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All Candidates' performance across questions

Question Title N Mean S D Max Mark F F Attempt %
Planning 43 11.2 1.7 17 65.7 100

Collecting 43 11.3 1.4 13 87.1 100
Analysis 43 4.8 2.1 10 48.4 100

Evaluation 41 2 1.3 5 39.5 95.3
Analysis 42 6.2 2.1 10 61.7 97.7

Evaluation 41 2.1 1.4 5 42.4 95.3
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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

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
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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Task A: Planning [17] 


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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Carry out a risk assessment for your method. 
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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. 


1-4 


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.  


5-8 


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. 


9-11 
The candidate identifies some hazards and 
risks associated with the activity. 
 
Not all significant hazards or risks are 
identified. 
 


1-2 


The candidate identifies most of the 
significant hazards and risks associated with 
the activity. 
They identify some suitable control 
measures. 
 


3-4 


The candidate accurately describes the 
significant hazards and risks associated 
with the activity. 
Where necessary, they identify suitable and 
sensible control measures for the 
hazards/risks listed. 


5-6 
Total Available Marks:  17 


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) or qualified in method 


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


9. No unnecessary equipment 


2. Identifies the dependent variable (extension 
OR length) 


6. Produces a method that would work. 10. Identifies 2 or more controlled variables 
(weight; length/width/depth/size/material/same 
type of band – any 2) 


3. Produces a method 7. Uses accurate spelling of scientific words(2 
mistakes or less) 


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


4. Produces an equipment list 8. 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; 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 Variable – 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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Risk Assessment 
Hazard 
Any 2 


Risk 
(any 2) 


Control Measure 
(any 2) 


Weights are heavy (OWTTE) Breaking bones / bruise {whilst handling/if 
weight falls when moving} 


Keep weights away from edges of benches.  
Stand up during experiment.  


Stand is pointed (OWTTE) 
 


Blindness / cuts / puncture wounds / bruise to 
eyes/face {whilst handling/if stand falls whilst 
adding the weight} 


Wear safety goggles; clamp stand to bench; 
keep face away from clamp. 


Rubber bands are elastic (OWTTE) / 
rubber bands may snap 


Blindness / cuts to eyes {whilst 
handling/carrying out the experiment} 


Wear safety goggles; keep face away from 
clamp. 


No significant hazard (3) 
Nature of hazard must be given.  Risk must be linked to action. 
 
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  
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ACTIVITY 1 TASK B: COLLECTING AND RECORDING 
 
Generic Mark Scheme for Activity 1 
 


 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 
 
 


1-2 


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


 
3-4 


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.  
 


5-6 
The candidate partially records data or 
observations into a given template. 


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


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. 


1-2 3-5 6-7 


 Total Available Marks:  13 
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 3. All 5 bands tested 5. Original length measured 
2. Measurements repeated once 4. Measurements repeated three times. 6. Repeats similar in magnitude 
Recording 
1. Number of bands recorded 3. Candidate devises own table 6. Consistent number of sig figs or dps(cm / mm) 


2. Length of stretched bands recorded 4. Suitable column header names (i.e. ‘Number of 
bands’/ length of stretched bands) 


7. Units given (centimetres, cm / millimetres, mm) 
not in body of table 


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

Independent variable correctly identified.
Two control variable identified.
Dependent variable identified.
List of apparatus produced.
No unnecessary equipment.
Method produced.
Method will work.
Accurate spelling of scientific words.
Capital letters and full stops used inconsistently.
Appropriate scientific terms used.
Higher Band 10/11










Sticky Note

Only one Hazard, risk and control measure completed correctly.
Middle band 3/6



















Sticky Note

Independent variable correctly identified.
One control variable identified.
Dependent variable identified (benefit of doubt).
List of apparatus produced.
No unnecessary equipment.
Method produced.
Method will work.
Inaccurate spelling of scientific words.
Capital letters and full stops used consistently.
Inappropriate scientific terms used.
Middle Band 8/11
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Only one Hazard, but missing the injury outcome, risk and control measure completed correctly.
Middle band 2/6













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
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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.
Include a risk assessment in your plan.


 


rubber band







(3440UC0-1D-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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only
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Task A: Planning	 [17]


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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Carry out a risk assessment for your method.
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Task B: Collect and record data [13] 


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


record all the raw results in the space below. 


Present your results in a table. Include all of your results. 
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Task B: Collect and record data [13] 


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


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


Of 


!, 


.- l�. ·, , 


< ,. 


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


t 


) 1-1+ - 6. :i


2 


2 Lj- -- 6 ·s I 
9


g i 6-S 
I q


g-6S IS-


t. r - 6, -c:; 0 
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ACTIVITY 1 TASK B: COLLECTING AND RECORDING 


Generic Mark Scheme for Activity 1 


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 


1-2 


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


3-4 


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.  


5-6 
The candidate partially records data or 
observations into a given template. 


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


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. 


1-2 3-5 6-7
Total Available Marks:  13 


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 3. All 5 bands tested 5. Original length measured
2. Measurements repeated once 4. Measurements repeated three times. 6. Repeats similar in magnitude
Recording 
1. Number of bands recorded 3. Candidate devises own table 6. Consistent number of sig figs or dps(cm / mm)


2. Length of stretched bands recorded 4. Suitable column header names (i.e. ‘Number of
bands’/ length of stretched bands)


7. Units given (centimetres, cm / millimetres, mm)
not in body of table


5. Stretched lengths recorded clearly in suitable
columns/rows, next to correct Number of bands.
(NB: can be either orientation column/row)
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Activity 1. Task B Collecting and Recording 
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 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; 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 measured.
Higher Band 6/6






Sticky Note

Recording:
Number of bands recorded.
Extensions recorded.
Table designed.
Suitable column headers.
Clear tabulation.
Consistent precision used.
Correct units.
Higher Band 7/7















Sticky Note

Measuring:
All bands tested.
Measurements repeated three times.
Repeats consistent.
Original length measured.
Higher Band 6/6







Sticky Note

Recording:
Number of bands recorded.
Extensions recorded.
Table designed.
Suitable column headers.
Clear tabulation.
Inconsistent precision used.
Correct units.
Middle Band 6/7
















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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Task B: Collect and record data	 [13]


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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Task C: Analysis 


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. 


·WO(�\"qS
OUl,


\()�� \(D::- \.O&
4-S- !.::' l 00 = 0 · 4 5 
2.0 +- 10() =. 0 2.


l � + � � 0 l�


\0 ":" 100�0. I 


Table 1 


Number of rubber bands in parallel 


1 


2 


3 


4 


5 
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Mean extension (m) 


0.l{5
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t) 2


........... .. 0.: . ...\ .. 3 ..................... ........................ .......... . . 


0-1
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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: 


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


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) 


1 3 


2 3 


3 3 


4 3 


5 3 


Mean extension (m) 
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Mean stiffness (N/m) 
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Explain how the action of rubber bands and real, human muscles are different. 
Examiner 


only 


. .\.h.e. .. h.u.ma.o ... o..f .m .... c.v.l.t l.cont
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W9\?;�n er,rR� ·· · w&fdo0dl8tbfRfl�f! efCI) 
Explain why twSJets of rubD Dands woulii/e needed to model the movement at S;, ';Jbow · · � , 
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. ngcrei.�et ... &i[Cl([Jitns�t .. QOdJNLLLg'.J ... txlCKW d5 
.. \ ............. a .... Cl..cf (tren .. t .... mo.ve ............ en ... 1..� .............. .......................... .................................. . 
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 10cm . 


.. 01 .. y ... dClCO. ... t..t.t.J.� .... 0.J .. €. ... t .. t� ....... 1 ..... b.CLOd .. : ... .......................... ....... .................... .. 
Explain your answer. 
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Task C: Analysis 


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. 
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Table 1 


Number of rubber bands in parallel Mean extension (m) 


1 ··········(). ..•.. \.?. .. ?r. ........................................................... . 


2 ........ 0. ...... '. ..... 9... .... � .. 3-..................................................


3 D - 0\7 


4 ,1j � ota 
........ V ...................... J .......................................................... . 


5 0 · ODc,
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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: 


to complete Table 2 below. 


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


mean extension (m) 


You may use the space below for your working. 


Table 2 


Number of rubber 
bands in parallel 


1 


2 


3 


4 


5 


Load (N) 


3 


3 


3 


3 


3 
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Mean extension (m) Mean stiffness (N/m) 
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Explain how the action of rubber bands and real, human muscles are different. 


.... � .. scL.-e .. S ............... n.£'.±.>.d..S. ................. a.L..uco..s .. e ......... t.t;J ... W..C):(./'£ ........... 'L .�.b .. b.::e( ... .


.... b.◊.1.v>.1.5 ................. @•.1.t...: ........................................................................................................................................................ . 
Explain why two sets of rubber bands would be needed to model the movement at an elbow joint. 
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...... 9 . .r...r.0. ................. 6.� ................ JO .. �.-J.:� .............. n�.� ................. � ............... r .. �.l:lb:e.( ............. 0.0..�� .. . 
......... tq,························&Q. .................... �.�=···················?..0."0 .. � ............... t.l,1 .. �.� .. · ............................................................... . 
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 10cm . 
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Explain your answer. 
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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. 


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. 


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.  


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. 


Indicative content 


1. All 5 mean stretched length calculated correctly
OR individual extensions calculated


4. All 5 mean extensions calculated correctly in
metres (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. 10. Mean stiffnesses calculated with 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 extension and contraction. Rubber bands stretch and then relax; 
muscles contract and then relax. Muscles work in antagonistic pairs to move a joint.   


Explanation given as to why two sets of bands needed to extend and contract. One set of bands will stretch for the arm to move down and 
the second set will stretch for the arm to move up 


Suitable number of rubber bands suggested, explanation consistent with candidates own data. 


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

All means calculated correctly but not converted to metres correctly.
Graph plotted with accurate scale, origin and best-fit line.
All points plotted correctly.
Mean stiffness calculations rounding errors and inconsistent precision.
Inappropriate explanation of how rubber bands and muscle fibres are different.
Correct model arm explanation.
Correct number of bands stated (benefit of doubt given), but inappropriate explanation.
Middle Band 5/10



























Sticky Note

All means calculated correctly in metres.
Graph plotted correctly with join the dots line.
All points plotted correctly.
Mean stiffness calculations rounding errors and inconsistent precision.
Inappropriate explanation of how rubber bands and muscle fibres are different.
Correct model arm explanation.
Correct number of bands stated (benefit of doubt given), but inappropriate explanation.
Middle Band 5/10
















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. 


Number of rubber bands in parallel Mean extension (m)


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


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


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


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


5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


Table 1
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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 (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. 


Examiner
only
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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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Sticky Note

Correct method and solution. Poor presentation.
M1A1m1A1.





















Sticky Note

Inappropriate comment about the suitability of method.
Suitable inaccuracy stated.
Appropriate improvement identified.
Appropriate comment about repeatability but inappropriate qualification 
Middle band 3/5










Sticky Note

Assessed by examiner.

























Sticky Note

Appropriate comment about the suitability of method.
Suitable inaccuracy stated.
Appropriate improvement not identified.
Appropriate comment about repeatability but inappropriate qualification.
Middle band 3/5











Sticky Note

Page seen by examiners.

























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 bands combinations.  Candidates should make a 
comment on whether the method is able to determine the mean extensions 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. 
 
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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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.


Least soluble


Most soluble


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


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


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


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


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


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


2
Examiner


only


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


	


	


	


	


	


	


3
4


4
0
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Turn over.
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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


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.







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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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
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Sticky Note

The incorrect metal ion is given here so no credit awarded.



roberm

Sticky Note

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



roberm

Sticky Note

Incorrect metal ion given so no credit awarded.



roberm

Sticky Note

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












roberm

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.



roberm

Sticky Note

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



roberm

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 and 60 °C.
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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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Sticky Note

Missing solubility values correct.
Correct order of solubility.
Correct description of pattern of solubility of sodium chloride.
Correct comparison of potassium chromate and cerium sulfate but no data used.
Anomalous value identified.
Means calculated correctly.
Trend described correctly.
Mass calculated correctly.
Inappropriate reasons for alternative to sodium sulfate.

Higher Band 9/10
















Task A: Analysis 


1. (a) Analyse the data shown in Graph 1 


2 


of the resource folder. 


(i) Complete the table below, sta ting the solubility of the selected salts at 10 °c.


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


Sodium nitrate ........ ro ..................... 
Sodium chloride s�6 


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


........ lfild ... D.Lt.r.o.tt 46 


Cerium sulfate 
············ ············ · · · · · · · ··········· 


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


Least soluble ceJ.tum .... �.WJfo . .t.e ..
-
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. .l.e<Cld .... .D..Ll,a.ct .............. 


Most soluble �.C.0 . .L.\Xr\ .. J\LtUO..tf ...........


[10] 


(b) Describe how the solubility of sodiu 
and 100°C. 


m chloride varies between the temperatures of 0 °C 


G5.iD.t: .. tt.m.r.r J1t.uce ... 10.cc eus1® .. a-c .. lne. ..........................
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(c) Use data from Graph 1 to compare the solubility of potassium chromate to the solubility
only 


of cerium sulfate between the temperatures of 0 °


c and 100
°


c . 
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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. 


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


0 


20 


40 


60 


80 


Test 1 Test 2 


5.1 4.3 


32.6 33.4 


47.5 45.9 


43.0 44.6 


43.7 44.1 


(i) Sthe anomalous value in the table.


(ii) Complete the table.


Test 3 Mean 


6.2 ·�·�····--······ 


31.9 3?. ..... '. ... 0. ... 


49.1 k.�� .. 5... ...
�.2) 4.<3. .... '..�. 


42.1 ... 4 ... ⇒ .. � ... ?..


(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. 


00 \WCWb ? 
\L'St'CWY U'0LhGtS:XX(um 


SUI � fate� soJubU(t� Jocreqse as ¢r 1�m. f fJG..lU[e, .CLS.t� ....... ta ..... :�::t.� ..... lr\Rc)\.t. . .lt\E:0 .. . d.e� 
cceo�.es ...... un.t.Ct . .JCO.�.c ... o.no . .tG.e ... . ffilU.t)t/.t.t(l .. on .. ........ . 


Wt���Q2ir�0�i���Q�r��l�2 :@entn.e_ ........ .


(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 1 0 °C.


s-0-10= 40 � 4.:: (0 


Mass= .. ............. . '.1D ...... ..................................... g
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(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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Trend described correctly (benefit of doubt).
Mass calculated correctly.
Appropriate reasons for alternative to sodium sulfate.
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Task A: Analysis 


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 ...... S .. ?. .......................... 


Sodium chloride 
........... �.S .................... 


L-e o..� \'Y, l;::rc.t;.e 46 
···································································· 


Cerium sulfate 
.............. � ..................... 


[10) 


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


Least soluble � C r;l ; 'vi. 1'111 S I.A l {: 01. (:: e· e rn1 n .................................................................... 


..... ,P.. .. ?.f .. 0.?..f/: .. �_l.'!1 .......... �.n_l_,�_( C{t C 


......... S.�.{.;.J:4. .. M ............. c; .. h.Lof,. � � 


...... L.�.0. .. � ............. 0..:..t .. r. .. 0 .. ta:. .. . 


...... . f.O.l;.c:i.$'.S .. (.':{\yY\ ........ (VlJP.�\C\ L 1:


Most soluble ......... ? . .?.A.! .. �.� ........... �.�.t.(0tc.


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


����=�fili..l'¥.' ... .. e ....... �J:,�� ...... .C.�.L. .. 9..r..':.J.e ............ do.��v.i .. t:. ................ .


.... V..<A .. (.i .. -g.? ................... 9\04 ................... �.0 .. o.-j) ............. �.h.� ............ S.0.'t?.�.· .................................................. . 
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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 .


.. As ............... th.� .................. t�rt-1 . .p� . .ctV!.r-e ........... J.r.( .. r..�.0.se.'.� ................ ��.::c. ........ � .. °-.ir� .......... .


..... (:.� .. Y.�•.".'.\.M .............. §. .. �.�(.0.t� ................ J.??�.i.���.f�.?., .......... 9..04 ........... .p.o..t..ct .. $.S .. ; .. 0.0.1' .. .


... C.�r..o. .. vY.1�te. .............. ,.¥i ..... &. ....... .l.n .. �f.:e.0:.s..c.:s ............................................. . ....................................... .
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2. (a)


4 


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. 


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


0 


20 


40 


60 


80 


Test 1 Test 2 


5.1 4.3 


32.6 33.4 


47.5 45.9 


43.0 44.6 


43.7 44.1 


(i) Sthe anomalous value in the table.


(ii) Complete the table. 


Test 3 Mean 


6.2 .... .s.�z ............ 
. 


31.9 ..... �.?:.: .. f.3 ....


49.1 .... 4:.7.: ... S .....


..---. 


�:D .... Y.:s. .... ��········ 


42.1 ...... 4..3 ...... .J .... 


(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 . 


. . . . J.. D .............. Gr crp h .. l .......... f 9..tqs.s; .. VI v.Y' ........ 9. v.l o. r.<At. � ............ � .. ¼.S � ......... ·'· .".".l < r �. c:� .. s. :� :. s ..•..


..... J..o ................ G.�.�p...r. ... -l.. ................ p.o..b..�s:s.'.,.0.r.1 .......... C..ht.C} . .C.'7�.t.l'.:: .............. !:.0..�.C..�.�.�.�� .. � ......... . 


.... 0. .. V\.b..·1 .. t .................. i..t. ......................... 0..·, . .t.s ................... 1 .. 9 ................... t0..�r.\ ......... ci.e.c..(e.qS.c�.s. ...... . 


(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 1 0 °C. 


Mass= ................. ..\.0. ............................................... g 
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(d) 


5 


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 . 


.... J. .............. �<?.Y.1-.l.d .......... 0.S .. � ................ S.QJ.� .. ':l .. � .......... c;::.n . .l�?.'<>::J.� ............ 0..-:c.� ."'-.\\.�.� .... i.tJ. ..


... CL..o..s..�r ................. t..9. ................ 3.9...°. ............ o .. v.i.4 ............. � .. (; ............ 0!..<?�.l4 ................ �('.l.f.f ...... �� 


... b. .. -¢..6.! ................................................................................................................ ································•···•······•··"························ 
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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 statement about the suitability of the method but unsuitable explanation. 
Correct improvements
Correct statement and explanation of suitability of the method in stated temperature range.
Higher Band 4/5
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Examiner 


Task B: Evaluation 
[S] only 


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 and 60 °C.


f' ....... lr···· ............................................ ,.. ........................................................................................ ii ................................................. .


.. \lliLD..l\ .. lt'O.� .. .l .. h.LS ... rn.etna.t. ... ��.S .... .Ce.J.tOO.l..£. .......... 0 ..... . . . . . . . . . . . . . .  . .


. D.e .. CO .. U<;S.e .. .1..t. .. �ve .. u.� ...... �.U..(ltlt.J.le ..... dO.t.Q ..... Wf.tO ............ .. Q_p.. ty ..... 1 .... QJ\.OO\).D.OonJ.✓-...... (e.SUJ.t .. O.O ...... (JrQP,(\2. .... 0(\.. .. . 
?0° L JtSL-3 j(QJ!d I01£tOVLLt oy aobq 
.Ll ... v.✓.e.c� .. ...\.0. .. 6.C ...... W.D\(J} ... C..OULCL .q.et .... mcre ..... .... .. .. QCCU\.Clt.� .... r .. t�V.ltS ..... O.r\ot .. U..� .. e. ..... Cl ...... .tn.e.rtYOme..te..r ...... . 
to ...... C .. he.e..l\ .... t.be ......... t .. t.mpeI .Qt.ure. ........ o.f .. t.h.e. .. . (✓.Ct


.�Lu.J.e.m ..... tnf� ....... i.e.m ... �ca.t.u .. ce ...... 3. .. o.� ... c .................... .. 
Q.QQ .. ff)0.C ..... t.h .. (� ........ m.et..r.\o .... ... 0.0. .. L.U .... V\.Q.� .......................... . (eod(0g0 .... Q .. L ..... 2D Q(l ..... 4Q .... s!O ...... r.x1at� .......
: ooteJ\Ol,\.gD dCltQ o qcvr us an
.. td.eJl ... � ........................................................... ............................. .................................................................................................
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Sticky Note

Appropriate statement about the suitability of the method but unsuitable explanation. 
Inappropriate improvements.
Inappropriate statement and explanation of suitability of the method in stated temperature range.
Bottom Band 1/5
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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 and 60 °C .


.... Th.� .............. M-!3:t.hGd .............. WP.:.Q ............ g�� ............. .b.l='.c;.c.�.V'S..ff?. .............. ,.t .............. c.ells. .................. .
···(JO.\A .............. .6..D. ................ C:e.p�qt ................. 0P.½{.$.�.({. ........... 0..½.� .................. c:l.9.�S'..0 .. C ...................... .


.... &..�.ll. ..................... �O..Y.t ....................... o..f\y ... (Y.1.9. . .Ce ...................... c.� ... �P.�c�t.'✓-'.Y.:-:c.\s ......................... . 


.... o...p0..v.t ....................... £.r.◊. .. Y0 ...................... W-:.o .. �.� ... ,0. .. r..J ............. 6.o..°.C .............. � ......... S0. ................ . 


.... \· ... t. ....................... d.¢. .. t:.s.n:.c. ........................ k.� ............... � ............. \0 .. :c.Le ................. 0<'..�� ................ . 


.... (o .. r ............... t.0..�····························%·v.\.�.$..l;i ... ¢>.r..".$ .. � ...... � .......................................................... .


... Tc.? ..................... S.G. .. l-.. V.� .................... �.k.1.:$. ................ .p.r.r?. . .b...�L.�.M .......... (�o.V\ ............. C.0..{) .................. .


····EJ·'··\Jc .......................... 0:lL ....................... t:b..� ........................ bc .. ru.p...�l;.�(.��············S.·o.··························· 


..... "Y� ..................... c.0. .. v.J ......................... 9<..�.s.w..�.f. ................. r0.P.r.� ............. % ................. e.V'.c. .....................


..... 9_;.�.es.0.-;.�.0..� .......................... ½!.�.tfoQ.v.\C ................... c3 .. 0.:e.s.$.'.1 •• =5t···························································· 


.. 1.e.� .................. C<>..<?..t. ................... l✓-lt ................. . b:e!/1,-'.\ f. �.t.Y' ( '."2 .............. ?Q ..0 


c ....... 9.-.. (.1 .. 4. ........... 69..� c ............ .


:"::�.:;� � �(;;;;�:��t �:7;::r: t; 
be�;::�� 


...... � .............. 0.b ................................... Lq.w. .................. t.�V½.f s:t.½.i..�S:.. .................................................................. .
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roberm

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.



roberm

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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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. 


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. 


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.  


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 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. 


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 AND the solubility of cerium sulfate decreases. 


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 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. 
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Activity 2 – Task B: Evaluation 
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. 
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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