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All Candidates' performance across questions

Question Title N Mean S D Max Mark F F Attempt %
Planning 271 8.2 1.4 10 82.4 100

Collecting 271 8 1.6 10 79.9 100
Analysis 270 6 1.9 10 60.4 99.6

Evaluation 271 2.5 1.3 5 49.6 100
Analysis 268 6.2 1.8 10 62.5 98.9

Evaluation 268 1.9 1.2 5 38.4 98.9
Risk 271 2.9 2.3 10 28.9 100

82.4

79.9

60.4

49.6

62.5

38.4

28.9

0 10 20 30 40 50 60 70 80 90 100

Planning

Collecting

Analysis

Evaluation

Analysis

Evaluation

Risk

Facility Factor %

Q
ue

st
io

n

GCSE APPLIED SCIENCE (DOUBLE) UNIT 4 TASK 
BASED ASSESSMENT HIGHER 3445UDO

Sticky Note

Sticky Note

Sticky Note

Sticky Note

Sticky Note

Sticky Note

Sticky Note

Sticky Note
Usually the question number

Sticky Note
The number of candidates attempting that question

Sticky Note
The mean score is calculated by adding up the individual candidate scores and dividing by the total number of candidates. If all candidates perform well on a particular item, the mean score will be close to the maximum mark. Conversely, if candidates as a whole perform poorly on the item there will be a large difference between the mean score and the maximum mark. A simple comparison of the mean marks will identify those items that contribute significantly to the overall performance of the candidates.
However, because the maximum mark may not be the same for each item, a comparison of the means provides only a partial indication of candidate performance. Equal means does not necessarily imply equal performance. For questions with different maximum marks, the facility factor should be used to compare performance.




Sticky Note
The standard deviation measures the spread of the data about the mean score. The larger the standard deviation is, the more dispersed (or less consistent) the candidate performances are for that item. An increase in the standard deviation points to increased diversity amongst candidates, or to a more discriminating paper, as the marks are more dispersed about the centre. By contrast a decrease in the standard deviation would suggest more homogeneity amongst the candidates, or a less discriminating paper, as candidate marks are more clustered about the centre.




Sticky Note
This is the maximum mark for a particular question

Sticky Note
The facility factor for an item expresses the mean mark as a percentage of the maximum mark (Max. Mark) and is a measure of the accessibility of the item. If the mean mark obtained by candidates is close to the maximum mark, the facility factor will be close to 100 per cent and the item would be considered to be very accessible. If on the other hand the mean mark is low when compared with the maximum score, the facility factor will be small and the item considered less accessible to candidates.



Sticky Note
For each item the table shows the number (N) and percentage of candidates who attempted the question. When comparing items on this measure it is important to consider the order in which the items appear on the paper. If the total time available for a paper is limited, there is the possibility of some candidates running out of time. This may result in those items towards the end of the paper having a deflated figure on this measure. If the time allocated to the paper is not considered to be a significant factor, a low percentage may indicate issues of accessibility. Where candidates have a choice of question the statistics evidence candidate preferences, but will also be influenced by the teaching policy within centres.
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Skill Area AO1 AO2 AO3 Maths Prac 


Activity 1: Planning 5 5 10 


Activity 1: Collecting and recording data 9 1 2 10 


Activity 1: Analysis 9 1 4 10 


Activity 1: Evaluation 5 5 


Activity 2: Analysis 9 1 4 10 


Activity 2: Evaluation 5 5 


Activity 3: Risk Assessment 10 10 


Total 24 24 12 10 60 
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The incorrect metal ion is given here so no credit awarded.
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Sticky Note

The correct metal ion is given here but the reason is incorrect.  No credit awarded.
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Sticky Note

Incorrect metal ion given so no credit awarded.
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Sticky Note

A weak effort at an equation which is clearly not worthy of credit.
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Sticky Note

The first mark is awarded for a table that includes the correct units.  The candidate appears to have mixed up the 'start' and  'finish' readings so the second mark was not awarded.
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Sticky Note

Correctly recording burette readings and mass to 2 decimal places gains 2 marks.
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Sticky Note

The second and third titres are concordant and were selected for the mean calculation.  This was done correctly therefore both available marks were awarded. 



roberm

Sticky Note

The mean titre was within 0.8cm3 of the teacher result meaning that 2 marks were awarded for accuracy.
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Task B: Evaluation	 [5]


Evaluate the method used by the student to collect the data for the solubility experiment. You should 
include:


•	 the suitability of the method to determine how the solubility of sodium sulfate varies with the 
temperature of the water solvent


•	 ways to improve the method
•	 the suitability of the method to determine the solubility of sodium sulfate over a temperature 


range of 30 °C to 60 °C.
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Background


Ecotyx Ltd is a company that carries out tests for microbes in water samples.  


What you need to do


In this activity you are going to complete a risk assessment for the company Ecotyx Ltd to test a 
water sample for bacteria.


You will need to include the following aspects in the risk assessment:


•	 Use an aseptic technique to prepare agar plates


•	 Use an aseptic technique to analyse a water sample for bacteria


© WJEC CBAC Ltd.


Access to CLEAPSS Student Safety Sheet 1: Microorganisms (page 4), Student Safety Sheet 60: 
Ethanol (page 5).


	 Apparatus list


	 •	 sterile petri dishes
	 •	 250 cm3 conical flask
	 •	 Bunsen burner
	 •	 sticky tape
	 •	 measuring cylinders
	 •	 water bath set to 95 °C
	 •	 inoculating loops
	 •	 sterile sample bottle
	 •	 marker pen
	 •	 incubator set to 20 °C
	 •	 biohazard bag
	 •	 balance
	 •	 cotton wool swabs


	 Chemical list


	 •	 Nutrient agar powder
	 •	 Water samples for testing
	 •	 Distilled water
	 •	 Ethanol (70 % solution)
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Instructions


Stage 1: Use an aseptic technique to prepare agar plates


1. 	 Light a Bunsen burner.  


2. 	 Mix 1.5 g of agar powder with 10 cm3 of distilled water in a 250 cm3 conical flask.


3. 	 Slowly add more distilled water until the volume is 100 cm3.


4. 	 Heat the mixture in a water bath at 95 °C for 15 minutes.


5. 	 Remove the flask and allow to cool until it is warm to touch.


6. 	 Flame the neck of the flask in a roaring Bunsen burner flame.


7. 	 Pour some of the mixture into a sterile petri dish and cover immediately. Leave to cool.


Stage 2: Use an aseptic technique to analyse a water sample for bacteria


1. 	 Swab the workbench with ethanol. 


2. 	 Light a Bunsen burner. 


3. 	 Heat the inoculating loop in a roaring Bunsen burner flame until the loop glows red.


4. 	 Dip the inoculating loop into the water sample.


5. 	 Remove the lid of the agar plate and wipe the inoculating loop over the agar surface.


6. 	 Cover the agar plate and reheat the inoculating loop.


7. 	 Attach the lid to the petri dish using sticky tape. Label with the sample details. 


8. 	 Incubate the petri dish at a temperature of 20 °C for 2-3 days. 


9. 	 Seal the lid to the petri dish using sticky tape.


10. 	Observe and record the microorganism colonies growing on the agar surface, without opening 
the agar plate.


11. 	 Dispose of the sealed agar plates using a biohazard bag.
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	 STUDENT SAFETY SHEETS	 1


Microorganisms


•	 What are the details of the activity to be undertaken? What are the hazards?
•	 What is the chance of something going wrong? 
	 Eg, Could a food or a culture be, or become, contaminated? Could microorganisms or their spores escape?
•	 How serious would it be if something did go wrong?
	 Eg, Could material pathogenic to humans be released? Could food poisoning result?
•	 How can the risk(s) be controlled for this activity? 
	 Eg, Can it be done safely? Does the procedure need to be altered?


Source Hazard Comment


Samples from the 
environment


BIOHAZARD


Air, water and soil samples could be used, but not samples from 
high-risk areas, eg, toilets or the floors of changing rooms.
All environmental samples could be contaminated with pathogens 
(organisms which cause disease).


Samples from humans


BIOHAZARD


‘Finger dabs’ could be used or hair from clean areas, eg, the scalp. 
Samples could, however, be contaminated with pathogens (see 
above).  


Foods


BIOHAZARD


Any uncooked animal product (eggs, meat, cheese etc) may be 
contaminated with bacteria, especially Salmonella and Escherichia 
coli (E. coli) from the gut, which can cause food poisoning. 
Take care to prevent cross contamination between cooked and 
uncooked foods. Thorough cooking will destroy bacteria. 


Purchased cultures
(ie, samples of 
microorganisms bought from 
suppliers)


BIOHAZARD


Cultures bought from reputable suppliers (but not those from 
hospitals, etc) should be safe but may have become contaminated. 
E. coli is often studied in schools, but this is not the same strain 
of bacterium that causes food poisoning.


  Emergency action


	 •	 Spilt on the floor, 
		  bench, etc


For spills of cultures, place paper towels over the spill, pour disinfectant (eg, Virkon) 
on top and leave for at least 15 minutes. Bleach is usually suitable in the home.
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  Typical control measures to reduce risk 


  Assessing the risks    


•	 When culturing, if possible, grow bacteria and fungi on solids (agar) rather than liquids (broth) to avoid spills 
and aerosol formation. Choose culture media, eg, nutrient agar, that do not favour the growth of pathogens.


•	 Incubate at temperatures which do not encourage growth of pathogens (ie, not normally around 37 °C).
•	 Do not seal cultures completely before incubation (otherwise hazardous anaerobic bacteria are encouraged) but 


make sure they cannot be opened accidentally. After incubation, seal completely agar plates containing microbial 
samples taken from the environment or human skin before they are examined. 


•	 Incubated cultures taken from the environment or humans must never be opened. 
•	 Use sterile equipment and procedures (eg, by flaming loops and mouths of bottles, etc).
•	 Avoid draughts (from open windows and doors) which could contaminate cultures and cause spores from 


fungi (eg, mould) to spread.
•	 Work near Bunsen burner flames so that the updraught helps to prevent contamination of cultures.
•	 After work is complete, treat surfaces using a suitable disinfectant, for a sufficient length of time.
•	 Dispose of all cultures (including mould on food) by sterilisation in an autoclave (pressure cooker).
•	 Always wash hands after handling cultures and before handling food.
•	 Wear a clean lab. coat or overall to protect cultures and food from microbes on the skin, clothing, etc.
•	 In cooking, ensure that food is heated to at least 70 °C for at least 2 minutes.
•	 Do not reheat cooked food; prepare, store and display cooked and uncooked foods separately.
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	 STUDENT SAFETY SHEETS	 60
Ethanol


also applies to Denatured alcohol and Methylated spirit


•	 Use the smallest volume possible; wear eye protection.
•	 Make sure the room is well ventilated.
•	 Check that equipment for extinguishing fires is nearby, eg, damp cloth, bench mat, fire blanket. 
•	 Do not use near naked flames; if heating is necessary, use an electrically-heated water bath or hot
	 water from a kettle.


Substance Hazard Comment


Ethanol
Pure


HIGHLY FLAMMABLE


There is a serious risk of liquid catching fire; its vapour may catch 
fire above 13 °C. The vapour / air mixture is explosive (from 3.3 
to 19% ethanol). Breathing vapour may result in sleepiness: the 
concentration in the air should not exceed 5 760 mg m–3. 


Industrial denatured 
alcohol (IDA) [formerly 
Industrial methylated 
spirit (IMS)] 


HIGHLY FLAMMABLE


It is more hazardous than pure ethanol because of the presence 
of 5% (v/v) methanol which is TOXIC. 
It is often used as a solvent, eg, for chlorophyll and for indicators, 
eg, Universal indicator, phenolphthalein and in chromatography.


Completely denatured 
alcohol (CDA)


HARMFUL


It contains methanol, pyridine and a purple dye. CDA has a bad 
odour and is not suitable for use indoors.


Surgical spirit
(It contains small amounts 
of castor oil, methyl 
salicylate and diethyl 
phthalate) HIGHLY FLAMMABLE


It is suitable for demonstrating the cooling effect of evaporation. 
It can be applied to the skin on the back of the hand. It is used for 
medical purposes, eg, foot infections, cleaning the skin. It must 
not be swallowed.


Ethanol
Dilute solution in water


LOW HAZARD


Alcoholic drinks contain ethanol, typically 3 to 7% (beers), 11 to 
14% (wines), 30 to 40% (spirits).
Although chemical hazards are low, there may be considerable 
effects on the body leading to a loss of judgement, slower reaction 
times, etc. Consumption is dangerous if driving a vehicle or 
operating machinery.


  Typical control measures to reduce risk 


  Emergency action


  Assessing the risks    


	 •	 In the eye
	 •	 Swallowed


	 •	 Spilt on the skin or
		  clothing
	 •	 Clothing catches fire


	 •	 Other ethanol fires


	 •	 Spilt on the floor, 
		  bench, etc


Flood the eye with gently-running tap water for 10 minutes. See a doctor.
Do no more than wash out the mouth with water. Do not induce vomiting. Sips 
of water may help cool the throat and help keep the airway open. See a doctor.  
N.B. The casualty may show signs of drunkenness.
Remove contaminated clothing and rinse it. Wash the affected area and clothing 
with plenty of water.  
Smother flames on clothing or the skin with a fire blanket or other material. Cool any 
burnt skin with gently-running tap water for 10 minutes.
Allow fires in sinks, etc to burn out. Fires at the top of test tubes, beakers, etc should 
be smothered with a damp cloth or heat-proof mat.
Extinguish all Bunsen burner flames. Wipe up small amounts with a cloth and rinse 
it well. For larger amounts, open all windows, cover with mineral absorbent (eg, cat 
litter), scoop into a bucket and add water.


•	 What are the details of the activity to be undertaken? What are the hazards?
•	 What is the chance of something going wrong? 


Eg, Does ethanol need to be heated? Could quantities of the vapour be breathed in? Might there be practical 
jokes or fooling around? Are any reaction products hazardous?


•	 How serious would it be if something did go wrong?
	 NB Some of the most serious accidents in school science have involved ethanol fires, including clothing fires,
	 and badly-burnt skin needing grafts.
•	 How can the risk(s) be controlled for this activity? Can it be done safely? Does the procedure need to
	 be altered?
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Complete the risk assessment.	 [10]


Stage 1: Preparation of aseptic agar plates
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Stage 2: Using an aseptic technique to analyse a water sample for bacteria
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Sticky Note

Correct method and solution. Poor presentation.
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Sticky Note

Appropriate comment about the suitability of method.
Inappropriate inaccuracy stated.
Appropriate improvement identified.
Inappropriate comment and qualification about repeatability.
Middle band 2/5







Sticky Note

Seen by examiners.

























Sticky Note

Appropriate comment about the suitability of method.
Inappropriate inaccuracy stated.
Appropriate improvement identified.
Appropriate comment about repeatability, benefit of doubt given for qualification.
 Higher band 4/5

























Gerard Griffiths

Sticky Note

This set of inferences are weak answers, with the Dichromate and Silver Nitrate tests incorrect. The student gets the benefit of the doubt for the iodoform test result, as they are clearly aware of the idea of "methyl alcohol", even though their formula aren't all correct.
Total - 1 mark.



Gerard Griffiths

Sticky Note

Although the structure is correct - 1 mark - the student has not utilised the correct reason from the inferences in the previous question, discussing the the alcohol rather than methyl alcohol aspect - 0 mark for the second point.
Total - 1 mark. 
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Activity 1 Task D: Evaluation 
 
Generic Mark Scheme 
 


 Level 1 Level 2 Level 3 


Ev
al


ua
tin


g 


The candidate gives a simple evaluation of 
the data or procedure. 
 
 


 
 
 
 


1 


The candidate gives a clear evaluation of 
their investigation/ procedure.  
 
 
 
The candidate makes an assessment of the 
validity and quality of evidence. 
 


2-3 


The candidate gives a detailed evaluation of 
their investigation/procedure. They suggest 
suitable/relevant improvements to their 
method. 
 
The candidate makes a detailed assessment 
of the validity and quality of data. 
 


4-5 


  Total Available Marks:  5 
Zero marks to be awarded where there is insufficient evidence to achieve a mark at level 1. 


 
Indicative content 
 
1. Suitability of method discussed (Comment 
about METHOD) 


2. 1 or more inaccuracy stated 4. 1 or more suggested improvement 


 3. Statement about the repeatability of the data. 
(Yes/No) 


5. Qualification of statement about repeatability 
(related to Yes/No) 
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Activity 1. Task D Evaluation   
Marking Guidance – Expected responses – please refer to generic marking scheme and indicative content; candidates may give other 
acceptable (correct) answers that fulfil the criteria.  The responses below are for guidance only. 
Candidates should consider: 
 
Suitability of the method to accurately determine the mean extensions of the rubber band combinations.  Candidates should make a comment 
on whether the method is able to determine the spring constants accurately or not; explanation of the comment. 
 
Sources of inaccuracy in the method. - Inaccuracies may include: measuring the extension (parallax/rounding/precision/zero error/length not 
extension); measuring load force (rounding/precision/zero error) using different rubber bands with very different materials/dimensions. 
Ways to improve the method. – any sensible suggestions to the method or equipment. 
 
Quality of data - Repeatability of results. – Candidates should make a comment on whether the results are repeatable or not; explanation of 
comment. 
 
Comment on the suitability of the experiment to determine how the spring constants vary with the number of bands – Comment about whether 
(or not) the procedure actually determines the pattern; comment about the ability of the procedure to measure differences between the 
extensions for each different combination. 
 
Comments may be in extended prose. 
Level 3 – Candidates address all the points in the generic mark scheme in detail. 
 
Level 2 – Candidates address all the points in the generic mark scheme 
 
Level 1 – Candidates briefly address some of the points in the generic mark scheme. 
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Background


Etronyx Ltd is a company that manufactures industrial robots. They are developing a new range of 
robotic arms that mimic the action of human arms. As part of the design, they are interested in using 
standard rubber bands to model human muscle fibres.


In this assessment you need to measure how the extension of rubber bands, for one fixed load of 
3 N, varies with the number of rubber bands arranged in parallel combinations. A parallel combination 
of two rubber bands is shown in the diagram below. This models how muscle fibres are aligned and 
function in a human muscle. Suggest how Etronyx Ltd could use this analysis for their design of a 
robotic arm.


Two rubber bands arranged in parallel combination


© WJEC CBAC Ltd.


Assessment summary


4. Task D: Evaluation
Evaluate (comment on) the quality of your data and the method you used. Consider the


changes you could make to the method to improve your investigation.


rubber band
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Task D: Evaluation [5]


Evaluate: 


• your method
• the quality of the data collected
• the validity of your conclusion


Suggest how you could improve your method.


END OF PAPER
























Sticky Note

Correct values on table.
Correct order of solubility.
Incorrect pattern of solubility of sodium chloride.
No data used to describe pattern of solubility of potassium chromate and cerium sulfate.
Correct anomaly identified.
Some incorrect means.
Correct trend of the solubility of sodium sulfate.
Correct, but incomplete calculation of mass.
Incorrect suitable alternative to sodium sulfate given.
Middle band 5/10















































Sticky Note

Incorrect value on table.
Correct order of solubility.
Correct pattern of solubility of sodium chloride.
Pattern of solubility of potassium chromate and cerium sulfate incorrect.
Correct anomaly identified.
Correct means calculated.
Correct trend of the solubility of sodium sulfate.
Correct calculation of mass.
Correct suitable alternative to sodium sulfate given.
Higher band 8/10


































Gerard Griffiths

Sticky Note

The hydrogen regions are correctly linked to the structure from the previous question - 1 mark.
The student has also linked the splitting to adjacent hydrogens for the second mark.
Total - 2 marks.





















Sticky Note

Appropriate comment and explanation about the suitability of method.
Appropriate improvement identified.
Correct statement about suitability of method over suggested temperature range, but inappropriate explanation.
 Higher band 4/5
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Seen by examiners.

























Sticky Note

Appropriate comment and explanation about the suitability of method.
Appropriate improvement identified.
Incorrect statement about suitability of method over suggested temperature range, but ecf for explanation.
 Higher band 4/5
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Sticky Note

2 marks for this answer:

The candidate has calculated the number of moles of citric acid as 0.05 mol, and using the stoichimetric equation states that 0.15 mol of sodium hydogencarbonate is required. The mass of 0.15 mol of sodium hydrogen carbonate has been calculated as 12.6g.

The answer clearly states that the 16.0 g taken > 12.6g of sodium hydrogencarbonate required.
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Sticky Note

1 mark for this calculation:

The units for ∆H have been changed from +78.8 KJ mol-1 to +78800 J mol-1 by multiplying by 1000 within the enthalpy expression.

n in the enthalpy expression is the number of reacting moles, which in this experiment corresponds to 0.05 mol of the aqueous citric acid. In this calculation , n is incorrectly given as 0.15 moles.

After re-organising the enthalpy expression, and calculating the change in temperature as 
∆T = (-)56.56 oC, the temperature should therefore decrease for this endothermic reaction.  However, here the candidate has shown the final temperature as an increase on the initial temperature, 24.4 + 56.56  = 80.96 oC.
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Introduction


Sodium sulfate is a white salt that is soluble in water. It does 
not have any detergent properties, but it adds bulk to washing 
powder to make it suitable for use in a washing machine. 
Approximately 6 million tonnes of this salt is produced each 
year.


The solubility is the mass of the salt that can dissolve in 100 g 
of water. Solubility depends upon the temperature of the water.


Graph 1 shows how the solubility of selected salts varies with 
temperature.


Graph 1
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A method for measuring the solubility of sodium sulfate is given below:


Apparatus list


	 •	 Water bath
	 •	 10 cm3 measuring cylinder
	 •	 Stirring rod
	 •	 Balance
	 •	 Spatula
	 •	 Sodium sulfate powder
	 •	 Clean paper towel
	 •	 Boiling tube


Method 


1. 	 Use a measuring cylinder to pour 10 cm3 of water into a boiling tube.


2. 	 Place the boiling tube into a water bath at 20 °C.


3. 	 Measure 0.5 g of sodium sulfate powder onto a clean piece of paper towel.


4. 	 Pour the powder into the boiling tube. Stir with a stirring rod. Observe to determine if all the 
powder has dissolved.


5. 	 Repeat steps 3 and 4 until no more powder will dissolve. Record the mass of powder that will 
dissolve.


6. 	 Repeat steps 1 to 5 twice more.


7. 	 Repeat steps 1 to 6 at 40 °C, 60 °C and 80 °C.
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Sodium sulfate has an unusual solubility curve. The solubility of sodium sulfate with temperature is 
shown in Graph 2.


Graph 2
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. Task B: Carry out your method to collect data [10] 


: Use your method to collect and record data to compare the volume of carbon dioxide froth produced in 
5 minutes at 5 different temperatures. 
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,. i:: ·,r. ,,0 You may record the raw results in the space below. 
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Present your results in a table. Include all of your results. 
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Sticky Note

Incorrect unit for height of froth.
Level 3: 9 marks
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Activity 3: Managing Safety 
 
Generic Mark Scheme 
 


 Level 1 Level 2 Level 3 


M
an


ag
in


g 
Sa


fe
ty


 


The candidate identifies some hazards and 
risks associated with the activity. Not all 
significant hazards or risks are identified. 
 
 
 
 
 
The candidate demonstrates a limited 
ability to communicate their knowledge and 
understanding of safety issues. 


The candidate writes a risk assessment 
which identifies the significant hazards with 
the activity and risks associated with the 
activity. They identify some suitable control 
measures. 
 
 
 
The candidate demonstrates a reasonable 
ability to communicate their knowledge and 
understanding of safety issues.  


The candidate writes a complete and 
suitable risk assessment for the activity.  
They accurately describe all the 
reasonable hazards and risks associated 
with the activity. Where necessary, they 
identify suitable and sensible control 
measures for hazards/risks listed. 
 
The candidate demonstrates an ability to 
communicate their knowledge and 
understanding of safety issues to a high 
standard. 


1-3 4-7 8-10 


Total Available Marks:  10 


Zero marks to be awarded where there is insufficient evidence to achieve a mark at level 1. 
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Activity 3 Managing Safety 
Marking Guidance – Expected responses – please refer to generic marking scheme; candidates may give other acceptable (correct) 
answers that fulfil the criteria.  The responses below are for guidance only. 
Penalise once for hazard in wrong stage (first time seen) 
Stage 1 
 
Hazard Risk Control Measure 


Bunsen burner flames are hot 
(1) 


Burn to skin; hair; clothing catch 
fire whilst {handling/using Bunsen 
burner to flame neck of bottle} AND 
                 


Only use roaring flame for flaming bottle neck, otherwise keep on 
safety flame / Keep away from skin / hair / loose clothing/ put out 
flame when not required (1) 


Agar powder is an irritant (1) 
Irritation to {skin / eyes} whilst 
{handling/mixing agar powder with 
water}                                       AND 


Wear goggles / Wash off skin.(1) 


Glassware/apparatus is hot (1) Burn to skin whilst handling     AND Allow hot agar solution bottle to cool to warm before handling.(1) 
(Allow credit for safe mechanism of removal from hot water bath). 


 
Stage 2 
 


Hazard Risk Control Measure 
Any 2 × (1) for hazard: Any 2 × (1) for corresponding risk and control measure 


Microbes are a biohazard Possibility of infection whilst 
handling Keep agar plate sealed.  Do not open. 


Hot inoculating loop Burn to skin whilst handling Allow hot apparatus to cool before handling apparatus. 
Ethanol is flammable Burn to skin; hair; clothing catch 


fire whilst cleaning surface 
Allow ethanol to evaporate before using workspace 


Bunsen burner flames are hot   
Level 3 – Candidates address all the above points  
 
Level 2 – Candidates address some hazards and risks and identify corresponding control measures 
 
Level 1 – Candidates address some hazards / risks and may identify corresponding control measures 
 
 
 
3445UD0-1 WJEC GCSE Applied Science Double Award - Unit 4 HT Pack B MS S19/DM 
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. Task B: Carry out your method to collect data [10] 


: Use your method to collect and record data to compare the volume of carbon dioxide froth produced in 
5 minutes at 5 different temperatures. 


. ' . 
. 


,. i:: ·,r. ,,0 You may record the raw results in the space below. 


�o=IS 


·30::: 3'B'
4-0 :: So
So= 4-�
60 = \S


Present your results in a table. Include all of your results. 


� 


I-
4-c 


---� 
5o ! 


:i I 


l I 
l 60


j 


! J_ 


So 


(!;I WJEC CBAC Lid, (3445UD0· 1A) Turn over. 
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only 
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Activity 2 Task A: Analysis 
 
Generic Mark Scheme  
 
 Level 1 Level 2 Level 3 


A
na


ly
si


s 
of


  D
at


a 


The candidate carries out very simple and 
limited processing of data.  
 
 
The candidate makes a very limited attempt 
to analyse and interpret data.  
 
 
 
The candidate gives a simple statement of 
findings. 
 
 
 
The candidate demonstrates a limited ability 
to structure the work in an appropriate way. 
 


1-3 


The candidate carries out mainly suitable 
and appropriate processing of data.  
 
 
The candidate makes an appropriate 
interpretation of the data using mainly 
appropriate methods of analysis. 
 
 
The candidate gives detailed conclusions 
largely consistent with the evidence. 
 
 
 
The work is well structured and logically 
argued with relatively minor errors. 
 


4-7 


The candidate carries out suitable and 
appropriate processing of data, transforming 
data into useful information.  
 
The candidate makes a detailed 
interpretation of data using suitable methods 
of data analysis. All their work can be easily 
followed.  
 
The candidate makes detailed conclusions 
consistent with the evidence. 
They identify and explain all the patterns 
within the data. 
 
The work is logically argued and is well 
structured.  
 


8-10 


Total Available Marks:  10 
Zero marks to be awarded where there is insufficient evidence to achieve a mark at level 1. 
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Activity 2 – Task A – Analysis 
Marking Guidance – Expected responses – please refer to generic marking scheme; candidates may give other acceptable (correct) 
answers that fulfil the criteria.  The responses below are for guidance only. ALL solubilities read from either graph have a tolerance of ±2 oC. 


1 (a) (i) Sodium nitrate = 80; Sodium chloride = 35; 46 = Lead nitrate; Cerium sulfate = 8 (1 Level 1) 
  (ii) Cerium sulfate; Potassium chlorate; Potassium chromate; Sodium chloride; Lead nitrate; Sodium nitrate (1 Level 1) 
 (b)  The solubility increases (from 35 g/100 cm3 at 0 oC to 40 g/100 cm3 at 100 oC as a straight line )(or they are proportional to each 


other / or at a rate of 0.05 (g/100 cm3)/oC). Data not required (1 Level 1) 
 (c)  The solubility of potassium chromate increases (from 5 g/100 cm3 at 0 oC to 81 g/100 cm3 at 100 oC) (as a curve getting gradually 


steeper).   
The solubility of cerium sulfate decreases from 18 g/100 cm3 at 0 oC to 3 g/100 cm3 at 30 oC as a curve getting gradually 
shallower, and then stays constant at 3 g/100 cm3 between 30  oC and 100  oC. 
Correct use of pairs of data from graphs (1 Level 3) 


2 (a) (i) 33.2 (T = 60 oC) (1 Level 2) 
  (ii) 5.2; 32.6; 47.5; 43.8; 43.3 (1 Level 2) 
 (b)  The solubility of potassium chlorate (from Graph 1) increases with temperature (with an increasing rate); the solubility of sodium 


sulfate increases up to a maximum value at 30 oC, then decreases above this value. (1 Level 2) 
 (c)  For 100 g of saturated sodium sulfate solution: 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 50 𝑔𝑔(𝑎𝑎𝑎𝑎 30℃) − 10 𝑔𝑔(𝑎𝑎𝑎𝑎 10℃) = 40 𝑔𝑔 . (1 Level 3) 


So for 25 g of saturated sodium sulfate solution: Mass formed = 40 g /4 = 10 g (1 Level 3) 
 (d)  Choices: Sodium chloride, lead nitrate have closest solubilities to sodium sulfate at 30 oC.  Lead nitrate unsuitable as it is a lead 


salt (Toxic); best choice is sodium chloride, OR other suitable (correct) choice with explanation. (1 Level 2) 
   Level 3 – Candidates address all the points in the generic mark scheme in detail. 


Level 2 – Candidates address all the points in the generic mark scheme. 
Level 1 – Candidates briefly address some of the points in the generic mark scheme. 
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ACTIVITY 2 TASK B: EVALUATION - Generic Mark Scheme 
 


 Level 1 Level 2 Level 3 
Ev


al
ua


tin
g 


The candidate gives a simple evaluation of 
the data or procedure. 
 
 


 
 
 
 


1 


The candidate gives a clear evaluation of 
their investigation/ procedure.  
 
 
The candidate makes an assessment of the 
validity and quality of evidence. 
 
 


2-3 


The candidate gives a detailed evaluation of 
their investigation/procedure. They suggest 
suitable/relevant improvements to their 
method. 
 
The candidate makes a detailed assessment 
of the validity and quality of data. 
 


4-5 


 Total Available Marks:  5 
Zero marks to be awarded where there is insufficient evidence to achieve a mark at level 1. 


 
Indicative Content 
 
1. Statement of suitability of method to determine 
the solubility (Suitable) 


2. Statement of suitability of method to 
operate best between 30oC and 60oC 
(Unsuitable) 


4. One way suggested (e.g. smaller 
temperature increments; use more water 
baths at each temperature; smaller powder 
increments; other correct, valid suggestion) 


 3. Explanation of (1.) – procedure is valid; the 
solubilities are different at each temperature; 
the method identifies that the solubility 
increases, up to an optimum value and then 
decreases (and nearly levels off). 


5. Explanation of (2.) – (range of temperature 
needs to be between 30 oC and 60 oC as 
currently does not measure solubility at 30 
oC; increments of temperature need to be 
smaller between this range; increments of 
added mass need to be smaller.) 
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Activity 2 – Task B: Evaluation 
Marking Guidance – Expected responses – please refer to generic marking scheme and indicative content; candidates may give other 
acceptable (correct) answers that fulfil the criteria.  The responses below are for guidance only. 
Suitability – procedure is valid; the solubilities are different at each temperature; the method identifies that the solubility increases, up to an 
optimum value and then decreases (and nearly levels off). 
 
Suggested improvements – smaller temperature increments (will allow maximum solubility to be determined more accurately); method will be quite 
slow as the water will take a long time to heat up, could use more water baths at each temperature; powder is only added in 0.5 g increments 
which will reduce resolution of solubilities (owtte). 
 
Comment on the suitability of the method to determine solubility over range – range (of temperature) needs to be between 30 oC and 60 oC as 
currently does not measure solubility at 30 oC; increments of temperature need to be smaller between this range; increments of added mass need 
to be smaller. 
 
Comments may be in extended prose. 


Level 3 – Candidates address all the points in the generic mark scheme in detail. 
 
Level 2 – Candidates address all the points in the generic mark scheme. 
 
Level 1 – Candidates briefly address some of the points in the generic mark scheme. 
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Sticky Note

Correct hazard and danger.
Risk does not have an action.



Sticky Note

Both correct.



Sticky Note

Repeat of previous hazard.







Sticky Note

Correct hazard.
Risk does not have an action.



Sticky Note

Both correct.



Sticky Note

Middle band 6/10












Sticky Note

All correct.



Sticky Note

All correct.



Sticky Note

Repeat of previous Hazard.







Sticky Note

Both correct.



Sticky Note

Not marked.



Sticky Note

Correct hazard and danger.
Risk does not have an action.



Sticky Note

Middle band 7/10
















Sticky Note

Measurement of the dependent variable not detailed.
Method will not work to answer question.
Level 3: 8 marks
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. Task B: Carry out your method to collect data [10] 


: Use your method to collect and record data to compare the volume of carbon dioxide froth produced in 
5 minutes at 5 different temperatures. 


. ' . 
. 


,. i:: ·,r. ,,0 You may record the raw results in the space below. 


�o=IS 


·30::: 3'B'
4-0 :: So
So= 4-�
60 = \S


Present your results in a table. Include all of your results. 


� 


I-
4-c 


---� 
5o ! 


:i I 


l I 
l 60


j 


! J_ 


So 


(!;I WJEC CBAC Lid, (3445UD0· 1A) Turn over. 


Examiner 
only 
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(j) 



Sticky Note

Incorrect unit for height of froth.
Level 3: 9 marks
















Sticky Note

Reason for best not related to intended use in brewing.
Level 3: 9 marks












Sticky Note

No valid comment has been made about the suitability of the method with a correct valid reason.
















Sticky Note

Anomaly not identified.
Candidate has failed to spot that the pellets appear to burn for less time so are less effective at lighting a BBQ.
Level 3: 8 marks














Sticky Note

No creditworthy responses.
Insufficient evidence to achieve a mark at Level 1: 0 marks





























Sticky Note

HCl hazard missing reason (irritant).
Bacteria hazard missing reason.
Most Risks missing actions e.g. HCl could irritate the eyes or the skin if splashed during handling.
Level 2: 4 marks

















Sticky Note

Reason for best not related to intended use in brewing.
Level 3: 9 marks
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ACTIVITY 1 TASK A: PLANNING 
 
Generic Mark Scheme  
 
 Level 1 Level 2 Level 3 


Pl
an


ni
ng


 


The candidate outlines a brief method to 
solve a practical problem. The candidate 
makes a plan to collect some relevant data 
without necessarily controlling variables. 
 
 
There is a basic line of reasoning which is 
not coherent, largely irrelevant, supported 
by limited evidence and with very little 
structure. The candidate uses limited 
scientific terminology and inaccuracies in 
spelling, punctuation and grammar. 
 
Some equipment is identified for the task. 
Guidance may be required. 


1-3 


The candidate independently devises a 
method to solve a practical problem which, 
with some changes or elaboration, could be 
followed by another person. Most variables 
are controlled 
There is a line of reasoning which is 
partially coherent, largely relevant, 
supported by some evidence and with 
some structure. The candidate uses mainly 
appropriate scientific terminology and some 
accurate spelling, punctuation and 
grammar. 
 
The candidate identifies the equipment 
needed for the task.  


4-7 


The candidate independently devises a 
method to solve a practical problem, which 
would enable the investigation to be carried 
out successfully by another person. All 
variables are controlled. 
There is a sustained line of reasoning 
which is coherent, relevant, substantiated 
and logically structured. The candidate 
uses appropriate scientific terminology and 
accurate spelling, punctuation and 
grammar. 
 
The candidate identifies the equipment 
needed for the task, without the inclusion of 
unnecessary apparatus. 


8-10 


Total Available Marks:  10 
Zero marks to be awarded where there is insufficient evidence to achieve a mark at level 1. 


Indicative content 
1. Identifies the independent variable (number of 
bands) 


4. Identifies the dependent variable (extension 
OR length). Can be from method 


8. Produces a method that would work. 


2. Produces a method 5.  Identifies 1 controlled variable (weight; 
length/width/depth/size/material/same type of 
band – any 2) 


9. Identifies 2 or more controlled variables 
(weight; length/width/depth/size/material/same 
type of band – any 3) 


3. Produces an equipment list 6. Uses accurate spelling  of scientific words(2 
mistakes or less) 


10. Uses appropriate scientific language (at least 2 
scientific terms) 


 7. Uses capital letters and full stops consistently (1 
mistake allowed) 
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Activity 1 Task A Planning  
Further Marking Guidance – Expected responses – please refer to generic marking scheme and indicative content; candidates may give 
other acceptable (correct) answers that fulfil the criteria.  The responses below are for guidance only. 


DO NOT PENALISE CANDIDATES THAT MEASURE THE LENGTH OF THE RUBBER BAND COMBINATION. 
 
Independent Variable – The number of rubber bands arranged in parallel. 
 
Controlled Variables – The same apparatus; same type of rubber band material; same length of rubber bands; same width/depth/cross-
sectional area of rubber bands; same load force; keep eye in line with measurement of extension 
 
Dependent Variables – The extension of the rubber band combination.  
 
Equipment – Candidates may use equipment from the list or other suitable equipment; candidates may use annotated diagrams rather than a 
list. 
 
Method (exemplification) 
Step 1: Hang rubber band from clamp. 
Step 2: Adjust position of ruler so that 0 mm corresponds to the (straightened) end of the rubber band. 
Step 3: Hang 1 kg mass stack from rubber band. 
Step 4: Measure and record the extension of rubber band. 
Step 5: Remove mass stack and repeat Steps 2 and 3 twice more. 
Step 6: Add a rubber band in parallel. 
Step 7: Repeat Steps 2 to 6 for 3, 4 and 5 rubber bands arranged in parallel. 


Level 3 – Candidate produces independent, viable method (similar to above); important controlled variables (above) addressed; coherent, 
relevant and logical plan; appropriate scientific terminology and accurate spelling, punctuation and grammar with few mistakes; all relevant 
equipment identified (via list or annotated diagram), without unnecessary apparatus. 
 
Level 2 - Candidate produces independent method, that with some changes, could be followed by another person; most of the important 
controlled variables addressed; partially coherent, relevant and logical plan; mainly appropriate scientific terminology and some accurate 
spelling, punctuation and grammar; all equipment needed for the task identified, may have some unnecessary apparatus. 
 
Level 1 - Candidate produces brief method that will allow some relevant data to be collected; may not address the controlled variables; basic 
line of reasoning, not coherent, largely irrelevant with very little structure; limited scientific terminology and inaccurate spelling, punctuation and 
grammar; some equipment needed for the task identified, may need guidance. 
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Sticky Note

Independent variable correctly identified.
Two controlled variables identified.
Dependent variable identified.
List of apparatus produced.
Method produced.
Method will work.
Accurate spelling of scientific words.
Capital letters and full stops used consistently.
Appropriate scientific terms used.
Higher Band 10/10

















Sticky Note

Independent variable correctly identified.
Two controlled variables identified.
Dependent variable identified.
List of apparatus produced.
Method produced.
Method will work.
Inaccurate spelling of scientific words.
Capital letters and full stops used inconsistently.
Appropriate scientific terms used.
Higher Band 8/10












Gerard Griffiths

Sticky Note

Correct units of cm3 and appropriate titles - 1 mark for Table.



Gerard Griffiths

Sticky Note

All titres to 2 decimal places and all subtractions of initial from final volumes correct - 2 marks for Data.



Gerard Griffiths

Sticky Note

Concordant titres selected and means accurately calculated - 2 marks for Mean.
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Background


Etronyx Ltd is a company that manufactures industrial robots. They are developing a new range of 
robotic arms that mimic the action of human arms. As part of the design, they are interested in using 
standard rubber bands to model human muscle fibres.


In this assessment you need to measure how the extension of rubber bands, for one fixed load of 
3 N, varies with the number of rubber bands arranged in parallel combinations. A parallel combination 
of two rubber bands is shown in the diagram below. This models how muscle fibres are aligned and 
function in a human muscle. Suggest how Etronyx Ltd could use this analysis for their design of a 
robotic arm.


Two rubber bands arranged in parallel combination


© WJEC CBAC Ltd.


Assessment summary


1. Task A: Planning
Plan a method that will allow you to measure how the extension of rubber bands, for one fixed 


load of 3 N, varies for 1, 2, 3, 4 and 5 rubber bands arranged in parallel. 


rubber band







(3445UD0-1E-001) Turn over.
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Task A: Planning


Plan a suitable method that will allow you to measure how the extension of rubber bands, for one 
fixed load of 3 N, varies for 1, 2, 3, 4 and 5 rubber bands arranged in parallel combinations.


You should test each combination of rubber bands three times.


What equipment/materials will be available to you?


	 •	 1 × safety goggles
	 •	 5 × rubber bands
	 •	 1 × stack of slotted weights (3 × 1 N)
	 •	 1 × 30 cm ruler
	 •	 1 × stand with 2 × clamp


© WJEC CBAC Ltd.
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Examiner
only
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Task A: Planning	 [10]


Write your plan in the space below, making sure that you identify all the possible variables.


Include a list of equipment with your method. 
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ACTIVITY 1 TASK B: COLLECTING AND RECORDING - Generic Mark Scheme 
 


 Level 1 Level 2 Level 3 
C


ol
le


ct
in


g 
an


d 
R


ec
or


di
ng


 D
at


a 
The candidate uses procedures to collect 
data of low quality or of limited value or 
relevance. The quantity of data may be 
limited 
 
 


1 


The candidate uses procedures to collect 
mainly appropriate data of reasonable 
quality.  The quantity of data is adequate 
for purposes of investigation.  
 


 
2-3 


The candidate uses procedures to collect 
data of high quality. The data is suitable 
and relevant to their investigation. The 
candidate collects a wide range of data for 
the investigation.  
 


4-5 


The candidate partially records data or 
observations into a given template. 
 
 
 
 
 


1 


The candidate independently devises 
methods to record data. Their records of 
data are clear and largely error free. 


 
 
 
 


2-3 


The candidate independently devises their 
own format for recording results and 
accurately records data or observations to 
an appropriate degree of precision. Their 
data is recorded to a high standard and is 
easy to follow. All units correctly recorded. 


 
4-5 


Total Available Marks:  10 
Zero marks to be awarded where there is insufficient evidence to achieve a mark at level 1. 


 
Indicative Content 
 
Measuring 
1. At least 3 bands tested 2. All 5 bands tested 4. Original length measured 
 3. Measurements repeated three times. 5. Repeats similar in magnitude 
Recording 


1. Number of bands recorded 
2. Stretched lengths recorded clearly in suitable 
columns/rows, next to correct Number of bands. 
(NB: can be either orientation column/row)  


4. consistent number of sfs or dps (cm or mm) 


 3. Suitable column header names (i.e. ‘Number of 
bands’/ length of stretched bands) 5. Units given (centimetres, cm / millimetres, mm) 
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Activity 1 Task B Collecting and Recording 


Further marking guidance – Expected responses – please refer to generic marking scheme and indicative content; candidates may give 
other acceptable (correct) answers that fulfil the criteria.  The responses below are for guidance only. 


Collecting –  
Level 3 – 5 different combinations of rubber band arranged in parallel; repeats similar in magnitude; extensions measured to the appropriate 
precision of the ruler; load force measured in newtons. 
 
Level 2 – Repeats may be very different; may not measure load force; may round measurements. 
 
Level 1 – May not test 5 different combinations; may not repeat measurements. 
 
Recording –  
Level 3 – Candidate devises own table; extensions clearly recorded for each repeat, for each rubber band combination; load force recorded; 
appropriate precision used for all measurements; all units recorded clearly and correctly. 
 
Level 2 – Candidate devises own table; may not record load force; measurements may not be to appropriate precision; not all units recorded 
correctly. 
 
Level 1 – Candidate uses a template; not all measurements recorded. 
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Sticky Note

Measuring:
All bands tested.
Measurements repeated three times.
Repeats consistent.
Original length recorded.
Higher Band 5/5
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Recording:
Number of bands recorded.
Extensions recorded.
Suitable column headers.
Inconsistent precision used.
Consistent units.
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Measuring:
All bands tested.
Measurements repeated three times.
Repeats consistent.
Benefit of doubt, original length used in calculation.
Higher Band 5/5







Sticky Note

Recording:
Number of bands recorded.
Extensions recorded.
Suitable column headers.
Consistent precision used.
Consistent units.
Higher Band 5/5
















Gerard Griffiths

Sticky Note

Student has correctly worked out the moles of both NaOH & HCl, and used this to correctly state the concentration of the NaOH used - 2 marks.
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Background


Etronyx Ltd is a company that manufactures industrial robots. They are developing a new range of 
robotic arms that mimic the action of human arms. As part of the design, they are interested in using 
standard rubber bands to model human muscle fibres.


In this assessment you need to measure how the extension of rubber bands, for one fixed load of 
3 N, varies with the number of rubber bands arranged in parallel combinations. A parallel combination 
of two rubber bands is shown in the diagram below. This models how muscle fibres are aligned and 
function in a human muscle. Suggest how Etronyx Ltd could use this analysis for their design of a 
robotic arm.


Two rubber bands arranged in parallel combination


© WJEC CBAC Ltd.


Assessment summary


2. Task B: Collect and record data
Use your method to collect and record data to measure the extension of the different


combinations of rubber bands in parallel.


rubber band
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Examiner
only
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Task B: Collect and record data	 [10]


Use your method to collect and record data to measure how the extension of rubber bands, for one 
fixed load of 3 N, varies for 1, 2, 3, 4 and 5 rubber bands arranged in parallel.


You may record all the raw results in the space below.


Present your results in a table. Include all of your results.
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Activity 1 Task C: Analysis - Generic Mark Scheme 
 Level 1 Level 2 Level 3 


A
na


ly
si


s 
of


  D
at


a 
The candidate carries out very simple and 
limited processing of data.  
 
The candidate makes a very limited attempt 
to analyse and interpret data.  
 
 
The candidate gives a simple statement of 
findings. 
 
 
The candidate demonstrates a limited ability 
to structure the work in an appropriate way. 
 


1-3 


The candidate carries out mainly suitable 
and appropriate processing of data.  
 
The candidate makes an appropriate 
interpretation of the data using mainly 
appropriate methods of analysis. 
 
The candidate gives detailed conclusions 
largely consistent with the evidence. 
 
 
The work is well structured and logically 
argued with relatively minor errors. 
 


4-7 


The candidate carries out suitable and 
appropriate processing of data, transforming 
data into useful information.  
The candidate makes a detailed 
interpretation of data using suitable methods 
of data analysis. All their work can be easily 
followed.  
The candidate makes detailed conclusions 
consistent with the evidence. 
They identify and explain all the patterns 
within the data. 
The work is logically argued and is well 
structured.  
 


8-10 


Total Available Marks:  10 
Zero marks to be awarded where there is insufficient evidence to achieve a mark at level 1. 


 
Indicative content 
 
1. All 5 mean stretched length calculated correctly 4. All 5 mean extensions calculated 


correctly (ecf) 
8. Explanation of why action of rubber bands and 
muscle fibres are different (can contract and extend) 


2. Mean extension v number of bands graph plotted 
(NB: no marks for bar chart as question told 
candidates to plot graph). AND suitable linear scale 
filling most of graph paper 


5. All points plotted correctly (± < 1 small 
square tolerance) 


9. Explanation of why two sets of bands needed (to 
extend and contract owtte) 


3. Suitable number of bands used to lift 3 N stated 
consistent with graph – (NB: range can be given, can 
be based on stretched length OR extension). 


6. Explanation of 3. given consistent with 
graph (ecf) 


10. Mean stiffnesses calculated with the same 
precision down the column 


 7. All mean stiffnesses calculated 
correctly (ecf) 
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Activity 1 Task C Analysis 


Further Marking Guidance – Expected responses – please refer to generic marking scheme and indicative content; candidates may give 
other acceptable (correct) answers that fulfil the criteria.  The responses below are for guidance only. 


Mean extensions calculated in metres for each rubber band combination. 
 
Graph plotted of mean extension (y-axis) against number of rubber bands in parallel (x-axis). 
 
Mean stiffnesses calculated. 
 
Explanation of why rubber bands and muscle fibres are different due to contraction and extension. 
Explanation given as to why two bands are needed in terms of the need to extend and contact joint. 
Candidate suggests a suitable number of rubber bands for use in the arm based on own data. 
Explanation given based on candidates own data and/or graph. 
Answers may be in extended prose 
Level 3 – Candidates address all the points in the generic mark scheme in detail. 
Level 2 – Candidates address all the points in the generic mark scheme. 
Level 1 – Candidates briefly address some of the points in the generic mark scheme. 
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Sticky Note

Inconsistent rounding on mean lengths.
Lengths, not extensions written on table.
Graph plotted but inaccurate origin indicated.
All points plotted correctly.
Mean stiffnesses calculated correctly (ecf), with consistent precision.
Correct explanation of comparison between rubber bands and muscle fibres.
Correct model arm explanation.
Incorrect number of bands stated, but (ecf) appropriate explanation.
Middle Band 6/10
























Sticky Note

Inconsistent rounding on mean lengths.
ECF mean extensions correct.
Graph plotted but inaccurate origin indicated.
All points plotted correctly.
Mean stiffnesses calculated correctly (ecf), but inconsistent precision.
Benefit of doubt given on explanation of comparison between rubber bands and muscle fibres.
Correct model arm explanation.
Correct number of bands stated, with appropriate explanation.
Middle Band 7/10
















Gerard Griffiths

Sticky Note

Moles of acid in 25cm3 - 1 mark.
Mass of acid in 25cm3 - 1 mark.
Molar mass calculated using moles and mass - 1 mark.
Correct acid structure from molar mass value drawn - 1 mark.
Total - 4 marks.
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Background


Etronyx Ltd is a company that manufactures industrial robots. They are developing a new range of 
robotic arms that mimic the action of human arms. As part of the design, they are interested in using 
standard rubber bands to model human muscle fibres.


In this assessment you need to measure how the extension of rubber bands, for one fixed load of 
3 N, varies with the number of rubber bands arranged in parallel combinations. A parallel combination 
of two rubber bands is shown in the diagram below. This models how muscle fibres are aligned and 
function in a human muscle. Suggest how Etronyx Ltd could use this analysis for their design of a 
robotic arm.


Two rubber bands arranged in parallel combination


© WJEC CBAC Ltd.


Assessment summary


3. Task C: Analysis
Use your data to analyse the way that the different combinations of rubber bands stretch, and
suggest how Etronyx Ltd could use this analysis for their design of a robotic arm.


rubber band
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Task C: Analysis	 [10]


Calculate the mean extension, in metres, for each combination of rubber bands


Record your answers in Table 1.


You may use the space below for your working. 


Table 1


Number of rubber bands in parallel Mean extension (m)


1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Use your results in Table 1 to plot a graph of the mean extension against the number of rubber bands 
in parallel.
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Etronyx Ltd is interested to see if the rubber band combination gets stiffer and more rigid as more 
rubber bands get added in parallel.  


Use the equation:


mean stiffness (N / m) = 
load force (N)


 mean extension (m) 


to complete Table 2 below.


You may use the space below for your working.


Table 2


Number of rubber 
bands in parallel Load (N) Mean extension (m) Mean stiffness (N/m)


1 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


2 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


4 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


5 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Explain how the action of rubber bands and real, human muscles are different.


Explain why two sets of rubber bands would be needed to model the movement at an elbow joint.


Suggest a suitable combination of rubber bands to use in an arm to lift a load of 3 N that will give an 
extension of between 5 and 10 cm.


Explain your answer. 
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Task A: Analysis	 [10]


1.	 (a)	 Analyse the data shown in Graph 1 of the resource folder.


	 (i)	 Complete the table below, stating the solubility of the selected salts at 10 °C.


Salt Solubility at 10 °C (g/100 g of water)


Sodium nitrate
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


Sodium chloride
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
46


Cerium sulfate
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


	 (ii)	 Complete the table below, giving the order of solubility of the six salts at 30 °C.


	 (b)	 Describe how the solubility of sodium chloride varies between the temperatures of 0 °C 
and 100 °C.


	


	


Least soluble


Most soluble


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 (c)	 Use data from Graph 1 to compare the solubility of potassium chromate to the solubility 
of cerium sulfate between the temperatures of 0 °C and 100 °C.
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2.	 (a) 	 A student repeated the experiment to measure the change in solubility of sodium sulfate 
with temperature as shown in Graph 2 of the resource folder. Her results are shown in the 
table below.


Temperature (°C)
Solubility (g/100 g of water)


Test 1  Test 2 Test 3 Mean


0 5.1 4.3 6.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .


20 32.6 33.4 31.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . .


40 47.5 45.9 49.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .


60 43.0 44.6 33.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .


80 43.7 44.1 42.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .


	 (i)	 Circle  the anomalous value in the table.
 
	 (ii)	 Complete the table. 


	 (b) 	 The trend in solubility of sodium sulfate with temperature is very different to the trend for 
potassium chlorate. Describe the differences between 0 °C and 80 °C using Graph 1 and 
Graph 2 of the resource folder.


	


	


	


	


	


	 (c)	 Calculate the mass of sodium sulfate that would be formed from 25 g of saturated solution 
as the temperature drops from 30 °C to 10 °C.


Mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g







Turn over.


	 (d)	 Most biological washing powders are designed to operate at a temperature of 30 °C. 
Using Graphs 1 and 2 of the resource folder, suggest a suitable alternative to sodium 
sulfate. Give reasons for your answer.
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Skill Area AO1 AO2 AO3 Maths Prac 


Activity 1: Planning 11 6 17 


Activity 1: Collecting and recording data 13 2 13 


Activity 1: Analysis 9 1 4 10 


Activity 1: Evaluation 5 5 


Activity 2: Analysis 9 1 4 10 


Activity 2: Evaluation 5 5 


Total 24 24 12 10 60 
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