade E candidates will be set on the Higher Tier

paper.
. Low demand questions 70% of the marks
Foundation
Tier Standard demand questions | 30% of the marks
Standard demand questions | 50% of the marks
Higher Tier '
High demand questions 50% of the marks

Standard demand questions, where they are common to both tiers,
are complete questions appearing in an identical format with an
identical mark scheme irrespective of the tier in which they appear.

The common, standard demand questions are written to provide
evidence, when matched against the grade descriptions, of grade C
performance. Because they are the same questions with the same
mark schemes, a similar level of performance can be expected from
candidates being awarded grade C on either tier of the written paper.

As part of the move to encourage candidates to be more literate,
questions giving candidates the opportunity to write answers in
extended prose are set in both tiers of papers.
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Questions giving opportunities for extended prose answers can
involve:

e adescription of a method

e acomparison of a set of data

e an explanation involving more than one step
e the construction of a logical argument.

On Foundation Tier papers, no more than 25% of the total marks
will be awarded to questions that give candidates the opportunity to
write answers in extended prose. On Higher Tier papers, at least
25% of the total marks will be awarded to questions that give
candidates the opportunity to write answers in extended prose.

Teachers should prepare all candidates to expect questions requiring
extended prose answers to appear in both tiers of papers.

4.4 How Mark Schemes are The stressing of these points to candidates could prevent them from
Applied throwing away several valuable marks.

Marking of lists This applies to any question requiring a set number of responses but
for which candidates have provided extra responses or included
incorrect responses.

e The principle to be followed in such situations is that
‘right + wrong = wrong’.

e Each error/contradiction negates each correct response. So, if
the number of errors/contradictions equals or exceeds the
number of marks available for the question, no marks will be
awarded.

e However, responses considered to be neutral (indicated as * in
Example 1) will be ignored.

e The order in which candidates write their responses is irrelevant.

Example 1: “What is the pH of an acidic solution?’ (1 mark)

Candidate Response Mark awarded
1 4,8 0
2 Green, 5 0
3 Red*, 5 1
4 Red*, 8 0
22 A/
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Example 2: ‘Name two planets in the solar system’ (2 marks)

Candidate Response Mark awarded
1 Pluto, Mars, Moon 1
2 Pluto, Sun, Mars, Moon 0

The same principle of ‘right + wrong = wrong’ will be applied to
questions giving the candidates opportunities to write answers in
extended prose.

Use of chemical If a candidate writes a chemical symbol/formula instead of a
symbols/formulae required chemical name, full credit will be given if the
symbol/formula is correct in every detail and if, in the context of the
question, such action is appropriate.

The use of the word 'it" Answers using the word ‘it” will be given credit only if it is clear to
the marker that the ‘it” refers to the correct subject.

Phonetic spelling While it is expected that candidates will spell scientific terms
correctly, phonetic spelling will be credited unless there is a
possible confusion with another technical term.
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Objective Tests

5.1 Introduction

Objective tests (OTs) are available only for GCSE Science A. Each
of the three subject content sections of the specification, Section 11,
Biology 1, Section 12, Chemistry 1, and Section 13, Physics 1, is
divided into two roughly equal parts, each part being assessed by a
separate OT. Each OT is a separate assessment unit so candidates
receive a graded result for each OT. Science A, therefore, has seven
units (six OTs plus the centre-assessed unit). As with all assessment
for these specifications, the OTs assess ‘How Science Works’.

5.2 Types of Question

Currently, two types of objective test question are used: matching,
in which four items are matched to four responses, and multiple
choice, in which the correct answer from four must be identified.
Matching questions are worth four marks, and could involve
deciding which of four labels is needed for four parts of a diagram
or choosing which of four words or phrases fits into four sentences.
Multiple choice questions are presented in sets of four, with a
common stem or stimulus material. Matching questions are found
to be more accessible by candidates and therefore there is a higher
proportion of matching questions in the Foundation Tier OTs.

Over time, AQA plans to introduce a wider range of question types
and formats. For example, multiple choice questions could involve
choosing the right answer from three or five. The mark total for
matching questions may be varied so that each is worth three rather
than four marks (this is because currently there is effectively a ‘free’
mark to any candidate making three correct choices as their fourth
choice must be correct). Alternatively, there might be more than
four responses to match to four items or a response might be the
correct answer for more than one item.

None of these changes would be introduced without timely
notification to centres to ensure that candidates can be properly
prepared.

5.3 Tiering

Each objective test is available at Foundation and Higher Tier. The
entry codes are not tier specific. Both tiers are printed in the
question paper and each candidate, guided by the teacher, chooses
the appropriate tier at the time of the examination. The answer
sheet has provision for candidates to answer either tier. Teachers
are requested to stress to candidates the need to complete responses
for one tier only.

The two tiers target different grade ranges as follows:

e Foundation Tier, targeted at grades C—G

e Higher Tier, targeted at grades A*-D.

Different tiers can be taken for different OTs. The final grades for

the award obtained by the candidate are determined by the total
UMS score achieved in the six OTs and the centre-assessed unit.
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See Section 23 of each specification for further information on
UMS scores.

All the OTs are of 30 minutes’ duration, with a maximum of 36
marks. Approximately 30% of the questions are common between
the tiers. The remaining 70% of the marks on the Foundation Tier
paper are targeted at the least able candidates

(E, F and G). On the Higher Tier paper, approximately 50% of
questions are targeted at the more able candidates (A*, A and B).
The common elements of the OTs are identical standard demand
questions.

5.4 Answer Sheets Candidates record their answers for OTs in black pen on answer
sheets which are optically-read once submitted to AQA. Candidates
can do any rough working in their copy of the question paper.

These must therefore be stored at the centre until the final date for
submission of enquiries about results. This covers the eventuality
that, for example, candidates have not coded their answers properly
or in full. Appropriate credit could be deduced from the working on
their copy of the question paper.

5.5 On-screen Assessment Objective tests are a form of assessment which are compatible with
the use of ICT. Candidates’ OT responses are already collected
electronically through optically-read answer sheets and machine
marked. An alternative system being developed by AQA with
technology partners is on-screen assessment where questions are
displayed to the candidate on the screen of a workstation and the
candidate enters their responses directly while working at the
computer. As with paper-based systems, provision is made for
candidates to practise using the interface, so that it is their science
knowledge and understanding that is assessed, not their ICT skills.

AQA is planning that on-screen assessment for GCSE Science A is
available for three of the six OTs from November 2006. From
November 2007, all six OTs will be available on-screen. Interested
centres need to have an appropriate ICT infrastructure. Please
contact the GCSE Sciences department if your centre wants to
consider this option (01483 477742 or science-gcse(@aqa.org.uk).

The first on-screen tests will contain the same questions as the
paper-based tests and will therefore be available only during the
same timetabled sessions. It is hoped that, in time, a sufficiently
large question bank can be developed to allow different tests to be
set, allowing a longer assessment window than a single morning or
afternoon session.

In the on-screen tests, the matching questions will be presented to
candidates as ‘drag and drop’ where the four items have to be
moved across the screen and placed at the chosen response position.
This has the advantage of avoiding the necessity of matching
numbers 1 to 4 to letters A to D. Multiple choice questions are
presented as four options, each with an on-off ‘radio button’.
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A wider range of question types is possible on-screen and questions
can make better use of graphics. AQA plans to take advantage of
the greater flexibility and sophistication of

on-screen assessment, but not in the first few series. Such changes
will be introduced gradually and only after timely notification to
centres to ensure candidates can be properly prepared.
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Internal Assessment

Internal assessment in these six specifications (GCSE Science A,
Science B, Additional Science, Biology, Chemistry and Physics)
takes the form of a two part centre-assessed unit (CAU). The two
parts are a Practical Skills Assessment (PSA) and an Investigative
Skills Assignment (ISA). The PSA is a holistic assessment of the
candidate’s ability to perform practical work skilfully and safely.
The ISA is based on normal laboratory work or fieldwork, and
involves an AQA-set test, marked by the teacher using marking
guidelines provided by AQA. Candidates may take several ISAs
and the ISA with the best mark should be submitted for moderation
as part of the CAU. ISAs are undertaken at a time chosen by the
teacher during a timetabled lesson. The centre-assessed work
should be seen as an integral part of the course. It should not be
seen as an extra ‘bolt on’ to the normal scheme of work.
Assessment should be treated as part of the course, built into the
scheme of work and completed as a part of the routine programme.

n Practical Skills Assessments

6.1 Introduction Section 18.3 of the specification explains the way in which teachers
should carry out Practical Skills Assessments.

It is important to realise that PSAs are based on a ‘can-do’ criteria
and can take place throughout the course when the candidate is
carrying out practical activities. The teacher may find it useful to
make use of a checklist when carrying out a piece of practical work
so that a record of each candidate’s achievement over the course is
kept. Over a number of practical activities, this ongoing record
would form a secure basis for the award of the final PSA mark.
However, this record is not a requirement and no such evidence will
be requested by AQA.

The criteria in the following table are used to award a mark in the
range of 0—6 to each candidate.
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CRITERIA FOR THE PRACTICAL SKILLS ASSESSMENT

PERFORMANCE LEVEL

SKILL DESCRIPTORS

2 marks

Practical work is conducted:
e safely, but with help to work in an organised manner.

The candidate:
e uses the apparatus with assistance.

4 marks

Practical work is conducted:
e safely and in a reasonably organised manner.

The candidate:
e uses the apparatus skilfully and without the need for assistance.

6 marks

Practical work is conducted:
e safely and in a well-organised manner.

The candidate:
e uses the apparatus skilfully in a demanding context.

6.2

How to Apply the Criteria

The teacher should use these criteria to ensure that the candidates:
e use apparatus and materials in an appropriate and careful way
e carry out work in a methodical and organised way

e work with due regard for safety and with appropriate
consideration for the well-being of living organisms and the
environment.

The descriptors for the Practical Skills Assessment are hierarchical
so that both descriptors at a particular performance level must be
matched before descriptors at the next higher level can be
considered. If only one of the descriptors at a particular mark
performance level is matched, then an intermediate mark of 1, 3

or 5 can be awarded.

At each of the marks (2, 4 and 6) there are two bullet points. If
neither of the bullet points for 2 marks is matched, the candidate
should be awarded zero marks. If either of the bullet points for 2
marks is matched, the candidate scores 1 mark. If both bullet points
for 2 marks are matched, the candidate scores 2 marks.

Once 2 marks have been awarded, consideration may be given to
the two bullet points for 4 marks: matching either one allows 3
marks to be awarded; matching both results in 4 marks. Similarly,
once 4 marks have been gained, consideration may be given to the
two bullet points for 6 marks, in order to determine whether the
candidate should be awarded 5 or 6 marks.
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Awarding Marks for
Techniques/Equipment

The 2-mark band

Using equipment

The 4-mark band

Using equipment

The 6-mark band

This section illustrates the types of skill that teachers should expect
candidates to demonstrate in order to be able to access the various
marks in the PSA range.

Candidates should:

carry out practical work safely with safety glasses worn at all
appropriate times, wear disposable gloves when handling
dangerous chemicals, tie hair back and wear protective clothing
when appropriate. Candidates may need frequent reminders to
follow these instructions.

Candidates should:

be able to use simple equipment (eg heating equipment,
glassware, power supplies) and simple measuring devices (eg
rulers, thermometers, digital meters). They may need assistance
to assemble the equipment or to take readings from measuring
devices.

Candidates should:

carry out practical work safely with safety glasses worn at all
appropriate times, wear disposable gloves when handling
dangerous chemicals, tie hair back and wear protective clothing
when appropriate. Candidates may need occasional reminders
to follow these instructions.

Candidates should:

take measurements to an appropriate level of accuracy (eg
where an instrument shows a large number of digits, the
candidate records a reading with the correct number of
significant figures or decimal places). Candidates should be
able to do this without assistance

work consistently to their final planned method
take care to reduce the number of likely sources of error

present the data collected in a suitable neat table with all of the
headings and units shown while the work is in progress.

Candidates should:

without being reminded, carry out practical work safely with
safety glasses worn at all appropriate times, wear disposable
gloves when handling dangerous chemicals, tie hair back and
wear protective clothing when appropriate

show a high degree of organisation when carrying out the
practical work. This will be seen as an organised workspace
with the apparatus arranged in a consistent and planned way and
all containers of solutions and solids correctly labelled.
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Using equipment Candidates should:

e demonstrate competence with a range of equipment, some of
which is quite complex

e use the apparatus skilfully in a demanding context.

These last two bullet points may be exemplified by the following

make up their own solutions of their chosen concentrations
rather than being given them. This could be done by
diluting a stock solution

collecting and then measuring the volume of a gas rather
than counting bubbles

taking readings from a changing system rather than a fixed
system (eg in a rate of reaction experiment there are two
ways in which the volume of a gas can be measured over
10 minutes. The volume can be measured every 30 seconds
for 10 minutes, ie a changing system, or the volume of gas
may be measured once at 10 minutes, ie a fixed system)

carrying out an experiment where two instruments need to
be read simultaneously rather than only one instrument

(eg in a resistance of a wire experiment, the resistance of a
length of wire can be measured by simultaneously using an
ammeter and a voltmeter, ie two instruments, or by using an
ohmmeter to measure the resistance directly, ie one
instrument)

carrying out an experiment that needs careful attention to
detail to make sure that meaningful results can be obtained
(eg in an experiment where living systems are involved, ie
photosynthesis or yeast, the candidate will need to get a
number of factors correct to get measurable readings)

controlling or monitoring the variables in an experiment that
has a number of variables that could affect the results (eg in
a rate of reaction experiment, the rate is affected by
temperature, concentration of solutions and surface area of
solids. The candidate will need to control or monitor all of
the variables except the independent variable. Often, the
temperature can only be monitored rather than controlled
such as in exothermic conditions).

30



Teachers' Guide - General Certificate of Secondary Education - Sciences

6.4 Version of the Criteria for
Candidates

Marks

Skills needed
When I do practical work:

I can work safely when doing the experiment

I can put most things in the right place

I sometimes need to ask what to do next

I need help to set up and use the apparatus and take readings
I can use simple apparatus

I can write down my readings during the experiment

I can produce a record of my readings.

When I do practical work:

I can work safely when doing the experiment

I can put apparatus in the right place

I know what to do at each stage of the experiment

I can use the apparatus without help

I can take all the readings I need to

I can produce a record of my readings in a table with most of the
headings and units shown.

When I do practical work:

I can work safely when doing the experiment

I can arrange my apparatus effectively

I am well organised and know exactly what to do next

I can use the apparatus skilfully and with confidence

I can use complex pieces of apparatus

I can take all the measurements to the correct level of accuracy
I can produce a record of my readings in a neat table with all the
headings and units shown.

6.5 Using PSAs in a Formative
Way/Negotiated Profiles

Candidates can be told their PSA mark so that they can try to
improve it. The teacher should discuss with the candidates the way
in which the improvement can be made, ie what aspect of their
current performance is not meeting the criteria for the higher marks.
It is reasonable to expect an improvement in the candidates’ skill
level as they proceed through the course and appreciate that the
marks gained in a PSA will go towards their overall assessment and
hence will affect their final grade for the subject.

6.6 How to Submit the Final PSA
Mark

The final PSA mark is determined by the teacher on the basis of the
practical work that the candidate has carried out over the course.
The PSA mark is recorded on the Candidate Record Form
underneath the ISA mark. The ISA mark and the PSA mark are
added together to give the total mark that will be submitted to AQA.
There is space on the Candidate Record Form to write a comment
about the candidate’s PSA if it is thought to be appropriate.

AQA
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Investigative Skills Assignments

7.1 Tiering

Investigative Skills Assignments (ISAs) are not differentiated into
Foundation and Higher tiers. Coursework has never been tiered in
this way and there are no plans at present to introduce this to the
ISAs.

The ISA test contains a range of questions targeting all levels from
A* to F/G. There is also a range of different styles of question.
Some are multiple choice questions, simply requiring the candidate
to tick a box; others are more demanding and require a free-
response answer. Where possible, questions that can be answered at
different levels are used so that most candidates should be able to
access some marks but only the better candidates are able to access
all the marks

7.2 Low Ability or Disadvantaged
Candidates

There are several strategies that may be used with low ability
candidates. There is a variety of questions in the ISA test some of
which will suit lower ability candidates better than others.

All of the usual procedures that apply for other components of the
examination for low ability or disadvantaged candidates are
available for the ISA: for example, the use of a reader or an
amanuensis, allocation of extra time, large size or Braille versions
of the test.

The teacher may use his or her discretion regarding the time
allowed, providing that the maximum time of 45 minutes is not
exceeded. If the teacher judges that all of the candidates have
finished after, say, 30 minutes, then the scripts may be collected in.

Six marks will be available for the candidate’s production of a table
of results and graphs or charts during the practical activity
undertaken before attempting the ISA test. It should therefore be
possible for even the weakest candidates to obtain a good proportion
of the marks available, and to be able to feel that they have had a
positive experience in attempting the ISA test.

7.3 Practising ISAs

The best strategy is to carry out all practical work in the spirit of
‘How Science Works’. Teachers should encourage candidates into
the habit of asking themselves questions such as ‘What is the
variable that [ am going to keep the same, deliberately change or
monitor?’, ‘How many repeats should I make?’, “What can I do to
make the results more precise or reliable?’

Provided that only an exemplar ISA from the Specimen Assessment
Materials or an ISA whose ‘shelf life’ has expired is used, it is
sensible to allow candidates to practise taking an ISA and to give
them back their marked work.

An ISA that has operational status must not be used for practice
purposes.
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When practising ISAs, all or part of an ISA can be used. Using
practice ISAs will mean that candidates will become familiar with
their general layout. Candidates should recognise that ISAs are,
essentially, a writing frame for a piece of practical work. They will
soon learn that the types of question that they meet in Section 1 are
very similar each time.

One of the most important uses of practising ISAs is to allow
candidates to become familiar with the terminology. For example,
they need to know about the different types of variable, the
difference between reliability and validity, and the meanings of the
terms precision and accuracy. The AQA definitions can be found in
the Glossary of Terms in the Teachers’ Guide (Section 9.3) and at
the end of each specification (Appendix D or E).

7.4

Operational ISAs

In June, the Examinations Officer will receive a booklet containing
the Teachers’ Notes for the ISAs to be published in the autumn of
that year. This is to enable the Science Department to work on its
forward planning and to decide which ISAs are to be taken. The
centre can also arrange for the equipment needed for the ISA to be
available.

At the start of the autumn term, the Examinations Officer will
receive the operational ISAs for the forthcoming year on a password
protected CD.

Each CD will contain:

e Teachers’ Notes, including a short teacher guide for the
administration of the ISA

e the ISA test papers

e Marking Guidelines for each ISA test

e an ISA Explanation Sheet

e an example of a Centre Rank Order form.

Teachers need to look through the available ISAs to see how they fit
into their teaching scheme. Teachers may need to liaise with
colleagues if candidates have more than one teacher for science.
Although candidates may attempt all of the available ISAs, this may
not be the best approach to take. For example, a candidate taking
GCSE Science could take one ISA in each of Biology, Chemistry
and Physics. The ISA yielding the highest mark could then be
submitted.

7.5

When to take the ISAs

ISAs can be taken at any time and used with different groups at
different times. The following provisos apply:

e an ISA must not be used more than once with any candidate

e candidates must not be allowed to take ISA tests, whether
completed or not, away from the teaching room

e ISAs can be submitted for moderation only in May

AQA
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e the final date for the submission of marks for the ISAs is 5 May.
Remember that moderation of the Centre-Assessed Unit (CAU)
will take place only in May/June — if you decide to certificate in
January (or November or March for Science A) a CAU should
have been ‘banked’ the previous June.

As the content examined by the ISAs is common to all units and is
being taught through the substantive content, it would be
advantageous to candidates to take one ISA as late as possible in the
course. The candidates will have then benefited from as much
teaching as possible.

7.6 Incorporating the ISAs into
the Unit Content.

Risk Assessment

When it has been decided which ISA to do, the practical activity
needs to be planned. As practical work is intended to be a key
element of the teaching and learning process, candidates should
carry out the practical work that they would normally do at this
stage to further their understanding of the topic area.

Teachers should ensure that candidates have been taught the
substantive content in which the ISA is set. Whilst candidates will
not be assessed on the substantive content, an unfamiliar context
could lead them to think that they cannot answer the questions;
therefore, it is better if they are familiar with the topic area.

Teachers should prepare the practical work by reviewing the ISA to
be taken and ensuring that the candidates’ work allows them full
access to the questions being asked. The Teachers’ Notes will
identify any specific requirements.

It is essential that teacher perform their own risk assessment for
each set of candidates that they wish to enter for a particular ISA.
Teachers should also ensure that they have all the safety equipment
required for a suggested ISA. If it is not available changes may be
made to the ISA. Any changes should be noted on the ISA
Explanation Sheet which must be attached to every completed ISA
test for moderation.

7.7 Organising the ISA

Stage 1: Preparation for the
Practical Activity

Teachers need to think of the administration of the ISA as a
three-stage process. These three stages may or may not correspond
to separate lessons.

Teachers should actively involve candidates in the design of the
investigation. There are no marks in the ISA test for the standard of
data produced by the candidate, which means that teachers can use
procedures that meet the practical capabilities of their candidates.
However, a very simplistic procedure might compromise a
candidate’s ability to access some of the marks in Section 1 of the
ISA.

The most important aspect for the teacher is to decide upon the
instructions to give to candidates regarding the method. Candidates
need to be supplied with a broad outline of the method, but not one
that is so detailed that they cannot make any decisions for
themselves. For example, a candidate might be expected to decide
the range of the independent variable or when to repeat a reading.
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The outline method may be given in any format but must not
include any direct reference to the questions to be asked in the ISA
test. For example, the method may be given verbally, written on the
board or issued as a work sheet. An example of a work sheet for an
activity is given in the Teachers’ Notes.

Teachers may let candidates carry out a rough trial with the
equipment to enable them to see and discuss any difficulties that
they might encounter in carrying out the investigation.

The use of data logging equipment or computer simulations is
permissible. However, science is essentially a practical subject and
candidates should experience as much meaningful practical activity
as possible. A candidate who takes an ISA test following a
computer simulation exercise, or one in which a data logger has
done much of the work may be at a disadvantage when answering
the questions on the ISA test if they have not had ‘hands-on’
experience of using the equipment.

At the end of Stage 1, candidates need to have produced a blank
table ready to record their results in Stage 2. Candidates must work
independently to produce their own table. The table should be
sufficient to contain all the relevant data. The teacher should collect
the tables at this point and mark them before proceeding to Stage 2.
The first mark allocated on the Marking Guidelines for the table is
for the ability to draw up a blank table ready for the inclusion of all
relevant data. The mark is not given for the quality or insertion of
the data.

Stage 2: Carrying out the  The practical activity need not be limited to a single lesson.
Practical Activity =~ However, if the teacher intents to allow the candidates to continue
the practical work in a subsequent lesson, then candidates must
hand in any work that they have done. Candidates should not be
allowed to take any of their work out of the room.

It is perfectly permissible for candidates to work in small groups of
two or three, just as they did for the previous Scl coursework. It is
a requirement that all candidates make an active contribution to
carrying out the experiment and obtaining results in order to qualify
for marks. If a teacher sees that one candidate is sitting out and
letting all the others do the work, then the teacher should not allow
that candidate to take the ISA test.

The candidates carry out the practical activity and
e cither record their results on their tables prepared at Stage 1

e or, if appropriate, record their results on a different group / class
results table. This table may be designed by the teacher.

In some practical work, it is likely that class results will be pooled,
eg fieldwork. If this is the case, then both teacher and candidate
should identify which results a particular candidate has obtained by,
for example, highlighting the candidate’s results in the table.

Teacher should not worry if candidates appear to be getting poor
results. The marks are not given for the quality of the data obtained
but for the candidates’ interpretation of that data and how they
obtained the data.
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If candidates wish to record their data on a word processor or use a
graph drawing package to draw graphs, then this is acceptable but it
must be carried out in the teaching room. Candidates must not be
permitted to take work out of the teaching room for any reason
whatsoever.

Candidates may be given help during the practical activity, just as
they would be helped in any learning situation. The intention is
that the ISA should be part of the teaching and learning process, and
not a ‘bolt-on’ extra which is there merely for the purpose of
assessment. It is important that candidates are not given the
answers to the questions on the ISA. For example, ‘leading
questions’ such as ‘How many different values do you think you
ought to test?’ may be asked, but statements such as ‘If you test
only two values, you will not be able to draw a best-fit line graph’
must not be used.

The drawing of a graph or chart may be carried out at a convenient
time. It may be convenient for candidates to produce the graphs /
charts during the lesson in which they carry out the practical
activity, but this is NOT a requirement. They might also use the
time immediately before taking the ISA test, but the graphs/ charts
should be done during lesson time under teacher supervision..

If a candidate experiences difficulty in producing a table or a graph,
then it would be appropriate to help them to achieve a reasonable
standard. This is because access to Section 1 of the ISA is
dependent on having a table of results and a graph or chart.
However, the teacher should annotate the candidate’s work so that
credit is not given when marking.

It is important that a candidate’s table and graph contain no extra
information that would be of direct help in answering questions in
the ISA. The title should be the same as the ISA title.

Candidates must hand in their tables of results and any graphs or
charts that they have done, with their name written clearly on the
work. These will need to be kept ready to hand back to the
candidates when they take the ISA test. Candidates must not be
allowed to take home their tables, graphs or under any
circumstances.
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Tables and data presentation If candidates have used dataloggers to collect data they must still
when using dataloggers show they can ‘draw up a results table such that data can be

presented in a meaningful way and should be easy to understand’
(Section 17.6 of the specification). This means that the candidates
themselves must draw up their own results table and not rely on any
table produced automatically by the data logging software. If the
data logging software has produced a large number of results then
the candidate must reduce the number of results by selection, or
redo the experiment with a different interval setting.

Similarly, data presentation software should allow candidates to
‘decide on the most appropriate method of presenting and analysing
data’ (Section 17.6 of the specification). This means that the
candidates themselves must make their own decision on the most
appropriate presentation method and not rely on any graphs or
charts produced automatically by the data logging software.

If a candidate uses a datalogger to produce a graph, then that
individual candidate must set up the datalogger to produce it. The
equipment should not be set up by the teacher or another candidate.
It is far preferable, however, for candidates to produce a graph using
pencil and paper. In this way, they are more likely to obtain a better
understanding of the relationships involved and will thus be in a
better position to deal with questions on the ISA test.

Data Presentation and The use of computers is acceptable in data presentation but care
Computers must be taken in the drawing of best-fit lines on graphs when using
spreadsheet software such as Microsoft Excel. Teachers may
allow candidates to use the software to draw the points and then to
draw in the line of best fit by hand.

It is important that candidates understand how the software works
so that they can choose the most appropriate presentation method
from the options available within the software. They also need to
be aware that, when using software, a simple

two-dimensional presentation method is often easier to understand
than a more complicated three-dimensional presentation method.

For most candidates, a hand-drawn method of data presentation is
the simplest and most appropriate method. This helps the candidates
to understand any relationships involved and puts them in a better
position to answer questions on the ISA test.

If computers are to be used, the following two points must be
remembered:

e cach candidate must produce their own graph. This means that
the computer program must not be set up by the teacher or
another candidate, such that all the candidate has to do is to
enter his or her own data

e the production of graphs and charts must be carried out under
the direct supervision of the teacher. This means that the
candidate must not produce the graph at home, or go a computer
in another room.
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Stage 3: Taking the ISA Test The Examinations Officer should be given advance warning of the
day of the test, the title of the ISA test, and how many copies are
required. The ISA Copies should be kept secure until candidates
take the test.

The ISA test should be taken as soon as possible after the
conclusion of the practical activity because the activity will then
still be fresh in the candidates’ minds.

The ISA test should be taken in the normal teaching room.
Examination conditions are not required, ie invigilators and
‘Warning to Candidates’ posters on the walls are not needed.
However, controlled conditions are required. This means that
candidates may not speak to each other or copy from each other
while they are taking the test. This is really very similar to the
previous conditions for Sc1 when candidates were asked to write
their plan, although they may have ended up working in pairs.

This is not an ‘open book’ assignment, so candidates are not
permitted to refer to any material other than their own tables of
results and graphs, which the teacher should return to them at the
beginning of the test session. Any display material in the room that
might be of help to candidates during the ISA test must be removed
or covered over. Candidates are not allowed to inspect the
apparatus or equipment that they used during their practical work.

If the nature of the investigation is such that it would be difficult to
observe a pattern from an individual candidate’s results alone (eg a
fieldwork investigation) then it would be appropriate to give the
candidate a copy of group or class results. If this is the case, then
the candidate should be told to tick the appropriate box in Section 1
of the ISA. However, the candidate’s individual results must
always be enclosed with their ISA or identified on the group results.

If a candidate is present for the practical session but is absent for the
ISA test then he or she should take the test as soon as they return -
either with another class or on their own. Candidates who have
missed the practical session may attempt Section 2 of the ISA. The
teacher may furnish the candidate with a results table and graph in
order to help them to respond to the questions in Section 2, but they
may not submit the marks for Section 1. The work should be
clearly marked ‘Absent for practical session’. However, this
strategy should only be used as a last resort — it is better to get the
candidate to tackle a different ISA in its entirety if a practical
session has been missed.

At the conclusion of the test the teacher must collect in all the
papers. The teacher should ensure that the candidate’s table of
results and graphs or charts are firmly attached to the ISA test.
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The ISAs should be marked according to the Marking Guidelines in
red ink. The number of marks allocated for each question should be
placed in the right-hand margin. The totals for each section are then
transferred to the front cover of the ISA and the teacher must add
their signature.

7.8 After the ISA Test

Judgement will be needed as to whether or not a candidate deserves
a mark. In Section 1 all of the answers should relate to that
particular candidate’s own, group or class results.

When the ISA test has been marked, the scripts should be stored in a
secure place, preferably with the Examinations Officer, and must
not be returned to the candidates. The candidates may be told their
total mark, but they should be warned that this mark could be
subject to change after moderation.

During the autumn term of each year, AQA will run a series of
standardising meetings to train teachers how to mark the ISAs and
PSAs which form the Centre-Assessed Unit (CAU) mark. These
meetings will be designed to help with the training of staff and the
maintenance of standards across the whole cohort of AQA
candidates. Attendance in the first year of a new programme of
assessment is compulsory, as is attendance by centres where there
has been serious misinterpretation of the requirements of the
specifications.

7.9 Annotation of Scripts Paragraph 5.16 of the GCSE, GCE, VCE, GVNQ and AEA Code of
Practice 2006/7 states: ‘The awarding body must require internal
assessors to show clearly how credit has been assigned in relation to
the criteria defined in the specification ... The awarding body must
provide guidance on how this is to be done’.

To aid both internal standardisation and final moderation of the ISA
tests, it is recommended that teachers make brief annotations at any
point where it would not be clear why it has been decided to award
a particular mark. This annotation enables the moderator to see as
precisely as possible where the teacher considers that the candidate
has earned the marks awarded.

Any information or guidance provided to candidates when
completing their tables and graphs or charts must accompany work
that is submitted for moderation.

7.10  Internal Standardisation Centres need to conduct internal standardisation for the ISA tests.
to standardise the marking of all the teachers who will be marking
ISAs for submission in a particular year. This is to ensure that the
sample sent to the moderator is a true representation of the work
produced and marked in a centre. The Centre Declaration Sheet
(CDS) needs to be completed and signed by the Head of Centre to
confirm that Internal Standardisation has been carried out.
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7.11

Moderation

Centres are required to submit a sample of the candidates’ work for
moderation. Details of how many pieces of work are required are
given in the AQA booklet Instructions to Teachers for Submitting
Marks and Samples. When submitting work to the moderator, the
following items must be included:

o the results tables and graphs or charts for each candidate whose
work is requested. These should be firmly attached to the ISA
test paper for the candidate

e acompleted copy of the ISA Explanation Sheet for each
candidate’s activity. This should either confirm that the
suggested technique has been carried out or provide details of
any changes that were made and, if so, include any changes that
the teacher may have made to the marking guidelines.

e acopy of any instruction sheet given to the candidates in order
to carry out the practical work. If a printed sheet was not issued,
then a brief summary of any verbal instructions that were given
should be enclosed

e aspreadsheet showing a rank order of the ISA scores (the
moderator will not be moderating the PSA score so it is vital
that ISA marks are sent to them). A sample spreadsheet is
shown in Appendix A.

e acompleted Centre Declaration Sheet.

Paragraph 5.20 of the GCSE, GCE, VCE, GVNQ and AEA Code of
Practice 2006/7 states: ‘To ensure that standards are aligned within
and across centres, the awarding body must moderate the marks
submitted by each centre against the specified assessment criteria.’
Moderation is carried out by an AQA moderator, who undertakes
detailed scrutiny of all the work of a sample of candidates from each
centre. On the basis of this inspection, it is decided whether to:

e accept the centre’s assessments

e adjust the assessments to bring them into line with national
standards

e ask for a further sample

o ask for the work of all candidates or request the centre to
reassess or internally standardise their marks.

Normally, a centre’s judgement about the order of merit is accepted.
However, if major discrepancies are discovered, AQA reserves the
right to alter the order of merit and to inform the centre accordingly.

7.12

Keeping Records

Centres need to keep secure records of the marks that the candidate
achieves in each of the ISAs that they take, so that their best mark
can be submitted to AQA. This can be by any method that the
centre thinks appropriate. Commercial software programs may be
available for use. An example of a Record for that could be used can
be found in Appendix A
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7.13  Private Candidates Private candidates can take the Centre-Assessed Units through, with
their agreement, the same centre at which they are taking written
papers or Objective Tests.

The private candidate should download the Teachers’ Notes from
the AQA Website:
http://www.aqga.org.uk/qual/gcse/newscience/teachersnotes.html

or contact the subject department to request the Teachers’ Notes for
the ISAs that are available for that year.

The private candidate chooses the ISA they wish to do. They do the
experiment described or, with help from their tutor, alter the
experiment. If they alter the experiment, they must fill in the ISA
Explanation Sheet and attach their plan for the experiment. The
form will be found with the Teacher’s Notes. This does not have to
be detailed, but will enable the moderator to see how the experiment
was performed when the ISA is marked.

The private candidate completes the experiment and produces tables
of results and graphs or charts from the results.

The private candidate contacts the centre through which they have
entered and arranges to come in to take the ISA test. It is suggested
that they do so on a day when an ISA test or other external
examinations are being taken as this reduces the amount of
supervision required at the centre. The private candidate attends the
centre, on the mutually agreed date, to take the ISA test which the
centre provides.

The private candidate submits with the ISA:
e tables of results
e charts or graphs produced from the tables of results

e the Private Candidate Record Form (this can be found on the
AQA website http://www.aga.org.uk/admin/p_private.html).
The tutor needs to sign the form to authenticate that the work is
that of the candidate and not copied in any way from any other
source

e any paperwork regarding Access Arrangements the private
candidate has been given (amanuensis, reader, Braille, helper,
etc).

The centre retains the work and sends it to the moderator on or
before 5 May with the rest of the ISAs from that centre. They
should enter PRI on the Centre Mark Sheet for that candidate.
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The moderator marks the ISA test. A PSA mark for the private
candidate is awarded pro rata with the marks scored in the ISA test.

PSA Score | ISA Score

0 0-5

1 6-10
2 11-15
3 1620
4 21-25
5 26-30
6 31-34

The moderator submits the private candidate’s mark on their
Moderator Mark Sheets.

7.14

Centre Assessment Advisers

Each centre is allocated a Centre Assessment Adviser. Centre
Assessment Advisers answer telephone or email queries and may
look at an example of marked work to give guidance on the standard
if a centre is in difficulties. They cannot make any comment on
work which was submitted in previous years.

Centre Assessment Advisers cannot prime mark any work.

The advice that a Centre Assessment Adviser gives is restricted to:
e issues related to the carrying out of the assignments

e standards of marking

e administrative issues

e discussion of feedback from moderators.

Centre Assessment Advisers are all moderators. They do not
moderate work from centres that they advise.

7.15

Standardising Meetings

Annual meetings are usually held in the autumn term, at venues
around the country. At these meetings, teachers have the
opportunity to discuss the centre assessment requirements, are given
examples of possible approaches and receive instruction on the
application of the PSA criteria and the ISA Marking Guidelines.

New centres who wish to take AQA GCSE Science should contact
the GSCE Science Department at Guildford to ensure that they are
invited to the meetings. They will then be sent the Teachers’ Notes,
ISA CD and any training material as it becomes available.

Attendance in the first year of examination is compulsory.
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Administration of the Centre-
Assessed Units

8.1

Candidate Record Forms

Candidate Record Forms (CRF) for the centre-assessed units (CAU)
are sent out in the autumn term to centres’ Examinations Officers
based on the previous year’s entry numbers. Candidate Record
Forms can also be downloaded from the AQA website
(www.aga.org.uk, choose the administration link and then the
procedures link which gives a drop down menu).

Both sides of the CRF should be filled in for each candidate and the
CRF should be attached to the front of the candidate’s work. Each
form must be signed by both the candidate and the teacher. If any
of the Candidate Record Forms received by the moderator are not
signed by the candidate, the moderator writes to the centre and
request that a new CRF with the candidate’s signature be sent. If no
signature is forthcoming then a mark of zero or absent will be given
to that candidate. The front cover of the ISA script must also be
signed by the candidate and the teacher.

Any extra help given to a candidate should be indicated on the CRF
or in the work, eg Access Arrangements, and a copy of the
paperwork attached.

8.2

Centre Declaration Sheet

Each centre should submit one Centre Declaration Sheet. It
authenticates the candidates’ centre-assessed work and confirms
that internal standardisation of marking has been completed.

All teachers who have marked work for that year should sign the
form. The Centre Declaration Sheet is sent out with the CRFs and
can also be downloaded from the AQA website.

Please note that the Centre Declaration Sheet must also be signed by
the Head of Centre.

8.3

Centre Mark Sheets (CMS) or
Electronic Data Interface (EDI)

Centre Mark Sheets (CMS) are sent out in the spring term, along
with Supplementary Centre Mark Sheets. These are triplicate
forms. The centre-assessed unit (CAU) mark, made up from the
Practical Skills Assessment (PSA) mark and the Investigative Skills
Assignment (ISA) mark, for each candidate should be written on
these sheets which are optically read. Marks may also be submitted
by EDI.

Any late entrants or those not listed on the CMS should have their
marks recorded on a Supplementary Centre Mark Sheet. These
Supplementary Centre Mark Sheets are not specific to science and
are kept by Examinations Officers.

It is helpful if centres can provide a spreadsheet of candidates’ ISA
test scores in rank order. Moderators will not be moderating the
PSA part of the total and it is therefore vital that the moderator can

AQA
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see the ISA score. An example of this spreadsheet can be found in
Appendix A. Centres with 20 or fewer candidates should send the
work of all of the candidates to the moderator.

If a moderator needs to clarify any issues, they will telephone the
centre. They may also require extra work if the initial sample has
shown erratic marking.

8.4

The Sample

Sample omission

Lost centre-assessed work

The moderator requests the sample by writing S against the
candidate numbers on the CMS or EDI printout.

Teachers must ensure that each piece of work required for the
sample includes the signed CRF, the ISA answer booklet and the
tables, graphs and charts that the candidate has used to answer the
questions. These should be secured to the answer booklet. Please
do not use plastic wallets.

If the teacher has given the candidates a worksheet or has produced
class results that the candidate has used in addition to their own
work, these should be included and clearly marked as such.

If any changes have been made to the investigation suggested, the
ISA Explanation Sheet should be completed and submitted with the
CMS or EDI printout and the CAU spreadsheet. The ISA
Explanation Sheet is included in the Teachers’ Notes and on the
ISA CD and an example of a CAU spreadsheet is on the CD.

If the sample received by the moderator is not complete then the
centre is contacted and asked to send the missing work, which must
be sent by return of post.

If the piece of work is mislaid by the centre but the mark can be
backed up by an entry in a teacher’s mark book, then a Lost
Coursework Form should be filled in for that candidate. This can be
obtained from Examinations Officers.

If work that is lost is requested for moderation then work from
another candidate which has the same mark, or is nearest to the
mark of the lost work, should be included. Please include a copy of
the Lost Coursework Form.

8.5

Feedback Forms

Feedback forms for each ISA are completed by moderators and sent
out to Examinations Officers at the time of the results. These give
information and advice for the future.

If a centre’s marks are found to be out of tolerance, the marks will
be regressed (adjusted to bring them into line with the national
standard for the component). The moderator ticks the ‘NO’ box on
the feedback form and completes a continuation form to explain
why the marks are out of tolerance. Centres can also check the
marks on the results sheets against the marks submitted in May to
see whether they have changed.

44

AQY



Teachers' Guide - General Certificate of Secondary Education - Sciences

If the moderator notes that a centre’s marks are very near or at the
tolerance allowed, then a comment to this effect is written on the
feedback form. It has been found that some centres gradually move
towards being out of tolerance over several years. The marks then
become out of tolerance and centres are shocked when marks are
regressed. Teachers then feel that they have not been told they are
only just in tolerance. Therefore it is advised that centres carefully
read any comments made by the moderator on the feedback form.

If there are concerns about any adjustment of centre-assessed unit
marks, centres should consult their Examinations Officer for details
of the Enquiries about Results procedures. Centres should not
contact the moderator or the Centre Assessment Adviser about work
that has been completed and submitted.

Any Enquiries about Results should be initiated in writing by
20 September. The sample which was originally sent to the
moderator and returned in July is required for any re-moderation.

Teachers are advised to obtain and read a copy of the Report on the
Examination which is published on the AQA website after the
examination.

8.6 Centres are Reminded: e to use staples and treasury tags to keep each candidate’s work
together and not to use plastic wallets or folders
o that the Candidate Record Form should be at the front of the
work
e to use the supplied AQA sacks or envelopes, as delays occur
when moderators have to make special trips to Post
Office sorting centres to collect parcels
e to use the minimum of sticky tape necessary to ensure safe
carriage
e to use First Class post only and to ensure that the correct postage
is used to avoid delays to delivery.
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Course Organisation

n How Science Works

A general overview of the treatment of ‘How Science Works’ in the
AQA GCSE Sciences specifications is given in Section 3.2.

Further information about Sections 10 and 17 of the specifications
and their significance is given below.

9.1 Section 10 - How Science Section 10 details the procedural content that candidates require.
Works They need to know and understand this section in order to be
successful in any of the assessment units (written papers, OTs,
ISAs).

It has the following sections:

10.1  The thinking behind the doing

10.2  Fundamental ideas

10.3  Observations as a stimulus to investigation
10.4 Designing an investigation

10.5 Making measurements

10.6  Presenting data

10.7  Using data to draw conclusions

10.8  Societal aspects of scientific evidence

10.9 Limitations of scientific evidence

Sections 11-13 in each specification detail the substantive content
that candidates require for the different units of the specifications.
Section 10 should be read in conjunction with the substantive
content of each unit of the specification.

Section 10 is common to all units and all specifications, but
different units provide a different range of opportunities for the
development of the skills associated with ‘How Science Works’. It
is important that candidates have opportunities to develop all of the
skills associated with Section 10 in a range of different contexts.

Schemes of work and lesson plans should integrate the skills of
‘How Science Works’ with the substantive content.

The wider the range of practical work undertaken and secondary
evidence evaluated, the more able candidates become in handling
questions on unfamiliar material that they may meet in both the
external examinations and the Investigative Skills Assignments.
The symbols used in the substantive content relate to suggested
opportunities for the delivery of the skills in Section 10.
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This symbol identifies opportunities for extended investigative work
of the type needed to explore Sections 10.3—10.7.

There will be many more opportunities for practical work of a less
extensive nature. These could include:

e testing of materials

e demonstrations

e surveys

e data analysis

e critical analysis of scientific data

e cvaluation of scientific claims

All of these offer different opportunities for teaching different

aspects of Section 10.

This symbol identifies the parts of the content which lend
themselves to activities allowing Sections 10.2 and 10.8-10.9 to be
considered. The substantive content should allow opportunities for
candidates to make judgements on, for example, scientific and non-
scientific opinions and the consequences of scientific and
technological developments.

9.2

Section 17 - Investigative
Knowledge and Skills for
Centre-Assessed Unit

Section 17 represents a summary of the procedural content from
Section 10, How Science Works, which teachers and candidates
may find useful in preparing for the ISA. It interprets the
Section 10 statements in a format that will be used in the ISA.
The subsections are the same or similar and are:

17.2  Fundamental Ideas

17.3  Observation

17.4  Designing an Investigation

17.5 Making Measurements

17.6  Presenting Data

17.7  Identifying Patterns and Relationships in Data
17.8  Societal Aspects of Scientific Evidence

17.9 Limitations of Scientific Evidence

9.3

Version of the Glossary for

Candidates

Random error

Every individual measurement is subject to two forms of error.

What is it?

If we repeat a measurement we never get exactly the same result.
This is because of poor technique or small variations in the
variables we thought we were controlling. Poor technique includes
things such as failing to use a timing mark with a stopwatch, or
counting bubbles instead of measuring volume. Small variations
might be small temperature changes when measuring rate of
reaction or resistance. These might be too small to measure, but
nevertheless change the last decimal place on a meter, eg depending
on a tiny variation 0.015 may appear as 0.01 or 0.02 on a 2dp meter.

AQA
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Systematic error

Reliability

Precision

How big is it?

In a carefully controlled experiment, the likely random error is +1 in
the last decimal place or scale division on the measuring device
(because the other sources of random error have been made smaller
than this). Random errors of less than 10% are considered good in
GCSE Science work. If the random error is small, the
measurements are called ‘precise’.

How do you reduce it?

The average of several repeated readings is more accurate than one
reading. Using a more sensitive instrument (one with a smaller
scale division or more decimal places) will make smaller changes
measurable and so can increase precision (if the instrument was the
limiting factor and not the procedure).

What is it?

This is a consistently high or low measurement caused by poor
instruments or techniques. Examples include a poorly calibrated
instrument (a cheap thermometer or metre rule scale will not be
correctly marked), a zero offset (such as failing to tare a balance), or
poor technique (such as having no lid in a cooling experiment, or
starting the stopwatch before adding the marble chips in a rate of
reaction experiment).

How big is it?

It cannot usually be estimated because if you knew the error was
there you would do something about it. In the case of limitations of
a technique (such as adding marble chips before sealing the flask) it
might be possible to estimate the error introduced. If you think your
systematic errors are small, the measurements are said to be
‘accurate’.

How do you reduce it?

You can’t, unless you know it’s there and have the equipment to
avoid the error altogether. Sometimes better equipment can help
(eg expensive, well-calibrated rulers), or better technique (eg using
a timing mark). It may be possible to re-calibrate the piece of
equipment (eg digital balance) or to compare the readings on two
instruments to see whether they give the same readings (eg two
thermometers).

A measurement is ‘reliable’ if another person, technique or
instrument will give the same result. This means any known
systematic errors should have been eliminated.

The following tables show some examples of sources of error and
what to do about them. Note that some techniques are both
inaccurate and imprecise.

Precision is often determined by the smallest scale division on the
measuring instrument. This may be reflected in the number of
significant figures quoted. Precision may also be determined by
technique. Techniques that have a high degree of precision should
yield a set of repeat results that shows little variation.
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Accuracy Accuracy is a measure of how close to the true value the results are.
The main cause of lack of accuracy is the existence of random or
systematic errors. Accuracy can often be improved by repeating the
results and calculating a new mean.

Imprecise technique

Technique Source of error Solution

Using a stopwatch without a | Judgement by eye Use a fiducial (timing)

timing mark mark

Counting oxygen bubbles Bubble volume Collect in measuring
unknown cylinder

‘Disappearing cross’ by eye | End point not well Use a light sensor and
defined threshold value

Putting a balance near where | Vibrations Position elsewhere

people are walking

Using a crocodile clip to Clip thickness or poor Use a needle or jockey

connect to wire for resistance | contact due to corrosion

Imprecise equipment NB Often the technique used introduces a larger error than the
equipment.
Equipment Source of error Solution
Using a 2dp ammeter to +/—0.01Ain 0.1A is Use more sensitive
measure currents below 0.1 A | immediately 10% error | ammeter or increase
current
Using a 50 ml measuring Half a scale division is Use 10 ml measuring
cylinder to measure volumes | 0.5ml (around 10% cylinder with 0.2 ml
below 10 ml error) divisions
Usinga—10to—110°C Half a scale division is Use temperature sensor or
thermometer to measure over | 0.5°C (only 1% error in | thermometer with a
a narrow range 50°C range) narrower range.
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Inaccurate technique

Technique

Source of error

Solution

Measuring oxygen released
immediately

Rate of production is not
steady

Wait for equilibrium to be
reached

Stoppering the flask after Some product lost and Add acid via a thistle
adding acid to marble chips timing consistently low | funnel
Using a stopwatch without a | Tendency to always stop | Use a light gate

timing mark

the watch early

‘Disappearing cross’ by eye

Tendency to judge the
endpoint too early

Use a light sensor and
threshold value

Using a croc clip to connect
to wire for resistance

Measuring from the far
edge of the clip

Measure from the inner
edge

Inaccurate use of equipment

Technique

Source of error

Solution

Failing to tare a balance

All readings high (or
low)

Tare the balance

Using a worn meter rule

Zero error (if zero end is
worn out)

Use middle part of ruler
(subtract start from end)

Using an analogue meter

Parallax error (reading
from one side)

Use the mirrored scale to
eliminate parallax

By kind permission - Dr. Jason Welch. County High School, Leftwich
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10

Notes on the Scope of the
Subject Content

The information presented in this section is intended to indicate the
depth and breadth of teaching required for certain topics and should
be used in conjunction with the statements of content and the
guidance given in the specification. Where a topic area has not
been included, it is not possible to add further explanation to the
statements given in the specification.

Sections of the specification that refer to the use of data, theories
and explanations or that refer to evaluating the applications of
science will usually be examined by asking candidates to respond to
information provided in the form of tables, charts or text.

The numbers to the left of each subsection refer to the
corresponding paragraph in the specifications.

10.1 Unit Biology 1

1

How do human bodies respond to changes inside them and to their environment?

Candidates should use their skills, knowledge and understanding of how science works:

to evaluate the benefits of,
and the problems that may
arise from, the use of
hormones to control fertility,
including IVF

to evaluate the claims of
manufacturers about sports
drinks.

Knowledge and understanding of IVF is limited to:

IVF involves giving a mother FSH to stimulate the maturation of
several eggs, and LH to stimulate the release of these eggs. The
eggs are collected from the mother and mixed with sperm from the
father. The fertilised eggs develop into embryos. At the stage when
they are tiny balls of cells, two or three embryos are inserted into
the mother’s womb.

Knowledge and understanding of sports drinks is limited to:

Sports drinks contain sugars to replace the sugar used in energy
release during the activity. They also contain water and ions to
replace the water and ions lost during sweating. If water and ions
are not replaced, the ion / water balance of the body is disturbed and
the cells do not work as efficiently. An understanding of osmosis is
not required in this unit.

Candidates’ skills, knowledge and understanding of how science works should be set in these

substantive contexts:

Receptors detect stimuli
which include light, sound,
changes in position,
chemicals, touch, pressure,
pain and temperature

Cells called receptors detect stimuli (changes in the environment).
These include:

e receptors in the eyes which are sensitive to light

e receptors in the ears which are sensitive to sound

e receptors in the ears which are sensitive to changes in position
and enable us to keep our balance
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o Reflex actions are automatic
and rapid. They often involve
sensory, relay and motor
neurones.

o The role of receptors, sensory
neurones, motor neurones,
relay neurones, synapses and
effectors in simple reflex
actions.

receptors on the tongue and in the nose which are sensitive to
chemicals and enable us to taste and to smell

receptors in the skin that are sensitive to touch, pressure, pain
and to temperature changes.

(Knowledge and understanding of the structure and functions of
sense organs such as the eye and the ear are not required.)

In such a simple reflex action:

impulses from a receptor pass along a sensory neurone to the
central nervous system

at a junction (synapse) between a sensory neurone and a relay
neurone in the central nervous system, a chemical is released
which causes an impulse to be sent along a relay neurone

a chemical is then released at the synapse between a relay
neurone and motor neurone in the central nervous system,
causing impulses to be sent along a motor neurone to the organ
(the effector) which brings about the response

the effector is either a muscle or a gland

a gland responds by releasing (secreting) chemical substances.

2 What can we do to keep our bodies healthy?

Candidates should use their skills, knowledge and understanding of how science works:

e to evaluate information
about the effect of food on
health

e to evaluate claims made by
slimming programmes.

Knowledge and understanding of foods is limited to:

Carbohydrates, fats and proteins are used by the body to release
energy and to build cells. Mineral ions and vitamins are needed in
small amounts for healthy functioning of the body.

Knowledge and understanding of food slimming programmes is
limited to:

A person loses mass when the energy content of the food taken in is
less than the amount of energy expended by the body. Exercise
increases the amount of energy expended by the body.

Candidates’ skills, knowledge and understanding of how science works should be set in these

substantive contexts:

e A healthy diet contains the
right balance of the
different foods you need and
the right amount of energy.
A person is malnourished if
their diet is not balanced.
This may lead to a person
being too fat or too thin. It
may also lead to deficiency
diseases.

e High levels of cholesterol in
the blood increase the risk
of disease of the heart and
blood vessels.

Knowledge and understanding of specific functions of nutrients and
the effects of their deficiency in the diet is not required.

Knowledge of the structure of the heart and blood vessels is not
required.

52

AQY



Teachers' Guide - General Certificate of Secondary Education - Sciences

How do we use/abuse medical and recreational drugs?

Candidates should use their skills, knowledge and understanding of how science works:

to evaluate the effect of
statins on cardio-vascular
disease

to evaluate the different
types of drugs and why
some people use illegal
drugs for recreation

to evaluate claims made
about the effect of cannabis
on health and the link
between cannabis and
addiction to hard drugs

to explain how the link
between smoking tobacco
and lung cancer gradually
became accepted

to evaluate the different
ways of trying to stop
smoking.

Knowledge and understanding of statins is limited to:

Statins are drugs that lower the amount of cholesterol in the blood.

Classification of drug types is not required.

Knowledge and understanding of cannabis is limited to:

Cannabis is an illegal drug. Cannabis smoke contains chemicals
which may cause mental illness in some people.

Knowledge and understanding is limited to:

The link between smoking and lung cancer was established mainly
by the collection of statistics which showed that the more cigarettes
a person smoked, the higher the risk of developing lung cancer.

Knowledge and understanding is limited to:

Nicotine is the addictive substance in tobacco smoke. Stopping
smoking causes severe withdrawal symptoms. Some of these
symptoms may be alleviated by nicotine replacement therapy.

Candidates’ skills, knowledge and understanding of how science works should be s