
CCEA GCE A2
Exemplifying Examination  
Performance

Life and Health 
Sciences
This is an exemplification of candidates’ performance 
in GCE A2 examinations (Summer 2018) to support 
the teaching and learning of the Life and Health 
Sciences specification.

GCE



Permission to reproduce all copyright material has been applied for.  In some cases, efforts to contact copyright 
holders may have been unsuccessful and CCEA will be happy to rectify any omissions of acknowledgement in future 
if notified. 



EXEMPLIFYING EXAMINATION PERFORMANCE 

GCE Life and Health Sciences 
 

Introduction 

 

These materials illustrate aspects of performance from the 2018 summer A2 
examination series of CCEA’s revised GCE Specification in 2016. 

Students’ grade A responses are reproduced verbatim and accompanied by 
commentaries written by senior examiners.  The commentaries draw attention to the 
strengths of the students’ responses and indicate, where appropriate, deficiencies 
and how improvements could be made. 

It is intended that the materials should provide a benchmark of candidate 
performance and help teachers and students to raise standards. 

For further details of our support package, please visit our website at 
www.ccea.org.uk 

Best wishes 

 

 

 

 

Paul Wright 

Education Manager, Life and Health Sciences 

Email: pwright@ccea.org.uk 

Telephone: 028 9026 1200   ext. 2207 

http://www.ccea.org.uk/
mailto:pwright@ccea.org.uk


 



1 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

 GCE:  A2 Life and Health Sciences 
  

 

Grade:  A Exemplar

AZ021:  Organic Chemistry 



2 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 



3 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q1a(i) The structures of six hydrocarbons are shown below. They are labelled 
A to F. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

What is meant by the term hydrocarbon? [1] 
 
Student’s response 

A compound containing hydrogen and carbon atoms only. 

Examiner’s comments 

The student correctly defined the term hydrocarbon using the essential word only 
contains carbon and hydrogen.  They also noted that hydrocarbon is a compound. 
 
[1] mark awarded out of [1] 
 

Q1a(ii) Write the molecular formula for A. [1] 
 
Student’s response 

C3H8 

Examiner’s comments 

The correct molecular formula was given with capitals for the symbols and subscripts 
for the numbers of atoms. 
 
[1] mark awarded out of [1]  
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q1a(iii) Write the IUPAC name for B. [1] 
 

Student’s response 

Hexane 

Examiner’s comments 

B was named correctly. 
 
[1] mark awarded out of [1] 
 

Q1a(iv) To which homologous series does C belong? [1] 
 
Student’s response 

Alkene 

Examiner’s comments 

C was recognised as an alkene. 
 
[1] mark awarded out of [1] 
 

Q1a(v) Which hydrocarbon (A, B, C, D, E or F) would be able to exist as 
cis-trans isomers? [1] 

 
Student’s response 

F 

Examiner’s comments 

Cis-trans isomers occur in alkenes – C,E or F.  The student correctly identified F.   
C and E cannot form cis-trans isomers as there are two of the same atom, hydrogen, 
on one carbon of the double bond.  
 
[1] mark awarded out of [1]  
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q1a(vi) Which hydrocarbon (A, B, C, D, E or F) has the empirical formula 
C2H5? [1] 

 
Student’s response 

D 

Examiner’s comments 

D was correctly identified.  It has molecular formula of C4H10 which gives an 
empirical formula of C2H5. 
 
[1] mark awarded out of [1] 
 

Q1a(vii)  Draw the skeletal formula for hydrocarbon E. [1] 
 

Student’s response 
 

 

 

 

Examiner’s comments 

The skeletal formula drawn was correct and included the double bond in the correct 
place between carbon one and two.  
 
[1] mark awarded out of [1] 
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Q1a(viii) D has one branched isomer. Draw the structural formula of the 
branched isomer and write its IUPAC name. [2] 

 

Student’s response 

 

 

 

 

2-methylpropane 

Examiner’s comments 

The name given was fully correct and included the necessary dash between number 
and words. 
 
[2] marks awarded out of [2] 
 

Q1a(ix)  Name the reactant which is used to convert F into D and the 
catalyst used in the reaction. 

 
Reactant: 

 
Catalyst: [2] 

 

Student’s response 

Reactant:  Hydrogen 
 
Catalyst:  Nickel 

Examiner’s comments 

The candidate stated the correct reactant and catalyst.  The state of the catalyst 
(finely divided) was not required.  
 
[2] marks awarded out of [2]  
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q1b(i)  Hydrocarbons undergo combustion in a limited or plentiful supply 
of air. 

 
Write a balanced symbol equation for the combustion of A in a 
plentiful supply of air. [2] 

 
Student’s response 

C3H8 + 5O2  →  3CO2 + 4H2O 

Examiner’s comments 

A symbol equation for the combustion was given which was balanced correctly. 
 
[2] marks awarded out of [2] 
 

Q1b(ii) Name all the possible products of the combustion of B in a limited 
supply of air. [3] 

 
Student’s response 

Carbon Monoxide, Carbon and Water 

Examiner’s comments 

Limited combustion gives carbon monoxide, carbon and water.  These were all 
correctly identified and no incorrect extras recorded.  
 
[3] marks awarded out of [3] 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q1b(iii) Describe one problem associated with any one of the products 
named in your answer to (b)(ii). [1] 

 

Student’s response 

Carbon Monoxide is a toxic gas which binds irreversibly to haemoglobin preventing 
oxygen from being transported 

Examiner’s comments 

The problem, toxicity, was correctly described and linked to relevant named product 
(carbon monoxide)  
 
[1] mark awarded out of [1] 
 

Q2a      Methane is a hydrocarbon and a member of the alkane homologous 
series. 
 
What is meant by the term homologous series? [3] 

 
Student’s response 

Family of organic molecules with the same general formula, similar chemical 
properties, show a gradation in physical properties and differ by a CH2 unit. 

Examiner’s comments 

The essential fact that a homologous series can be represented by the same general 
formula was included along with other correct characteristics of a homologous series 
using correct terminology such as ‘similar’ chemical properties and ‘ gradation’ in 
physical properties.  
 
[3] marks awarded out of [3] 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q2b(i) Methane reacts with chlorine forming a mixture of products including 
chloromethane, which reacts with more chlorine to form 
dichloromethane. 
 
Name the type of reaction which occurs between methane and 
chlorine. [1] 

 

Student’s response 

Substitution reaction 

Examiner’s comments 

This is a substitution reaction and this was correctly identified by the candidate. 
 
[1] mark awarded out of [1] 
 

Q2b(ii) Write an equation for the reaction of chloromethane with chlorine to 
form dichloromethane. [2] 

 
Student’s response 

CH3l + Cl2 →   CH2Cl2 

Examiner’s comments 

One mark was awarded for the correct formula of chloromethane and chlorine on the 
left hand side of the equation.  Despite having the correct formula of chloromethane 
on the right, the other product, HCl was not included and the right hand side mark 
could not be awarded.  
 
[1] mark awarded out of [2] 
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Q2b(iii) Explain why the reaction does not occur in the dark. [1] 
 
Student’s response 

Light is needed to break the chlorine molecules 

Examiner’s comments 

The candidate correctly identified that light is needed for the reaction and the mark 
was awarded.  
 
[1] mark awarded out of [1] 
 

Q2c(i) The diagram below shows the fractional distillation of crude oil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Explain how the process of fractional distillation occurs. [3] 
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Student’s response 

Fractional Distillation seperates crude oil into a simpler mixture called fractions. It 
involves the continuous boiling and evapourating of the hydrocarbons in the 
fractionating column.  Hydrocarbons condense into their fractions once the 
temperature is the same as their boiling point small molecules go to the top and 
large go to the bottom. 

Examiner’s comments 

The process of fractional distillation was clearly explained using correct terminology 
and referring to evaporation, condensation and separation based on boiling point.  
 
[3] marks awarded out of [3] 
 

Q2c(ii) The petrol fraction contains nonane, C9H20. Nonane is cracked to form 
propene and one other hydrocarbon product. Write an equation for the 
cracking of nonane and name the other product. 
 
Equation: 
 
Product: [2] 

 
Student’s response 
 

Equation:  C9H20  →  C3H6 + C6 H14 
 
Product:  Hexane 
 

Examiner’s comments 

The correct balanced symbol equation was given and the other product of cracking 
was identified. 
 
[2] marks awarded out of [2] 
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Q2c(iii) Nonane is reformed to form 2,3,3-trimethylhexane. Draw the structural 
formula for 2,3,3-trimethylhexane. [1] 

 
Student’s response 
 
 
 
 
 
 
 
 
 
 
 
 
 
Examiner’s comments 

All bonds were correctly shown in the structural formula and carbon and hydrogen 
were written with correct symbols using capitals. 
 
[1] mark awarded out of [1] 
 

Q2d(i) Petrol is used as a fuel for motor vehicles. The exhaust emissions 
contain nitrogen dioxide (NO2). 

 
State one environmental problem caused by nitrogen dioxide. [1] 

 

Student’s response 
 

Acid Rain 

 

Examiner’s comments 

An environmental problems was correctly stated. 
 
[1] mark awarded out of [1] 
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Q2d(ii) How do car manufacturers reduce the amount of nitrogen dioxide in 
exhaust emissions? [1] 

 
Student’s response 

Catalytic Converter 

Examiner’s comments 

Both words ‘catalytic converter’ were required and given here.  
 
[1] mark awarded out of [1] 
 

Q2d(iii) Write a balanced symbol equation for the conversion of nitrogen dioxide 
into nitrogen and oxygen. [2] 

 

Student’s response 

2NO    N2 + O2 

Examiner’s comments 

The candidate did not realise that the formula of nitrogen dioxide was NO2 and 
incorrectly wrote NO.  No marks were awarded as the balancing mark is only given if 
all the formula are correct.  
 
[0] mark awarded out of [2] 
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Q2e(i) Biofuels can be used as fuels in motor vehicles. 
 

Name two biofuels. [2] 
 
Student’s response 

1. Ethanol 

2. Methene 

Examiner’s comments 

Only one correct biofuel, ethanol was given and so one mark was awarded.  
Reference to another biofuel such as bioethanol is needed for the second mark. 
 
[1] mark awarded out of [2] 
 

Q2e(ii) Give two reasons why the environmental impact of burning of biofuels 
is less than that of burning the petrol fraction from crude oil. [2] 

 
Student’s response 

1. Carbon Neutral 

2. It produces oxygen rather than harmful gases which cause pollution 

Examiner’s comments 

The student correctly identified that the burning of biofuels is carbon neutral but their 
second reason of producing oxygen is incorrect.  To obtain the second mark a 
reference to biofuels being renewable or not contributing to acid rain when burnt, 
was needed. 
 
[1] mark awarded out of [2] 
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Q3a(i) Alkenes undergo addition reactions whereas alkanes do not. 
 

Explain, in terms of sigma and pi bonds, why an alkene undergoes 
addition reactions whereas an alkane does not. [3] 

 

The above question could not be exemplified as the candidate’s permission 
could not be obtained. 
 

Q3a(ii) Complete the mechanism for the reaction of hydrogen bromide with 
ethene. [3] 

 
 
 
 
 
 
 
 
 
 
 
 
Student’s response 

 

 

 

 

 

Examiner’s comments 

The correct general mechanism was given for electrophilic addition, using required 
curly arrows.  The movement of electrons from the double bond was not shown, but 
instead the arrow was in the incorrect direction showing electron movement from 
hydrogen, in the first stage of the mechanism and this was penalised.  
 
[2] marks awarded out of [3]  
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Q3a(iii) Name the mechanism by which hydrogen bromide reacts with ethene. 
[2] 

 
Student’s response 

Electrophillic Addition 

Examiner’s comments 

The full mechanism name of electrophilic addition was correctly given.  
 
[2] marks awarded out of [2] 
 

Q3a(iv)  Name the organic product formed when ethene reacts with hydrogen 
bromide. [1] 

 

Student’s response 

Bromoethene 

Examiner’s comments 

The wrong product – bromoethene instead of bromoethane was given and no marks 
were awarded. 
 
[0] marks awarded out of [1] 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q3b Hex-2-ene forms cis-trans isomers. Draw and label the structures of the cis 
and trans isomers of hex-2-ene. [3] 

 
Student’s response 

 

 

 

 

 

 

 

Examiner’s comments 

The structures of both cis-trans isomers were clearly drawn and correctly labeled.  
 
[3] marks awarded out of [3] 
 

Q3c(i) Ethene can form a polymer. The polymer is inert and  
non-biodegradable. 

 
Name the polymer formed from ethene. [1] 

 
Student’s response 

Polyethene 

Examiner’s comments 

Polyethene was accepted and one mark was awarded. 
 
[1] mark awarded out of [1] 
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Q3c(ii) Complete the balanced symbol equation for the polymerisation of 
ethene. [2] 

 
 
 
 
 
 
 
 
Student’s response 

 

 

 

 

Examiner’s comments 

The equation was correctly completed with the correct polymer structure, side bonds 
through the brackets, and n in the correct position. 
 
[2] marks awarded out of [2] 
 

Q3c(iii) State two waste management strategies used for the polymer formed 
from ethene. [2] 

 
Student’s response 

1. Incineration 

2. Recycling 

Examiner’s comments 

Incineration and recycling are both correct waste management strategies for 
polymers, as is feedstock for cracking, and two marks were awarded.  
 
[2] marks awarded out of [2]  
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Q4a 2-methylbutan-2-ol and pentan-2-ol are structural isomers. Both are used 
as solvents in the purification of pharmaceutical drugs. 

Define the term structural isomer. [2] 
 
Student’s response 

Compounds with the same chemical formula but different structural formula. 

Examiner’s comments 

Structural isomers have the same molecular formula, however the candidate did not 
obtain the mark due to using the incorrect term ‘chemical formula’ but they did obtain 
the mark for recognising that isomers have different structural formula.  
 
[1] mark awarded out of [2] 
 

Q4b(i) 2-methylbutan-2-ol can be converted to 2-methylbut-2-ene. 
 

Name the reagent which can be used to carry out this reaction. [2] 
 
Student’s response 

Iron(III) chloride solution 

Examiner’s comments 

This answer was incorrect.  The catalyst for the reaction is concentrated phosphoric 
acid.  
 
[0] mark awarded out of [2] 
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Q4b(ii) Name this type of reaction [1]. 
 
Student’s response 

Cracking 

Examiner’s comments 

The candidate incorrectly classified this elimination/dehydration reaction as cracking.  
 
[0] mark awarded out of [1] 
 
 
Q4c Acidified potassium dichromate(VI) solution may be used to distinguish 

between 2-methylbutan-2-ol and pentan-2-ol. 
Describe how a practical experiment can be carried out to distinguish 
between 2-methylbutan-2-ol and pentan-2-ol. 
Include conditions, observations and an explanation of the chemistry 
involved. 
 
You will be assessed on your quality of written communication in this 
question. [6] 

 
 
The above question could not be exemplified as the candidate’s permission 
could not be obtained. 
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Q4d(i) Determine the empirical formula of an alcohol which has the following 
percentage composition by mass. 

 

Element % of element by mass 

C 70.6 

H 13.7 

O 15.7 

 
 

Empirical formula [3] 
 
Student’s response 

                    C                            H                            O 
                 70.6                        13.7                         15.7 
         ÷ 
                  12                            1                            16_       °       
              
              5.88                          13.7                        0.98125 
           ÷ 0.98                        ÷ 0.98                       ÷ 0.98_       ° 
               6                               14                              1 
 
                                          C6H14O                           C2H7O1 
 

   Empirical formula:  C6 H14O 

Examiner’s comments 

This calculation was nicely set out in a logical fashion.  The student obtained the 
marks for calculating the number of moles of carbon, hydrogen and oxygen and for 
calculating the correct ratio of moles and translating it to a correct formula.  The 
correct formula on the line was given and C2H7O1 was ignored.  
 
[3] marks awarded out of [3] 
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Q4d(ii) The relative formula mass of the alcohol is 102. State its molecular 
formula. 

 
Molecular formula [1] 

 
Student’s response 

 

 

 

 

 

Molecular formula:  C6H14O 

Examiner’s comments 

The molecular formula was correct and the mark was awarded.  Working out, 
although not necessary in this case, was well set out.  
 
[1] mark awarded out of [1] 
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Q5a The table below shows a selection of organic compounds. 
 

Substance IUPAC name Structural formula 

A pentanal CH3CH2CH2CH2CHO 

B  (CH3)2C=CHCH3 

C pentan- 1-ol  

D  CH3CH2COOH 

 
 

Complete the table above. [4] 
 
Student’s response 

 

 

 

 

 

 

 

Examiner’s comments 

The student did not get the correct IUPAC name for B, perhaps drawing out the 
structure would have helped.  The other parts of the table were completed correctly. 
 
[2] marks awarded out of [4]  
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Q5b Name the reagent used to test for the C=C functional group in B and state 
the colour change expected. 

 
Reagent: 
 
Colour change: [3] 

 
Student’s response 

Reagent:  Bromine Water 

Colour change:  Orange – Brown to colourless 

Examiner’s comments 

The correct reagent and colour change was given and full marks were awarded.  
 
[3] marks awarded out of [3] 
 

Q5c Describe a chemical test for A (pentanal) and state the colour change 
expected. 

 
Chemical test: 

 
Colour change: [4] 

 
Student’s response 

Chemical test:  Add acidified potassium dichromate solution 

Colour change:  Orange to Green 

Examiner’s comments 

The candidate incorrectly identified the chemical test for A and no marks were 
awarded.  Either Benedict’s or Fehling’s solution could have been used.  Note that 
warming is an essential part of the test.  
 
[0] marks awarded out of [4]  



25 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q5d     Classify C (pentan-1-ol) as a primary, secondary or tertiary alcohol. 
Explain your answer. [2] 

 
Student’s response 

A primary alcohol as the carbon atom which the OH group is attached to is attached 
to only one other carbon atom. 

Examiner’s comments 

C was correctly identified as a primary alcohol and the explanation was good.   
 
[2] marks awarded out of [2] 
 

Q5e State the IUPAC name of the alcohol that could be oxidised to form 
substance D. [1] 

 
 
Student’s response 

Propanal 

Examiner’s comments 

The candidate has identified a substance which could be oxidised to form propanoic 
acid however they named the aldehyde instead of the alcohol. 
 
[0] mark awarded out of [1] 
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Q6a(i) The equation below shows the production of aspirin from salicylic acid 
and ethanoic anhydride. 

 

 

 

 

 

 

 

 

 

 

 
State the IUPAC name of substance X. [1] 

 

Student’s response 

Ethanoic acid 

Examiner’s comments 

X was correctly named. 
 
[1] mark awarded out of [1] 
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Q6a(ii) Describe the preparation and purification of a sample of aspirin from 
salicylic acid using ethanoic anhydride. 

 
Preparation 

 
Purification [8] 

 

Student’s response 

Preparation:  Add ethanoic anhydride and concentrated sulphuric acid to a conical 
flask that contains salicylic acid.  Swirl the flask so that all of the contents are 
thoroughly mixed together.  Place the conical flask into a hot water bath for 15 – 20 
minutes.  Once it is finished, add some ice water to the conical flask to decompose 
any of the unreacted ethanoic anhydride.  Then put the conical flask into a cold water 
bath until crystallisation is complete. 

Purification:  To ensure the purity of the aspirin, wash it out through a Buchner funnel 
with filter paper and distilled water.  This helps to ensure the purity of the aspirin.  
Once finished, transfer the product to a watch glass from the filter paper and leave it 
in an incubator overnight to dry. 

Examiner’s comments 

Marks were awarded for mixing the salicylic acid and ethanoic anhydride, warming, 
adding water, cooling to crystalise and Buchner filtering off the product.  There was 
no detail of purification by recrystalistion using the minimum volume of hot solvent 
and drying in an incubator is incorrect.  
 
[5] marks awarded out of [8] 
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Q6a(iii) Describe how you would determine the purity of laboratory synthesized 
aspirin. [3] 

 

Student’s response 

To determine purity of the aspirin, label four test tubes, A, B, C and D and add 5cm3 
of distilled water to them.  Then dissolve a few crystals of the following substances in 
them.  Test tube A phenol (toxic), test tube B 2-hydroxybencoic acid, test tube C 
crude product and test tube D the aspirin produced.  Add 10 drops of iron(III) 
chloride to each test tube and record the colour changes.  If it is pure aspirin the test 
tube contents should be orange brown in colour.  If it is impure aspirin it will be 
purple. 

Examiner’s comments 

The student correctly added iron(III) chloride to test for purity and realised that 
impure aspirin will be purple however the colour for pure asprin should be yellow, not 
orange brown so two marks were allocated.  The detail about labeling four test tubes 
and adding iron(II) chloride to each was superfluous, but the candidate did correctly 
mention adding it to the aspirin produced.  
 
[2] marks awarded out of [3] 
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Q6b 20.0 g of salicylic acid were reacted with an excess of ethanoic anhydride. 
Calculate the percentage yield given that 18.3 g of aspirin were obtained. 

 
Relative formula mass of salicylic acid = 138 
Relative formula mass of aspirin = 180 
Give your answer to 3 significant figures. 

 
Percentage yield = [4] 

 

Student’s response 

 

 

 

 

 

 

 

Percentage yield =  4.78% 

Examiner’s comments 

The number of moles of salicylic acid was correctly calculated as was the moles of 
aspirin and theortical yield, so three marks were awarded.  The percentage yield was 
incorrectly calculated.  
 
[3] marks awarded out of [4] 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q1a(i) Ultrasound waves are used in the medical field for diagnostic purposes. 
Fig. 1.1 shows a radiographer using an ultrasound probe. [1] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Student’s response 

20KHz 

Examiner’s comments 

Question 1 a (i) begins by asking a simple A01 recall question to which the answer is 
20 kHz or 20 000 Hz.  Without units the answer to this question was meaningless 
and therefore rejected. 
 
[1] mark awarded out of [1] 
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Q1a(ii) Briefly outline how ultrasound is used to obtain an image. [2] 
 

Student’s response 

High Frequency sound waves are transmitted into the body via a probe and are 
reflected from the target organ to create an image. 
 

Examiner’s comments 

Question 1 a (ii) asks students to outline how ultrasound is used to obtain an image.  
The response needed to discuss that ultrasound can penetrate the skin and is 
reflected from organs or tissues of different densities.  The returning ultrasound is 
used to create an image.  
 
[2] mark awarded out of [2] 
 

Q1b(i) State the frequency range used for the medical imaging of kidney 
tissue. [1] 

 

Student’s response 

1 -6 MHz 

Examiner’s comments 

Question 1 b (i) asks students to recall the frequency range of ultrasound used in 
kidney imaging.  The range, taken from the syllabus, was 1-6 MHz.  Although this 
was a straightforward recall question, it was not well answered.  Students stated a 
frequency and not a range of frequencies, and often did not include the prefix or 
units. 
 
[1] mark awarded out of [1] 
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Q1b(ii) Explain why the frequency range stated in (b)(i) is used. [2] 
 

Student’s response 

Lower frequencies are used as they are able to penetrate deeper into the body. 

Examiner’s comments 

Question 1 b (ii) asked why this frequency range was used.  Again a recall question 
and this time was well answered, deeper penetration of tissue required for Kidneys, 
and higher frequencies would have been absorbed. 
 
[2] marks awarded out of [2] 
 

 
Q1b(iii) State the disadvantage of the use of this frequency range. [1] 
 

Student’s response 

Lower resolution (poorer) images are produced. 

Examiner’s comments 

Question 1 b (iii) asked for a disadvantage of using these frequencies and poor 
image quality or low resolution was required for full credit. 
 
[1] mark awarded out of [1] 
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Q1c(i) Table 1.1 below provides information required to perform calculations 
used in ultrasound imaging. 

 
Table 1.1 

Medium Density/kg m-3 Ultrasound 
Velocity/m s-1 

Air 1.3 330 
1450 952 1450 
Blood 1060 1570 
Brain 1025 1544 

 
Calculate the specific acoustic impedance of fat. 
You are advised to show your working. 
 
Specific acoustic impedance =    kg m-2 s-1 [3] 

 

Student’s response 

Z = P x C  

952 × 1450  
 
1.38 × 106 

Specific acoustic impedance =   1.38 × 106  kg m-2 s-1 

Examiner’s comments 

Question 1 c (i) requires students to calculate specific acoustic impedance.  Since 
there are no defined symbols in the syllabus, students could use a word equation or 
any recognized symbols for specific acoustic impedance, density and speed. 
Identifying the correct equation, substituting values and a correct answer were the 
steps required to complete this calculation.  Students are reminded that showing 
their working is essential for partial credit. 
 
[3] marks awarded out of [3] 
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Q1c(ii)  The specific acoustic impedance for tissue is 1.63 kg m-2 s-1  
Calculate the intensity reflection coefficient between air and tissue. 
You are advised to show your working. 

 
Intensity reflection coefficient = [4] 

 

Student’s response 
 

 

 

 

 

Intensity reflection coefficient =  0.985 

Examiner’s comments 

Question 1 c (ii) asks students to calculate the intensity reflection coefficient between 
air and tissue.  The specific acoustic impedance was given for tissue.  The specific 
acoustic impedance for air was not provided and needed to be calculated.  A great 
many students left this step out and used either a value of velocity or a value for 
density.  This greatly reduced the partial credit available in this question. The answer 
required was 0.985 
 
[4] marks awarded out of [4] 
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Q1c(iii) What will happen to the ultrasound signal at an air–tissue boundary? 
How is this prevented during an ultrasound scan? [2] 

 

Student’s response 

It will reflect off the boundary when it hits the tissue.  To prevent this gel is used 
between skin and probe. 

Examiner’s comments 

Question 1c (iii) asks students to consider what happens to sound at an air tissue 
boundary and how to prevent this occurring.  Almost all students were able to 
suggest that sound will be strongly reflected and so the use of coupling gel is 
required for sound transmission at the boundary. 
 
[2] marks awarded out of [2] 
 

Q1c(iv)  Suggest an organ which is difficult to scan using ultrasound. 
Provide an explanation as to why this organ is difficult to ultrasound. 

 
Organ: 
Explanation: [2] 

 

Student’s response 

Organ:  Lungs 
 
Explanation:  They are full of air which prevents the waves from penetrating enough 
to obtain a useful image. 

Examiner’s comments 

Question 1 c (iv) was quite well answered by students who were aware that for good 
imaging the sound needed to reflect off the surfaces of organs with a different 
density, but not as extreme as an air tissue or bone boundary.  The accepted 
answers were brain, bowel or lungs as too much of the ultrasound is reflected and 
not enough penetration of ultrasound occurs. 
 
[2] marks awarded out of [2] 
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Q2a(i)  A sphygmomanometer provides a simple, non-invasive method of 
measuring the blood pressure of a patient. 

 
Outline the main parts of a sphygmomanometer. [2] 

 

Student’s response 

The cuff, the mercury gauge, the pump 

Examiner’s comments 

Question 2 a required students to outline the main parts of the sphygmanometer.  
The parts which recognised in the majority of student’s work were the cuff and pump. 
All four were required for 2 marks. 
 
[2] marks awarded out of [2] 
 

Q2a(ii) Describe the method by which a practitioner uses a 
sphygmomanometer to measure the resting blood pressure of a patient. 
Quality of written communication will be assessed in this question. 
[8] 

 
Student’s response 

Firstly the practitioner would sit the patient down on a seat and ensure that they are 
relaxed before starting.  They will then place the cuff on the upper arm so that it is 
level with the heart.  Then using the pump, they would inflate the cuff until the 
pressure is above 180 mmHg and they would the check using the stethoscope that 
they cannot hear the blood flow in that arm.  With the stethoscope place on the inner 
elbow just below the cuff, they would then slowly release the air from the cuff while 
watching the gauge.  When they hear the first sound or when the blood starts to flow 
in the arm again this is systolic pressure.  This means that the pressure of the blood 
flowing in the arteries is now greater that the pressure of the cuff.  The practitioner 
will then continue to release the pressure from the cuff and watch the gauge until 
they cannot hear any sound or when the sound stops this is the diastolic pressure.  
The systolic pressure is then put over the diastolic pressure and recorded as mmHg 
or milimeters of murcury.  The healthy resting blood pressure for males should be 
125/8- mmHg and females should be 123/80 mmHg.  
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Examiner’s comments 

Was very well answered by most students.  There were nine key points of which 
students were required to state at least eight to reach the highest marking band.  To 
be awarded full marks, students were also required to write in an organised way, 
using correct scientific terms which were spelt correctly. 
 
[8] marks awarded out of [8] 
 

Q2b(i) All pregnant women have their blood pressure routinely checked as a 
precaution. 
High blood pressure is one of the symptoms of pre-eclampsia, a 
condition where the placenta does not function properly. 
State the values above which blood pressure is diagnosed to be high in 
a normal adult. [1] 

 

Student’s response 

180/90 mmHg 

Examiner’s comments 

Was not as well answered as expected.  Although no exact values were provided on 
the syllabus, most sources state 140/90 as the values over which blood pressure can 
be considered high for normal adults, although values slightly below this were 
accepted.  The values stated in this student’s answer were considered too high as 
values below this are also considered as having high blood pressure. 
 
[0] marks awarded out of [1] 
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Q2b(ii) What are the limitations of using a sphygmomanometer to diagnose 
pre-eclampsia? [2] 

 
Student’s response 

The person might just be under stress and have a high blood pressure reading due 
to another issue therefore more tests should be taken. 

Examiner’s comments 

Is an AO3 style question where students are required to use their knowledge to draw 
conclusions in unfamiliar situations.  In this case, upon reading the stem of the 
question, the student would have been made aware that a symptom of pre 
eclampsia was high blood pressure.  Students should have been aware from their 
course that there may be many reasons a person may have high blood pressure 
including stress.  They should also have been aware that a sphagmanometer only 
measures blood pressure not the medical reasons why the blood pressure was high.  
Students should also have been aware that blood pressure changes and different 
readings could be recorded for the same patient on different days or times of the 
day.  Any of these suggestions would have been given credit. 
 
[1] mark awarded out of [2] 
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Q3a(i) Hospitals use devices to make physical observations and 
measurements of patients to find out the cause of illness and disorders. 

 
Table 3.1 contains a list of imaging techniques. 

 

Table 3.1 
Imaging Technique 

Conventional X-ray 
Computerised tomography (CT) scans 
Endoscopy 
Ultrasonic A scan 
Ultrasonic B scan 
Magnetic resonance imaging (MRI) scan 
Gamma ray imaging 

 
Use the imaging techniques listed in Table 3.1 to answer the following 
questions. 
Choose the best imaging technique to observe a foetal heartbeat. [1] 

 

Student’s response 

Ultrasonic B scan 

Examiner’s comments 

3 a (i) through to (v) required students to suggest a suitable medical scan from a list 
provided.  In (i) the best scan for foetal scan is an ultrasound B scan.  X-rays and 
gamma rays will cause ionisation of cells which is dangerous for a foetus. MRI scans 
require no movement.  
 
[1] mark awarded out of [1] 
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Q3a(ii) Which imaging technique is the only one which can be used to observe 
and remove a bowel tissue sample in cases of suspected bowel 
cancer? [1] 

 
Student’s response 

Endoscopy 

Examiner’s comments 

Part (ii) requires a tissue sample to be taken and endoscopy is the only type of 
imaging technique in which small medical procedures can be completed.  
 
[1] mark awarded out of [1] 
 
Q3a(iii) Which imaging technique involves injecting a tracer into the body? [1] 
 

Student’s response 

Gamma ray imaging 

Examiner’s comments 

Part (iii) requires injection of a tracer and so only one type of imaging technique, 
gamma ray imaging, is completed in this way.   
 
[1] marks awarded out of [1] 
 

Q3a(iv) For which imaging technique does a patient have to remain very still for 
up to 1 hour? [1] 

 

Student’s response 

Magnetic Resonance Imaging (MRI) 

Examiner’s comments 

Part (iv) is a long procedure, and MRI is the only type which requires the patient to 
lie still for a long time.  
 
[1] marks awarded out of [1]  
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Q3a(v) Which imaging technique is used to detect bleeding in the brain 
associated with a stroke? [1] 

 

Student’s response 

Computerised Tomography (CT) 

Examiner’s comments 

Part (v) can be completed using CT or MRI.  Conventional x-rays will not provide 
distinction between tissue, endoscopes are not used for brain scans, ultrasound 
scans cannot penetrate past the skull, and gamma ray images are used in organs 
where rapid uptake of the tracer can take place. 
 
[1] mark awarded out of [1] 
 

Q3b(i) Draw a labelled diagram to show the important parts of a flexible  
fibre-optic endoscope. [4] 

 
Student’s response 
 

 

 

 

 

 

Examiner’s comments 

This question provided students with an opportunity to identify important parts of the 
endoscope.  A large amount of students identified important parts of an optical fibre 
instead and this was not awarded credit.  The main parts of the endoscope were the 
illumination bundle, the image bundle with an objective lens to collect light rays and a 
camera or eyepiece at the other end.  There is also an irrigation channel and 
instrument channel. 

[4] marks awarded out of [4]  
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Q3b(ii) Describe how the endoscope transmits light into and out of the body. 
Include in your description an explanation of the terms coherent and 
non-coherent and their significance. [6] 

 
Student’s response 

A coherent bundle means the bundle of glass wires are in the same order the whole 
way to the end.  They produce a clear image in the endoscope.  An incoherent 
bundle is mixed, and so can’t be used for images as they would be scrambled.  They 
are mainly used to guide light in the endoscope.  The light is transferred through the 
endoscope by total internal reflection, as they bounce off the glass walls at the 
critical angle of 42°. 

Examiner’s comments 

Required students to outline how an endoscope works.  Students were required to 
explain the terms coherent and non-coherent in their explanation.  This was a 
straight forward question with students discussing the relative positions of the fibres 
in the observation bundle (parallel from end to end) and illumination bundle 
(randomly arranged throughout).  Students were required to discuss the significance 
of the bundle arrangements, for illumination and for preserving the image from being 
scrambled.  The final point was that the light travelled through the fibres by total 
internal reflection. 
 
[5] marks awarded out of [6] 
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Q4a(i) A student wishes to measure how the heart rate of another student 
changes after physical exercise. Describe a simple experiment that 
could be carried out in a laboratory. [5] 

 

Student’s response 

1. Measure the resting pulse rate by counting and recording the number beats per 
minute.  This can be done by placing two fingers on the wrist and using a 
stopwatch to measure time. 

2. Complete physical exercise for a period of time. 
3. Measure pulse rate per minute again after exercise 
4. Compare pulse rates before and after exercise 

Examiner’s comments 

Was a very well answered question, with most students able to describe most of the 
steps required to complete this experiment.  
 
[5] marks awarded out of [5] 

 

Q4a(ii) State how the student could incorporate modern technology to improve 
this experiment. [1] 

 

Student’s response 

They could use a digital heart rate monitor 

Examiner’s comments 

Requested students suggest an improvement that could be made with modern 
technology.  The required improvement was using a digital method of measuring 
heart rate. 
 
[1] mark awarded out of [1] 
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Q4b(i) What is an EEG (electroencephalogram)? [1] 
 

Student’s response 

A method used to monitor brain activity. 

Examiner’s comments 

Was a straightforward recall question requiring students to state the answer EEG 
was a method of monitoring brain activity. 
 
[1] mark awarded out of [1] 

 
Q4b(ii) State two medical conditions which could be diagnosed using an 

EEG. [2] 
 

Student’s response 

1.  Stroke 

2.  Epilepsy 

Examiner’s comments 

Asked for two medical conditions that could be diagnosed using an EEG.  The 
answers fell into a few different categories – Seizures or epilepsy, brain bleeds, 
vegetative states, sleep disorders, tumors.  Alzheimer's diagnosis does not involve 
an EEG. 
 
[2] marks awarded out of [2] 
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Q4b(iii) In what way is the waveform from an EEG different to that from an ECG 
(electrocardiogram)? [2] 

 
Student’s response 

EEG  monitors brain activity 

ECG  monitors electrical activity of the heart 

Examiner’s comments 

Was asking students to compare the waveform trace of an EEG and an ECG.  An 
ECG trace of the heart is a regular and periodic.  An EEG is a random trace which is 
not periodic in nature. 
 
[0] marks awarded out of [2] 

 

Q4b(iv) State the similarity in the method by which both ECG and EEG scans 
are obtained. [1] 

 
Student’s response 

Both use electrodes to detect electrical activity 

Examiner’s comments 

Both traces are obtained using electodes or by measuring electrical activity.  This 
was very well answered by many students. 
 
[1] mark awarded out of [1] 
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Q5a(i) The half-life of technetium-99 (99Tc), a commonly used radioisotope, is 
6 hours. 
What is the meaning of the term half-life? [2] 

 

Student’s response 

The time taken for the number of nuclei in a radioactive substance to halve. 

Examiner’s comments 

This question, although a standard recall question, was poorly answered.  The 
required answer was that half-life was the time taken for the activity of the 
radioactive source to decrease to half of its original value.  The student response 
shown was an alternative correct description of half-life. 
 
[2] marks awarded out of [2] 

Q5a(ii)  Calculate the decay constant of technetium-99. 
You are advised to show your working. 

 
Decay constant s-1 [4] 

 
Student’s response 

 

 

 

 

Decay constant  0.000032083  s-1 

Examiner’s comments 

This question required students to calculate the decay constant.  This was to be 
completed using the equation T½ = 0.693/λ.  Students were required to change the 6 
hrs into 21600 s and there was a penalty of -1 if this was not completed.  This 
calculation proved difficult for many students. 
 
[4] marks awarded out of [4]  
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Q5b(i) Describe how data may be collected from which the half-life of 
protactinium may be determined. 
Include in your description the equipment used to collect the data. [6] 

 
Student’s response 

You would use a GM tube, retort stand, clamp, GM counter and a stopwatch.  First, 
you would take the background radiation check and record after 5 minutes.  Next, 
place the protactinium sample a certain distance away from GM counter and record 
results after 5 mins each time.  From results, plot a graph and work out the half-life, 
making it easier to see.  It should be roughly 70 seconds.  The experiment should be 
repeated, leaving a few minutes between each go.  Work out an average to then plot 
the graph.  It should be activity against time. 

Examiner’s comments 

In this questions did not notice that the method of data collection was required, not 
how to make up a sample of protactinium which seemed to be a popular answer, 
taken from the SAMS material.  In this case the data to be collected was the activity 
and time.  The two measuring instruments required to complete this were the GM 
tube and a stop watch.  The background radiation was also required.  The reading of 
activity and time were required to be collect from t = 0 until the activity had fallen by 
at least half.  Activity readings will not reach 0 since there is always background 
radiation and so this was not credited. 

 

Q5b(ii) Sketch, below, the graph you would expect to obtain using the 
 results collected in this experiment. [2] 
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Student’s response 

 

 

 

 

 

 

 

Examiner’s comments 

The sketch of activity against time was to be a decreasing curve in the correct sense, 
which touches the Y axis and not the x axis. 
 
[1] mark awarded out of [2] 

 

Q5b(iii) How would you use this graph to find the half-life of protactinium? [2] 
 

Student’s response 

Go up the Y – axis to the highest value.  Calculate what half that value is and find it 
on the y-axis.  Go horizontally across until you reach a plot on the graph and read 
down on the x-axis to find out the time taken. 

Examiner’s comments 

Students were to discuss how the graph was to be used to determine the half-life.  
Quite a few students did not use the graph in their discussion and so could not be 
awarded credit.  The initial reading of activity was to be noted and this value halved.  
Then the matching value of time for this value of activity was to be found by drawing 
on the graph.  This value of time is the half-life of the radioactive source 

[2] marks awarded out of [2]  
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Q6a(i) A group of students is asked to measure background radiation. 
They measure the number of counts when no radioactive source is 
present. 

 
They each take a measurement of the number of counts emitted and 
the time over which the counts were observed. 

 
Table 6.1 shows the results obtained from each of their experiments. 

 
Table 6.1 

Student Time/s Number of 
Counts observed 

A 90 73 
B 10 4 
C 60 48 
D 180 141 

 
Which student has collected the result which is likely to be least 
accurate? Explain your answer fully. [3] 

 

Student’s response 

B, the time taken to observe the counts was only 10 seconds.  This is not a long 
enough time to get accurate results.  The other times can be divided to give average.  
The figure B has is lower than the others when calculating what they got for 10 
seconds. 

Examiner’s comments 

Students were to use their understanding of the nature of radioactivity in answering 
this question.  Radioactivity is random and so measuring this for 10 seconds would 
be inaccurate as the time is too short.  
 
[2] marks awarded out of [3] 
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Q6a(ii) The results from the student with the least accurate results were 
discounted, and the remaining three sets of results were used to 
calculate an accurate value for background radiation. 

 
Verify that the background radiation calculated in this experiment was 
0.798 Bq. [3] 

 
Student’s response 

 

 

 

 

 

 

Examiner’s comments 

Asked students to determine a value for the background radiation using the three 
remaining readings.  An understanding of activity being the number of counts in one 
second was required.  Students were to find the activity for each set of readings by 
dividing the number of counts by the time in seconds.  Then the average value was 
to be found by adding all three results and dividing by 3. 
 
[3] marks awarded out of [3] 
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Q6b(i) Hundreds of radioisotopes, used in medical physics, can be produced 
‘artificially’ by a variety of methods, including the bombardment of 
certain stable nuclei by high energy particles such as neutrons, protons 
and α-particles. 

 
During a debate, a student argues that radioactivity is dangerous and 
poses a threat to the public. The student argues that we should not be 
creating artificial radioactive sources for any purpose. 
 
Why are radioactive sources considered dangerous? [1] 

 

Student’s response 

they are ionising radiation which mutates cells causing cancer. 

Examiner’s comments 

Was a straight recall question were students were to identify that’s radioactivity 
causes ionisation of cells which leads to cancer. 
 
[1] mark awarded out of [1] 
 

Q6b(ii) State two precautions that a medical physicist should take when 
working with radioactive sources. [2] 

 
Student’s response 

1.  wear lead shielding ie apron 

2.  handled radioactive source with tongs & gloves 

Examiner’s comments 

Asked students to suggest two precautions taken by medical physicists when 
working with radioactive sources.  There were many possible answer, however some 
answers were too vague to be worth credit such as hazard suits. 
 
[2] marks awarded out of [2] 
  



55 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q7(i) Rubidium-82 (82Rb) is a radioactive isotope of rubidium and is used in 
medical imaging. 

 
Fig. 7.1 shows a graph, not drawn to scale, of ln (A/Bq) against time in 
minutes for 82Rb. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Using the values provided in Fig. 7.1, show that the initial activity, at 
time t = 0, is approximately 280 Bq. 
 
You are advised to show your working. [2] 

 

Student’s response 

 

 

 

 

 

Examiner’s comments 

Students were expected to recall that initial activity corresponds to a time of zero 
seconds.  At this point the reading of the y axis gives ln A = 5.63.  Since A 
represents activity in Bq, then inverse ln or e5.63 was the required mathematical 
solution, giving 279 Bq.  This was poorly done in most cases.  Students did not 
understand the concepts well and therefore could not apply their knowledge well to 
more challenging questions. 
 
[0] marks awarded out of [2]  
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Q7(ii) The decay constant, λ, for 82Rb is 0.00907 s-1. Use this, together with 
the answer to (i), to calculate the activity of rubidium-82 after 10 
minutes. 

 
You are advised to show your working. 

 
Activity = Bq [4] 

 

Student’s response 

 

 

 

 

 

 

 

Activity =  255.72 Bq 

Examiner’s comments 

Students were expected to recall and use the activity equation A = Aoe-λt. 

They were also to understand that if λ, the decay constant was given in s-1 then time 
t was also required to be in seconds.  These two points were awarded credit.  The 
remaining marks were for substitutions and answer.  Even in this students work it 
can also be noted that, whilst they could use the equation, they did not fully 
appreciate what each of the terms in the equation represented.  The correct answer 
was 1.21.  If students did not change the time from minutes to seconds then a 
penalty of -1 was given, Students who did not attempt (i) or arrived at an answer 
which was not close to 280 Bq and therefore incorrect were given the value 280 Bq 
so they could proceed with this value into (ii). 
 
[3] marks awarded out of [4]  
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Q7(iii) State a specific use of rubidium-82 in medical imaging. [2] 
 

Student’s response 

They are used in PET scans when looking at a brain tumour. 

Examiner’s comments 

This was a straightforward recall question taken from the syllabus.  Rubidium-82 is 
used in pet scans of the heart. 
 
[1] mark awarded out of [2] 

 

Q7(iv) State two properties of rubidium-82 that make it suitable for the use 
stated in (iii). [2] 

 

Student’s response 

It has a short half – life, so the patient won’t be radioactive for long, but it’s long 
enough for the scan.  It has a high penetrating power of gamma radiation, so less 
dosage is needed and it can be detected outside the body. 

Examiner’s comments 

Asked students to provide suitable properties that made rubidium-82 suitable for pet 
scans of the heart.  There were a range of suitable answers that were accepted.  To 
be used in medical imaging the source must be a gamma emitter to be detected 
outside the body and have a short half-life so as to loose ionising power rapidly and 
not cause the patient harm.  Rubidium-82 must also be taken up rapidly by the heart. 
Also rubidium-82 can be made quickly available for hospital use. 
 
[2] marks awarded out of [2] 
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Q8(i) Alpha (α) particles are helium nuclei, and consist of two protons and 
two neutrons. They are charged (2+) and can travel only a few 
centimetres in air. 

 
Alpha particles readily ionise other atoms. They are stopped by a thin 
piece of paper and so have a very low penetrating power. 
 
Write a short paragraph on each of beta (β) and gamma (γ) radiations, 
outlining the properties that make them suitable for the detection and 
treatment of cancers. 

 
Beta [2] 

 
Gemma [2] 

 

Student’s response 

Beta  is good for cancer treatments as it is very ionising and it can be stopped by 
aluminium can also be used in implants. 

Gamma  is good for treating and detecting cancers as it is very penetrating so can 
be detected from outside the body but is isn’t as ionising as beta so can be used 
outside the body to treat cancers by using a number of different rays that intersect as 
one point  

Examiner’s comments 

8 (i) initially seems like a recall question on properties on beta and gamma radiation, 
however, on closer inspection of the question, students were to discuss the 
properties in relation to detection and treatment of cancer.  Beta is highly ionising, 
more so that gamma but not as strong as alpha.  However alpha cannot penetrate 
tissue whereas beta can provide localised penetration and therefore, if inserted into 
a tumor will destroy the cancer cells.  Beta does not penetrate far in the body and so 
is not harmful to nearby health cells.  Gamma can be used in both treatment and 
detection of cancer since it is the most penetrating type of radiation and so can pass 
through tissue to be detected outside the body or kill cells inside the body.  It is the 
least ionising of all radiations and therefore can be injected into the body without 
causing large amounts of cell damage. 
 
[2] marks awarded out of [4] 
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Q8(ii) Complete Table 8.1 to indicate the type of radiation α, β, γ, or  that is 
used in the following medical procedures. [3] 

 
Table 8.1 

Type of medical procedure Type of radiation 
α, β, or γ 

Technetium-99 is injected into the patient  
Thallium-201 is used for cardiac imaging  
Iridium-192 wire is inserted into the body for 
short periods of time to provide short-range 
treatment of early stage prostate cancer 

 

 
Student’s response 

 

 

 

 

 

αβγ 

Examiner’s comments 

Students were to use their knowledge of the uses of radiation in the detection and 
treatment of cancer to suggest which type of emitter would be suitable in each of the 
medical procedures provided in the table.  All types of radionuclides injected into the 
body are gamma emitters and therefore all radionuclides used in imaging are also 
gamma emitters.  Beta emitters are inserted into the body to provide short range 
treatment for tumors. 
 
[2] marks awarded out of [3] 
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Q1a(i) Radio waves and microwaves can be used to transmit television 
broadcast signals. These are intercepted and changed into sound and 
light signals by television and radio sets. 

 
Old CRT (cathode ray tube) televisions emit very low energy X-rays. 
Modern flat screen televisions do not produce X-rays, but emit infra-red 
radiation. 

 
Complete Table 1.1 below to classify the six waves printed in bold in 
the paragraphs above as either transverse or longitudinal. [3] 

 
Table 1.1 

Transverse Longitudinal 
  

  

  

  

  

  
 
Student’s response 

Transverse Longitudinal 
Radio waves Sound 

Microwaves  

Light  

X-rays  

Infra-red  

  
 
Examiner’s comments 
In 1a(i), students were asked to identify some transverse and longitudinal waves 
from a short paragraph in the stem.  This was an A01 question where students were 
expected to recall information they have learned. 
 
There was a penalty of a ½ mark for each wrongly identified wave and the total was 
rounded down. 
 
This student has completed this well. 
 
[3] marks awarded out of [3]  
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Q1a(ii) Identify one of these waves that is part of the electromagnetic 
spectrum. [1] 

 

Student’s response 

Radio waves 

Examiner’s comments 

In 1a(ii) the student was expected to choose between any of the EM waves listed. 
 
[1] mark awarded out of [1] 
 

Q1a(iii) List two features that are unique to all electromagnetic waves. [2] 
 

Student’s response 

1.  All can be polarised 

2.  All travel at the same speed in a vacuum 

Examiner’s comments 

In 1a(iii) the student was to identify two properties that are unique to EM waves.  In 
this example, the student incorrectly states that these waves can be polarised and so 
does not get a mark for their first answer.  Whilst their second answer has two 
correct marking points, only one mark can be awarded for each answer and so they 
score only one mark. 
 

  



65 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q1b(i) Fig. 1.1 shows some features of a wave. 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

On Fig. 1.1 above clearly label the amplitude using the letter A. [1] 
 
Student’s response 

 

 

 

 

 

 

 

Examiner’s comments 

In 1b(i) the labelling should, as in GCSE, include an arrow stretching from the rest 
position to either the crest or trough of the wave. 
 
[0] marks awarded out of [1]  
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Q1b(ii) Calculate the amplitude of the wave shown in Fig. 1.1. 
 

Amplitude = _________________ mm [2] 
 
Student’s response 

Amplitude =  9.5  mm 

Examiner’s comments 

In 1b(ii) needs to identify that each small vertical square represents 0.5 mm.  Since 
the amplitude is represented by 19 squares, the wave amplitude is 19 x 0.5 = 4.5 
mm.  This is an A02 question, where students are asked to show their understanding 
by using their knowledge correctly, for example in a calculation. 
 
[2] marks awarded out of [2] 
 

Q1b(iii) Calculate the time period of the wave shown in Fig. 1.1. 
 

Time period = __________________ ms [2] 
 

Student’s response 

 

 

 

Time period =  60  ms 

Examiner’s comments 

In b(iii) the time for a wave could be calculated by firstly identifying that there were 
2.5 time periods shown on fig 1.1 in a time of 150 ms.  This represents 150/2.5 = 60 
ms for one period.  Students are advised to put as much of their method in the space 
provided as partial credit is available in calculation questions. 
 
[2] marks awarded out of [2] 
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Q1b(iv) Calculate the frequency of the wave in Fig. 1.1. 
 

You are advised to show your working. 
 
Frequency = _______________ Hz [2] 

 

Student’s response 

 

 

 

 

 

Frequency =   0.01666667   Hz 

Examiner’s comments 

In 1b(iv) use of the equation f = 1/T was required, along with a change of units of T 
from ms to s.  Partial credit was awarded to those students who identified and used 
the equation but did not convert the units. 
 
[1] mark awarded out of [2] 
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Q1b(v) The wavelength of the wave in Fig. 1.1 is 4.2 cm. Calculate the wave 
speed. 

 
You are advised to show your working. 
 
Wave speed = ________________ ms−1 [3] 

 

Student’s response 

 

 

 

 

 

Wave speed =   7.0001x10-9   ms−1 

 

Examiner’s comments 

In 1b(v) students were to identify and correctly use the equation v = fλ.  To obtain full 
credit, students also had to change the units of wavelength from cm to m.  Marks 
were available to those students who had made an error in part (iv) but had used 
their answer correctly in (v).  This is another example of why it is necessary to show 
all working in mathematical questions, to allow examiners to give credit where 
necessary. 
 
[3] marks awarded out of [3] 
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Q2a(i) The speed of sound can be determined using a resonance tube 
method. 

 
In the space below, draw a labelled sketch of the arrangement of the 
apparatus used to measure the speed of sound by this method. [3] 

 

Student’s response 

 

 

 

 

 

 

 

Examiner’s comments 

In question 2a(i) students could choose between using a changing frequency (signal 
generator and loud speaker) and a fixed tube length (measuring cylinder) … 
although this method requires a more difficult analysis, or a fixed frequency (tuning 
fork) and a changing tube length (moveable resonance tube in water).  Students 
were to label the equipment in their diagram and include any measuring instruments 
(metre stick). 
 
[3] marks awarded out of [3] 
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Q2a(ii)  What data should be collected to enable the speed of sound to be 
calculated? [2] 

 

Student’s response 

The frequency of the tuning fork and length of the tube above the water (air column) 

Examiner’s comments 

In 2a(ii) the length of the air column and the frequency were the two pieces of data 
to be collected. 
 
[2] marks awarded out of [2] 
 

Q2a(iii) After carrying out this experiment, a student plots a straight line graph 
as shown in Fig. 2.1. 

 
On this graph, label the axes. [2] 

 
 
 
 
 
 
 
 

Student’s response 
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Examiner’s comments 

In 2a(iii) a graph of length (or wavelength) vs 1/frequency or a variation of this 
inverse relationship was suitable to plot.  The majority of students gave frequency 
against wavelength as their answer which would not produce a linear graph.  
 
[1] mark awarded out of [2] 
 

Q2a(iv)  Describe how the graph in Fig. 2.1 could be used to determine the 
speed of sound. [2] 

 

Student’s response 

Work out the gradient by working out the change in Y / change in x and multiply the 
answer by 4. 

Examiner’s comments 

In 2a(iv) students were to use the graph to obtain a gradient and use the gradient to 
find v.  Most students incorrectly suggested to use v=fλ and sub in results from their 
graph.  This method did not require a graph as the same result could have been 
obtained from a table of results and so this answer was rejected. 
 
[1] marks awarded out of [2] 
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Q2b(i)  In another experiment, a student produces a standing wave on a 
stretched string. 

 
On Fig. 2.2, label the equipment marked X. [1] 

 
 
 
 
 
 
 
 
 
 
 
Student’s response 

 

 

 

 

 

 

Examiner’s comments 

In 2b(i) the signal generator needed to be identified.  It was clear that many students 
had limited experience of this equipment through class experiments. 
 
[1] mark awarded out of [1] 
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Q2b(ii) On Fig. 2.2 above, using the letters N and A respectively, mark two 
nodal and two antinodal positions. [2] 

 
Student’s response 

 

 

 

 

 

 

Examiner’s comments 

In 2b(ii) students could label any 2 nodes and antinodes on the diagram.  This was 
completed carefully and correctly by a majority of students. 
 
[2] marks awarded out of [2] 
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Q2b(iii) On Fig. 2.3 below, sketch the wave pattern observed for the first 
harmonic (fundamental frequency). [1] 

 
 
 
 
 
 
 
 
Student’s response 

 

 

 

 

 

Examiner’s comments 

In 2b(iii) students had to draw a sketch of the waveform observed for the first 
harmonic. 
 
[1] mark awarded out of [1] 
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Q2b(iv) If the length of the stretched string between the supports in 
Fig. 2.3 is 60 cm, calculate the wavelength of the wave. 

 
Wavelength = _________________ cm [1] 

 
Student’s response 

½ λ = 60 

λ = 60 x 2 

Wavelength =  180   cm 

Examiner’s comments 

In 2b(iv) the student has correctly identified that the length of the stretched string 
represents half of a wavelength but has not completed the calculation correctly. 
 
[0] marks awarded out of [1] 
 

Q2b(v) When a standing wave is observed on a stretched string, the string is 
said to be in resonance. How would a student know that resonance has 
been reached in this example? [1] 

 
Student’s response 

Maximum amplitude will be observed 

Examiner’s comments 

In 2b(v) students were to identify that maximum amplitude is observed during 
resonance, not just a large amplitude. 
 
[1] mark awarded out of [1] 
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Q3a Fig. 3.1 shows a diagram of the human ear. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Complete Table 3.1 by identifying the main parts of the outer, middle 
and inner ear as shown in Fig. 3.1. One example has already been 
completed. [3] 

 

Table 3.1 
Outer ear Middle ear Inner ear 

pinna   
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Student’s response 

Outer ear Middle ear Inner ear 
pinna tympanic membrane Cochlea 

Auditory Canal ossicles Oval Window 

  Auditory Nerve 

   

   

   

   
 

Examiner’s comments 

In 3a, students were to identify parts of the outer, middle and inner ear from fig 3.1.  
Despite this being an A01 question, not all students accessed full marks.  Many 
students were confused about where to place the tympanic membrane and oval 
window. 
 
[2] marks awarded out of [3] 
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Q3b Describe the contributions made by each of the main structures of the 
outer, middle and inner ear to enable different sounds to be recognised 
by the brain. 

 
You should make reference to each part of the ear labelled in 
Fig. 3.1. 

 
Quality of written communication will be assessed in this 
question. [8] 

 

Student’s response 

The sound first travels into the ear through the pinna which is the earflap that 
protects the ear and travels down the auditory canal where it is channelled to the 
tympanic membrane.  The tympanic membrane changes the sounds into vibrations 
and vibrates the ossciles inturn and makes them vibrate at the frequency of the 
wave.  The ossciles are made up of three parts the hammer, anvil and stirrup on 
which act as levers, the stirrup can handle heavy pressures and allows for the 
faintest of sounds to be heard, it then amplifies it and sends it to the fluid of the inner 
ear.  The middle ear is an air cavity and it is produced by the eustachion tube 
connected to the mouth, this allows for pressure to be equalised.  When the vibration 
reach the inner ear it enters the cochlea through the oval window, the cochlea has 
fluid that helps detect movement and has tiny nerve cells that are each sensitive to 
certain vibrations, when a vibration is found by its nerve it changes it to an electrical 
impulse and sends it to the auditory nerve to get to the brain. 

Examiner’s comments 

In 3b, students were asked to discuss how each part of the ear, labelled in fig 3.1 
contributed to hearing different sounds.  This was quite well answered by many 
students.  The students were clear in their understanding of how the ear worked, but 
didn’t always describe the function of each ear part. 
 
[8] marks awarded out of [8] 
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Q4a Table 4.1 below provides information on sound intensities and intensity 
levels. 

 
Table 4.1 

Sound Intensity/_________ Intensity level/ dB 
Sounds causing 
eardrum damage 104 160 

Thunder 10-1 110 
Machinery  77 
Conversation 10-6 60 
Bird song 10-8  
Threshold of hearing 10-12  

 
What is meant by the term intensity? [2] 

 
Student’s response 

The amount of energy that is passing a certain point at a time  

Examiner’s comments 

Question 4a was poorly answered by a great many candidates.  The answer was 
energy flowing per second through unit area.  In general, these very simple 
definitions were A01 style questions and should have been answered well by top 
candidates. 
 
[0] marks awarded out of [2] 
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Q4b  Complete the intensity heading in Table 4.1 by inserting the correct 
unit. [1] 

 

Student’s response 

 

 

 

 

 

 

 

Examiner’s comments 

Question 4b, the units of intensity was also not well answered by many.  The student 
response in this question was correct, Wm-2. It is to be noted that units should be 
expressed in this format, rather than in the form W/m2, although, in the first year of 
this paper, this expression of units was not marked wrong. 
 
[1] mark awarded out of [1] 
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Q4c  Calculate the intensity of sound produced by machinery.  
 

You are advised to show your working.  
 

Intensity of sound = [3] 
 
Student’s response 
 

 

 

 

 

 

 

 

Intensity of sound =   5 x 10-5 Wm-2 

Examiner’s comments 

Question 4c, calculating the sound intensity was quite well done.  The majority of 
students correctly stated the equation they intended to use and could accurately fill 
in the values in the equation.  However, some students struggled with the operation 
of the calculator to complete the calculation.  The response in this question is well 
set out and correct.  This student could have used the alternative form of this 
equation I = Iox10dBlevel/10 

 
[3] marks awarded out of [3] 
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Q4d  Calculate the intensity level of sound produced by bird song. 
 

Intensity level = ______________ dB [3] 
 

Student’s response 

 

 

 

 

Intensity level =   40   dB 

Examiner’s comments 

Question 4d, calculating the intensity level was also quite well done.  Again the 
majority of students could identify an appropriate equation and fill in the values.  The 
correct answer as shown is 40 dB. 
 
[3] marks awarded out of [3] 
 

Q4e(i) Explain what is meant by a logarithmic scale. [1] 
 

Student’s response 

This is the scale used for intensities of sound that allows large numbers to be put 
onto a small scale 

Examiner’s comments 

Question 4e (i), what is meant by a logarithmic scale was not well answered. The 
answer required was each increase of 10 produces a 10 fold increase in intensity.  
Most students gave in answer for the question (ii) instead.  Students therefore knew 
the purpose of a logarithmic scale but not what it does. 
 
[0] marks awarded out of [1]  
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Q4e(ii) Why is a logarithmic scale useful when describing sound 
intensity? [1] 

 

Student’s response 

It allows for a large range of intensity differences to be identified on a smaller scale 

Examiner’s comments 

Question 4e(ii) was well answered, student knew the purpose of the logarithmic 
scale. 
 
[1] mark awarded out of [1] 
 

Q5a(i) Sketch a labelled diagram of a fibre optic cable. Include the path of a 
ray of light travelling through the fibre undergoing total internal 
reflection. 

 
Indicate, using the letter R, which part of the cable has the higher 
refractive index. [3] 

 
Student’s response 

 

 

 

 

 

Examiner’s comments 
Question 5a(i) was a question where students had to display their knowledge in a 
different style than writing.  Most students, like in this case, could draw a fibre optic 
cable, knew it had a cladding and core and that light travelled along the fibre by TIR.  
However, like many students, were unable to identify that for TIR to occur, the light 
needs to be travelling from a more dense medium to a less dense medium and so 
the core needed to be clearly labelled R.  Labels on the boundary between the two 
media were rejected. 
 
[2] marks awarded out of [3]  
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Q5a(ii) Describe one advantage and one disadvantage of a single mode fibre 
optic cable. 

 
Advantage: 

 
Disadvantage: [2] 

 

Student’s response 

Advantage:  It can send signals at longer distances 

Disadvantage:  It is expensive 

Examiner’s comments 

Question 5a(ii) asked students to describe an advantage and disadvantage of a 
single mode fibre.  The answer provided in this case was well written and was similar 
to a great many of the candidate responses. 
 
[2] marks awarded out of [2] 
 

Q5a(iii) State one use of a single mode fibre optic cable. [1] 
 

Student’s response 

ER for medical purposes. 

Examiner’s comments 

Question 5a(iii) asked students to state a use of a single mode fibre optic cable.  In 
many cases, the responses to these uses type questions are very vague.  In this 
case the student incorrectly states use in ER rather that long distance 
communications such as home broadband. 
 
[0] marks awarded out of [1] 
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Q5a(iv) Fig. 5.1 shows a sketch of a wave pulse input into a multimode fibre. 
Sketch the output pulse for the multimode fibre on Fig. 5.2. [1] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Student’s response 

 

 

 

 

 

 

Examiner’s comments 

Question 5a(iv) The candidate’s solution shows a correct response to the question.  
The student demonstrates knowledge that the signal is wider and the intensity is less 
with a well-drawn answer. 
 
[1] mark awarded out of [1] 
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Q5b Describe how an amateur radio broadcaster could broadcast live music 
by local musicians. 

 
You should include in your answer: 

 
• the stages by which sound is converted to a radio signal 
• how the listener receives and hears the sound 
• the equipment used in each stage [6] 

 
Student’s response 

The magnetron converts the sound into high frequency radio waves and is 
transmitted out by an antennia.  The listener then picks up the radio waves by using 
a receiver unit like a satalite dish, which then gets reconverted back to the sound 
information which comes out of the speaker in the radio for the listener to listen to. 

Examiner’s comments 

Question 5 b was poorly answered by a majority of students.  A wide knowledge of 
the pieces of equipment used (to collect sound and change it to an electrical signal, 
a microphone, a dipole aerial to convert the electrical signal to radio wave and 
transmit them, an antenna to collect the radio waves and convert them to an 
electrical signal and then a loud speaker to convert the electricity back into sound) 
was required.  Although there were eight clear responses that could have been 
awarded marks, many students failed to score more that 3 out of 6 marks.  Quite a 
few students discussed satellite dishes, as in this case. 
 
[1] mark awarded out of [6] 
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Q5c Briefly outline how communication via Bluetooth technology takes place 
and suggest one current use. 

 
Example of current use: [4] 

 

Student’s response 

Bluetooth technology uses radio waves to transmit information from one device to 
another device by receiving the information wirelessly 

Example of current use:  Put music from your phone through the car speaker 

Examiner’s comments 

In 5c, applications of Bluetooth technology were well known but not always very well 
described.  For example stating the word ‘speakers’ or ‘listening to music’ did not 
indicate the use of Bluetooth technology.  In this example, the student provides a 
clearer example of its use in connecting a mobile phone to a car loudspeaker.  The 
method by which communications are shared via Bluetooth was also well know, 
however, as in this example, students did not mention the nature of Bluetooth being 
short ranged. 
 
[3] marks awarded out of [4] 
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Q6a(i)  A student is required to perform an accurate experiment to measure 
the power of a lens. 

 
 
 
 
 
 
 
 
 
 
 
 

Describe the procedure the student should follow to obtain a series of 
readings using the equipment shown in Fig. 6.1. [4] 

 

Student’s response 

Adjust (lens and screen) to obtain a focused image.  Use the metre stick to measure 
and record object distance from lens (u). Then measure and record image distance 
from lens (v).  Repeat this 5 or more times to obtain a set of results. 

Examiner’s comments 

Question 6a(i) requires students to discuss a method for an experiment to determine 
the power of a lens.  Most students were able to answer this question well as it is 
also included as one of the experiments in the compulsory AS1 unit. 
 
[4] marks awarded out of [4] 
  



89 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q6a(ii) How should the student process the results to obtain the power of 
the lens? [3] 

 

Student’s response 

The student would use                which would be accurately interpretted by the series 
of results, it should be carried out for the range of values and the power  
can be calculated 

Examiner’s comments 

Question 6a(ii) required students to indicate how they could use their results to 
determine a value for power.  Many students were unable to access full marks as 
they discussed how to find the focal length of the lens, buy not how to use this to get 
power.  Also they did not discuss how they intended to make use of all of their data 
by either discussing averaging a set of results or use of a graph. 
 
[2] marks awarded out of [3] 
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Q6b A converging lens has a power 6.67 D. An object is placed 0.420 m 
from this lens. Calculate how far from the object a focused image will 
form. 

 
You are advised to show your working. 

 
Distance from the object = _______________ m [4] 

 

Student’s response 

 

 

 

 

 

 

 

 

Distance from the object =  1.81  m 

Examiner’s comments 

Question 6b required students to use the power equation to determine the image 
distance from the lens, and then to add the object and image distance together.  
Many students did not use P = 1/f in their response.  Again, students had difficulty 
using their calculator to obtain a correct answer.  There was no change of units 
required in this calculation. 
 
[0] mark awarded out of [4] 
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Q6c(i) A person who suffers from long sightedness has a near point of 75 cm. 
 

State which type of lens is used to correct this person’s vision. [1] 
 

Student’s response 

Convex 

Q6c(ii) Assuming that the normal near point is 25 cm from the eye, calculate 
the power of the lens needed to correct this eye defect. 

 
You are advised to show your working. 

 
Power = _______________ D [4] 

 
Student’s response 

 

 

 

 

 

 

 

Power =  2.6  D 

Examiner’s comments 

Question 6c required students to correctly identify the convex lens as the lens used 
to correct the eyesight problem and then calculate the power of the lens required to 
correct the eye defect.  In this case the student correctly calculates the power but 
makes an error when rounding their answer.  This was a common mistake for many 
students which occurs due to limited ability with scientific calculators. 
 
[4] marks awarded out of [5]  
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Q7a(i) Fig. 7.1 shows a graph of intensity level response against frequency for 
an average human ear. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Long exposure to sounds above 80 dB will result in permanent ear 
damage. 

 
Shade on Fig. 7.1 the area representing the range of sounds that can 
be detected by the average human ear without causing ear 
damage. [2] 

 
Student’s response 

 

 

 

 

 

 

 

 



93 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Examiner’s comments 

In question 7a(i), students were to shade the region between 20 Hz and 20 000 Hz, 
no higher than 80 dB.  
 
[2] marks awarded out of [2] 
 

Q7a(ii) The graph shows a minimum at 0 dB. What is the physical significance 
of this? [1] 

 

Student’s response 

It is the threshold of human hearing 

Examiner’s comments 

In question 7a(ii), students were to identify that the minimum of the curve represents 
the quietist sound that can be heard, the threshold of hearing. 
 
[1] mark awarded out of [1] 
 

Q7a(iii) State the approximate range of frequencies at which the ear is most 
sensitive, providing an explanation as to why the ear is most sensitive in 
this range. [2] 

 
Student’s response 

3–4 kHz because of resonance in the auditory canal 

Examiner’s comments 

In question 7a(iii), the range of 3 – 4 kHz was identified as the frequencies at which 
the ear is most sensitive due to resonance in the auditory canal.  This was correctly 
stated by this student. 
 
[2] marks awarded out of [2] 
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Q7a(iv) A television is producing sound at an intensity level of 40 dB. 
Using Fig. 7.1, describe the differences noticed by a listener if the 
intensity level is increased to 80 dB. [3] 

 
Student’s response 

They would notice that the sound is louder and that there were more lower 
frequencies heard. 

Examiner’s comments 

In question 7a(iv), the student in this example correctly identifies that at 80 dB the 
sound will be louder and more lower pitch sounds are heard, however does not fully 
describe that at 80 dB a wider range of frequencies are heard. 
 
[2] marks awarded out of [3] 
 

Q7b Sound is a subjective experience. What does this mean? [1] 
 

Student’s response 

People perceive sound/loudness differently 

Examiner’s comments 

In question 7b, almost all students were aware that different people perceive sound 
differently, loud sounds to one person may not be loud to another. 
 
[1] mark awarded out of [1] 
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Q7c(i) A student is asked to establish experimentally the loudness of an 
unknown sound source in phons. The student is provided with a signal 
generator connected to a speaker to create a standard sound source. 

 
How is the standard sound created from the source? [1] 

 

Student’s response 

Finding the frequency of the source 

Examiner’s comments 

In question 7c(i), a large number of students had some recall of identification of the 
loudness of an unknown sound source, however it was apparent that many students 
had learned a paragraph of text but could not correctly apply it to a question, in other 
words, their understanding was limited.  The answer to this question was to adjust 
the standard source to a frequency of 1000 Hz. 
 
[0] marks awarded out of [1] 
 

Q7c(ii) State the other piece of equipment required to carry out this 
experiment. [1] 

 
Student’s response 

A decibel meter 

Examiner’s comments 

In question 7c(ii), many students as in this case correctly identified the piece of 
equipment as a dB reader. 
 
[1] mark awarded out of [1] 
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Q7c(iii) Outline the procedure for the loudness of the unknown source to be 
determined. [3] 

 

Student’s response 

Using the frequency of the sound from the unkown source, match that on the signal 
generator and amplify the sound through the speaker until resonance is found/the 
loudest sound and use that to find the loudness of the unknown source. 

Examiner’s comments 

In question 7c(iii), quite a few candidates, as in this example, confused resonance 
with determining loudness.  Students displayed very limited knowledge of this 
procedure.  The required answer was to adjust the loudness of the standard source 
until both sources sound equally loud.  Then use the dB reader to determine the 
loudness of the standard source.  The unknown sound source has a loudness equal 
to this value in phons.  
 
[0] marks awarded out of [3] 
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Q1a      The following account is about the genetic code. 
 

Write the most appropriate word(s) in the blank spaces to complete 
the account. 

 
A length of DNA coding for a particular polypeptide is called 
a ________________________. 

 
It occupies a fixed position on a particular strand of DNA called 
a ________________________. 

 
A sequence of three bases, called a triplet, codes for a 
specific ______________________. 

 
A ____________________is a change in the base sequence to the  
DNA of an organism. [4] 

 
Student’s response 

A length of DNA coding for a particular polypeptide is called 
a   Gene. 

 
It occupies a fixed position on a particular strand of DNA called 
a   locus. 

 
A sequence of three bases, called a triplet, codes for a 
specific   amino acid. 

 
A   mutation   is a change in the base sequence to the  
DNA of an organism. [4] 

 

Examiner’s comments 

The candidate correctly identified the most appropriate word(s) to complete the 
account about the genetic code.  It was pleasing to see that the majority of 
candidates answered correctly like this. 
 
[4] marks awarded out of [4] 
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Q1b Describe two ways meiosis produces genetically different cells. [4] 
 

Student’s response 

1.  When the chromosomes align in the centre of the cell there is crossing over of 
alleles, meaning each chromatid later in the cycle is slightly different 

2.  During prophase I the chromosones line up along the centre of the cell.  One of 
each chromosome from the homologous pair will go into each daughter cell which of 
the two goes into each cell is decided independently for each pair.  This is 
independent assortment. 

Examiner’s comments 

The candidate has described crossing over and independent assortment as two 
ways meiosis produces genetically different cells.  The candidate has failed to 
describe how both produce genetically different cells.  This was the case with many 
candidates. 
 
[2] marks awarded out of [4] 
 
  



101 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q2a(i) Fig. 2.1 below represents the structure of a DNA nucleotide. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Name the components labelled A, B and C. [3] 
 

Student’s response 

A  Phosphate 

B  Deoxyribose sugar 

C  Base-Nitrogenous bases 

Examiner’s comments 

In part (i) the candidate correctly identified the components of a DNA nucleotide.  
However, if they had only said sugar or pentose sugar for part B they would not have 
gained a mark, as it is too vague a response.   
 
[3] marks awarded out of [3] 
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Q2a(ii) There are three types of RNA. 
 

Complete Table 2.1 below to identify the type of RNA described. [3] 
 

Table 2.1 
Type of RNA Description 

 Single chain folded into  
A ‘clover leaf’ shape. 

 Long single strand. 

 Forms over half the mass of 
Each ribosome. 

 

Student’s response 

Table 2.1 
Type of RNA Description 

tRNA Single chain folded into  
A ‘clover leaf’ shape. 

mRNA Long single strand. 

rRNA Forms over half the mass of 
Each ribosome. 

 

Examiner’s comments 

In part (ii) it was pleasing to see the majority of candidate answered correctly like 
this.  The candidate has correctly completed Table 2.1 to identify the type of RNA 
from the description.  Some candidates had given the full name of the type of RNA 
however; if they correctly shortened each to tRNA, mRNA and rRNA they would still 
gain each mark.  
 
[3] marks awarded out of [3] 
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Q2b(i) Scientists James Watson and Francis Crick described a model for the 
structure of DNA as a three-dimensional double helix. 

 
They used evidence from another scientist Edwin Chargaff who had 
analysed the nitrogenous base composition of DNA from several 
species. 

 
How did Watson and Crick’s three-dimensional double helix model 
illustrate Chargaff’s rule for nitrogenous bases? [1] 

 
Student’s response 

Chargaff determined that there were as many thymine as adenine in a DNA 
molecule & as many guanine as cytosine.  Watson & Cricks model had thymine 
bonded to adenine and guanine bonded to cytosine. 

Examiner’s comments 

In part (i) the candidate correctly linked the three-dimensional double helix model to 
Chargaff’s rule.   
 
[1] mark awarded out of [1] 
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Q2b(ii) Complete Table 2.2 below to summarise Chargaff’s results for the base 
composition of human DNA and rat DNA. 

 
Chargaff found that the same rules of base pairing applied to DNA of 
both human and rat. [4] 

 
Table 2.2 

Name of base Type of base 
Percentage of 
base found in 
human DNA 

Percentage of 
base found in 

rat DNA 

Adenine Purine 30  

Cytosine Pyrimidine   

Thymine Pyrimidine  29 

Guanine Purine 20 21 
 
Student’s response 

 

 

 

 

 

 

Examiner’s comments 

In part (ii) the candidate correctly completed Table 2.2 to summarise Chargaff’s rule.  
The candidate has demonstrated an understanding of complementary base pairing. 
 
[4] marks awarded out of [4] 
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Q2b(iii) Scientists analysed the base composition of DNA from a virus and 
found that 24% was cytosine, 33% was thymine, 20% was guanine and 
23% was adenine. 

 
What does this suggest about this viral DNA? [1] 

 

Student’s response 

This suggests that viral DNA does not follow the same rules of base pairing that 
human DNA follows. 

Examiner’s comments 

In part (iii) the candidate has correctly suggested that the viral DNA does not follow 
the same rules of base pairing.  Many candidates used their knowledge of DNA and 
base pairing in this unfamiliar context to suggest that the DNA is single stranded, 
DNA is not doubled stranded or that there is no base pairing to gain 1 mark for this 
question.   
 
[1] mark awarded out of [1] 
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Q3a(i) Fig. 3.1 below shows two different stem cells and the cells that they 
can form. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Identify each type of stem cell. 
 

Stem cell A 
 

Stem cell B [2] 
 
Student’s response 

Stem cell A   Adult stem cell 
 
Stem cell B   Embroyic stem cell 

Examiner’s comments 

The candidate correctly identified stem cell A as an adult stem cell and stem cell B 
as an embryonic stem cell.  This was the case for many candidates. 
 
[2] marks awarded out of [2] 
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Q3a(ii) Suggest one site where Stem cell A may be found in a human. [1] 
 

Student’s response 

Bone marrow 

Examiner’s comments 

The candidate correctly suggested bone marrow as a site for stem cell A.  In part (ii) 
many candidates incorrectly suggested blood.  
 
[1] mark awarded out of [1] 
 

Q3a(iii)  The differentiated cells derived from Stem cell B have the same DNA 
but have different structures and functions. 

 
Describe how cells which have the same genetic material can develop 
different structures and functions. [1] 

 

Student’s response 

They can reproduce indefinitely in culture producing many different structures and 
functions. 

Examiner’s comments 

Part (iii) proved to be very discriminating with very few achieving 1 mark.  This 
candidate, like many others, missed the cue in the stem of the question which stated 
‘cells which have the same genetic material can develop different structures and 
functions’.   
 
[0] marks awarded out of [1] 
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Q3b(i) Explain two unique properties of stem cells in medicine. [2] 
 

Student’s response 

A non – specialised cell.  They have the potential to cure life threatening illnesses 
such as the likes of cancer. 

Examiner’s comments 

It is pleasing to see that this candidate, like the majority of candidates, was able to 
answer (i) well and it was obvious they understood the unique properties of stem 
cells.   
 
[2] marks awarded out of [2] 
 

Q3b(ii)  Some people may object to human stem cell research for ethical 
reasons. Suggest one reason why. [1] 

 

Student’s response 

An embryo may be considered human life right from the beginning of fertilisation and 
to object to use of human stem cells as it is taking away a potential life. 

Examiner’s comments 

The candidate correctly suggested one reason why some people may object to 
human stem cell research for ethical reasons.  This was the case for many 
candidates.   
 
[1] mark awarded out of [1] 
 

Q4a(i)  Insulin is a hormone involved in the regulation of blood glucose levels. 
 

State where insulin is produced in the body. [1] 
 
Student’s response 

Pancreas (cells at islet at Langerhans). 

Examiner’s comments 

The candidate has correctly identified the pancreas as the site of insulin production.   
 
[1] mark awarded out of [1]  
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Q4a(ii) Insulin consists of two polypeptide chains, the A chain and B chain. 
The A chain has 21 amino acids and the B chain has 30 amino acids. 

 
Calculate the number of bases required to code for the amino acids in 
insulin. 

 
You are advised to show your working. 

 
________________ bases [2] 

 
Student’s response 

                   21  +  30  =  51 

                    51  X  3 

153   bases 

Examiner’s comments 

Many candidates found this calculation straightforward.  As shown by this candidates 
working, candidates were required to calculate the total number of amino acids in the 
polypeptide chains A and B and using their knowledge that a sequence of three 
bases, codes for a specific amino acid, multiply the total number of amino acids by 
three.  A small minority of candidates incorrectly divided the total number of amino 
acids by three.  They did however; gain 1 mark for calculating the total number of 
amino acids in insulin.  This demonstrates the importance of candidates showing 
their working. 
 
[2] marks awarded out of [2] 
 
 
Q4a(iii) Humulin is synthetic human insulin obtained from bacteria using genetic 

engineering. 
 

Describe how humulin is produced using genetic engineering. [5] 
 
The above question could not be exemplified as the candidate’s permission 
could not be obtained. 
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Q4a(iv) Before the production of humulin, insulin was extracted from animals 
such as cattle and pigs. 

 
Give two advantages of using insulin from genetically modified 
organisms rather than from animals. [2] 

 
Student’s response 

1.  It can be manufactured in mass amounts and so large quantities of insulin are 
readily produced and accessible. 

2.  Insulin was previously extracted from animals and the use of Genetically modified 
organisms now removes the use of animals in providing insulin, animals are saved. 

Examiner’s comments 

It is pleasing to see that this candidate, like the majority of candidates, was able to 
answer (iv) well and it was obvious candidates have a clear understanding of the 
advantages of using insulin from genetically modified organisms rather than from 
animals.   
 
[2] marks awarded out of [2] 
 
Q4a(v) The sequence of amino acids in insulin varies slightly between species. 

Insulin obtained from cattle differs from human insulin by three amino 
acids. 

 
Using the information about the difference in amino acid sequence 
between human insulin and cattle insulin, suggest why scientists 
preferred to extract insulin from pigs rather than cattle. [1] 

 
Student’s response 

Insulin extracted from pigs is more similar in terms of amino acid sequence, than 
cattle. 

Examiner’s comments 

Part (v) proved to be discriminating.  Many candidates missed the cue in the stem of 
the question which stated to use ‘the information about the difference in amino acid 
sequence’.  There were some vague references such as human insulin and pig 
insulin are more similar.  This candidate however was able to make a valid 
suggestion referring to the amino acid sequence. 
 
[1] mark awarded out of [1]  
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Q4b(i) Diabetes mellitus is a condition where sufferers cannot properly 
regulate blood glucose levels. 

 
Explain how insulin is involved in the regulation of glucose levels in 
humans. [2] 

 

Student’s response 

Insulin is released in the pancreas and into the blood stream.  It converts glucose 
into glycogen which is then stored in the liver.  This decreases blood sugar levels. 

Examiner’s comments 

It was surprising to see in b(i) that so many candidates do not understand the role of 
insulin in the regulation of blood glucose levels.  This topic should be familiar to 
candidates from GCSE and overlaps with AS 2: Human Body Systems.  Many failed 
to explain that insulin lowers blood glucose levels.  At A2 level one would expect to 
see a higher order understanding of the regulation of blood glucose levels.  This 
candidate had correctly explained two points, the conversion of glucose to glycogen 
and the decrease in blood glucose level, this is very pleasing.   
 
[2] marks awarded out of [2] 
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Q4b(ii) Table 4.1 below shows the number of people in two European countries 
with diabetes mellitus from 2012 to 2016. 

 
Table 4.1 

 Number of people with diabetes mellitus 
Year Country A Country B 
2012 70 125 174 201 
2013 74 071 179 114 
2014 79 997 183 210 
2015 82 236 188 017 
2016 88 646 192 111 

                                                                                                Source: Principal Examiner 
 

Calculate the percentage increase in people suffering with diabetes 
mellitus in Country B from 2013 to 2014. 

 
Give your answer to two decimal places. 

 
You are advised to show your working. 

 
_________________ % [2] 

 
Student’s response 

                  B 
                2013  =                                2014 
                    179 114                               183 210 
 
          increase of = 4096 
 

4096  % 

Examiner’s comments 

Part (b)(ii) involved a calculation of percentage change, which proved difficult for 
many candidates, including this candidate who only received 1 out of the 2 marks for 
the first part of their calculation.  Most candidates failed to divide by 179114, instead 
incorrectly dividing by 183210.  
 
[1] mark awarded out of [2]  
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Q4b(iii) Suggest one reason why there is a difference in the number of people 
with diabetes mellitus in Country A compared to Country B. [1] 

 
Student’s response 

Environmental, conditions in and impacts of within these two European countries. 

Country A may have greater access to insulin and less sugar food access than 
country B. 

Examiner’s comments 

This candidate, like many others gained 1 mark in this question part, making an 
appropriate suggestion for the difference in the number of people with diabetes 
mellitus in country A compared to country B.   
 
[1] mark awarded out of [1] 
 

Q5a(i) The principle of DNA fingerprinting is based on the uniqueness of each 
person’s genotype. 

 
Describe how DNA differs from one person to another making each of 
them unique. [1] 

 
Student’s response 

Some genes which code for proteins do so slightly differently due to differences in 
the base sequence of the genetic code. 

Examiner’s comments 

Part (i) proved to be very discriminating with very few achieving one mark.  This 
candidate has gained one mark as they have described it is the ‘difference in the 
base sequence of the genetic code’ that makes each person unique.   
 
[1] mark awarded out of [1] 
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Q5a(ii) The process of genetic fingerprinting requires several stages. 
 

Stage 1. DNA is extracted from the sample. 
 

Stage 2. PCR is carried out on this sample to make many copies of the 
DNA. 

 
Stage 3. An enzyme is then used to cut the DNA into fragments. 

 
Name the type of enzyme used to cut DNA into fragments. [1] 

 
Student’s response 

Restriction endonuclease 
 

Examiner’s comments 

The candidate correctly identified restriction endonucleases as the enzyme used to 
cut DNA into fragments in the process of genetic fingerprinting.  A small minority of 
candidates incorrectly identified another enzyme e.g. DNA polymerase, ligase or 
helicase.   
 
[1] mark awarded out of [1] 
 

Q5a(iii) Explain why different sized fragments are produced when this type of 
enzyme cuts the DNA in Stage 3. [2] 

 
Student’s response 

The enzyme cuts where it reads a certain length of code.  Because everyones DNA 
is different & it is not a repeating sequence this will not occur at regular intervals. 

Examiner’s comments 

Part (iii) proved to be very discriminating with very few achieving 2 marks.  This 
candidate has given an exemplary answer demonstrating a clear understanding of 
the biological principles that underpin genetic fingerprinting techniques.   
 
[2] marks awarded out of [2] 
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Q5b(i) Genetic fingerprinting must be carried out in a specialist laboratory 
under strict conditions. The results of a genetic fingerprint can be used 
as evidence to link a suspect to a crime. 

 
The genetic fingerprint in Fig. 5.1 below shows the bands obtained from 
saliva at a crime scene and the bands obtained from three different 
suspects. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

State the name of the technique used to separate the fragments of DNA 
which resulted in this banded pattern. [1] 

 
Student’s response 

Gel Electrophoresis 

Examiner’s comments 

In Part (i), this candidate, like the majority, was able to state the technique as gel 
electrophoresis.   
 
[1] mark awarded out of [1] 
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Q5b(ii) Which suspect is most likely to have committed the crime? 
 

Explain your choice. 
 

Suspect 
 

Explanation [2] 
 

Student’s response 

Suspect   B 
 
Explanation   Suspect B shares the exact microsattelite repeat sequences as the  
salvia found present at the crime scene (strands 2, 3, 5, 6 and 8). 
 

Examiner’s comments 

In Part (ii), this candidate, like the majority, identified suspect B as the most likely 
perpetrator.  Less candidates were able to explain their choice, failing to make 
reference to the bands.  This candidate has made reference to the bands and gained 
2 marks.   
 
[2] marks awarded out of [2] 
 

Q5b(iii) Suggest one reason that could be used to discredit the evidence 
produced by the process of genetic fingerprinting. [1] 

 
Student’s response 

The salvia found at the crime scene may have been tampered with as it may have 
been left there for a long period of time 

Examiner’s comments 

Most candidates like this candidate, noted contamination or a description of  
contamination for this mark. 
 
[1] mark awarded out of [1] 
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Q5b(iv) Apart from linking a suspect to a crime, give one other use of genetic 
fingerprinting. [1] 

 

Student’s response 

In medical diagnosis – for example in detecting a persons liklihood of developing 
Huntington’s disease. 

Examiner’s comments 

This candidate, like many others gained one mark in this question part, giving one 
other use of genetic fingerprinting.  
 
[1] mark awarded out of [1] 
 

Q6a(i) Haemophilia is a sex-linked condition that affects the blood’s ability 
to clot. 

 
The gene for this condition is located on the X chromosome. 

 
The allele (H) for normal blood clotting is dominant to the recessive 
allele (h) that causes haemophilia. 

 
Jessica is a carrier for haemophilia and has the genotype XHXh. 
Jessica’s husband Paul does not suffer from haemophilia. 

 
Give Paul’s genotype. 

 
Paul ________________ [1] 

 
Student’s response 

Paul   XHY 

Examiner’s comments 

This candidate, like many others gained one mark in this question part, giving the 
correct genotype.  However, a small number of candidates failed to read the 
information correctly and have missed the fact that the gene for this condition is 
located on the X chromosome, incorrectly placing an allele on the Y chromosome.    
 
[1] mark awarded out of [1] 
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Q6a(ii) Determine the probability of Jessica and Paul having a child who 
suffers from haemophilia. 

 
Show your working in a Punnett square in the space below. 

 
Probability of having a child with haemophilia [4] 

 

Student’s response 

 

 

 

 

 

 

 

 

 

 

Probability of having a child with haemophilia   25% 

Examiner’s comments 

Most candidates, like this candidate scored 4 of the 4 marks available for part (ii). 
 
[4] marks awarded out of [4] 
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Q6a(iii) If Jessica and Paul had another child, what would be the probability of 
this child having haemophilia? [1] 

 

Student’s response 

25% 

Examiner’s comments 

The candidate correctly identified the probability as the same probability in part (ii).  
 
[1] mark awarded out of [1] 
 

Q6a(iv) Males are more likely to have haemophilia than females. 
Explain why. [2] 

 

Student’s response 

The gene for haemophilia is carried on the x – chromosome.  This means if a woman 
is a carrier, she can knock it out if in hetrozygous conditions (XHXh).  A man cant e.g. 
(XhY) 

Examiner’s comments 

Most candidates, like this candidate demonstrated a clear understanding of sex 
linkage which was very pleasing.   
 
[2] marks awarded out of [2] 
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Q6b Genetic screening involves testing an individual for the presence of a 
genetic condition caused by a particular gene. 

 
Give one advantage and one disadvantage of genetic screening. 

 
Advantage 

 
Disadvantage [2] 

 
Student’s response 

Advantage   Able to detect if the child will have a genetic condition. 
 
Disadvantage   Parents may be influenced to proceed an abortion or germ-line gene 
therapy to get rid of the child with the condition.  Both procedures are illegal in many 
countries and are seen as morally and ethnically wrong to many. 

Examiner’s comments 

This candidate, like many others gained full marks in this question part.  This 
candidate has exemplified an advantage and disadvantage of genetic screening.  A 
small number of candidates incorrectly confused this with ethical issues surrounding 
the use of stem cell research. 
 

[2] marks awarded out of [2] 
 

Q7a(i) Cystic fibrosis is caused by a mutation of the gene producing the protein 
CFTR. 

 
This mutation leads to the production of defective CFTR which will not 
transport chloride ions out of cells. 

 
Explain how this leads to the production of thick, sticky mucus. [1] 

 

Student’s response 

Chloride ions lowers water potential, meaning water moves out by omosis, this 
doesn’t happen leading to drier airways, and makes it harder to shift mucus. 

Examiner’s comments 

Part (i) appeared to be quite discriminating with only the minority of students 
achieving 1 mark.  They had to identify that water cannot leave the cells or that water 
builds up in the cell.  This candidate has correctly explained that water does not 
move out of the cells by osmosis.  
 
[1] mark awarded out of [1]  
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Q7a(ii) The respiratory system is one of the body systems affected by 
production of thick, sticky mucus. 

 
Provide an explanation for each symptom shown in Table 7.1. [2] 

 
Table 7.1 

Symptom Explanation 

Shortness of breath  

Chest infections  

 
 
Student’s response 

Symptom Explanation 
Shortness of breath Gaseous exchange cannot occur due to thick 

linning of mucus in lungs 

Chest infections Can’t fight off infections as the thick mucus 
restricts white blood cells to pass through the walls 
of the lungs 

 

Examiner’s comments 

This candidate achieved 1 of the 2 marks available for this question part.  This 
candidate unlike many others explained that shortness of breath was due to reduced 
gaseous exchange.  The majority of candidates gaining 1 of the 2 marks available 
explained that chest infections were due to the trapping of microbes.   
 
[1] mark awarded out of [2] 
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Q7a(iii) Name one other body system affected by this condition and state how it 
is affected. [2] 

 

Student’s response 

Digestive system.  The enzymes are restricted to break down the food as the mucus 
blocks their pathways. 

Examiner’s comments 

Part (iii) appeared to be quite discriminating with only the minority of students 
achieving 2 marks.  This candidate has correctly identified the digestive system as 
one other body system affected by cystic fibrosis and stated how it is affected.  Many 
candidates failed to identify a correct body system with many naming the circulatory 
system.  It was surprising how many candidates named the respiratory system, 
failing to read the information correctly, taking into account the contents of part (ii).   
 
[2] marks awarded out of [2] 
 

Q7b(i) Describe and explain how gene therapy may be used to treat 
respiratory symptoms in a person with cystic fibrosis. [3] 

 
Student’s response 

Functional CFTR Gene is placed in a vector, which is inserted into liposomes.  The 
liposomes are used as aerosol & inhaled the liposome can be taken up by the cells 
meaning functional CFTR is in the cells therefore releving the symptoms. 

Examiner’s comments 

The candidate has achieved full marks for this question part.  Many candidates 
gained 2 from the 3 marks available.  The candidate has described the use of 
liposomes, method of delivery as an aerosol and inhaler and the transfer of the 
functioning CFTR gene. 
 
[3] marks awarded out of [3] 
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Q7b(ii) Using cystic fibrosis as an example, give one reason why the technique 
of gene therapy is of limited use. [1] 

 
Student’s response 

It needs to be renewed as cells replace themselves.  Medication must be long-term.  
This is called somatic cell-gene therapy.  Germ-line gene-therapy is illegal  

Examiner’s comments 

Most candidates, like this candidate demonstrated a clear understanding of the 
limited use of gene therapy in the treatment of cystic fibrosis.   
 
[1] mark awarded out of [1] 
 

Q7c(i) The graph below shows the survival age of patients with cystic fibrosis 
from 1930 to 2010. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In which 10-year period was there the biggest increase in survival age? 
 

__________________ to _________________ [1]  
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Student’s response 

2000   to   2010 

Examiner’s comments 

The majority of candidates like this candidate identified the correct 10-year period in 
which the biggest increase in survival age occurred.   
 
[1] mark awarded out of [1] 
 

Q7c(ii) Suggest one reason for this increase in survival age. [1] 
 

Student’s response 

More technological advantages in gene therapy to treat patients with cystic fibrosis 

Examiner’s comments 

The candidate has clearly suggested one reason for this increase in survival age.  
Many candidates were able to make an appropriate suggestion to gain 1 mark for 
part (ii). 
 
[1] mark awarded out of [1] 
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Q7c(iii) Assume that the trend in the survival age of people with cystic fibrosis 
continues at the same rate as it was from 2000 to 2010. 

 
Use the graph to find the age in years a person with cystic fibrosis 
would be expected to survive to in 2020. 

 
Age ____________________ [2] 

 

Student’s response 

 

 

 

 

 

 

 

 

 

 

Age   48 

Examiner’s comments 

This candidate and the majority of candidates correctly extended the graph to obtain 
the correct answer.  A small number of candidates were careless and did not use a 
ruler to extrapolate the graph line and as a result lost marks due to incorrectly 
reading the age in years a person with cystic fibrosis would be expected to survive to 
in 2020.   
 
[2] marks awarded out of [2]  
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Q8a(i) Scientists carried out an experiment with fruit flies to investigate the 
inheritance of wing shape and eye size. 

 
The genes for these characteristics are located on separate 
chromosomes and are independently inherited. They are not sex-linked. 

 
The allele (W) for wild wing shape is dominant. 

 
The allele (w) for curled wing shape is recessive. 

 
The allele (E) for small eye size is dominant. 

 
The allele (e) for normal eye size is recessive. 

 
Fig. 8.1 shows the four types of fruit flies with these characteristics. 

 
 
 
 
 
 
 
 
 
 
 
 

State the genotype of a fly with curled wing shape and normal 
eye size. [1] 

 

Student’s response 

wwee 

Examiner’s comments 

The candidate has correctly stated the genotype of the fly.  A small minority of 
candidates failed to realise there were two alleles for each characteristic. 
 
[1] mark awarded out of [1] 
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Q8a(ii) State the genotype of a fly heterozygous for wing shape and 
heterozygous for eye size. [1] 

 
Student’s response 

WwEe 

Examiner’s comments 

The majority of candidates like this candidate stated the genotype of the fly, 
demonstrating an understanding and application of the term heterozygous.   
 
[1] mark awarded out of [1] 
 
Q8b(i) Two flies of the following genotypes were crossed. 
 

WwEe x WwEe 
 

Complete the Punnett square to show the parental gametes and the 
genotypes of the offspring. [4] 

 
Student’s response 

 

 

 

 

 

Examiner’s comments 

This candidate has gained full marks in this question part (i).  The candidate has 
successfully separated the gametes which is a vital step in completing a dihybrid 
cross.  The offspring genotypes are clearly shown in the Punnett square with clear 
sizing of letters to demonstrate dominant and recessive alleles.  This demonstrates 
exemplarily practice in the completion of dihybrid crosses as a small number of 
candidates fail to determine the correct number of phenotypes due to reading their 
genotypes incorrectly.  
 
[4] marks awarded out of [4]  
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Q8b(ii) Give the numbers of each of the phenotypes produced in this 
Punnett square. 

 
wild wing shape, small eye size 

 
wild wing shape, normal eye size 

 
curled wing shape, small eye size 

 
curled wing shape, normal eye size [2] 

 
 
Student’s response 

wild wing shape, small eye size   9 
 
wild wing shape, normal eye size   3 
 
curled wing shape, small eye size   3 
 
curled wing shape, normal eye size  1 

Examiner’s comments 

The candidate has successfully given the numbers of each phenotype produced as a 
result of the genetic cross.   
 
[2] marks awarded out of [2] 
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Q8c(i) The numbers of offspring produced from another cross using fruit flies 
were recorded. 

 
• Wild wing shape, small eye size 236 

 
• Curled wing shape, small eye size 257 

 
• Wild wing shape, normal eye size 239 

 
• Curled wing shape, normal eye size 268 

 
A total of 1000 flies was recorded. 

 
The Chi-squared test (χ2) can be used to check if these results 
statistically fit an expected ratio of 1:1:1:1. 

 
The formula for the Chi-squared test is: 

 
 
 
 

where O = observed frequency 
 E = expected frequency 
 Σ = sum of. 

 
Complete Table 8.1 below and then calculate the χ2 value for 
these results. 

 

Table 8.1 

Category Observed 
(O) 

Expected 
(E) (O-E) (O-E)2 (O-E)2  

E 

Wild wing shape, 
small eye size 236 250 -14 196 0.784 

Curled wing shape, 
small eye size 257     

Wild wing shape, 
normal eye size 239     

Curled wing shape, 
normal eye size 268     

 
Calculated χ2 value [5] 
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Student’s response 

 

 

 

 

 

 

 

 

Calculated χ2 value   2.76 

Examiner’s comments 

This candidate and the majority of candidates correctly completed the table.  This 
candidate correctly calculated the Chi square value, which a small of candidates 
failed to calculate correctly.   
 
[5] marks awarded out of [5] 
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Q8c(ii) Table 8.2 below gives probability values for use in χ2 test with n−1 
degrees of freedom (d.f.) where n is the number of categories. 

 

Table 8.2: χ2 values 

d.f. Probability 
= 0.900 0.500 0.100 0.050 0.010 0.001 

1 0.016 0.455 2.71 3.84 6.63 10.83 

2 0.211 1.39 4.61 5.99 9.21 13.82 

3 0.584 2.37 6.25 7.81 11.34 16.27 

4 1.06 3.36 7.78 9.49 13.28 18.47 

5 1.61 4.35 9.24 11.07 15.09 20.52 

6 2.20 5.35 10.64 12.59 16.81 22.46 

7 2.83 6.35 12.02 14.07 18.48 24.32 

8 3.49 7.34 13.36 15.51 20.09 26.13 

9 4.17 8.34 14.68 16.92 21.67 27.88 
Source: CCEA 

 
What is the number of degrees of freedom (d.f.) for this test? [1] 

 

Student’s response 

3 

Examiner’s comments 

This candidate and the majority of candidates correctly stated the degrees of 
freedom for this test.   
 
[1] mark awarded out of [1] 
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Q8c(iii) Between what range of probabilities does your χ2 value fit? 
Use Table 8.2 to assist you. 

 
Between ___________ and ___________  [1] 

 
Student’s response 

Between   0.5   and   0.1 

Examiner’s comments 

This candidate and the majority of candidates gave the range of probabilities for the 
Chi square value.  A small number of candidates read the probability from the table 
incorrectly. 
 
[1] mark awarded out of [1] 
 

Q8c(iv) Explain fully the outcome of your statistical test. [2] 
 

Student’s response 

Null Hypothesis Accepted, the results fits the expected ratio. 

Examiner’s comments 

This candidate gained full marks in this question part (iv) which proved to be very 
discriminating.  Only candidates of the highest ability were able to explain fully the 
outcome of the statistical test.  The majority of candidates failed to determine if the 
observed data statistically fits the expected ratio of 1:1:1:1.  This candidate has 
explained that the results fit the expected ratio which is very pleasing. 
 
[2] marks awarded out of [2] 
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Q9 Describe the process of DNA replication. 
 

You will be assessed on the quality of written communication in this 
question. [8] 

 

Student’s response 

DNA replication is semi-conservitive.  This means the end result is two new DNA 
molecules are formed where one strand is from the parent and the other strand is a 
completely new strand itself.  The DNA strands separate via DNA helicase.  This 
means the hydrogen bonds break between the bases. 

Free nucleotides then bond to new complementary bases.  When this happens, 
condensation reactions occur, this means a water molecule is formed (H2O).  The 
DNA that has now been replicated is joined together with DNA polymerase.  This 
acts as a ‘glue’ and ‘glues’ the hydrogen bonds between the bases. 

Two DNA molecules are now formed where one of the DNA strands is from the 
parent and the other DNA strand is new. 

Examiner’s comments 

The banded mark scheme for marking this question allows good differentiation 
among the candidates.  This candidates response was worthy of band 6 and 8 
marks.  The candidate has clearly communicated their points throughout with the use 
of specific scientific terms to describe the process of DNA replication.  The candidate 
has gained full marks.  A small number of candidates confused the process of DNA 
replication with transcription and translation. 
 
[8] marks awarded out of [8] 
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