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Grade Boundaries
What is a grade boundary?

A grade boundary is where we set the level of achievement required to obtain a certain
grade for the externally assessed unit. We set grade boundaries for each grade, at
Distinction, Merit and Pass.

Setting grade boundaries

When we set grade boundaries, we look at the performance of every learner who took
the external assessment. When we can see the full picture of performance, our experts
are then able to decide where best to place the grade boundaries - this means that
they decide what the lowest possible mark is for a particular grade.

When our experts set the grade boundaries, they make sure that learners receive
grades which reflect their ability. Awarding grade boundaries is conducted to ensure
learners achieve the grade they deserve to achieve, irrespective of variation in the
external assessment.

Variations in external assessments

Each external assessment we set asks different questions and may assess different
parts of the unit content outlined in the specification. It would be unfair to learners if
we set the same grade boundaries for each assessment, because then it would not take
accessibility into account.

Grade boundaries for this, and all other papers, are on the website via this link:

http://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html

Unit 3: Science Investigation Skills

Level 3
N P M D

Grade Unclassified

Boundary Mark 0 10 20 31 42
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Introduction to the Overall Performance of the Unit

Section 1: Physics

This was the first time that the practical activity had been tested using the Section
H Physics from the specification. From the tables that were produced it could be
seen that learners were able to carry out the practical activity without difficulty. It
was only in designing the table so that all columns were labelled and had units
that problems arose. However, producing a graph to meet all the criteria was
more challenging. Whilst most learners were able to label the axes and plot points
correctly frequently the points did not cover half the graph paper and not enough
care was taken in drawing lines or curves of best fit. Most learners were able to
name the dependent and independent variables but found naming a control
variable and giving a reason for controlling it more difficult. Most learners were
able to describe the relationship between the number of lamps and the observed
voltage but did not recognise their graph as being linear or non-linear. It was also
surprising to find how few learners realised that opening the switch in a circuit
stops the current.

The examination requires that learners have a calculator and a ruler. It was
apparent that a ruler was not available in many cases as the extension of the line
on the graph did not coincide with the original line or was at an angle to it.
Taking readings from graphs also proved difficult for same learners
rearrangement of equations requires more practice as does converting seconds
to hours. Learners also need to learn the definitions of repeatability and
reproducibility and consider, once they have carried out an investigation how it
could be extended.

Section 2: Chemistry

Section 2 of this paper consists of two questions which are taken from a different
scientific discipline to the questions in Section 1. In this paper, section 2 is based
on the chemistry part of the specification. The questions are designed to test two
parts of the specified content for the examination these being section A ‘Planning
a scientific Investigation’ and section C ‘Drawing conclusions and evaluating'.

Question 4 tests the ability of the learner to plan a scientific investigation. This
includes the development of a hypothesis, the selection and justification of
equipment, techniques and standard procedures, health and safety and methods
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of data collection including, quantities to be measured, number and range of
measurements to be taken, how the equipment is to be used, control variables
and a brief method for data collection analysis.

Question 5 gives a description of the method, results and conclusion of an
investigation and tests the ability of learners to use this information to make
recommendations to improve the method, determine possible sources of error,
consider the reliability or otherwise of data and evaluate the conclusions given
with respect to the results given for the investigation.
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Individual Questions: Physics

Q1a

The example below gained all 3 marks. The headings and units are correct, bulb is
acceptable instead of lamp but voltmeter reading is not acceptable in place of
voltage, the mean voltage has a unit and the averages are correct.

1 {a) Record all your experimental results, including the average voltage in a suitable
table, using the space provided. Circle any anomalous results.

(3)
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The example below also gained all 3 marks. The table has correct headings with
units. The ‘voltage’ heading and unit covers all the required columns. Repeats are
shown, three is sufficient. All the results are given to a consistent number of
decimal places. The averages are calculated to the same number of decimal
places and an anomaly is ringed. The anomalous result is then not used to
calculate the average for the repeats for the sixth lamp

Numbe: ¢ Lomes Voleese (W)

(etyding | Jleuding? | feaging 5 | menn
'| 7.79 Z.%0 .82 | <4.80
3 bl 2.63 |Z.60 |2.62
3 Z.34 7.3 .16 | 2.20
i 2,20 7.6 2\ [1.21
[ 2.05 2.00 | l.90 |[l.a®
6 1.5 aw) | 1Se | tsy

J

'ﬂf"‘-ﬂn".jwu_',
r'l.-":ll_.'ll_,jc-

Q1b

A maximum of 3 marks could be awarded for plotting the graph. Most learners
were able to draw the axes and label the axes correctly with units. Producing a
scale which allowed the spread of points to cover half of the graph paper was
more challenging as most graphs to do this could not include the origin. Most
learners could plot the graph points accurately but did not produce a smooth
curve or a line of best fit which had points evenly distributed about the line. The
example below was awarded 2 marks as the points are not evenly distributed
about the line.
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The graph below was only awarded 1 mark. There is no unit on average voltage.

However the scale enables points to cover more than half of the graph paper and
this gains a mark.

The tramlines on a graph do not get the final mark and the line drawn is not the

best straight line through the points Either the point for the second lamp should

be ringed as an anomaly and also noted as an anomaly on the table or the line

should be in the middle between points between the points for lamps 1 and 2.
(3)
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The example below shows a bar chart that was produced from the results, this
gained 3 marks as it showed the correct labels on the axes, sufficient coverage of
points and correctly plotted points.

(b) Plot a graph of average voltage across the lamps against number of lamps in
parallel in the circuit.

(3)
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The response below gained three marks, the curve was just smooth enough to
gain the third mark
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Q1ci and Q1cii
Most learners were able to identify the independent variable as the number of
lamps/bulbs and the dependent variable as the voltage/ potential difference.
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Q1d

The most common answer that was that as the number of lamps increased the
voltage decreased and this was consistent with the graph that was plotted.
Negative correlation was also accepted although this should also be related the
variables. The graph did not show direct proportionality or inverse
proportionality but the relationship can be described as ‘linear’ for a straight line
or ‘non-linear’ for a curve.

The response below gained two marks as the accompanying graph showed a
straight line.

(d) Describe, using information from your graph, the relationship between the
voltage across the lamps and the number of lamps in parallel.

Q1e

Many learners were able to make the observation that ‘the more lamps that were
added the lights got dimmer'. Repeating this statement in reverse did not gain the
second mark. The second mark was awarded for the learner noticing that all the
lamps in a set of lamps were at the same brightness.

The response below gained 2 marks.

(e) State two observations you made about the brightness of the lamps.
(2)

T vou MR ke Wel VA KW
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Q1if

Surprising few learners realised that opening the switch in a circuit will stop the
current/breaks the circuit. More learners gained a mark for an expansion without
identifying the reason. The most common acceptable answer was to allow the
cells/batteries /lamps/ equipment to cool down.

The example below has both marks awarded.

(f) Explain why it was necessary to open the switch in between taking voltmeter
readings.
(2)

Qv A1 FOWULG. thads. enoub hang. e, LQUAP T H................

Q2ai, Q2aii, Q2bi, Q2bii and Q2bii
This combination of questions, tested the learners’ ability to read information
from a graph and then use those readings to calculate the gradient of the graph.

Q2ai
Most learners were able to identify voltage for the current of 0.6 A using the
graph.

Q2aii

The continuation of a straight line to cut both the x and y axes presented some
difficulty especially to those learners without a ruler. (It should be noted that
having a ruler is a requirement of the examination).
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Below are examples of extension of the straight line that did not score a mark.
The first example the two ends ore off line. The second example the extensions
do not cut the axis and the third example the top extension does not start at the
top of the given line.
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Q2bi, Q2bii and Q2biii
Once the line had been extended then most learners were able to estimate the
intercepts and obtain a value for the gradient. The example below shows Q2bi
and Q2bii in tolerance and the correct calculation to obtain a value for the
gradient which is also in tolerance.

{b) The equation of the line is given by y = -mx + c.

(i) cis the value of the intercept an the y-axis.

Estimate the value of c.
1)

(i) Estimate the value of the intercept on the x-axis.
1

intercept on x-axis = I:Sbe A
{iiii) -m is the gradient of the line,
Calculate m.

Use the equation
c
{x-axis intercept) (2)

m

\- 53
|- Sk

-lo158

Vo3
m= @3 VA
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The second example shows 2bi out of tolerance 2bii in tolerance, 2biii would have
gained both marks but the answer must be calculated and not left as a fraction.

(b} The equation of the line is given by y = :-mx +c.
{il cisthe value of the intercept on the y-axis.

Estimate the value of c.
(1)

e= 0%y
(1)

1-94.

intercept onx-axis=._._ . _l=®1 A

(i} Estimate the value of the intercept on the x-axis.

(iii} -rm is the gradient of the line.
Calculate m.

Use the equation

C
ms= ————
{x=axis intercept) (2)

L= e ™z YE
—_ ey

Q2ci

Most learners were able to substitute and showed their working and then
evaluated to 0.39W. This is a ‘show that’, therefore the answer must be seen to be
at least one decimal place more than the answer given in the question.

16
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The example below gained both marks and gave 0.39 in the answer line.

(¢) (i) Your colleague notes that when one lamp is used in the circuit the voltage
across the lamp is 1.26 V and the current is 0.31 A.

“Show that the power of the lamp is approximately 0.4 W.
Use the equation
Power = VI (voltage x current)
Show your working.
Vo 26 e xo.3 e (0. 3706 @
T = ®. 3)

power = 0"30{ w

The response below also gains 2 marks but this is only because 0.39 can be seen
in the calculation it is not necessary to round this to the value given in the
guestion. Without seeing the calculation this answer on its own would not gain
any marks.

femgm e

Show your working.
(2)
vV i\'26 - |26 x0 31 = 039
& =03\ cO W
power = ... b W
Q2cii

Almost all learners wrote the equation and showed their working. Many learners
gained 3 marks for their answer because the conversion of seconds to hours had
not been carried out or the conversion was to minutes, not hours.

17
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The example below gained all four marks.
Your colleague finds out that the energy stored by a cell is 9360 J.
Assume the power output of the lamp is a constant 0.4 W.

Calculate the time in hours that the cell would deliver current to the lamp.

Lise the equation
pove - 2tk 60T = 7 3ooseins
Show your working. ok

23400 by W

Time = Enes
J = L4 o aukey

Powe™ 2% b0 =b-5

time for lamp to keep working = . é i . OUFS

3 marks were awarded for the example below as it shows an incorrect conversion
to hours.

Show your working.
(4)

~Se—=="
o'y = 23603

oome

Ao wlerd ora— Possss
H U360 =— g 'y =23400minEER
time for lamp to keep working= ... 2 31O hours

234 00 muAdkes w bhoass, = 290
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2 marks were awarded for the next example this shows a correct substitution and
rearrangement but the learner has converted the energy into kilojoules, this was
seen a number of times with no apparent reason giving an incorrect evaluation.

Show your working.
(4)
Thme = pork aone
PoEr
op A0y = Ader)
v G304 234
time for lamp to keep working = la + . hoours

Q2d

The majority of learners were able to complete this calculation and gain 2 marks.
Only occasionally was the % multiplied by 100 for the second time and although
the maximum uncertainty was given a few learners divided this by 2 and then did
the calculation. The answer should be given to two decimal places as both values
are to two decimal places but 0.9% was accepted.

(d) Your colleague used a voltmeter that had a maximum error (uncertainty) of 0.01 ¥
when the measured value was 1.11V.

Calculate the percentage error in the measurement.
(2)

Use the equation

rmaximum error

measured value *

percentage erar =

(N
i_\J‘;D- 900900

percentageerror=__.. 010 %
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Q2e

Many learners added to the table given in the question and used this as a basis
for their answer. The examples below gives a correct conclusion supported by
evidence and using the table.

(e} Your colleague finds some data about how the current varies with the number of
lamps in a parallel circuit. Figure 2 shows the data.

1 0.62 oLk
o -
2 51+ ) 108
A - E ol G {P1
Ol = 3 1.50 ~y
=% 028
L-3¥ 4 188
-r..r*::!& ﬂ R - L‘-
5 222 34
730 ~ Ly
6 252
o P
Figure 2
Your colleague predicts W
"When seven lamps are added in parallel the current will be 2.98 A %

Comment on whether you think their prediction is correct.

Use your colleague’s results to support your answer,
{2)
.. . ' .
SThe Pledushon A . hCofresh dho. ienk  goed

- AACKRMONKY.. €.9..0:.8L2 9% = G He Hen

Meawd 04 = 1 O%. 2150 =.0: 42 . Moany. . e
onerenty, oc. . Fo Loy vhoold e J.3FE&.

AS [om &7 2. 1% -1 v (Total for Question 2 = 16 marks)
INCrED3Ed oy 030 b moald Cncroe oy Q.16
For Tre rext readr o 7 Loumes oA Pean
CLcomed .57 4 o6 — .-

20

@ Pearson



L3 Lead Examiner Report 1901

(Applied Science Unit 3: Science Investigation Skills)

e} Your colleague finds some data about how the current varies with the number of
lamps in a parallel circuit. Figure 2 shows the data.

1 0.62
Yo ug
2 1.08
)a-u2
3 150 -
- g3
138 2
4 1.88
R
5 222
Jod
] 252
Figure 2
Your colleague predicts
"When seven lamps are added In parallel the current will be 2.98 A’
Comment on whether you think their prediction is correct.
Use your colleague’s results to support your answer.
(2)

e B INCTeADE i 0 Lk 1S @rosably. t00 high ab the
CRcrend e Aecrend €4 ok eatn 1oamp.

(Total for Question 2 = 16 marks)

Q3a

Only a few learners were able to gain 2 marks on this question. Learners were
sometimes able to give another control such as ‘use the same lamps or cells’, but
were unable to explain why this should be done.

21
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Below is an example of a response which gained two marks.
3 (a) You used the same voltmeter throughout your investigation.

Explain how one other variable was controlled.
(2)

......... IMM%MQ%WW\MWM

However the majority of response were similar to the response shown below
which gained 1 mark as the learner recognised that the same cell should be used.

3 (a) You used the same voltmeter throughout your investigation.

Explain how one other variable was controlled.
(2)

.......................... S m@mfﬁam*’cetnwmchwo-&mntrnu:d
tGprtwntuﬁ@md:‘fgrwtqufqtuswhuch
wwnd;mwtnegg&we_tym&fmtcdgmrrmmn

The response below was not awarded a mark, however a significant number of
learners believed that the switch was something to control.

3 (a) You used the same voltmeter throughout your investigation.

Explain how one other variable was controlled.

(2)
...... i usa:) ‘H\ﬂ SAINE.... swxbch TV naki ﬁa
O ... ‘ éf'c{f, ......... . ) &3(5 ’]‘\1.5 ou.n-a I v S L'o c».ﬁ)

‘Hﬁ ............ SAMAL..... muﬂ{' gk f(%wr& A’&: 'ﬂm :am[’s:h o hrS... Pw';Jﬂ
s qoreile
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Q3b

This question referred to two ways of testing reliability but did not state that the
first comment had to be on repeatability and the second on reproducibility and
was worth 4 marks.

Below is an example of a 4 mark answer.

(b) Repeatability and reproducibility can be used to test the reliability of an
investigation,

Explain these two ways in which the reliability of your data could be tested.
(41

Many learners where able to gain one mark usually for repeating the experiment
but did not gain the second mark for ‘using the same apparatus’. Repeatability
and reproducibility are definitions which need to be learned.
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Below is an example of a 3 mark answer.

.

(b) RéBeatablllty and reproducibility can be used to test the reliability ofan
investigation.

Explain these two ways in which the reliability of your data could be tested.
(4)

1@@%&3@&@ Reeeaxrno cooi.
ol lode...OL ot .QF %bf‘k.&ll'\'e_)
OB ESOCR OO (RSUY Lee

&meQJ-\—or\rm.,LL&.)rQ- -’ﬁ\nﬂmm (\c@)wc..

Q3c

This was again a four mark question but most learners were only able to gain two
marks.as the answer required ‘linked pairs'.

Learners quite frequently gave the extension as ‘adding more cells’ and the
reason ‘increase the range of readings’ but then adding more lamps for the same
reason does not gain any additional marks.
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Below is an example of a four mark answer, giving two possible extensions with
two different reasons.

(c) One way of extending your investigation is by using an ammeter to measure the
current in the circuit.

Explain two other ways your investigation could be extended.
(4)

Below are examples of two mark answers the first mentions repeats, this is not an
extension and the second add different components twice.

(c) One way of extending your investigation is by using an ammeter to measure the
current in the circuit.

Explain two other ways your investigation could be extended.
(4)

PN 7 =N ﬂ!{mgz .

21&449%6«&?& ........... fo?e/‘a,éocdzf ........ T —
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Explain two other ways your investigation could be extended.

\ ke codd  odd wor  laps f

(4)

Ml raceeSe -

Individual Questions: Chemistry

Q4

Question 4 is a level based question using four levels of attainment. For each level
there is a range of three marks and once the level is decided looking at the work
as a whole, the quality of work presented within that level is assessed. The four
levels of attainment are described by the generic mark scheme with a mark out of
12.

The investigation that learners had to plan a method for is the effect of surface
area on the rate of diffusion of sulfuric acid through agar containing sodium
hydroxide and phenolphthalein. Learners were given the information that sulfuric
acid reacts with sodium hydroxide in a neutralisation reaction and that
phenolphthalein is an indicator that is pink in alkaline conditions and colourless in
acidic conditions. They are asked to plan an investigation into how the rate of
diffusion of sulfuric acid into a cube of agar containing sodium hydroxide and
phenolphthalein changes with changing surface area.
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The following are examples or responses at each of the four levels that can be
awarded.

In this, first, example the learner has a written a confused hypothesis involving
three variables, they have given some equipment with some attempts to justify
them and there are some generic statements about health and safety. However,
there has been no attempt at writing a method. The answer was given a mark of 2
in level 1.
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R TN -

4 Diffusion Is the random movement of particles from an area of high concentration to
an area of low concentration.

The rate of diffusion of sulfuric acid into a cube of agar is being investigated. The agar
contains a mixture of sodium hydroxide with phenolphthalein.

Sulfuric acid reacts with sodium hydroxide in a neutralisation reaction.

Phenolphthalein is an indicator that is pink in alkaline conditions and colourless in
acidic conditions.

You have been asked to write a plan for an investigation into the effect of surface area
on the rate of diffusion of sulfuric acid through agar containing sodium hydroxide
and phenolphthalein.

Your plan should include the following details:

a hypothesis

selection and justification of equipment, techniques or standard procedures
health and safety associated with the investigation

methods for data collection and analysis to test the hypothesis including

« the quantities to be measured

+ the number and range of measurements to be taken

« how equipment may be used

« control variables

« brief method for data collection analysis.
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In this second example, the learner has given attempted a hypothesis which
addresses surface area and attempted a relationship, however there is no
attempt to explain it. They have stated the independent variable and given an
equipment list with some pieces of equipment justified and some relevant safety.
A method has been given with some controls, but unfortunately although they
have used cubes of agar, it does not work as they have cut the same sized hole in
each cube. Showing a lack of appreciation of how to change the surface area. The
answer was given a mark of 6 in level 2.
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+ bhow equipment may be used
brief method for data collection analysis.
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In this example the learner has given a correct hypothesis, they have described
the equipment to be used and has and justified it in terms of use and accuracy,
health and safety has been discussed although it is weak in places. A method has
been given with two controls and includes key points to make the experiment
more valid, such as using tweezers to ensure that agar does not react to the skin.
However, there are some issues, for example there is no reference how big the
cubes should be. There are references to repeats and calculating an average and
plotting a graph but does not state of what. The answer was given a mark of 8 in
level 3.
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+ brief method for data collection analysis.
(12)
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In this, last example, the learner has given a hypothesis and attempted to explain
it. They have listed the correct dependent and independent variables and a
control variable. A list of equipment has been given, with some justified. They
have mentioned safety although there are some errors such as the flammable
sulphuric acid. A correct, workable method has been given which would give
results, includes a range, repeats and controls. There is a table for results and
states what should be plotted. The answer was given a mark of 10 in level 4.
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brief method for data collection analysis.
(12)
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Q5

Question 5 is a level based question, with marks awarded across three levels. The
guestion requires learners to evaluate the method, results and conclusion of a
given experiment. In this case the experiment is investigating the effect of
temperature of the rate of diffusion in liquids. A method, results in the form of a
graph and a conclusion is given for the learners consideration. Learners are
asked to evaluate the method of the experiment, the results collected and the
conclusions made.

The following are examples of responses at each of the three levels that can be
awarded.
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In this example, the learner has not made an attempt to interpret the results or
the conclusion, they have recognised that a measuring cylinder has not been used
and that a water bath has not been referred to indicating that the method does

not state how the water has been heated.
The learner has noted that the temperature has not gone up in even increments.

The answer was given a mark of 2 in level 1.
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5 Alearner investigates the effect of temperature on the rate of diffusion in liquids.
This is the learner's method:

« collect a beaker of water

« add one drop of food colouring to the edge of the beaker

+  start a stopwatch

« stop the stopwatch when the colour has spread throughout the whole beaker
« repeat the experiment with water at 30°C, 50°C, 60°C and 100°C.

The results of the learner’s investigation are shown in Figure 3.
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Figure 3

The learner concludes that the rate of diffusion of food colouring through water
increases with increasing temperature.

Evaluate the learner’s investigation.
Your answer should include reference to:

« the method of the experiment and the equipment used
« the results collected
« the conclusion made.
(8)
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In this example, the learner has noted that the temperature has not gone up in
constant how much water has been used and has stated that this should have
been controlled, there are also comments on repeatability and

reproducibility. They state that the conclusion is correct but acknowledges that
the same results at 50 and 60°C undermine the conclusion. The answer was given
a mark of 5in level 2.

The learner concludes that the rate of diffusion of food colouring through water
increases with increasing temperature.

Evaluate the learner’s investigation.
Your answer should include reference to:

« the method of the experiment and the equipment used
« the results collected
« the conclusion made,
(8)
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In this last example, the learner has mentioned omissions in the method such as
the size of the beaker, the amount of water, lack of equipment, a means to heat
the water consistently, the same food colouring type and detail for the
experiment to be reproduced. The learner has commented that the experiment
has not been repeated because it says time taken rather than average and
explained how they know this. They make an attempt to evaluate the conclusion,
saying that the conclusion is brief but correct but do not take this any further. The
graph has been annotated with "not a line of best fit" and explains this in the text,
they then go on to say that this makes that line of best fit inaccurate and
unreliable. They have also said that the results may be inaccurate (they are not
averaged) and therefore would not know if there are any anomalous results.

The learner has evaluated all three traits.

The answer was given a mark of 7 in level 3.
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The learner concludes that the rate of diffusion of food colouring through water
increases with increasing temperature. 2 no evidence Provdal

Evaluate the learner’s investigation.
Your answer should include reference to:

» the method of the experiment and the equipment used
« the results collected
+ the conclusion made.
(8)
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Summary - Physics

To improve their mark for this paper learners should:-

e Learn how to put correct headings on a table of results.

e Check scales used will give sufficient coverage of the graph paper.

e Practice drawing lines and curves of best fit.

e Take arulerinto the examination room.

e Always show the substitution into an equation.

e If working in fractions remember to convert to decimal for the answer line.

e Learn the definitions of repeatability and reproducibility.

¢ Ina‘show that' question always quote your answer to one more decimal place
than the value given in the question.

e Learn to convert seconds to hours.

e Read the questions carefully and note units to be used in the answer line.

Summary - Chemistry

To improve on section 2 of the paper learners should:-

e Ensure that they read the questions and information given in the stem
completely.

In Question 4

e Produce a hypothesis using the variables

e Decide how the variables are to be measured

e Ensure that they give a method

e Ensure that when they are giving measurements in the method that they are
realistic in terms of size or concentrations.

e When giving health and safety considerations, ensure that these are relevant to
the method posed, rather than generic lab rules.

e Plan their time so that they do not spend a long time on the hypothesis,
equipment or health and safety, leaving no time for the method or further
questions.

In Question 5

e Use the bullet points in the question stem to ensure that address all areas of the
qguestion in their evaluation.

e Ensure that they evaluate the method, not write another method, in the style of
guestion 4 but for the scenario given in question 5.

@ Pearson
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