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All Candidates' performance across questions
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Question Title N Mean SD Max Mark FF Attempt %
Planning 905 9 2.5 17 52.8 99.2
Collecting 896 10.3 1.5 13 79.3 98.3
Analysis 888 5.6 2 10 55.9 97.4
Evaluation 834 1.6 1.4 5 31.9 91.5
Analysis 860 4.6 2.5 10 46 94.3
Evaluation 768 0.9 1.1 5 17.2 84.2
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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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Task A: Planning

State the independent variable in your experiment.

(7]

dhe o ameund ol aAoST e DO

State the controlled variables in your experiment.

the. wught, the. ouler, the damp ..

State the equipment you will use.
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State how you will carry out your experiment.

You must include a way to measure the extension of each rubber band combination (1, 2, 3, 4 and 5
rubber bands arranged in parallel), three times each, with a fixed load of 3N.

In the space below write a step-by step plan. You should start each step on a new iine and call them
step 1, step 2 efc.
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Carry out a risk assessment for your method.
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Task A: Planning [17]

State the independent variable in your experiment.

State the dependent variable in your experiment.

Hoos . dar o cubed  Landd S tednes
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State how you will carry out your experiment.

You must include a way to measure the extension of each rubber band combination (1, 2, 3,4 and 5
rubber bands arranged in parallel), three times each, with a fixed load of 3N.

In the space below write a step-by step plan. You should start each step on a new line and call them
step 1, step 2 etc.
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Carry out a risk assessment for your method.
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Results Sheet for Part A — Quantitative analysis of a carboxylic acid

Your teacher will give you exact concentrations for the following solutions.

Exact concentration of C,H,,.4COOH solution

gdm™3

60

Exact concentration of hydrochloric acid solution

N ] 043 moldm~3

Titration data

Draw two tables to record all burette readings and titre values.
Record your mean titres. Indicate clearly which values you have used to calculate your mean values.

Titration 1 — Standardisation of sodium hydroxide solution
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ACTIVITY 1 TASK A: PLANNING - Generic Mark Scheme

Level 1

Level 2

Level 3

Planning

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.
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Indicative content

1. Identifies the independent variable (number of 5. Identifies 1 controlled variable (weight; 9. No unnecessary equipment

bands / rubber bands qualified in method) length/width/depth/size/material/same type of
band — any 1)

2. Identifies the dependent variable (extension 6. Produces a method that would work. 10. Identifies 2 or more controlled variables

OR length) (weight; length/width/depth/size/material/same

type of band — any 2)

3. Produces a method 7. Uses accurate spelling of scientific words (2 11. Uses appropriate scientific language (at least 2
mistakes or less) scientific terms)

4. Produces an equipment list 8. Uses capital letters and full stops consistently (1
mistake allowed)

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 3N 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.

3
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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.

Risk Assessment

Hazard Risk Control Measure
(any (2)) (any (2)) (any (2))
Weights are heavy (OWTTE) Breaking bones / bruise {whilst handling/if

Keep weights away from edges of benches.

weight falls when moving} 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 Blindness / cuts to eyes { whilst

(OWTTE)/Elastic bands snapping handling/carrying out the experiment} Wear safety goggles; keep face away from

clamp.

Nature of hazard must be stated. Risk must be linked with action.

No significant hazard — (3)

Level 3 — Candidates addresses a (correct) HAZARD; a (corresponding) RISK and a (corresponding) CONTROL MEASURE
Level 2 — Candidates identifies a HAZARD; and/or RISK and/or a (corresponding) CONTROL MEASURE

Level 1 — Candidates identifies a HAZARD

© WJEC CBAC Ltd.
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Task A: Planning

State the independent variable in your experiment.

(7]

dhe o ameund ol aAoST e DO

State the controlled variables in your experiment.

the. wught, the. ouler, the damp ..

State the equipment you will use.

ixm{etgo)cggms __________________________________________________________________________________________
YR AV00 01 0 0 sV Ve R Y
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State how you will carry out your experiment.

You must include a way to measure the extension of each rubber band combination (1, 2, 3, 4 and 5
rubber bands arranged in parallel), three times each, with a fixed load of 3N.

In the space below write a step-by step plan. You should start each step on a new iine and call them
step 1, step 2 efc.

SLep L LORRCL Tt @O AP e
Step 2 oanp. tia dlestic bond
Stepd..pub. the. dastic on. the. uucyd%?\f&
SLep. 4. neastile. how. for. the ¢ chsmwuxﬁgm&
Step.5.i.gel..onseher. dostic. band. ond. domp....
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Sticky Note

Independent variable incorrectly identified (amount not an acceptable term to use).
One control variable identified.
Dependent variable identified.
List of apparatus produced.
No unnecessary equipment.
Method produced.
Method will not work.
Accurate spelling of scientific words.
Capital letters and full stops used consistently.
Appropriate scientific terms used.
Higher Band 8/11
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Carry out a risk assessment for your method.
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Sticky Note

Hazards do not have associated dangers.
Risks do not have actions.
Inappropriate control measures.
0/6
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Task A: Planning [17]

State the independent variable in your experiment.

© WJEC CBAC Ltd. (3440U30-1D)





State how you will carry out your experiment.

You must include a way to measure the extension of each rubber band combination (1, 2, 3, 4 and 5
rubber bands arranged in parallel), three times each, with a fixed load of 3 N.

In the space below write a step-by step plan. You should start each step on a new fline and call them
step 1, step 2 efc.

Uny, o d\u‘v\p ______________________ 0N ﬁb odd  the uua-ﬁﬂ‘
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Sticky Note

Correct independent variable identified.
One control variable identified.
Dependent variable identified.
List of apparatus produced.
No unnecessary equipment.
Method produced.
Method will not work.
Accurate spelling of scientific words.
Capital letters and full stops used consistently.
Appropriate scientific terms used.
Third Band 9/11
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Sticky Note

Hazards do not have associated dangers.
One correct risk with correctly identified with action (rubber band).
One control measure correct (rubber band).
Bottom Band 2/6











Results Sheet for Part A — Quantitative analysis of a carboxylic acid

Your teacher will give you exact concentrations for the following solutions.

Exact concentration of C,H,,.4COOH solution

gdm3

60

Exact concentration of hydrochloric acid solution

0 - ]043‘5 moldm3

Titration data

Draw two tables to record all burette readings and titre values.

Record your mean titres. Indicate clearly which values you have used to calculate your mean values.

Titration 1 — Standardisation of sodium hydroxide solution
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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.










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
3N, 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

rubber band

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

Include a risk assessment in your plan.

© WJEC CBAC Ltd. (3440U30-1D)





Task A: Planning

Plan a suitable method that will allow you 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 combinations.

You should test each combination of rubber bands three times.
What equipment/materials will be available to you?

1 X safety goggles

5 X rubber bands

1 X stack of slotted weights (3 X 1N)
1 x 30cm ruler

1 x stand with 2 X clamp

© WJEC CBAC Ltd. (3440U30-1D) Turn over.
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Task A: Planning [17]

State the independent variable in your experiment.

© WJEC CBAC Ltd. (3440U30-1D)





State how you will carry out your experiment.

You must include a way to measure the extension of each rubber band combination (1, 2, 3, 4 and 5
rubber bands arranged in parallel), three times each, with a fixed load of 3N.

In the space below write a step-by step plan. You should start each step on a new line and call them
step 1, step 2 etc.
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Carry out a risk assessment for your method. o

Control Measure

Risk

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

Use your method to collect and record data to measure how the extension of rubber bands, for ene
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.

Examiner
only
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Analysis of Results b

Part A — Quantitative analysis of a carboxylic acid

(i) Sodium hydroxide and hydrochloric acid react as shown in the following equation.

Cone =0 [em38
NaOH + HCI — NaCl + H,O
ol £30132C wl=ds

Use the concentration of hydrochloric acid (given by your teacher) and the mean titre from
Titration 1 to calculate the concentration of the sodium hydroxide solution. [2]

[ = N [pt3. i{—
Hol = DrlomsS K 2

roles
= 240875k 10

. =)
100es NaOH =2 Lo§7x(0

NaoH = M

ConC.
0031325 Naor = 0709328

mol dm=3

= 0-0$328012761
=Hwéig b s})f
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ACTIVITY 1 TASK B: COLLECTING AND RECORDING - Generic Mark Scheme for Activity 1

Level 1

Level 2

Level 3

The quantity of data may be limited

1-2

The candidate uses procedures to collect data
of low quality or of limited value or relevance.

appropriate data of reasonable quality. The
quantity of data is adequate for purposes of
investigation.

3-4

The candidate uses procedures to collect mainly

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.

Collecting and Recording Data

1-2

and largely error free.

3-5

The candidate independently devises methods
to record data. Their records of data are clear

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.

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/direct measurement
of extension stated (could be column heading)

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. Common sig figs or dps used (cm / mm) for
recorded lengths (ignore mean)

2. Length of stretched bands /extension recorded

4. Suitable column header names (i.e. ‘Number of
bands’/ length of stretched bands; extension)

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

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

© WJEC CBAC Ltd.
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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.

© WJEC CBAC Ltd.






		Q9 MS.pdf

		Mark

		(

		Comments ( Page 1)

		(

		Mark

		Comments ( Page 2)

		  M1

		M1

		B1

		B1

		B1

		(

		Mark

		Comments ( Page 3)

		Mark

		(

		Comments ( Page 4)



		SA U3 FT Pck A MS Act 1 Task B.pdf

		GCSE MARKING SCHEME

		GCSE MARKING SCHEME

		INTRODUCTION

		INTRODUCTION

		All work should be seen to have been marked.

		All work should be seen to have been marked.

		Crossed out responses not replaced should be marked.

		Crossed out responses not replaced should be marked.



		SA Unit 3 FT Pck B Act 1 Task B.pdf

		GCSE MARKING SCHEME

		GCSE MARKING SCHEME

		INTRODUCTION

		INTRODUCTION

		All work should be seen to have been marked.

		All work should be seen to have been marked.

		Crossed out responses not replaced should be marked.

		Crossed out responses not replaced should be marked.










Task B: Collect and record data

Use your method to coliect and record data to measure how the extension of rubber bands, for one

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

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

[ g é“” rﬁm ; f/
% EI Po.of R
% ...... -~ R
i ’ \ i
-~ A
o - :
# Y H L
% . :
; P
—_ - — -
/ . N / / - -7
o I e S
’ PR

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

NAMber

OF |
pou A3

=

| b

[13]

A
3 o
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A T
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Sticky Note

Measuring:
All bands tested.
Measurements repeated three times.
Repeats consistent.
Original length not measured, or extension stated.
Higher Band 5/6





Sticky Note

Recording:
Number of bands recorded.
Extensions recorded.
Table designed.
Unsuitable column headers.
Clear tabulation.
Inconsistent precision used.
Missing units.
Middle Band 4/7
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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.

A kansion 4 e
AR SN

Q;\,@-gk;b :
Present your results in a table. Include all of your results.

15¢ &c«i\ _ A né‘ % r";ﬁ

1 Rukoer Lem : ;f;f

R Rups ot | S R
2 tvef ool 5 =

Uhowe vad |36 | 20

5 &weg voud] 7 |z
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Sticky Note

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




Sticky Note

Recording:
Number of bands recorded.
Extensions recorded.
Table designed.
Unsuitable column headers.
Clear tabulation.
Inconsistent precision used.
Correct units as headers
Middle Band 5/7
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Analysis of Results

Part A — Quantitative analysis of a carboxylic acid

(i) Sodium hydroxide and hydrochloric acid react as shown in the following equation.

Cone =0 [em38
NaOH + HCI — NaCl + H,O
ol £3132C wl=ds

Use the concentration of hydrochloric acid (given by your teacher) and the mean titre from

Titration 1 to calculate the concentration of the sodium hydroxide solution. [2]
o - . zg’
m(eg HC( =0 [QLNS)C “fw"'b‘a‘

®l

w3
= 26087sx 0
/

. =)
100es NaOH =2¢ Lo§7x(0

COnC. NaotHt = 2608 75x (0 S
0 03132 oo 008528
= 0-0$328013761

=pwéig b s})f
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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.










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
3N, 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

rubber band

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.

© WJEC CBAC Ltd. (3440U30-1D)





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.

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

© WJEC CBAC Ltd. (3440U30-1D) Turn over.

Examiner

only

3440U301D

07










Task C: Analysis
Calculate the mean extension, in ecm, for each combination of rubber bands.
Record your answers in the table below.

You may use the space below for working.

[10]

Number of rubber bands in parallel Mean extension (cm)

1 Ao Can

2 VLCON .

© WJEC CBAC Ltd. (3440U30-1D)

Examine
only






Examiner
; . . onl
Use your results in the table on page 8 to plot a graph of the mean extension against the number of Y
rubber bands in paraliel.
i i ;
iE
g
: i
\‘7?‘.:.
o y \ o
%
T
o
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[1i]
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|
é"
|
Number of rubber bands in parallel
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10

From the data and the graph, suggest a suitable number of parallel rubber bands to use in an arm to
lift a load of 3N that will give an extension of between 5 and 10cm.

o 00U S

Explain your answer.

&Q.c.me e waohs. a. Lot moare. than.. e

Explain why the model arm would need two sets of rubber bands to copy the movement of the
forearm, moving up and down at the elbow.

Because...youl. 000 2. 0F i 10, m0ve. . tAL arm

ond.. tho. oo O
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Task C: Analysis
Calculate the mean extension, in em, for each combination of rubber bands.
Record your answers in the table below.

You may use the space below for working.

Number of rubber bands in parallel Mean extension (cm)

2 LR

© WJEC CBAC Ltd. (3440U30-10)






Use your resuits in the table on page 8 to plot a graph of the mean extension against the number of
rubber bands in parallel.

Mean extension (cm)

; ~ 3 i S

Number of rubber bands in parallel
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From the data and the graph, suggest a suitable number of parallel rubber bands to use in an arm to
lift a load of 3N that will give an extension of between 5 and 10cm.

oo bl &

Explain why the model arm would need two sets of rubber bands to copy the movement of the
forearm, moving up and down at the elbow.

© WJEC CBAC Ltd. (3440U30-1D)
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(i)  Sodium hydroxide and the unknown carboxylic acid react as shown in
equation.

32 w[ :2‘?}306“3 wf—:. 25’67\‘
0 Mﬁgn@ﬁ NaOH, -+ an-z,,ﬂcog;-i — C,H3,,4COONa + H,0
6+50lg dn

Use this equation, the concentrations of the relevant solutions and the mean titre from
Titration 2 to calculate the relative molecular mass of C,H;,:4COOH and hence its

molecular formula.

roles NaOH = 0406326 X 0:0733
= | 457y 078

poles Gy GO0H = 18 T1kx™
: ‘fk% &an-f[wOF’;;"é:S'O‘ :O'N)?é’?(

Ma$S W Ben' o
062525
-l R AT
5 i85 Tialtxlo™?

= Yot

Molecular formula CZH'?COOH ....................................................................................

A CyHy =578

© WJEC CBAC Ltd. (1410U50-1A)
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ACTIVITY 1 TASK C: ANALYSIS - Generic Mark Scheme

Level 1

Level 2

Level 3

The candidate carries out very simple and
limited processing of data.

analyse and interpret data.

The candidate gives a simple statement of
findings.

Analysis of Data

structure the work in an appropriate way.

1-3

The candidate makes a very limited attempt to

The candidate demonstrates a limited ability to

appropriate processing of data.
The candidate makes an appropriate

interpretation of the data using mainly
appropriate methods of analysis.

largely consistent with the evidence.

argued with relatively minor errors.

4-7

The candidate carries out mainly suitable and

The candidate gives detailed conclusions

The work is well structured and logically

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. At least 1 mean stretched length calculated
correctly in cm

4. All 5 mean extensions calculated correctly (ecf)

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

2. Mean extension (or stretched length) v number
of bands graph plotted

5. Suitable linear scale filling most of graph paper

9. suitable line of best fit (smooth curve) or dot to
dot no mark for bar chart

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

10. Mean extensions calculated with suitable
precision (same as data) (ecf stretched data)

7. Explanation of 3./ seen on graph. given
consistent with graph.

© WJEC CBAC Ltd.






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 for each rubber band combination.

Graph plotted of mean extension (y-axis) against number of rubber bands in parallel (x-axis).

Candidate suggests a suitable number of rubber bands for use in the arm based on own data.

Reason given based on candidates own data and/or graph e.g. load shared by each band so each extends less

Two sets of rubber bands are needed because rubber bands and relax, so one set stretches (and relaxes) when the arm moves up and the
other stretches (and relaxes) when the arm moves down.

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.

© WJEC CBAC Ltd.
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Task C: Analysis
Calculate the mean extension, in ecm, for each combination of rubber bands.
Record your answers in the table below.

You may use the space below for working.

[10]

Number of rubber bands in parallel Mean extension (cm)

1 Ao Can

2 VLCON .
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Examiner
; . . onl
Use your results in the table on page 8 to plot a graph of the mean extension against the number of Y
rubber bands in paraliel.
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iE
g
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o
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From the data and the graph, suggest a suitable number of parallel rubber bands to use in an arm fo
lift a load of 3N that will give an extension of between 5 and 10cm.

T Y s KU S—

Explain your answer.

@

Explain why the model arm would need two sets of rubber bands to copy the movement of the
forearm, moving up and down at the elbow.

©® WJEC CBAC Ltd. (3440U30-1D)
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Sticky Note

Not all means calculated correctly and inconsistent precision.
Graph plotted but inaccurate origin indicated and not all points plotted correctly.
Unsuitable best fit line drawn.
Correct number of bands stated (benefit of doubt given), but inappropriate explanation.
Incorrect model arm explanation.
Bottom Band 3/10












Task C: Analysis

Calculate the mean extension, in ¢m, for each combination of rubber bands.

Record your answers in the table below.

You may use the space below for working.

Number of rubber bands in parallel

Mean extension (cm)

1 T S
z SN
3 h,% ...........................................................................
4 B
5 B
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Use your resuits in the table on page 8 to plot a graph of the mean extension against the number of
rubber bands in parallel. :

%
oy
¢

o

g

Mean extension (cm)

K

“ iy %

i B

Y
Number of rubber bands in paralle!
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Examiner
I
From the data and the graph, suggest a suitable number of parallel rubber bands to use inan arm to i

lift a load of 3N that will give an extension of between 5 and 10cm.

USe . Seme . Cole® b LT ST A —
Explain your answer. q

RLSOUG2. ek .20k on....... kdn X ........ QXYY m\A ............. S
QoSS on ST Y o) - S —————————

Explain why the model arm would need two sets of rubber bands fo copy the movement of the
forearm, moving up and down at the elbow.

@ WJEC CBAC Ltd. {3440U30-1D)




Sticky Note

All means calculated correctly but inconsistent precision.
Graph plotted but inaccurate origin indicated and not all points plotted correctly.
Suitable best fit line drawn.
Incorrect number of bands stated.
Incorrect model arm explanation.
Middle Band 4/10











role, = Lo

r
1

(i)  Sodium hydroxide and the unknown carboxylic acid react as shown in the following

equation. .
Vol 22230 vol = Aen'
0 20083 NaOH, + an_z,,ﬂcgﬁog-i — C,Hz,,iCOONa + H,0
6'Goig dm™

Use this equation, the concentrations of the relevant solutions and the mean titre from
Titration 2 to calculate the relative molecular mass of C,H;,:4COOH and hence its

molecular formula. [4]

ol NaOH = 0:06326 % 00723
= s g5 7Ittex 107 o
L A
molte G Hyp COOH = 1185 T1HGxl0™

f*% Gl (00 H =61 591 = 0+[62638

Mass Y 2en’ $0 /
_ o6
= 5wt /

3’7 = LF{(C’( Relative mole;_:ular mass=g7y‘5— ........ é’/df?
= Yot

Molecular formula CgH7COOH/ ...........................................................

[l H\S’ = 808§

© WJEC CBAC Ltd, (1410U50-1A) Turn over.
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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.










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
3N, 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

rubber band

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.

© WJEC CBAC Ltd. (3440U30-1D)





Task C: Analysis

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

Record your answers in the table below.

You may use the space below for working.

[10]

Number of rubber bands in parallel

Mean extension (cm)

© WJEC CBAC Ltd. (3440U30-1D)
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Use your results in the table on page 8 to plot a graph of the mean extension against the number of
rubber bands in parallel.

Mean extension (cm)

Number of rubber bands in parallel
© WJEC CBAC Ltd. (3440U30-1D) Turn over.
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10

From the data and the graph, suggest a suitable number of parallel rubber bands to use in an arm to
lift a load of 3N that will give an extension of between 5 and 10cm.

Explain why the model arm would need two sets of rubber bands to copy the movement of the
forearm, moving up and down at the elbow.

© WJEC CBAC Ltd. (3440U30-1D)
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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 100g
of water. Solubility depends upon the temperature of the water.

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

Sodium sulfate powder

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

Water bath

10 cm?® measuring cylinder
Stirring rod

Balance

Spatula

Sodium sulfate powder
Clean paper towel

Boiling tube

Method
1. Use a measuring cylinder to pour 10 cm? of water into a boiling tube.
Place the boiling tube into a water bath at 20 °C.

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

> W N

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. Repeatsteps1to 6 at40°C, 60°C and 80°C.

© WJEC CBAC Ltd. (3440U30-1F) Turn over.





Sodium sulfate has an unusual solubility curve. The variation of the solubility of sodium sulfate with
temperature is shown in Graph 2.

Graph 2
60

50

40

30

20

Solubility (g/100g of water)

10

0 10 20 30 40 50 60 70 80 90 100

Temperature (°C)

© WJEC CBAC Ltd. (3440U30-1F)










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

WJEC GCSE Applied Science SA Unit 3 Pack A (New) MS Summer 2018/JF

© WJEC CBAC Ltd.

15














Sticky Note

Correct method and solution. Poor presentation.
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Task D: Evaluation [5]
Evaluate the method that you have used.

Comment on the suitability of your method to accurately determine the extensions of the rubber band
combinations arranged in parallel.

The._alastic bands. aro SNUQU\QTM ...... SCOYQS
..LL).Q[.Q......‘dl"%{.Q\(.PL[LLA.‘QMMI:;_..tmae ....... we..measuyed.

Evaluate the quality of your data/evidence.

Comment on the repeatability of your data.

Ne, because. diftarank.. cowdd 've dane. k. And

END OF PAPER

© WJEC CBAC Ltd. (3440U30-1D)
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Sticky Note

Inappropriate comment about the suitability of method.
Inappropriate inaccuracy stated.
Inappropriate improvement identified.
Inappropriate comment and qualification about repeatability.
0/5












1

Task D: Evaluation [5]
Evaluate the method that you have used.

Comment on the suitability of your method to accurately determine the extensions of the rubber band
combinations arranged in parallel.

The olastic_bands are sV\aJemgTM ...... SCONQS...
were . duffevent. every tume. we..measured. ...

Suggest one source of inaccuracy in your method.

The. dastic. band. was. $NORUIG - |

Evaluate the quality of your data/evidence.

Comment on the repeatability of your data.

No, bacause.. digtaront. cowd 've.done k.. find... .
k_cowd. be. difforont makhodS. oo

END OF PAPER

© WJEC CBAC Ltd. (3440U30-1D)
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Task D: Evaluation
Evaluate the method that you have used.

Comment on the suitability of your method to accurately determine the extensions of the rubber band
combinations arranged in parallel.

T beliwe. . thek . OU fest
g\f‘(ww x’,(,i .................. Wo. i.\:;c;e.w ........ Xéﬁ’ ................ W@ﬂﬁﬂ& ........ e e

Evaluate the quality of your data/evidence.

Comment on the repeatability of your data.

END OF PAPER

© WJEC CBAG Ltd. {3440U30-10)
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Sticky Note

Suitability of method discussed (benefit of doubt).
One inaccuracy stated.
Correct improvement identified.
Repeatability stated (benefit of doubt), but not qualified.
High band 4/5











1

Task D: Evaluation B

Evaluate the method that you have used.

Comment on the suitability of your method to accurately determine the extensions of the rubber band
combinations arranged in parallel.

Evaluate the guality of your data/evidence.

Comment on the repeatability of your data.

END OF PAPER

© WJEC CBAC Ltd. (3440U30-1D0)
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Part B — Qualitative analysis to identify Y in C, H, . Y

{1t
(i) Complete the following table by wrltlng your inferences from the results of each of the
qualitative tests. [3]

Inference from results

po ' ol
Dichromate(VI) test (onbess o ﬁ"%’ 3& goop X

Iodo@\ test i = Rf;f”) (ut’- ﬁ)

N
Silver nitrate test N06 2;\ 0(/!\(’}@!'\8@ )(

Nitric(lll) acid test Y cannot be —NH,

(iv) Use the information from Part A and Part B to suggest a structure for C,H,,YCOOH.

Show your reasoning clearly. 2]
oy fb
oo Ao, s
1 I (-l" &0 / “‘L‘IU‘JOPl
- (- ¢~ C-¢ gV i
C 1 NOH f\
U H iA

? ;}gwff 9 f'lf)leot)laf ﬁrmula. - C}szOH

p{ﬁhw Aa&rﬁm@ﬁé@b i CMPMJ wnm QVL%! 6((]0%
W b %CH@

Voloform  Slous other Pluhdl oc Keve oladed to €.
ﬁo agfon wU“ %f‘/wf mém,l:ﬁ Skows Compovnd  conast bz dwdmim
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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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Part B — Qualitative analysis to identify Y in C H, .Y

03
(iiy Complete the following table by writng your inferences from the results of each of the
qualitative tests. [3]

Inference from results

D oo
Dichromate(VI) test (ontins o By g1 grop

s i’ i? ’H
st e el R ) or(R-i-¢
lodoform test 0 H E

Silver nitrate test N06 0(/!\@)@!‘8@

Nitric(lll) acid test Y cannot be —NH,

(iv) Use the information from Part A and Part B to suggest a structure for C,H,,YCOOH.
Show your reasoning clearly. 2]

&
HO,H Auet®

i § 0 (ﬁmmc"‘
Heill= C=C=C ok
‘C 1 E‘,( \ o ﬁ’h"'}’o\ ¢

H- H

? ?gf& 9 f'lf)leat)laf 6rmula, ~ CgH,CO OH
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ACTIVITY 1 TASK D: EVALUATION - Generic Mark Scheme

Level 1

Level 2

Level 3

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

Evaluating

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)

© WJEC CBAC Ltd.






Activity 1. Task D 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.

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.

10

© WJEC CBAC Ltd.






		Mark

		(

		Comments ( Page 1)

		(

		Mark

		Comments ( Page 2)

		  M1

		M1

		B1

		B1

		B1

		(

		Mark

		Comments ( Page 3)

		Mark

		(

		Comments ( Page 4)

		A U3 FT Pck A MS Act 1 Task D.pdf

		GCSE MARKING SCHEME

		GCSE MARKING SCHEME

		INTRODUCTION

		INTRODUCTION

		All work should be seen to have been marked.

		All work should be seen to have been marked.

		Crossed out responses not replaced should be marked.

		Crossed out responses not replaced should be marked.



		SA Unit 3 FT Pck B Act 1 Task D.pdf

		GCSE MARKING SCHEME

		GCSE MARKING SCHEME

		INTRODUCTION

		INTRODUCTION

		All work should be seen to have been marked.

		All work should be seen to have been marked.

		Crossed out responses not replaced should be marked.

		Crossed out responses not replaced should be marked.










Task A: Analysis

1.

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

Complete the table below, giving the order of the solubility of the selected salts at 10 °C.

Salt

Solubility at 10°C
(9/100g of water)

Least soluble

V

Most soluble

Potassium chromate

(b)

(c)

Describe how the solubility of potassium chloride varies between the temperatures of 0 °C

and 100 °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.

© WJEC CBAC Ltd. (3440U30-1E)
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2.

(@) 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)
Test 1 Test 2 Test 3 Mean
0 5 4 6 5
20 32 33 L
40 47 45 49
60 43 44 33 44
80 43 44 42 43

(i) the anomalous value in the table.

(i) Complete the table.

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

(c) Use Graph 2 of the resource folder to calculate the mass of sodium sulfate that would be
formed from 100 g of saturated solution as the temperature drops from 30°C to 10 °C.

© WJEC CBAC Ltd. (3440U30-1E) Turn over.
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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
3N, 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

rubber band

Assessment summary

4. Task D: Evaluation
Evaluate (comment on):

(i) the method you used. Include the changes you could make to the method to improve
your investigation.

(i)  the quality of your data.

© WJEC CBAC Ltd. (3440U30-1D)
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Task D: Evaluation [5]
Evaluate the method that you have used.

Comment on the suitability of your method to accurately determine the extensions of the rubber band
combinations arranged in parallel.

Evaluate the quality of your data/evidence.

Comment on the repeatability of your data.

END OF PAPER

© WJEC CBAC Ltd. (3440U30-1D)
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Part B — Qualitative analysis of active ingredients in “Moss Killers”

Examiner
only

(vi) Solutions X, Y and Z are:
e copper(ll) sulfate
e iron(ll) sulfate
»  zinc sulfate (which contains the amphoteric metal zinc)
State which solution contains which metal ion. Give reasons for your answers. [3] ()’)
|
|
Solution Metal ion present Reason '
> Chagyd  Colonr fecr |
e Qi) m ) (?
% i~ NsoN. (mlem | ¢ O
N
X
. fq\  Colo o ol "
2ine dalbl Chagd Colonr “’@‘/r 1
i T aci) w
CoPleC Of\(‘j (éﬂ\d‘-j\ W:Tl') Bo\_u
, | Ter Q) daltefe | Chue o PabilT 9] X i
X |2
L ron ‘
sl e %J %4"“1 /\cwf«‘\ with N,
($) .
r4 V\’J \) /'/\// %/ @
©
(vii) Write a balanced ionic equation for the reaction that identifies the presence of sulfate O

jons in each solution.

Ay

...... Fe 5O&M+BM,

e

//k ...........

END OF PAPER

© WJEC CBAC Ltd.
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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.










Results Sheet for Part A — Quantitative analysis of “Moss Killer”

Weighing data

Examiner
only

Mass of pre-weighed sample of “Moss Killer” and weighing bottle and lid ,"L(D % g
Mass of weighing bottle and lid (0. 33 9
Mass of “Moss Killer” l© .0F g ‘

Titration data

Draw your own table to record all burette readings and titre values. Record your mean titre in the box

below.

Exact concentration of potassium manganate(VIl) solution =

=l

\i@bw\/\ ¢ 0 ’ 7o 00 L mmzvxs ONAT L

%Q(/uu C\'\ Lm\’s) |

1410U501A

05

T T2 T3
Sta~t | 4330 3. 60 | .10
Foncsh L. 80 18. 40 4. 10 =)
Totee  (A5.50) | 35,20 asiio
Mean titre I15.1S cm3 »/@/
Examiner Only
/ Expected titre .
porgvarseater | S (rved on toschorvaues) | 1585
[6] Mark awarded for titration ,
accuracy z

© WJEC CBAC Ltd. (1410U50-1A)

Turn over.
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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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Part B — Qualitative analysis of active ingredients in “Moss Killers”
(vi) Solutions X, Y and Z are:
e copper(ll) sulfate
e iron(ll) sulfate
»  zinc sulfate (which contains the amphoteric metal zinc)
State which solution contains which metal ion. Give reasons for your answers. [3]
Solution Metal ion present Reason
ZobFer QI ﬁ“’ Chagga  Colonr ?n'. fen
.~ Naon. Calfalia
X N FLLE
e hopad  Coloar 19 9
2int Ot Chaggh  Colon
(Wal Kl ( o C/ \l\)
\
Copler Oy [eadh  wiTh BKU
. |Bes Q) dalkete | Chue to StabTITEY)
Lron @ 21
LMl & ¢ 4 (\ti”d\ with  NaOh,
4}
z "Wl ™
(vi) Write a balanced ionic equation for the reaction that identifies the presence of sulfate

jons in each solution.

...... Fe 50£‘+BMJM

END OF PAPER

© WJEC CBAC Ltd.

(1410U50-1A)
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Results Sheet for Part A — Quantitative analysis of “Moss Killer”

Weighing data

Mass of pre-weighed sample of “Moss Killer” and weighing bottle and lid fL(D % g
Mass of weighing bottle and lid {O. %73 g
Mass of “Moss Killer” l1© .0F g

Titration data

Draw your own table to record all burette readings and titre values. Record your mean titre in the box
below.

Exact concentration of potassium manganate(VIl) solution = - mol dm™3

\EOU/\N\ ¢ 0 ) 00 0 L mmz\r\é ONATT L
so lutio~ (on?®) |

T T T3
Stat | 43.30 43. 60 G4, 20

FiacShk 20.80 | 1t%.40 L4 10

Tk 25.50 15 .90 2. 10

Mean titre 15.15 cmd

Examiner Only

Mark awarded for 'g Expected titre Zg ’ %g cm3

titration recording (based on teacher values)

[6] Mark awarded for titration
accuracy z

[5]

© WJEC CBAC Ltd. (1410U50-1A) Turn over.
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Task B: Evaluation [5]
Evaluate the method given in the resource folder.

Comment on the suitability of the method to determine how the solubility of sodium sulfate varies with
the temperature of the water solvent.

Many modern washing machines are designed to operate best between the temperatures of 30°C
and 60 °C. Comment on the suitability of the method to determine the solubility of sodium sulfate over
this temperature range.

END OF PAPER

© WJEC CBAC Ltd. (3440U30-1E)
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Task A: Apalysis [10]

1.

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

Compiete the table below, giving the order of the solubility of the selected salts at 10°C.

Salt Solubility at 16°C
a (g/100 g of water)
Least soluble o
Potassium chromate 7

| C@’éuﬁsmaie ______________________ VLo

- Potassuum Chlonde| 249

Most soluble ULCKO;\MX?MQ ................... /ﬁgg ..................

(b) Describe how the s:o.lubi.lit'y of potassium chloride varies between the temperatures of 0°C
and 100°C.

AU wnorease S from. e 00t

(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.

Potassuam huomale noeases. ond teyium.
Sudb ol e dechease.

© WJEC CBAC Lid. (3440U30-1E)
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Examiner
I
(a) A student repeated the experiment to measure the change in solubility of sodium sulfate o

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)
Test 2 Test 3

31

49

A
&

42

{i the anomalous value in the table.

(i) Complete the table.

(b} The trend in solubility of sodium sulfate with temperature is very different to the trend| . ..
for potassium chloride. Describe the differences using Graph 1 and Graph 2 of the| .
resource folder.

Polassuum cadoridha ANCEEASES andhsedium .
bwi@lt WNaenses than decredses, ande thin.....

QORS .. AL ﬁ

Use Graph 2 of the resource folder to calculate the mass of sodium sulfate that woa
formed from 100g of saturated solution as the temperature drops from 30° *Cto 10 _

SO-10 =40

& WJEC CBAC Ltd. (3440U30-1E}




Sticky Note

Order of solubility identified but values incorrect.
Correct description of pattern of solubility of potassium 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.

Middle Band 7/10












Task A: Analysis [10]

1.

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

Complete the table below, giving the order of the solubility of the selected salts at 10 °C.

Solubility at 10°C

Sait (9/100g of water)

Least soluble |
- Potassium chromate 7

Porossuum.Chlorde 29

Most soluble LQO\Q%(\\AX‘{MQ Egg

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

50008 S YOG L0 00 e

(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.

Potossuhm hromate  nNeases. ond. Coxium
UL KRS

© WJEC CBAC Lid, (3440U30-1E)
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2.

(@) 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.

Examiner
only

Solubility (g/100g of water)
Temperature (°C)
Test 1 Test 2 Test 3 Mean
0 5 4 6 5
) )
20 32 3 31 YA
40 47 45 49 F7
Y
60 43 44 33 / 44
80 43 44 42 43

(b)

Potossuum. cnaoricke increases. and. sodium. ol
sulbake naeases, than. deagredases, and.. thon .
.:SC‘.QQ ...... “C&t .......................................................................... T S S s

(1) the anomalous value in the table.

(i) Complete the table.

The trend in solubility of sodium sulfate with temperature is very different to the trend|
for potassium chloride. Describe the differences using Graph 1 and Graph 2 of the| =

resource folder.

(c) Use Graph 2 of the resource folder to calculate the mass of sodium sulfate th_ wou
formed from 1009 of saturated solution as the temperature drops from

0= 40

50~

©®WJEC CBAC Ltd.
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Task A: Analysis {10]

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

Complete the table below, giving the order of the solubility of the selected salts at 10°C.

Solubility at 10°C
Salt (11009 of water)
Least soluble
Potassium chromate 7
Cecan: =f*€—‘~i‘f~,‘1}f\& ........................ TR
(I

pm‘ﬁu@ ........ C\‘J‘ ‘3(%8 ................. 3‘4? ...........................

Most Soluble %‘/{E)&érji iiﬁ{, \ike) ..........................

(b) Describe how the solubility of potassium chloride varies between the temperatures of 0°C

and 100°C. \
........ ofossam. . sl 0P e Slowel) b
@)@g ............. STy X s ommoust  Q8Us kymoy

{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.

. . | o A
Moo Yoo k2 LOQULOL L L A RESES s SoA

&

f"%@ﬁr’gﬁcﬁw\m\yztﬁﬁﬁ’g ............. bk Caju ﬁxﬁélgf&g
“Q(\%Q‘Jj . i .
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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.

Solubility (g/100g of water)
Temperature (°C)
Test 1 Test 2 Test 3 Mean
0] 5 4 6 5
20 32 33 31 I8
40 47 45 49 51
60 43 44 33 44
80 43 44 42 43

(i) the anomalous value in the table.

(i) Complete the table.

(b} The trend in solubility of sodium sulfate with temperature is very different to the trend
for potassium chioride. Describe the differences using Graph 1 and Graph 2 of the
resource folder.

LUt qfig.....
i ST Suligle R ..
____________ 200 A TocrndeS.

c) Use Graph 2 of the resource folder to calculate the mass of sodium sulfate that would be
formed from 100g of saturated solution as the temperature drops from 30°C to 10°C.

6@”“@ @

© WJEC CBAC Ltd. (3440U30-1E) Turn over.
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Sticky Note

All three solubility values identified in order, correctly.
Correct description of pattern of solubility of potassium chloride.
Incorrect comparison of potassium chromate and cerium sulfate and no data used.
Anomalous value not identified.Means calculated correctly.
Trend described correctly.
Mass calculated correctly.

Middle Band 7/10











Task A: Analysis [10]
1. (a) Analyse the data shown in Graph 1 of the resource folder.

Compiete the table below, giving the order of the solubility of the selected salts at 10 °C.

Solubitity at 10°C

Sl (9/100g of water)

Least soluble
Potassium chromate 7

C(f&ﬁﬂﬁug&ﬂ& ;A A0

PYDGD.... ot 3“-#

H i = ¢ / @
] ol oo

(b) Describe how the solubility of potassium chloride varies between the temperatures of 0°C

and 100°C. \
@omwmd“m‘vﬁ

DD g Slosodh bl

{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.

Hhen. X KRR Ao An c@e88S | i Solhhk

&

o . ol
@.a’xﬂ%{;;\gmx.........‘..,;)}.(;7{7;3&5.{35 ............ 200 Cefu r‘;ﬁéirf&g‘ ..........

© WJEC CBAC (td. (3440U30-1E)
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(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.

Solubility (g/100 g of water)
Temperature (°C)
Test 1 Test 2 Test 3 Mean
0 5 4 6 5
20 32 33 31 o N
40 a7 45 49 AT
60 43 44 S8 44
80 43 44 42 43

(i) the anomalous value in the table.

(iiy Complete the table.

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

IN....Qbeph the o G HOSD.. 64/(90! ........... /j’iﬁ(... (S

T
«”MM ............. Wg/;fm Tope lcz(? ___________ ... \’j .,’??iﬂ!ﬁ ...............

B LT D (R TP T PR P PRI % L 4 ,.. . B ST LRSS A N

Use Graph 2 of the resource folder to calculate the mass of sodium sulfate that would be
formed from 100 g of saturated solution as the temperature drops from 30°C to 10°C.

6@“ VO

Mass = ... @im g g e iR O

© WJEC CBAC Ltd (3440U30-1E) Turn over.
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Examiner
t
(v) Part of the '"H NMR spectrum of CH,,YCOOH is shown below. Explain whether or not| o
this spectrum fits the structure suggested in part (jv). , [2] 2
‘ o/ ppm ‘ 4.50 ‘ 3.40 2.30 0.9 )

M@g & mém MH'\ 1 kddfgm LW@) >
g’\gw ab #-0H Shows =0H Js bddd by Corbogn méﬁ 9 Hja)rg&s 69;\5}2)

13
END OF PAPER
48y
HoC-C-c-c N
Ik e
H H

© WJEC CBAC Ltd. (1410U50-1A)
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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.
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Examiner

t
(v) Part of the '"H NMR spectrum of CH,,YCOOH is shown below. Explain whether or not| "
this spectrum fits the structure suggested in part (iv). [2]

‘ &/ ppm ‘ 4.50 ‘ 3.40 2.30 0.9

S0
S?Qf:él'Ui"’l Flés (56{06&”? ﬂas d@‘)l)ueé }Lﬂ‘é qu‘ Slouﬁ“ Q_CH"‘ IS M é’ “

ik LWy FIL, (oot b 23 Ghogs ~Lhy <77
alledd) b oo alh J ngm bonda), .

g’\gw ab #-0H Shows =0H Js bddd by Cwémn méﬁ 0 ng)rty&s 69;\5}2)

13
END OF PAPER
48y
HoC-C-c-c N
A
H H
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Task B: Evaluation [5]
Evaluate the method given in the resource folder.

Comment on the suitability of the method to determine how the solubility of sodium sulfate varies with
the temperature of the water solveni.

Mo beconse. thay. coudd Ve, teein. puatssing 10,30,
50,710,940 ond CCh oo o

Many modern washing machines are designed to operate best between the temperatures of 30°C
and 60 °C. Comment on the suitability of the method to determine the solubility of sodium sulfate over
this temperature range.

Theylve .o nly tered 2 e pavadies mcﬂ.h_,;mg .....................
Snewdve tested all of them

END OF PAPER
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Sticky Note

Inappropriate statement and explanation of the suitability of the method.
Incorrect improvements
Incorrect statement of suitability of the method in stated temperature range.
Bottom Band 0/5












Task B: Evaluation 5]

Evaluate the method given in the resource folder.

Comment on the suitability of the mathod to determine how the solubitity of sodium suifate varies with

the temperature of the water solvent.
No.. bé( HASE. Ly Lowidve. peon. quessiing. Q.34
SC ?(( L}J\Q‘ CC

Suggest one way to improve the method.

Lok st el SeCOnA S

Many modern washing machines are designed to operate best between the temperatures of 30°C
and 60 °C. Comment on the suitability of the methad to determine the solubility of sodium sulfate over
this temperature range.

.Tl‘\ﬁi:y"’e f’w‘lu desred 2 1erpe muum;wm&
aLid Ve, ngd Ol of them..

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

END OF PAPER
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Task B: Evaluation [3]
Evaluate the method given in the resource foider.

Comment on the suitability of the method to determine how the solubility of sodium sulfate varies with
the temperature of the water solvent.

The . mm@& ................ NIG ¢ %éhwﬁ‘i? ........ %“ Qﬁ} ............. g:, ‘“”é ...................

Ih f*ﬂ ............ £O00 W@Ew& .......... LTI 222 11NN U TRYNICUS
e oy KRRy
_____ Wwat™ 06 e e Y N

Many modern washing machines are designed to operate best between the temperatures of 30°C
and 60 °C. Comment on the suitability of the method fo determine the solubility of sodium sulfate over
this temperature range. :

END OF PAPER

©WJIEC CBAC Lid. (3440U30-1E)
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Sticky Note

Suitability of method stated correctly but inappropriate explanation.
Incorrect improvement.
Incorrect statement of suitability of the method in stated temperature range.
Bottom Band 1/5











Task B: Evaluation [5]
Evaluate the method given in the resource foider.

Comment on the suitability of the method to determine how the solubility of sodium sulfate varies with
the temperature of the water solvent.

The. pthol.a%. gub. bek 9 @gmé ,,,,,, 4
%mdkaig ................. Ij@mw«f’ ........... eplindec  fo.. (. e

3 Y
{}J ....... i ,.,”..{3 ...................... ]:} .............. ﬁ‘ij @k T U UUUUUTONRILES - 1, s =, (S e

Sug‘iest one way to improve the method. «
L (’“{} ............ LOUD..... 3:.??@7&.@..&{9 .......... \o k%pwn}}‘i%\bw»ﬁiﬁ“ ______
Wwat® 06 N e Y e

Many modern washing machines are designed to operate best between the temperatures of 30°C
and 60 °C. Comment on the suitability of the method to determine the solubility of sodium sulfate over
this temperature range.

END OF PAPER
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3. Aqueous-citric acid reacts with sodium hydrogencarbonate according to the following equation.

3NaHCO,(s) + CgHgO(aq) — CgHsO/Nag(aq) + 3H,0() + 3CO,(g)  AHO=+78.:8kJmol

The following method was used in an experiment to determine the temperature change during |

the reaction.

o A burette was used to measure 50.0 cm3 of 1.00moldm=3 citric acid into a polystyrene
cup

e 16.0g:of powdered sodium hydrogencarbonate was weighed

« The initial temperature of the solution in the polystyrene cup was recorded as 24.4°C

+ The sodium hydrogencarbonate was added and the solution stirred slowly and constantly
using the thermometer whilst measuring the temperature

(a) Using the values given above, show that the sodium hydrogencarbonate was present in

eXxCcess. xg [2]
t C H,O, = . K = 0,05 mels . —d o.is mous ¢
noap C HCyp = 1 x K 0.0S M K

< zﬁﬁg Na H (0,

o\ ( { 3’.!)

N Y M- N xmMmr - .15 X %I_-“O\ - ‘Q,Cp()&g—- |

(as% NqHC(}3 .~ N aHLC’S
: N dad .

H“ﬁ > Ui \3@3/

(b)  Using the given value of AH®, calculate the expected temperature change and hence the

final temperature recorded on carrying out this reaction. [3]
4= mx c x AT O = ‘fi/ ﬁHXhi""C‘/‘
" 19.9x 045 = 11:82 |
; kKImel ™
O
M- SO | Voxiee |
¢ U3 9z —I| 1, $2C Smov~
At ? BT=%  _ wns20 o §6.56 °C.
K22 ¥ . . v
(mxc) (SOXxL-18) J,--h;)u -y

P g
Final temperature = ... qu(ﬁ ..... °C

END OF PAPER

© WJEC CBAC Ltd. (1410U50-1E)
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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.



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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3. Aqueous-citric acid reacts with sodium hydrogencarbonate according to the following equation.

3NaHCO,(s) + CgHgO(aq) — CgHs0/Nas(aq) + 3H,0(l) + 3C0O,(g) AH®=+78.8kJmol-!

The following method was used in an experiment to determine the temperature change during
the reaction.

o A burette was used to measure 50.0 cm3 of 1.00moldm=3 citric acid into a polystyrene
cup

o 16.0g of powdered sodium hydrogencarbonate was weighed

« The initial temperature of the solution in the polystyrene cup was recorded as 24.4°C

« The sodium hydrogencarbonate was added and the solution stirred slowly and constantly
using the thermometer whilst measuring the temperature

(a) Using the values given above, show that the sodium hydrogencarbonate was present in

excess. s 2]
oo CHO, = | x5 = 0.05melis. — o.is mous e
hok AR e NaH (O,
™ ’ ( {3’.1)
N Mm-— N xMmi - .15 X %1__“0\ - ‘Q»Cpg ol |
(n% NQHC(}% NaH(O3

\(pﬁ > Ui \Qe(va

(b)  Using the given value of AH®, calculate the expected temperature change and hence the

final temperature recorded on carrying out this reaction. [3]
9= mx cx AT A= "i/ Aﬂxrw::—q(.
¥l 19.8X 045 = "‘*82 y
m: SC} | - \l/ 1600 KIMNgl
¢= 4 1% 9= —i1,82C I enor- !
At= 2 AT=% _ wusa0 o §6.56 °C.
() (30xG-1%) J -4
ﬁ%/mmﬁ\/bh

Final temperature = ... goq(a ..... °C

END OF PAPER
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ACTIVITY 2 TASK A: ANALYSIS - Generic Mark Scheme

Level 1

Level 2

Level 3

Analysis of Data

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.

© WJEC CBAC Ltd.
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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 °C.

1

(@)

Potassium chromate = 7; Cerium sulfate = 10; Potassium chloride = 31; Lead nitrate 46 (2 marks for 3 correct, 1 mark for 1 correct all
level 1)
Order (Level 1)

(b)

The solubility increases from 28 g/100 cm?® at 0 °C to 58 g/100 cm?® at 100 °C, in a straight line (OR they are proportional to each other starting
from... to ....). (1 Level 2)

(c)

The solubility of potassium chromate increases AND the solubility of cerium sulfate decreases. (1 Level 2)

The solubility of potassium chromate increases (from 5 g/100 cm?® at 0 °C to 81 g/100 cm? at 100 °C) (as a curve getting gradually steeper).
The solubility of cerium sulfate decreases from 18 g/100 cm® at 0 °C to 3 g/100 cm?® at 30 °C as a curve getting gradually shallower, and then
stays constant at 3 g/100 cm?® between 30 °C and 100 °C.

Correct use of paired data from graphs (1 Level 3)

(@)

(i)

33, (at T = 60 °C) (1 Level 2)

(ii)

32; 47 (both needed) (1 Level 2)

(b)

The solubility of potassium chloride (from Graph 1) increases with temperature; the solubility of sodium sulfate increases up to a maximum
value at 30 °C, then decreases above this value. (1 Level 3)

(c)

Mass formed = 50 g(at 30°C) — 10 g(at 10°C) = 40 g (1 Level 3)

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.

© WJEC CBAC Ltd.
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Activity 2 Task B: Evaluation - Generic Mark Scheme

Level 1

Level 2

Level 3

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

Evaluating

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 30°C and 60°C (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 °C and 60 °C as currently
does not measure solubility at 30 °C; increments
of temperature need to be smaller between this
range; increments of added mass need to be
smaller.)

© WJEC CBAC Ltd.

13






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 waterbaths 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 °C and 60 °C
as currently does not measure solubility at 30 °C; 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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