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Question Title Mean SD Max Mark FF Attempt %
Planning 1732 6.6 35 17 39 97.3
Analysis 1728 2.8 2.3 10 27.6 97.1

evaluation 1614 1.5 1.2 5 30.3 90.7
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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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In addition to this paper you will require a calculator.

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid.

Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet.

If you run out of space, use the additional page(s) at the back of the booklet, taking care to number
the guestion(s) correctly
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Assessment will take into account the guality of your writing.
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State the independent variable In your experiment

State the dependent variable in your experiment

How fox the Spenge Mowcy.

State the controlled variables in your experiment.
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Draw a labelled diagram of your experiment.
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Describe how you will carry out your experiment.

You must include a way o investigate how the distance moved by the foam block depends on how
far the marble is up the ramp (the release distance). The ramp should be set at an angle of about
30°.

You should change the release distance of the marble from Scm to 25cm in 5cm intervals. You
should repeat each marble run three times,

In the space below wrilte a step-by-siep plan.
Step 1- Catner i eguipiment.
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Carry out a risk assessment for your method.
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END OF PAPER
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ACTIVITY 1
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1 hour

For Examiner's use only

Maximum Mark
Mark Awarded

Total 17

ADDITIONAL MATERIALS

In addition to this paper you will require a calculator

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid.

Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet.

If you run out of space, use the additional page(s) at the back of the booklet, taking care to number
the queslion(s) correctly.

INFORMATION FOR CANDIDATES
Assessment will take into account the quality of your writing,
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Background

Welsh Roads Lid is a company thal models crash safety systems for cars. During a crash, the
stored kinetic energy of the moving car is transferred into stored thermal (heat) energy by friction
between the car and the crash surfaces.

One of the simple models that they use involves rolling a marble down a ramp and crashing it into
a foam block. The marble acts as the car and the foam block acts as another car, a wall, or another
obslacle

« Two 30cm rulers, attached to the ramp with Blu Tack, can be used to act as runners for
the marble to roll down the ramp

ThaMMEmm herch 2en

ahwith Bl g&& can hewa@mnnamfurﬁ!

Planning [17]
Plan a method that will allow you to invesligate how the distance moved by the foam block depends
on how far the marble is up the ramp (the release distance). The ramp should be set al an angle of
about 30"

You should change the release distance of the marble from 5¢m to 25em in Scm intervals. You
should repeat each marble run three times.

Include a risk assessment in your plan,
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State the independent variable in your experiment.
e ltase
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Stale the dependent variable in your experimenl. >
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State the controlled variables in your experiment.
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Esamingr
Describe how you will carry out your experiment. b
You must include a way to investigate how the distance moved by the foam block depends on how
;aé- :ha marble is up the ramp (the release distance). The ramp should be set al an angle of about
You should change the release distance of the marble from 5cm to 25cm in Scm intervals. You
should repeat each marble run three times.
In the space below write a step-by-step plan.
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the dl’oa T s, S -
1) P\cu:;& Mre - Mocble. Gem up the rompe
35) Lﬂ.& c? Ve tarble ond  clow S\ Yo |
[ =
(o down \n mmp s |
cecord | N
tti') MEOSI e 1:\'\9, distovce the Loom block
\os  Aroweed
) ace the Soom Dlack Yook tovere
%rked
G) Repeot e, 3 Mmes up to  dSem
WY Scon lntervols.
05 & WUES CBAC Lig e, Turn aver.






ER@mimner

only

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

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.

© WJEC CBAC Ltd.






Activity 1. Task A Planning

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.

Independent variable = release distance of marble up the ramp

Dependent variable = distance moved by foam block

Controlled variables = same material block / same angle of ramp / same surfaces / same dimensions of block / same marble / any other correct
A suitable diagram

A suitable method

Method (exemplification)

Step 1: Set-up apparatus as shown in the diagram.

Step 2: Place the marble at a release distance of 5 cm up the ramp.

Step 3: Release the marble and measure and record the distance moved by the foam block

Step 4: Repeat Step 3 twice more.
Step 5: Repeat Steps 2 to 4 for release distances of 10, 15, 20 and 25 cm.

Level 3 — Candidate produces independent, viable method (similar to above); important control 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 control
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 control 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

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

© WJEC CBAC Ltd. 3





Indicative content

Identifies the independent variable (release distance
of marble up the ramp/height of marble / release

Produces a diagram (main equipment
must be shown AND labelled —

9. Uses appropriate scientific
language (distance and repeat)

point)

ramp/block/marble/ruler)

by the foam block)

2. ldentifies the dependent variable (distance moved 6.

No unnecessary equipment

10. Uses accurate spelling (1 mistake
allowed) Only scientific words

angle/ release without pushing

GENERAL ‘SAME APPARATUS’)

3. Identifies 1 controlled variable (block/block 7.
material/block dimensions/ block starting point/ramp

/surface/marble/same method of measuring (NOT

Produces a method (must include
changing IV and measuring DV)

11. Uses capital letters and full stops
consistently (1 mistake allowed)

any 2)

4. ldentifies 2 or more controlled variables (as above - | 8.

Produces a method that would work
(must inc. repeats / correct range)

Risk Assessment

Hazard (ANY TWO OF)

Risk (must include action — allow handling
as action)

Control Measure

The marble on the floor is a trip/slip
hazard (1)

Someone could fall over (and stated injury)
whilst performing the experiment. (1)

Pick up the marble (immediately) if it goes on
the floor / perform the experiment inside a lab
tray. (1)

The marble could bounce up and hit
someone in the eye (1)

Could cause a bruised eye whilst performing
the experiment. (1)

Wear goggles / keep face away from the
experiment. (1)

Ramp/apparatus could collapse and hit
eye/hand (1)

Injured hand/eye/body whilst performing the
experiment. (1)

Wear goggles / keep body parts away from
the experiment. (1)

Broken glass from marble is sharp (1)

Sharp glass could cut hand/eye/body whilst
handling. (1)

Wear goggles / do not handle broken glass /
(ask another to) clear up broken glass before
continuing (1)

ALLOW:

No hazard (2)

No risk (2)

No CM (2)

© WJEC CBAC Ltd.






Skill Area AO1 AO2 AO3 Maths Prac
Activity 1: Planning 11 6 17
Activity 2: Analysis 9 1 4 10
Activity 2: Evaluation 5 5
Total 11 15 6 10 32

3440U30-1 WIEC GCSE Applied Science (SA) — Unit 3 FT MS S22/DM
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In addition to this paper you will require a calculator.

INSTRUCTIONS TO CANDIDATES
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Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet.
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the guestion(s) correctly
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Sticky Note

Correct independent variable identified.



Sticky Note

Correct dependent variable identified.



Sticky Note

Two control variables identified correctly.



Sticky Note

The diagram has all of the important apparatus included and is clearly and fully labelled. 
There is also no irrelevant apparatus included.








Sticky Note

The method includes the independent variable and dependent variable. They have also included repeating and a correct range.



Sticky Note

DV measured.








Sticky Note

Moving the marble 5cm each time- IV considered and range.



Sticky Note

Repeats.



Sticky Note

Appropriate scientific language used including distance and repeat. Spelling correct as well as punctuation and grammar.








Sticky Note

None of the hazards were appropriate for this investigation.



Sticky Note

The risks did not give an action.



Sticky Note

One control measure was credited as it was suitable for the hazard and risk stated.
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ADDITIONAL MATERIALS

In addition to this paper you will require a calculator

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid.

Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet.

If you run out of space, use the additional page(s) at the back of the booklet, taking care to number
the queslion(s) correctly.

INFORMATION FOR CANDIDATES
Assessment will take into account the quality of your writing,
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Sticky Note

Correct independent variable identified.



Sticky Note

Incorrect dependent variable- almost re-stating the independent variable here.



Sticky Note

1 control variable named.
They have not named a second control variable.



Sticky Note

The diagram has been drawn with all relevant apparatus but they have failed to label the ramp and marble which were key pieces of apparatus for this investigation.

As there are no irrelevant apparatus included they would gain credit.








Sticky Note

A method has been produced here, including the independent variable and dependent variable.
They have also given the correct range and that it should be repeated.




Sticky Note

Range and repeats.



Sticky Note

No capital letters.



Sticky Note

They have used appropriate scientific language, the words distance and repeat are in there and they have correct spelling allowing for one mistake.








Sticky Note

This control measure will be credited as it is appropriate for the hazard and risk stated however, the hazard and risk are incorrect.
The candidate has also failed to give a second hazard to this investigation.



Sticky Note

This is not a realistic risk.



Sticky Note

A small and hard marble is not a hazard.
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ADDITIONAL MATERIALS

In addition to this paper you will require a calculator.

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid.

Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet.

If you run out of space, use the additional page(s) at the back of the booklet, taking care to number
the question(s) correctly.

INFORMATION FOR CANDIDATES

Assessment will take into account the quality of your writing.
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Background

Welsh Roads Ltd is a company that models crash safety systems for cars. During a crash, the
stored kinetic energy of the moving car is transferred into stored thermal (heat) energy by friction
between the car and the crash surfaces.

One of the simple models that they use involves rolling a marble down a ramp and crashing it into
a foam block. The marble acts as the car and the foam block acts as another car, a wall, or another
obstacle.

e Two 30cm rulers, attached to the ramp with Blu Tack, can be used to act as runners for
the marble to roll down the ramp.

* The foam block is on the bench 2cm away from the bottom of the ramp.
* Two 1 metre rulers, attached to the bench with Blu Tack, can be used as runners for the

foam block as it slides freely across the bench.
Planning [17]
Plan a method that will allow you to investigate how the distance moved by the foam block depends
on how far the marble is up the ramp (the release distance). The ramp should be set at an angle of

about 30°.

You should change the release distance of the marble from 5¢cm to 25¢cm in 5cm intervals. You
should repeat each marble run three times.

Include a risk assessment in your plan.

02
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What equipment/materials will be available to you?

2 X 30cm rulers

2 X 1 metre rulers
Blu Tack

1 X 20mm marble

1 X foam block

1 X ramp

1 X protractor

1 X stand and clamp

The equipment should be set up as shown below:

03
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Examiner
. . . . |
State the independent variable in your experiment. o

Draw a labelled diagram of your experiment.

04
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Examiner
[
Describe how you will carry out your experiment. o
You must include a way to investigate how the distance moved by the foam block depends on how
far the marble is up the ramp (the release distance). The ramp should be set at an angle of about
30°.
You should change the release distance of the marble from 5¢cm to 25cm in 5cm intervals. You
should repeat each marble run three times.
In the space below write a step-by-step plan.
05 © WJEC CBAC Ltd. (3440U30-1A) Turn over.
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Carry out a risk assessment for your method.

Control Measure

Risk

Hazard

END OF PAPER
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In addition to this paper you will require a calculator and a copy of the Resource Folder

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid,

Write your name, centre number and candidate number in the spaces al the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet,

If you run out of space, use the additional page(s) at the back of the booklet, 1aking care to number
the question(s) correctly.

INFORMATION FOR CANDIDATES

Assessment will take into account the quality of your writing.
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Task A: Analysis [10]

(a) Use the data from Table 1 in the Resource Folder to list the dwarf planets in order of mass,
starting with the lowest mass.

Lowest mass F CEHE& .
2. [Mevantea
3. Moakentoxe

s Pluto

Greatest mass 5. :E vy

(b) State why Pluto Is no longer classified as a major planet.

Pﬂuto deesdt  have enougs  masd So Ut
3rmLN haasnt . Cleared. . O potion . ovak.
Goownd  Uhe  Sun

(¢) (i) Forthe five dwarf planets in Table 1, plot a graph of the year length against the
distance from the Sun on the grid opposite and add a best-fit line. One has been plotted

for you.

Examiner

02

© WJEC CBAC Lt (34403018}






—_ e e e e (e

T
—( B woenuree

Turn

i -
|/
1
! nCreanes
Lnoreanen

escri

D

(sseak yue3) ye3 o) aaness yibua| Jeap

- 44 b +4
. &b 44 1 el
¢ - Fhh LB I r
i 4 M + ™
T HEHEE H o
SRS R dhdadsdad M " L
—4 T e ad . +
HHHHHH 111 44 . b !
___‘ (4] O ] I
vty IS 880 N8 .
Sisik 'S ERES . : v
s IS EE RREa " i 1
=] ] i 1 ;
IEE R B i i
Hih : & .
4p et ! i s
vad SRR ST E i ) = i
ora oy eSS REEREERE B B _ " B
$-4 -t HESRARSERES NS | 1 A §
. 7 + &
[RerN Fhadaatndoifas s ety 3 1 | ]
TEraR bt srsdadsdtas s o s bl ! o { c n
TTTIR plrsssdodsstas o} 4 | P 1
dpamf thrsmadsdablas b 1t + By | = H =
F=++=}1 I - 4 -} ....r._ | i i = -
— bof s 44 2 4 14 ¢ {
= H i i SHEEETI : | £ & : 8
IS badl s A4 ] 1 1 4 2
- - - ! + -
WFEEE T b-b .l ) | . . m
—iaatlll 14t 34 . e . 3
trrdd BN i 4 ] ] | =, [
thad 4ot S O | 4 4 .
St tant HEE : : &
1448 444 bilhdaddfddadtin } H
had | o bbb bhasdspasadfds b 44 | * f L 2
H 4+ sfasds
fiisaziase - c
_ Bl -
s fsisd i4 -
H IR I H = = _ -
|44 idba H o
i 4t 1 “ E =
ITNER Y i | - ]
ol Ao | e I =
[Jebaifhess } A : 3
|-# } 1
i1 | (=% - w
4
! m tl
'
_ 8 M
.M ..

(i)

the
W






(d) Suggest why it is difficult for amateur astronomy groups like Celtic Astro to observe Haumea,
Makemake and Eris,

Tris iS MUCh. e bloudar  becawns Ha‘.r"nen..
e .
Moakis and Zvs  ore  foorthed  Gadar
Rnd ue;\.r Snacd.
(e) Table 2 below shows the dala taken by the Cellic Astro astronomers about the Galilean
moons of Jupiter.

Table 2

Mass Relative Measurement of the orbital period (in Earth da
Galilean moon | relative to | distance po { vs)

|Examinar
only

of dupller e Po'S | Jonar | Andy | Bryn | Catin | Dafydd | Mean
lo 13 1.0 17 13 19 18 18
Europa 0.67 16 3.6 31 36 35 | 3-@
Ganymede 21 25 74 6.7 7.2 73 | F.2
Callisto 15 4.5 16.7 16.2 16.7 16.6 16.7

Bryn made a constent error in his measurements.

(i) Ignoring Bryn's measuremen's, complete Table 2.

(I} Calculate the value of this constant error In Bryn's measurements.

Error = OS

nn
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Task B: Evaluation (5]
Evaluate the method used ‘o observe the Galilean moaons of Jupiter.
Comment on the suitability of the melhc—d
The mMakod 15 Sultabs  Joecoumns  E  has
AL DANCUIS\S rESUANLS .

Suggest a reason why it is difficult to get a complete month's worth of obssrvations living in Wales.
i z
Becoaune Walen s venf  Cloudiy, and

Nc,u.a;a often . clees et gt e month . fires 019
Ceouoln .
Suggesl a reason why sometimes it is only possible to see two or three of the Galilean moons of
Jupiter from Earth.

Becanrs  the wmoend oot 30 they Mas{
be  Adoehind the Fl,m‘L,

Suggest one improvement lo this method that does not involve repeating the measurements.

) .
Go  on top  of  the Mmounkoin  beecaunse

Comment on the reproducibility of Celtic Astro’s astronomers’ measurements of the orbital periods
of the Galilean moons.

't MM Nt e verny j:“ad ot at f@_{:mdM('-

END OF PAPER

then Yo o€ Gloovne the  clowda. .

hiaMuy 6o e ast . Lhe NoAAk heaudp-|
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1Examiner

Task A: Analysis (o) ™

(a) Use 'he data from Table 1 in the Resource Folder o list the dwarf planets in order of mass,
starting with the lowest mass.

Lowest mass | CoveS
2. Houmeo,
I ke s .
4. Fluh:'

Greatest mass <A~ 5#’ 15,

(b) State why Pluto is no longer classified as a major planet.
‘Has _enoudn _moss so thak s qrauty, has  cleared

0. ‘.’;G.U"'. Moo ks okt aroundY . the sun.

(c) () Forthe five dwarf planets in Table 1, plot a graph of the year length against the
distance from the Sun on the grid opposite and add a best-ft line. One has been plotted
for you.
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Year length relative to Earth (Earth years)
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Describe the pattern shown in the graph.
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Examiner
(d) Suggest why it is difficult for amateur astronomy aroups like Celtic Astro to observe Haumea, "
Makemake and Eris.
Becalee ey ore 0 {m Quat], .
™. U ,ff(
(e) Table 2 below shows the data taken by the Celtic Astro astronomers about the Galilean
moons of Jupiter,
Table 2
A rer:t?::tn 3:::‘2:3 Measurement of the orbital period (in Earth days)
bl b i JL';“mEr Andy | Bryn | Catin | Dafydd | Mean
lo 1.3 1.0 1.7 13 19 18 1.8
Europa 0.67 16 36 31 36 a5 |.32.904
Ganymede 2.1 25 71 6.7 7.2 75 | 322
Callisto 1.5 4.5 16.7 16.2 167 16.6 16.7

Bryn made a constant error in his measurements.

(i} lgnoring Bryn's measurements, complete Table 2.

Error = @ P,

(i) Calculate the value of this constant error in Bryn's measurements.
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TExaminer

Task B: Evaluation [5] e
Evaluate the method used to observe the Galilean moons of Jupiter.
Comment on the suitabllity of the method,
casy methocl kub Jor o rahth yow can't go anywhdre
becalfse Lﬂfj‘,ﬂr (e C{fvdlr Jﬂ fhe OhFCVL&Hﬁm . :

'l...-"
Suggest a reason why it is difficult to get a complete month's worth of observations Ilwng in Wales,
Alwaus C.[LJ‘-.LLJ 4 ouncd raining jdu" would ne CU a1
clefLy ntq ne- v Jood

Suggest a reason Why sometimes It is only possible to see two or three of the Galilean moons of
Jupiter from Earth.

_Ju?m & =0 bg Hob F Bocks the  Galilean. mars -

Suggest one improvement ta this method that does not involve repealting the measurements.

Teu could wse dLH,ﬁ*iﬂk bineculars

LY

Comment on the reproducibility of Celtic Astro’s astronomers’ measurements of the arbital periods |
of the Galilean moons. '

Yo oouldd Cmu.t.r’ e LT.-'.A-- kesulbs  wibh soncore
who's. done oo smiltle dbseriabion |

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.






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.

(@)

(Least massive) Ceres; Haumea; Makemake; Pluto; Eris (Most massive) (1)

(b)

Pluto does not have enough mass (for its gravity to clear all the surrounding space on its orbit around the Sun.) (1)
Allow: Pluto ONLY has a mass (relative to moon) of 0.18
Do not accept: smaller than Moon it has a low/small mass

(€)

(i)

Four points plotted correctly () < 1 small square (2); Three points plotted correctly (£) < 1 small square (1); best fit curve (1)

(ii)

As distance (from Sun) increases, so Year length increases (1), at an increasing rate OWTTE (1)
Allow: There is a positive correlation (1)

(d)

They are so faint / far away. (1)

(e)

(i)

3.6, 7.2 (1) (both needed) Accept 3.57

(ii)

0.5 (1) (Earth days) ignore any refto +

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.






Activity 2 Task B: Evaluation
Generic Mark Scheme

Level 1

Level 2

Level 3

Evaluating

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

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.

© WJEC CBAC Ltd.






Activity 2 — Task B: Evaluation

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.

Method is suitable with valid reason

Suggested reason such as weather.

Suggested reason such as sometimes the moons are on the other side of Jupiter, which obscures them.

Suggested improvement such as record the measurements over a longer period of time / get more people to do the measurements / use bigger
binoculars, telescopes / do the observations somewhere where the weather is better.

Comment on reproducibility (good — values within 0.1 of the means) with the exception of Bryn.

Level 3 — Candidates address all the points in the generic mark scheme in detalil.
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.

Indicative content

1. Comment on the suitability 3. Suggested reason such as 4. Suggested improvement such as record the
Comment stating why it is suitable. (e.g. sometimes the moons are on the measurements over a longer period of time / get
allows us to observe movement of other side of Jupiter, which more people to do the measurements / use bigger
moons/allows us to get results — allow obscures them OR can eclipse each binoculars, telescopes / better binoculars / do the
anything sensible) other owtte observations somewhere where the weather is better
Need judgement and reason Not: the weather/far away / do it in the summer

2. Suggested reason such as weather 5. Comment on reproducibility (good — values within 0.1
(owtte). of the means / values similar) with the exception of

Bryn.

Accept: Good because three out of four are {close to
the mean/similar} / all except one are close to mean
Not converse argument

© WJEC CBAC Ltd. 8





Skill Area AO1 AO2 AO3 Maths Prac
Activity 1: Planning 11 6 17
Activity 2: Analysis 9 1 4 10
Activity 2: Evaluation 5 5
Total 11 15 6 10 32

3440U30-1 WIEC GCSE Applied Science (SA) — Unit 3 FT MS S22/DM

© WJEC CBAC Ltd. 9










Centre Candidate
Surname Sois. andida
First name(s) 5
LU e C 00 O 1
ZX2-J40Ur30-18

CDOC  ruesonv 4 avuaRy - FioAY, i FEsmuAR 2122

APPLIED SCIENCE (Single Award)
TASK BASED ASSESSMENT - UNIT 3 (3440U30)

ACTIVITY 2
FOUNDATION TIER
1 hour
For Examiner's use only
Maximum Mark g
Skill Area Mark Aaarded :
Analysis 10 ol i
Evaluation 5 S
Total 15 I }
ADDITIONAL MATERIALS

In addition to this paper you will require a calculator and a copy of the Resource Folder

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid,

Write your name, centre number and candidate number in the spaces al the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet,

If you run out of space, use the additional page(s) at the back of the booklet, 1aking care to number
the question(s) correctly.

INFORMATION FOR CANDIDATES
Assessment will take into account the quality of your writing.

223‘440”3 © WJEC CBALC Laa FJ*(521-3440030-18)









Sticky Note

Correct answer. 1 mark.



Sticky Note

Correct answer here- 1 mark.



Highlight








Sticky Note

The points were correctly plotted here- 2 marks.
The line/curve of best fit is incorrect so no mark.



Sticky Note

The candidate has given a basic description of the trend for 1 mark but failed to develop the answer further to discuss the 'increasing rate' for the second mark.








Sticky Note

Correct answer, 1 mark.



Sticky Note

Correct calculations and rounding to 1d.p. for means. 1 mark.



Sticky Note

Correct calculation of the constant error for 1 mark.








Sticky Note

Suitability comment and correct justification- 1 mark.




Sticky Note

'Very cloudy' correct answer.



Sticky Note

Comment on the moons moving behind the planet again, correct so 1 mark.



Sticky Note

Incorrect answer here so no credit.



Sticky Note

They have commented that reproducibility is good but have not identified the exception in the data so are not awarded any marks here.
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Sticky Note

Correct answer here, 1 mark.



Sticky Note

Here the candidate has not used the information from the resource folder correctly and has misunderstood. They therefore do not gain a mark.



Highlight








Sticky Note

Plots are correct here for 2 marks,
Line/curve of best fit is incorrect so no mark.



Sticky Note

The basic trend has been recognised for 1 mark but they have failed to develop their answer further and mention 'increasing rate'.








Sticky Note

Correct answer so 1 mark.



Sticky Note

Correct calculation of means. The value 3.57 was allowed for this answer so even though it is not to 1 d.p. candidates were still credited for the answer.



Sticky Note

Constant error calculated correctly. 1 mark.








Sticky Note

No comment on suitability. 0 marks.



Sticky Note

The candidate mentions 'cloudy and raining' so 1 mark here.



Sticky Note

A benefit of the doubt was given to the candidate here as they have mentioned that Jupiter would block the moons. Had the moon not been behind Jupiter it would not block it.



Sticky Note

'different binoculars' was too vague for this mark, the candidate needed to state higher resolution/ better binoculars.



Sticky Note

Incorrect answer here so no mark.
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Examiner
only

Task A: Analysis [10]

(@) Use the data from Table 1 in the Resource Folder to list the dwarf planets in order of mass,
starting with the lowest mass.

Lowest mass 1
2
B
Ao

Greatest mass ST

() (i) Forthe five dwarf planets in Table 1, plot a graph of the year length against the
distance from the Sun on the grid opposite and add a best-fit line. One has been plotted

for you.

02
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Examiner

600 on
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100

Ceres
[ 1]
o0 10 20 30 40 50 60 70
Distance from the Sun (AU)
(i) Describe the pattern shown in the graph.

03
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Examiner
|
(d) Suggest why it is difficult for amateur astronomy groups like Celtic Astro to observe Haumea, o

Makemake and Eris.

(e) Table 2 below shows the data taken by the Celtic Astro astronomers about the Galilean
moons of Jupiter.

Table 2
Galilean moon rell\élt?vsesto dRi:’:Z:i\éi Measurement of the orbital period (in Earth days)
of Jupiter theMEO%rrt]h’s J[Jrgir;;r Andy Bryn Catrin Dafydd Mean
lo 1.3 1.0 1.7 1.3 1.9 1.8 1.8
Europa 0.67 1.6 3.6 341 3.6 3.5 |
Ganymede 21 2.5 71 6.7 7.2 73 |
Callisto 1.5 4.5 16.7 16.2 16.7 16.6 16.7

Bryn made a constant error in his measurements.

(i) Ignoring Bryn’s measurements, complete Table 2.

(i) Calculate the value of this constant error in Bryn’s measurements.

04
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Task B: Evaluation [5]
Evaluate the method used to observe the Galilean moons of Jupiter.

Comment on the suitability of the method.

Suggest a reason why sometimes it is only possible to see two or three of the Galilean moons of
Jupiter from Earth.

Comment on the reproducibility of Celtic Astro’s astronomers’ measurements of the orbital periods
of the Galilean moons.

END OF PAPER

Examiner
only
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Introduction

Celtic Astro is an amateur astronomy group based in Mid Wales that makes observations of dwarf
planets and the Galilean moons of Jupiter.

The International Astronomical Union classifies a planet as a celestial object that:

1. orbits the Sun

2. has enough mass to make it roughly spherical

3. has enough mass so that its gravity has ‘cleared’ a path on its orbit around the Sun.
Point 3 is the reason why Pluto was downgraded to a dwarf planet in 2006.

Table 1 — Data on the Earth, the Moon and five dwarf planets

v | Mapniznee | O ionte | Mo
years)

Earth 83 10 0
The Moon 1 N/A N/A
Ceres 0.013 2.8 4.6
Pluto 0.18 39 250
Haumea 0.055 43 280
Makemake 0.062 46 310
Eris 0.23 68 560

© WJEC CBAC Ltd. (3440U30-1C)





Observing dwarf planets is very difficult, even with very large telescopes. Another of the Celtic
Astro projects, that can be carried out using binoculars mounted on a tripod, is making detailed
observations of the orbital periods of the four largest moons of Jupiter: lo; Callisto; Europa and
Ganymede. The moons of Jupiter are called the Galilean moons.

Four astronomers in the Celtic Astro group make their own observations of the period of each of
the four Galilean moons over the course of one month. Their measurements are shown in Table 2
below, together with the mass of each moon and its distance from Jupiter.

Table 2 — Data on the four Galilean moons of Jupiter

Mass ; Measurement of the orbital period (in Earth days

Galilean moon relative to 5?32%2 P ( ys)

of Jupiter theMi%r:]h S | from Jupiter Andy Bryn Catrin Dafydd
lo 1.3 1.0 17 1.3 1.9 1.8
Europa 0.67 1.6 3.6 3.1 3.6 3.5
Ganymede 21 2.5 741 6.7 7.2 7.3
Callisto 15 4.5 16.7 16.2 16.7 16.6
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Celtic Astro has a standard method for measuring the periods of the Galilean moons. This method
is shown below.

Method for observing the Galilean moons

1. Attach a pair of astronomical binoculars to a tripod as shown in Figure 1.

Figure 1 — Astronomical binoculars

2. Use an astronomical sky map app to locate the approximate position of Jupiter.

3. Observe the four moons of Jupiter and record their positions, using the observation
recording template shown in Figure 2 below.

Figure 2 — Recording template for observations of the Galilean moons

4. Repeat this observation every evening for one month.
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An example observation is shown in Figure 3.

Figure 3 — Example observation of the four Galilean moons of Jupiter

Key

J : Jupiter

Co I:lo

E : Europa

G G : Ganymede
C : Callisto

v

5. Use your observations to determine the time period in days for each moon to return to
its original position.
6. Email your values to the Celtic Astro database.
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