Cambridge Pre-U Example Candidate

Paper 4 Personal Investigation

This section looks at the coursework marking descriptors and shows example extracts of good practice.
The first group of example extracts are from candidates (A—E) who were awarded Distinction on this
component. This high mark will involve good quality responses throughout the range of descriptors.

The lower grades, whilst possibly scoring mid to low marks on each descriptor, typically score well in some
areas and poorly in others. The final example is a complete Pass grade script for comparison.

Where candidate work is shown, some notes from the teacher are also visible. The comments are individual
and do not reflect the moderator’s view. Such annotations are extremely helpful when moderating
candidate work. Candidates A to E gained full marks for the skills being exemplified by the extracts.

All these extracts come from continuing accounts, however, and do not necessarily score all the marks for
that descriptor within the extract shown.

Extracts have been included from the following investigations:
A: resonant frequency of a wine glass

B: energy losses in a car tyre

C: damping

D: the sweet spot of a tennis racket

E: electromagnets

F: the acoustics of a rod.
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Initial Planning

Mark Scheme

Criteria for Component 4 Personal Project Marks

Initial Planning

The plan contains a title, a statement of the aim and an outline of initial experiment(s). There is little or no
elaboration.

The plan contains a clear title and aim, with at least one research question. There is an outline of initial
experiment(s) with some background physics that helps to interpret or develop the practical scenario.
There is a sensible risk assessment (where relevant). At least one pilot experiment has been performed. 2
Largely appropriate apparatus has been requested. There is a brief summary of how the investigation
might develop.

The plan contains a clear title, aim and a number of clearly worded research questions. There is an outline
of initial experiment(s) in a sensible sequence with substantial background physics that helps to interpret
or develop the practical scenario. Some of the background physics has been researched and is novel to
the candidate. There is a sensible risk assessment and written guidelines for maintaining safety (where
relevant). Pilot experiment(s) are used to help develop the plan, for example in improving accuracy or 4
precision or in checking a prediction. The plan contains experimental details and describes what will be
measured and controlled, and uses clear diagrams. The apparatus chosen is suitable for every task. Some
ingenuity has been shown, for example apparatus has been modified or new apparatus devised. There is a
summary of how the practical work might develop, related to the research questions.

Maximum mark 4

General Comment
The plan requires a clear title and aim. It should give some questions to be researched with initial
experiments outlined along with some details of apparatus, measuring equipment and a basic risk

assessment. How the practical work might develop should be clearly shown.

Here are two examples of high-scoring plans from candidates A and B.
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Example Candidate Response — Candidate A

Candidate A is investigating the resonant frequency of a wine glass and although short, the plan covers most
of the marking points well. There is a basic plan and then the more detailed start of the work.
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Example Candidate Response — Candidate B

Candidate B is investigating the energy losses in a car tyre. The plan offers a different approach to
considering the problems and gives a clear time plan.
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Example Candidate Response — Candidate D

This example from candidate D is aimed at investigating the sweet spot of a tennis racket and although
all the marks were awarded, it reminds us that we are looking for a close fit to the descriptors and not
necessarily for perfect answers.
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Organisation

Mark Scheme

Organisation during the two weeks of practical work

The work is written up only once a week or when the candidate is prompted.

Notes of practical methods lack detail, records are generally incomplete, and the record of the work is
poorly organised and difficult to follow. There is little evidence that the results of each experiment have
been analysed and interpreted before work on the next experiment begins.

The work is written up more than once a week. Records are largely complete so that it is possible

to follow what was done each day. There is evidence that some analysis and interpretation of each
experiment has taken place before work on the next experiment begins, but there is little evidence of
further research to help interpret the results.

The work is written up at least every two days. Practical methods are described clearly. Records are clear,
well-organised and complete, making clear what work was completed each day and how the ideas evolved.
The analysis of each experiment is completed (e.g. graphs are plotted and the mathematical relationships
and uncertainties discussed) and results are interpreted (with the help of further research where
necessary) before work on the next experiment begins. Where appropriate, the plans for later experiments
are adapted in response to the results of earlier experiments.

Maximum mark 2

General Comment

In this section we need evidence of regular writing up of the work, showing clear methods and records
with logical progress, and perhaps modifications, to the next investigation.
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Example Candidate Response — Candidate A

This is an excerpt from a “day by day"” diary showing clear methods, good records and progress through the
work. The candidate is investigating the resonant frequency of a wine glass.

www.cie.org.uk/cambridgepreu




Cambridge Pre-U Example Candidate Responses

226 www.cie.org.uk/cambridgepreu



Cambridge Pre-U Example Candidate Responses

www.cie.org.uk/cambridgepreu




Cambridge Pre-U Example Candidate Responses

Example Candidate Response — Candidate C

This example of this skill area comes from candidate C, investigating damping. We see a good response to
gain both marking points.
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Example Candidate Response — Candidate E

In this example, investigating electromagnets, both the planning and organisation descriptors score heavily
in only six pages (the total script is only 22 sides and gained a Distinction).
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Quality of Physics

Mark Scheme

Quality of Physics

The physics used is mainly descriptive. Most of it is copied and is of limited relevance to the research
topic. Some calculations are performed successfully but there are also many errors and the misuse of 0
units is common.

There is some use of Physics but there are omissions in its application to the interpretation of results.
Some of it is copied and the references given, but it is put together with little coherence or direct reference 2
to the research topic. Some calculations are performed successfully but there are some errors.

In most cases where it is appropriate, physics principles have been used to interpret results, perform
calculations or make predictions. The physics is usually explained, draws on the content of the taught
course, and is related to the project. Understanding is demonstrated and the physics has not just been
copied verbatim from a text or website. There are some errors in calculations and in explanations.

Wherever appropriate, physics principles have been used to interpret results, perform calculations or make
predictions. The physics is explained and goes beyond the requirements of the taught course. It includes
some relevant quantitative arguments and is related to the project. Sound understanding is demonstrated 6
and the physics has not just been copied verbatim from a text or website. There are no errors in
calculations or in explanations.

Maximum mark 6

General Comment

Here we are looking at the Physics involved and how it is used to explain the work. For the highest marks
we are looking for evidence of a sound understanding and an extension beyond normal book work. Accurate,
appropriate calculations are needed and no errors should be apparent in mathematics, or in explanations
offered, for the top mark. This is particularly difficult to illustrate since the evidence appears throughout the
scripts.
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Example Candidate Response — Candidate B

Some analysis and moment of inertia calculations from this candidate who was investigating energy losses
in car tyres.
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Example Candidate Response — Candidate A

Some good work on the wine glass resonance from candidate A,
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Example Candidate Response — Candidate C

Finally, perhaps an extreme example of two days write-up from candidate C studying damping.
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Use of Measuring Instruments

Mark Scheme

Use of Measuring Instruments

At least one experiment* is completed. There are some errors in using the apparatus, which make some
of the readings unreliable. Some assistance in setting up or manipulating apparatus has been required.

At least one experiment* is completed where two measuring instruments are used to obtain results.
Standard instruments are used effectively. In all experiments, apparatus has been set up and manipulated 1
without assistance.

At least two experiments* are completed where at least two measuring instruments are used, at least
one of which was zeroed or calibrated correctly to obtain accurate results. Standard instruments are used 2
effectively. In all experiments, apparatus has been set up and manipulated without assistance.

More than two experiments* are performed with a range of different instruments, some of which
require checking of zero, calibration or selection of different ranges. Some of the apparatus is either of
a sophisticated nature (signal generator, cathode ray oscilloscope, two place digital balance, data logger, 3
micrometer) or involves a creative or ingenious technique in its use. In all experiments, apparatus has been
set up and manipulated without assistance.

Maximum mark 3

General Comment

Candidates are expected to carry out two or more experiments with a range of different instruments which
need calibration/range changes etc. Complicated instruments and/or creativity should be shown.
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Example Candidate Response — Candidate A

A vibration generator and use of computers etc. from candidate A investigating resonance.
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Example Candidate Response — Candidate C

Some interesting work using ultrasound sensors and then a mechanical oscillator from candidate C who was
investigating damping.
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Example Candidate response - Candidate B

Some creative use of everyday equipment (thinking “outside the box") from this candidate looking at the
moment of inertia of a car wheel.
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Practical Techniques

Mark Scheme

Practical Techniques

The number and range of measurements taken in some, but not all, experiments is adequate. There is no
attention paid to anomalous measurements. There is some awareness of the need to consider precision 0
and sensitivity, and some measurements are repeated.

The number and range of measurements taken in most experiments is adequate. Some measurements
are identified as anomalous but there is little attention paid to them. There is some awareness of the need 1
to consider precision and sensitivity, and measurements are usually repeated where appropriate.

The number and range of measurements taken in each experiment is adequate, with additional
measurements taken close to any turning points. Anomalous measurements are correctly identified but
in most cases they are not investigated further. There is awareness of the need to consider precision and 2
sensitivity, and experiments are designed to maximise precision. Measurements are repeated where
appropriate.

The number and range of measurements taken in each experiment is adequate, with additional
measurements taken close to any turning points. Anomalous measurements are correctly identified

and are investigated further. There is awareness of the need to consider precision and sensitivity, and
experiments are designed to maximise precision. Measurements are repeated where appropriate. Where
it is appropriate, more than one measuring technique is used to help corroborate readings or inventive
methods are used to help improve or check readings.

Maximum mark 3

General Comment

The examiner is looking for an adequate range and number of measurements, anomalies identified, repeats
where appropriate, with a consideration of precision and a range of measuring techniques or innovation.
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Example Candidate Response — Candidate D

Candidate D's investigation into the sweet spot of a tennis racket shows repeats and the use of a camera
(rather than judging by eye).
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Example Candidate Response — Candidate C

An example of good data collection with a concentration around the turning point from the experiment on
damping. This could also be considered as a good example of data collection for the next marking criteria.
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Example Candidate Response — Candidate B

Two excerpts have been included from this candidate. The first is a straightforward elongation of an elastic
band. This should also be considered as an example for the Data Processing section of the mark scheme.
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Example Candidate Response — Candidate B

A more unusual method of finding the moment of inertia of a car wheel.

www.cie.org.uk/cambridgepreu




Cambridge Pre-U Example Candidate Responses

290 www.cie.org.uk/cambridgepreu



Cambridge Pre-U Example Candidate Responses

www.cie.org.uk/cambridgepreu




Cambridge Pre-U Example Candidate Responses

292 www.cie.org.uk/cambridgepreu



Cambridge Pre-U Example Candidate Responses

Data Processing

Mark Scheme

Data Processing

Most data is tabulated correctly and graphs are mostly plotted correctly, with only a few minor errors.
However, calculations contain some major errors and conclusions are not well supported by the results.

Data is tabulated correctly and graphs are plotted correctly. Calculations contain some errors but these are
not major. Some conclusions are not well supported by the results.

Data is tabulated correctly and graphs are plotted correctly. Calculations are correctly completed and linear
relationships are successfully analysed. Error bars are shown, although not on all graphs and not always 4
correctly, and there is some treatment of uncertainties. Conclusions are well supported by the results.

Data is tabulated correctly and graphs are plotted correctly. Calculations are correctly completed and
relationships are successfully analysed. Some of the work is sophisticated and requires for example the
plotting of logarithmic graphs to test for power laws or exponential trends. Error bars are shown wherever 6
appropriate, and uncertainties are routinely calculated for derived quantities. Conclusions are well
supported by the results.

Maximum mark 6

General Comment

Here we are looking for well-presented tables with correctly plotted graphs with error bars. Excellent
calculations should be the norm, with a good sophisticated analysis, including logarithmic graphs where
appropriate. Uncertainties should be considered as a routine task. The previous examples are also a good
indication of the standard required for the highest marks.
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Example Candidate Response — Candidate E

A good piece of work on uncertainties at the end of some work on magnetic fields from candidate E.
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Example Candidate Response — Candidate D

Candidate D does some work on exponential decay: a little lacking in depth, but showing the use of
logarithmic graphs.
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Example Candidate Response — Candidate D

This candidate also looked at energy losses on compressing a ball.
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Example Candidate Response — Candidate C

Good error bars (although not subsequently used) and a logarithmic graph.
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Communication

Mark Scheme

Communication

A report is produced but there are omissions in the account and a poor structure so that the report is not
straightforward to follow. References are included but these do not make the source clear (for example, 0
page numbers are missing).

A report is produced. There is some attempt at organisation and layout so that the report provides a clear
outline of the course of the project. Some of the aims and conclusions are stated fairly clearly for some

. ) 2
of the practical work. References are included but these do not make the source clear (for example, page
numbers are usually missing).

The report summarises most of the main findings clearly. It is easy to read and follow. Sub-headings are
used. Spelling and grammar are largely correct. Technical terms are usually used correctly but there are 4

occasional errors. Aims and conclusions are generally stated clearly. References identify sources clearly
(for example by providing page numbers).

The report is well organised with a clear structure which details all the main findings clearly. Material is
presented in a logical order and is easy to read and follow. Aims and conclusions are stated clearly for each
practical and for any mathematical analysis. |deas are linked together and clearly show development and
feedback between experiment and analysis. There is a clear account of any changes from the original plan. 6
Spelling and grammar are correct. Technical terms are used correctly and there is a glossary of all new
technical words encountered and used in the project. There are references to books, journals and websites
clearly showing the source of the information.

Maximum mark 6

General Comment

The Examiner is looking for a well organised, logical report, showing ideas linked together with development
and feedback. Technical terms, spelling and grammar should be correct with a glossary of new technical
terms and clear references.

The complete report must be used to judge these areas. Two example extracts, from candidates D and C,
are given of the final pages of the scripts.

www.cie.org.uk/cambridgepreu




Cambridge Pre-U Example Candidate Responses

Example Candidate Response — Candidate D

Candidate D gives a clear glossary and references with details of page numbers etc.
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Example Candidate Response — Candidate C

Glossary, references and a final conclusion with thoughts for further work.
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Example Candidate Response — Candidate F

The final example is a complete Pass grade script for comparison purposes. The original mark was 10,
perhaps closer to 9 (with only 1 mark awarded for Practical Techniques). The comments made by the teacher
are all valid and where the script could be improved is self evident. There is a very clear indication of what
marks are awarded; some page references would have helped the moderating Examiner further.
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